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Abstract

Background: Concept maps are a suitable method for teaching clinical reasoning (CR). For example, in a concept map, findings,
tests, differential diagnoses, and treatment options can be documented and connected to each other. When combined with virtual
patients, automated feedback can be provided to the students’ concept maps. However, as CR is a nonlinear process, feedback
concept maps that are created together by several individuals might address this issue and cover perspectives from different health
professionals.

Objective: In this study, we aimed to develop a collaborative process for creating feedback concept maps in virtual patient–based
CR education.

Methods: Health professionals of different specialties, nationalities, and levels of experience in education individually created
concept maps and afterward reached a consensus on them in structured workshops. Then, medical students discussed the health
professionals’ concept maps in focus groups. We performed a qualitative content analysis of the transcribed audio records and
field notes and a descriptive comparison of the produced concept maps.

Results: A total of 14 health professionals participated in 4 workshops, each with 3‐4 participants. In each workshop, they
reached a consensus on 1 concept map, after discussing content and presentation, as well as rationales, and next steps. Overall,
the structure of the workshops was well-received. The comparison of the produced concept maps showed that they varied widely
in their scope and content. Consensus concept maps tended to contain more nodes and connections than individual ones. A total
of 9 medical students participated in 2 focus groups of 4 and 5 participants. Their opinions on the concept maps’ features varied
widely, balancing between the wish for an in-depth explanation and the flexibility of CR.

Conclusions: Although the number of participating health professionals and students was relatively low, we were able to show
that consensus workshops are a constructive method to create feedback concept maps that include different perspectives of health
professionals with content that is useful to and accepted by students. Further research is needed to determine which features of
feedback concept maps are most likely to improve learner outcomes and how to facilitate their construction in collaborative
consensus workshops.

(JMIR Med Educ 2025;11:e57331)   doi:10.2196/57331

KEYWORDS

clinical reasoning; consensus building process; concept map; consensus map; virtual patient; international collaboration; health
professionals' education; undergraduate; collaborative; development; feedback; content analysis; health professional; medical
student; mixed method; Europe; questionnaire; descriptive analysis

Introduction

Background
“Clinical reasoning encompasses health professionals thinking
and acting in assessment, diagnostic, and management processes

in clinical situations taking into account the patient’s specific
circumstances and preferences” [1]. It is evident that health
professionals in different disciplines (eg, physicians and nurses)
differ in their reasoning approaches [2], and there are differences
between novices and experts [3]. Even experienced health
professionals of the same discipline do not follow the same
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diagnostic process, even when they are confronted with the
same medical case, and ultimately arrive at the same diagnosis
[4,5]. A study by Charlin et al [6] showed that experts’ case
solutions also varied depending on the situation, for example,
whether they were asked to give answers as an examinee or as
a panel member.

The variety and nonlinearity of possible clinical reasoning (CR)
approaches make CR training and assessment a highly complex
matter [4,7]. Therefore, concept maps have been suggested as
a useful method for training the CR skills of medical students
[4,8], especially in terms of problem representation [9].

Concept mapping is a method used to represent concepts and
their relationships in a visual diagram, using explanatory terms
to relate concepts to each other [10]. A typical use in health
education is to present students with a case scenario and have
them create a concept map to represent their thought process as
the case unfolds [9,11]. They can record relevant findings, tests,
differential diagnoses, and treatment options and connect
concepts to each other to visualize their CR process [8]. Torre
et al [12] show that concept maps promote the connection
between theory and practice and facilitate knowledge integration
and critical thinking.

Teachers can ask students to create concept maps in different
forms, depending on the purpose, such as freely from scratch
or in a preconstructed form [10,11]. Because creating a
comprehensive and accurate concept map is time-consuming
and students need some time to learn how to do it, Daley and
Torre [8] suggest the use of semistructured concept maps.

Concept maps have also been found to be suitable for measuring
learning outcomes [13], and various ways of assessing and
scoring concept maps, both qualitatively and quantitatively,
have been described in the literature [14-17]. A study by Morse
and Jutras [18] showed that working with concept maps had an
effect on the students’problem-solving performance only when
feedback was provided. However, in order to provide students
with feedback on their concept map, some form of “expert
concept map” is needed to compare students’ results with [19],
which can then be provided in real time in digital environments.
Such “expert concept maps” can be created by a single teacher
or by a panel of professionals or experts [19-21]. In their
systematic review of different methods for assessing CR skills,
Daniel et al [9] concluded that “using written cases, expert
consensus is the most prevalent method” used to create concept
maps as feedback for students. However, little is known about
the process and challenges involved when health professionals
are asked to reach a consensus on a concept map for teaching
CR.

Recent studies suggest that virtual patients (VPs) are an
appropriate method for training CR [22-24], especially for some
components of this process, such as collecting data, generating
differential diagnoses, or developing a treatment plan [25,26].
VPs are computer-based patient case scenarios that students can
interact with [27]. Often, such scenarios are designed so that
the cases gradually lead the student to the final diagnosis by
providing more and more information over time [28,29]. VPs
provide a safe environment, in which mistakes can be made
without harming real patients [30]. It has been suggested that

combining concept map activities with VPs can reinforce the
educational effect of VPs in CR outcomes [31]. The importance
of VPs has increased over the years [32], especially since the
beginning of the COVID-19 pandemic, when direct patient
contact and opportunities for CR training were limited [33].

Objectives
In this study, we aimed to develop a collaborative process for
creating feedback concept maps in VP-based CR education.
From this, we derive the following research questions: (1) What
are the similarities and differences of concept maps for teaching
CR that have been created by individual health professionals
and groups? (2) What themes emerge when health professionals
are asked to jointly create a concept map in a consensus
workshop? (3) What are the challenges and benefits of such
consensus workshops? (4) What aspects of the consensus
concept maps do medical students find helpful in learning CR?

Methods

Study Design
This study followed a convergent mixed methods approach.
First, we asked health professionals from different disciplines
to individually create concept maps for 2 VPs that would serve
as feedback for medical students. We then conducted structured
digital workshops for those health professionals in which they
reached a consensus on the concept maps. After the workshops
were finished, we conducted focus groups with medical students
to discuss which aspects of the professionals’ concept maps
they found helpful for learning CR.

Ethical Considerations
The study was approved by the institutional review board of
the Ludwig-Maximilians-University, Munich, Germany
(21‐0941), and adhered to ethical guidelines. Informed consent
was obtained from all participants prior to their participation in
the study, with assurances of anonymity and confidentiality.
Participants were informed of the objectives of the study and
how the data collected would be used. In addition, strict
measures were taken to protect the privacy and confidentiality
of the study data. Students who participated in the focus groups
received a US $16 voucher as compensation for their time.

Data Collection
Between November 2021 and January 2022, we sent out emails
to invite health professionals of different specialties,
nationalities, and levels of experience in medical education to
participate in our study. The email included study information
and a written informed consent form. After returning the signed
written consent by email, participants were asked to create
concept maps for 2 VP cases. We used the software platform
CASUS (Instruct gGmbH), which is a VP player and authoring
environment with integrated concept map functionality [31].
The study participants were told that these concept maps would
serve as feedback for medical students. We carefully chose the
VPs with regard to their sociodemographic features, key
symptoms, and difficulty levels. They were a 19-year-old female
student with mononucleosis and a 58-year-old male nurse with
hepatitis E. We chose them for providing patients of different
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sex, age, and profession. Both were heterosexual and of
Caucasian origin. We deliberately chose these VPs because they
provided different levels of difficulty for the students but had
key symptoms that are common in daily practice and easily
recognizable by health professionals of different specialties.
The 2 VPs can be found on the CASUS platform and are part
of a collection of over 200 freely available VPs in 6 languages
[34]. These VPs include a semistructured concept map that
students fill out while solving the case, covering 4 categories:
findings, differential diagnoses, tests or examinations, and
treatments [31].

Participants were also asked to complete a web-based
questionnaire that included personal data and level of experience
in concept mapping and teaching CR. We used a convenience
sampling strategy, inviting partners from 2 recent Erasmus+
projects, iCoViP (International Collection of Virtual Patients)
and DID-ACT (Developing, Implementing, and Disseminating
an Adaptive Clinical Reasoning Curriculum for Healthcare
Students and Educators) [35,36], who were interested in teaching
CR with concept maps. As the VPs are available in multiple
languages, we valued the international composition of the study
group that would reduce local bias in clinical practice.
Participants were given 10 days to create the individual concept
maps and were reminded of the task 3 days before the workshop.
After that, we held structured digital workshops of 90 minutes,
where they met in groups of 3‐4 to reach a consensus on a
common concept map. The workshops took place on the Zoom
platform (Zoom Video Communications) and were video
recorded. A Mayer and MS facilitated the workshops, following
a predefined structure according to the nominal group technique
[37,38] (Figure 1): first, all participants explained their own
concept maps to the others in a round robin and described their
reasoning. Then, A Mayer and MS introduced them to the digital
whiteboard Padlet (Wallwisher Inc), and the participants had
the opportunity to try it out. Once they felt comfortable with

the tool, A Mayer and MS gave them instructions on how to
create a concept map together. They then created a new concept
map on Padlet based on their individual concept maps. A Mayer
and MS answered participants’ questions, kept track of the
timeline, and reminded participants of the original assignment
if they strayed from the topic. When the concept map was
complete, A Mayer and MS provided the opportunity to
anonymously rate the concepts and connections with a thumbs
up or down mechanism on Padlet. Afterward, they asked the
participants about their experience of creating the concept map
together. IH and AAK attended the workshops as neutral
observers and, together with A Mayer and MS, took field notes,
which they all discussed immediately after the workshop. The
study was piloted as a face-to-face workshop in October 2021.
Afterward, we decided that web-based meetings would be
equally feasible and made minor changes to the study protocol,
such as adding an anonymous voting round.

After all workshops were completed, IH and MS selected 4
individual and 4 consensus concept maps to be discussed by
medical students in focus groups. For this purpose, 9
international medical students were recruited to participate in
90-minute focus groups during a transnational meeting of the
iCoViP project. Written informed consent was obtained prior
to participation. In the beginning, the students were asked to
work in small teams (2‐3 students) and solve 1 of the 2 VP
cases together. Afterward, the teams were shown 2 of the
selected concept maps from the workshops to compare and
decide which one they would prefer to have as feedback for
their case and why. Then, 2 teams of students who had worked
on different cases were brought together as a focus group. They
presented their cases to the others and then started a group
discussion, facilitated by A Mayer and MS, about which of the
presented concept maps they found most helpful and how
different features of the concept maps could improve their CR
process.

JMIR Med Educ 2025 | vol. 11 | e57331 | p.10https://mededu.jmir.org/2025/1/e57331
(page number not for citation purposes)

Mayer et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Flowchart of study protocol and analysis plan with regard to the research questions. VP: virtual patient.

Data Analysis
This study used a convergent mixed methods design. In the
quantitative part, a descriptive statistical analysis of the
questionnaire, concept maps, and votes was performed using
Microsoft Excel. The individual and consensus concept maps
were analyzed for scope (number of nodes and connections),
agreement (number of “likes” of nodes or connections in the
consensus phases of the group concept map authors), and content
(number of times a particular concept, eg, “fever,” appeared in
the individual and consensus concept maps). We extracted
information from the concept maps and compared them
separately for each of the 2 cases.

The qualitative part of the study involved the thematic analysis
of the transcripts and field notes from the workshops and focus
groups. It was conducted in several steps. The recordings of the
workshops were transcribed verbatim and anonymized. Two
authors (A Mayer and A Müller) performed a thematic analysis
of the transcripts, following the 6 steps for qualitative content
analysis proposed by Kuckartz [39]. Using an inductive
approach, they independently created codes for the first 2
workshops and reached a consensus on an initial coding
framework. They then coded 1 workshop at a time, applying
and refining the coding framework in an iterative process. They
used MAXQDA software (version Analytics Pro 2022; VERBI
GmbH) for coding and discussed discrepancies until a consensus
was reached. A Mayer, A Müller, and IH then grouped similar

codes into themes. Throughout the process, AAK and MS
reviewed the coding framework and emerging themes and
provided feedback; discrepancies were discussed until a
consensus was reached.

We analyzed field notes taken during the workshops and
participants’ responses during the round of questions for
challenges and benefits. Student focus group recordings were
transcribed verbatim and anonymized. Two authors (A Mayer
and A Müller) independently extracted statements from the
transcripts about what students found helpful in the selected
concept maps, grouped them into themes, and discussed
discrepancies until a consensus was reached. Finally, we looked
for confirmation or discrepancies of the results obtained from
the mixed methods.

Results

Participants
A total of 14 health professionals from 6 European countries
participated in our study, of whom 9 were female and 5 were
male. On average, participants were 37 (SD 10) years of age
and had 10 (SD 9) years of professional experience. Participants
worked in different disciplines (Table 1) and had an average of
6 (SD 5) years of experience in health education. Participants
differed only slightly in their teaching experience with concept
maps or CR.
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Table . Characteristics of participating health professionals (N=14).

ValuesCharacteristics

37 (10)Age (years), mean (SD)

Sex, n (%)

9 (64)    Female

5 (36)    Male

Country (place of work), n (%)

1 (7)    France

3 (21)    Germany    

2 (14)    Poland

1 (7)    Portugal

4 (29)    Spain

3 (21)    Sweden

Specialty, n (%)

4 (29)    Internal medicine

2 (14)    Nursing

2 (14)    Biochemistry

2 (14)    Rheumatology

1 (7)    Family medicine

1 (7)    Neurology

1 (7)Paramedic

1 (7)    Occupational medicine

Professional experience of physicians (n=9), n (%)

6 (67)    Resident

3 (33)    Consultant

10 (9)Working experience (years), mean (SD)

6 (5)Experience in health teaching (years), mean (SD)

Experience in teaching with concept maps, n (%)

9 (64)    None

5 (36)    Some

0 (0)    Much

Experience in teaching clinical reasoning, n (%)

5 (36)    None

9 (64)    Some

0 (0)    Much

Participants created 13 individual concept maps prior to the
workshops. We held 4 digital workshops with 3‐4 participants
each, resulting in 4 consensus concept maps (2 hepatitis E and
2 mononucleosis). We also conducted 2 focus groups with 4
and 5 medical students, respectively. The students were in their
final year of study (sixth year), with an average age of 24 (SD
0.5) years. In total, 8 students were female, and 1 was male. We
chose students from Portugal (n=5) and Poland (n=4) because
these countries represent educational systems from different
parts of Europe.

Research Question 1: Comparison of Individual and
Consensus Concept Maps
The individual concept maps varied widely from each other
regarding scope and content. We found most similarities in the
final diagnoses and treatment options and only a few similarities
regarding findings, differential diagnoses, and tests. The same
was true when comparing the consensus concept maps.

When we compared the consensus concept maps to the
individual versions, we found that they all had a bigger scope
than the individual concept maps, as can be seen in Table 2 and

JMIR Med Educ 2025 | vol. 11 | e57331 | p.12https://mededu.jmir.org/2025/1/e57331
(page number not for citation purposes)

Mayer et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


in the examples given in Figure 2 (original images are provided
in Multimedia Appendix 1). We also found that most of the
nodes from the individual concept maps were present in the
consensus versions, and only in a few cases were nodes left out
or new nodes added during the workshops. Altogether, the

consensus versions showed higher similarities to the underlying
individual versions than to each other. All consensus concept
maps included connections, while these were missing in 5 of
the individual versions.

Table . Comparison of number of elements in consensus and individual concept maps.

MononucleosisHepatitis E

Workshop 4Workshop 3Workshop 2Workshop 1

Rn (IND)n (GRP) (%)Rn (IND)n (GRP) (%)Rn (IND)n (GRP) (%)Rn (IND)bn (GRP)a (%)

9-1143 (100)13-2239 (100)11-2533 (100)10-2956 (100)Total

Nodes

3-412 (28)3-610 (26)1-89 (27)6-89 (16)    Findings

0-37 (16)2-47 (18)2-55 (15)2-811 (20)    Examina-
tions or tests

3-76 (14)4-77 (18)3-67 (21)1-811 (20)    Differential
diagnoses

0-02 (5)0-23 (8)1-11 (3)1-11 (2)    Treatments

0-016 (37)0-1312 (31)3-511 (33)0-1324 (43)Connections

an (GRP): number of elements in the group consensus concept map.
bRn (IND): range of element number in the individual concept maps.
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Figure 2. Examples of individual concept maps and consensus versions. (A1 and A2) Individual concept map (hepatitis E), (A3) consensus concept
map (hepatitis E), (B1 and B2) individual concept map (mononucleosis), and (B3) consensus concept map (mononucleosis). EBV: Epstein-Barr virus;
PCR: polymerase chain reaction

Research Question 2: Themes Emerging During the
Consensus Process
From the qualitative content analysis of the creation phase, we
identified 4 themes: the first theme covered the content of the
consensus concept maps, that is, participants discussed which
findings, examinations or tests, differential diagnoses,
treatments, and connections should be included. Related to this,
the second theme was the rationales they gave during their

discussion, that is, why they thought something should (not) be
part of the consensus concept map. The third theme covered the
presentation of the consensus concept map, that is, participants
discussed how to present the content. In the fourth theme,
participants discussed their next steps, that is, how to approach
the creation of the consensus concept map. Table 3 shows the
4 themes and associated subthemes, including sample quotes,
and their frequency in the verbatim transcripts of the workshops.
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Table . Themes and associated subthemes derived from the qualitative content analysis.

Values, n (%)Sample quotesDescriptionThemes and subthemes

Content of the consensus concept maps (n=677)

227 (41)“Sore throat” [Workshop 4]Which findings (not) to include in
the concept map

    Relevant findings

200 (30)“Should we add EBV and CMV as
a differential?” [Workshop 1]

Which differentials (not) to include
in the concept map

    Differential diagnoses

170 (25)“Liver biopsy could be relevant”
[Workshop 2]

Which tests or examinations (not)
to include in the concept map

    Tests or examinations

25 (4)“Paracetamol I think is perfect in
this case” [Workshop 3]

Which treatments (not) to include
in the concept map

    Treatment

55 (8)“Maybe this splenomegaly should
be also connected?“ [Workshop 3]

Which connections (not) to include
in the concept map

    Connections

Presentation of the content (n=89)

40 (45)“I’m just putting this in a nice or-
der” [Workshop 3], “Can I change

Visual aspects of the concept map
or possible actions such as highlight-

    Layout

the color of the connections?”
[Workshop 1]

ing, crossing out, rearranging,
merging, splitting, enlarging, or re-
ducing nodes

6 (7)“Could we add other headings, for
example ‘recommendations’?”
[Workshop 4]

Which heading a node should be
assigned to

    Categorization

32 (36)“Is writing ‘STDs’ appropriate or
should I use ‘sexually transmitted
disease’?” [Workshop 3]

Use of synonyms or abbreviations    Phrasing

11 (12)“Viral hepatitis, autoimmune hepati-
tis or [just] hepatitis?” [Workshop
2]

Detail level of the concepts    Level of granularity

Rationales (n=318)

96 (30)“I think about it because it’s a young
female on the pill” [Workshop 3],

Medical relations between the con-
cepts, including the probability of
differential diagnoses

    Medical relations

“We think about it because it’s quite
common” [Workshop 1]

42 (13)“It’s a potentially dangerous situa-
tion for our patient” [Workshop 3],

Highlighting the medical urgency
or indicating that most participants
are of the same opinion

    Relevance

“And also COVID-19, I think we
all agree” [Workshop 4]

62 (19)“In the individual mapping, we have
PCR-test, someone wrote that”

Referring to individual concept
maps or clinical reasoning process
when creating them

    Individual concept maps

[Workshop 4], “Was this something
you came up with now during this
process or [when creating your
concept map]?” [Workshop 1]

65 (20)“He’s not saying that he takes any
drugs” [Workshop 2], “The case has

Referring to the case by quoting or
repeating facts

    Referring to the case

provided us a biopsy” [Workshop
1]

19 (6)“This is usually the first serology I
order” [Workshop 1]

What participants have experienced
in daily practice or what they are
accustomed to doing

    Professional experience

5 (2)“People lie – he might be an alco-
holic” [Workshop 2]

“One would expect that this nurse
is already immunized” [Workshop
1]

General phenomena in society or
“universal truths”

    Common knowledge
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Values, n (%)Sample quotesDescriptionThemes and subthemes

9 (3)“How [do] you have it in Spain or
Germany?” [Workshop 4], “I was
wondering whether I would have
done urine analysis in the [general]
practice” [Workshop 1]

Regional standards or differences
between facilities (hospital, general
practice, etc)

    Encounter setting

6 (2)“[We think so because] we already
know that it’s mononucleosis”
[Workshop 3]

Assumption that the consensus pro-
cess might be unconsciously guided
by already knowing the final diagno-
sis

    Hindsight

8 (3)“It could be a good training for stu-
dents, to think what can cause hep-
atitis” [Workshop 1], “I think it’s
too specialistic” [Workshop 3]

What could be helpful for the stu-
dents or is the content appropriate
for their level of knowledge, etc

    Didactical aspects

6 (2)“I don’t know if this is possible on
CASUS” [Workshop 2]

Features, navigation, or structure of
the CASUS platform

    Functionality of the VPa platform

Next steps (n=107)

78 (73)“[Let’s] do differentials first before
adding anything to tests” [Workshop
3]

How to approach the creation of the
concept map

    Developing a strategy

29 (27)“[It depends on] what is wanted or
what is expected” [Workshop 1]

Referring to instructions given by
facilitators or directly asking them
for advice

    Referring to facilitators

aVP: virtual patient.

Research Question 3: Challenges and Benefits of the
Workshops
The results presented here are a summary of the field notes from
the creation phase and the final round of questions, expanded
by a descriptive analysis of the voting round. From a technical
point of view, there were some problems due to the digital
format, for example, weak network signal, low audio quality,
or some participants feeling uncomfortable using Padlet for the
first time. Since none of the participants were native English
speakers, some struggled to find the right terms or
misunderstood what others were saying due to a lack of
vocabulary or the speaker’s accent.

Regarding the different disciplines, it seemed that participants
who had worked in their specialty for many years were
somewhat biased by their daily experiences and had difficulty
seeing the cases from a student’s point of view. Some of the
participants who were not physicians by training struggled to
find the right diagnosis and expressed their uncertainty about
certain medical terms or conditions. It was noticeable that topics
such as didactic purpose, uncertainty (probability of differential
diagnoses), or logical arrangement of nodes were hardly
discussed.

All participants were cooperative and reached a consensus on
the concept maps in an amicable manner. For about 10% (n=10)
of the nodes, half (or more) of the participants abstained from
voting or gave a thumbs down. We compared these nodes with
the verbatim transcripts and found that for 6 nodes, there was
no evidence in the discussion that any of the participants
disagreed.

In the final round of questions, participants reported that creating
a concept map with others was a complex task. On the other

hand, participants found the group work helpful in stimulating
their reflection and that it was constructive to create concept
maps that included perspectives of different health professionals.
In general, the structure of the workshops and the given timeline
for the different parts were well-received. The round robin was
seen as a useful introduction that helped them to understand the
reasoning of other participants. Some participants mentioned
that it was difficult to create a concept map for a case that they
had not developed themselves or that they struggled with the
fact that the case evolved over time, which made it more difficult
to agree on a final version. Participants had mixed feelings
regarding the usefulness of the consensus concept maps. While
some were satisfied with the final concept maps and expected
them to be helpful for students, others found the concept maps
too messy or crowded in the end.

Research Question 4: What Students Considered as
Helpful
When the medical students were asked whether they preferred
the individual or consensus concept maps, there was a slight
tendency toward the consensus versions as they contained more
findings, which the students found helpful for their own CR
process.

Regarding the content and scope of the concept maps, there was
agreement that there should not be too many connections
between nodes, as this was seen as more confusing than helpful.
However, the students expressed contradictory opinions
regarding the nodes. While some preferred the concept maps
with only the most relevant nodes, others preferred those with
a wider scope, as these would contain “the most details that we
also agreed on while we were solving the case.”
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The same was true for the presentation of the content. Some
students suggested having more layout features, such as “some
type of colors” or dropdown functions, while others preferred
a clear design and simple structure. Regarding the granularity
of the nodes, some suggested that “the feedback map should be
more [general.] To give us freedom” and should use broad terms
such as “blood test.” Others said that in their medical school,
they “can’t just say ‘do blood test,’ [but] must be very specific”;
therefore, more specific terms would be helpful in the concept
maps.

Discussion

Main Findings
In this study, we described the process of collaborative authoring
of concept maps to serve as feedback in CR education using
VPs. The participants regarded the collective process stimulating
for reflection and helpful to understand the perspectives of the
other health professional groups. We were able to find
confirmation for this qualitative finding quantitatively by
showing that the consensus concept maps contained more nodes
and connections than the individual ones. This can also have
negative aspects, as in the consensus workshops, participants
tended to collect all nodes from the individual concept maps
into the consensus version instead of selecting only the most
relevant ones, paying little attention to didactic aspects. The
structure of the workshops was well-received, participants
appreciated working in interprofessional groups and easily
reached a consensus, supporting their additions to the concept
maps by high scoring of the concept map elements. However,
there were some challenges, such as technical problems or
participants being biased by their daily practice as specialists.

The final-year medical students in our focus groups preferred
a variety of features of the concept maps, most of which were
contradictory. As a result, it remains unclear which features can
improve learners’ outcomes and whether consensus concept
maps are more suitable for teaching CR than individual ones.

Implications of the Findings
Our research suggests that there are a few approaches to help
health professionals reach a consensus on a concept map. The
procedure we used for the workshops served its purpose and
was well-received by the participants. Thus, the results of this
study can be seen as an important step toward establishing a
sound consensus concept map protocol, informing about the
benefits and challenges, and leading to the following
recommendations for improving the process in the future:

1. Regarding the technical aspects of the workshops, we
recommend that participants be given access to the digital
whiteboard prior to the workshop so that those who wish
to can familiarize themselves with the tool in advance.

2. Since didactic aspects played a minor role in the creation
of the consensus concept maps, we recommend that an
independent person with experience in didactics and concept
mapping participates at the workshop. An alternative would
be to prepare a pedagogical guide or checklist to be
considered when developing concept maps for teaching
CR. If such an opportunity arises, addressing the

pedagogical aspects of concept map development would
be a helpful element of faculty development courses on VP
authoring.

3. When considering concept maps for VPs that address
general CR skills in medicine, such as the one in the iCoViP
project repository, workshops should preferably involve
only internal medicine or family medicine physicians to
avoid specialty bias. This would be different if the goal of
the VPs was to achieve learning objectives for specialty or
interprofessional education from the outset.

In terms of real-world implementation, we consider this study
an important step in providing more diverse feedback to students
working on CR concept maps in the context of VPs. This study
contributed to this by showing that the concept maps created
by consensus groups were more elaborate, both in terms of
representing many viewpoints and in terms of the number of
concepts and connections. However, this study also showed
that the consensus groups should be more effectively encouraged
to discuss the pedagogical aspects of the concept maps, such as
how to adjust the complexity to the level of knowledge or
cognitive load of the students.

Limitations
Our study has several limitations. First, the number of concept
maps underlying the quantitative analysis was limited, so that
the corresponding results should be interpreted with caution.

Second, it is possible that the results of the workshop are not
applicable to “real-world” situations, in which colleagues work
together on a concept map without being observed. The
participants in our workshops were very polite to each other
and tended to avoid disagreements, probably because most of
them did not know each other. On the other hand, we were able
to include the perspectives of professionals from different
disciplines.

Third, we had a limited number of students in the focus groups.
Our data suggest that the effect of different features of concept
maps on individual learning and preferences may vary
considerably from student to student. Future research is needed
to explore this in more depth.

Fourth, the sample size of VPs and workshop participants was
limited, which might make our findings less generalizable.
However, we did not see any new themes emerging in the
subsequent workshops and focus groups, suggesting that the
qualitative analysis had reached its saturation point.

Comparison With Prior Work
There is a large body of literature on the so-called “group
concept mapping” [14,40], including approaches to optimizing
group compositions [41] or to identifying different cognitive
styles [42]. However, to the best of our knowledge, most of
these studies only include undergraduate students. Therefore,
our study can be considered unique in proposing a novel
approach to consensus concept mapping for health professionals.

The structure of the workshops, derived from the nominal group
technique and adjusted to the needs of digital education, can be
seen as a major strength. First, the round robin allows
participants to gain insight into one another’s CR approach.
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Second, participants found the consensus creation of the concept
maps useful and inspiring. Third, anonymous voting at the end
facilitates the interpretation of the final concept map, as it gives
the participants’ view on each individual element without the
need to openly criticize someone else’s ideas.

When we compared the individual concept maps, we found a
common tendency but also a great deal of variation, with most
having only the final diagnosis and treatment in common. This
is supported by the work of McGaghie et al [43,44], which
shows the wide variety of approaches to a concept map of
pulmonary physiology, even among experts in the same field.
Therefore, the consensus process in our approach increased the
universality of the feedback concept maps. Another positive
aspect is that the process contributed to a rational increase in
the number of connections in the concept maps. As previous
research has shown, well-chosen connections are an important
element of this form of knowledge representation, which is
helpful in CR education [45].

We did not exclude from the study professionals without
teaching experience, as we did not see clear evidence that this
might be a limiting factor in creating meaningful concept maps.
This is supported by a study by Charlin et al [46], who found
that teaching and nonteaching physicians were similarly well
suited to be part of the reference panel for concordance tests
used to assess complexity and ambiguity in CR.

While some authors suggest the use of concept maps for CR
assessment [47], most researchers in the field are ambivalent
on this issue [8,9]. This is consistent with our findings, which
suggest that the complexity and variety of the CR process make
it very challenging to generate “expert concept maps” that can

be used as a gold standard against which student versions can
be compared.

Participants reported that they found the consensus workshops
useful for reflecting on their individual concept maps and CR
approach. Therefore, such workshops could also be a suitable
tool for improving the concept map development of the
individual participants. Further research is needed to determine
the impact of the workshops on participants’ ability to develop
concept maps.

Our study focused on the creation of concept maps for medical
students. Future research should investigate how this can be
applied to other professions, as a recent meta-analysis suggests
that concept maps are also an appropriate method for improving
critical thinking skills in nursing students [48].

Conclusions
By providing feedback concept maps that illustrate the
complexity and diversity of the CR process, we aim to support
students in reflecting on their own thinking. The collaborative
creation of concept maps for teaching CR is an opportunity to
integrate different perspectives of health professionals and to
account for individual differences in the reasoning process. In
our study, we described a process for developing such
collaborative concept maps and identified themes that emerged
in workshops using this process. The resulting consensus
concept maps tended to contain more nodes and connections
than those created by individual health professionals and were
well-received by students. We consider this study an important
step in establishing a robust method for collaboratively creating
effective concept maps in CR education. Future studies will
focus on streamlining the process and identifying the most
effective pedagogical features of feedback concept maps.
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Abstract

Background: Understanding the roles and patient management approaches of the entire oncology team is imperative for effective
communication and optimal cancer treatment. Currently, there is no standard residency or fellowship curriculum to ensure the
delivery of fundamental knowledge and skills associated with oncology specialties with which trainees often collaborate.

Objective: This study is a systematic review that aims to evaluate the multidisciplinary oncology education in postgraduate
medical training.

Methods: A systematic literature search was performed using MEDLINE, Embase, Cochrane Database of Systematic Reviews,
Cochrane CENTRAL, APA PsycINFO, and Education Resources Information Center in July 2021. Updates were performed in
February 2023 and October 2024. Original studies reporting the effectiveness of multidisciplinary oncology training among
residents and fellows were included.

Results: A total of 6991 studies were screened and 24 were included. Fifteen studies analyzed gaps in existing multidisciplinary
training of residents and fellows from numerous fields, including surgical, medical, and radiation oncology; geriatrics; palliative
medicine; radiology; and pathology programs. Trainees reported limited teaching and knowledge of oncology outside of their
respective fields and endorsed the need for further multidisciplinary oncology training. The remaining 9 studies assessed the
effectiveness of educational interventions, including tumor boards, didactic sessions, clinical rotations, and case-based learning.
Trainees reported significant improvements in multidisciplinary oncology knowledge and skills following the interventions.

Conclusions: These data suggest postgraduate medical trainees have limited formal multidisciplinary oncology training. Existing
educational interventions show promising results in improving trainees’oncology knowledge and skills. There is a need for further
research and the development of multidisciplinary oncology curricula for postgraduate medical training programs.

Trial Registration: PROSPERO CRD42022271308; https://www.crd.york.ac.uk/PROSPERO/view/CRD42022271308

(JMIR Med Educ 2025;11:e63655)   doi:10.2196/63655

KEYWORDS

multidisciplinary; oncology; postgraduate medical education; resident; fellow; surgery; hematology; radiation oncology; geriatrics;
palliative

Introduction

Cancer was the second leading cause of death in the United
States in 2023 [1]. Cancer care often requires a team of
physicians including surgical, medical, and radiation oncologists,
as well as specialists in radiology and pathology [2]. Knowledge
of collaborating oncologists’ roles and appropriate
multidisciplinary referrals may impact cancer treatment. There

is evidence of improved adherence to standard treatment
guidelines with multidisciplinary referrals for patients with
prostate [3], lung cancer [4], and bladder cancer [5].

There is considerable potential to improve interdisciplinary
communication between various oncologic specialists and to
optimize psychosocial support for patient care. Therapies with
different oncologists must be well coordinated and specifically
selected based on the medical and social needs of each patient.
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To achieve this, knowledge of other disciplines’ roles,
responsibilities, and treatment options is necessary for effective
communication and optimal cancer care.

There is currently no standard curriculum for delivering
multidisciplinary oncology education in residency and
fellowship programs in the United States [6-10]. Mattes et al
[11] identified that while many of the program requirements
for oncology subspecialties emphasize the importance of
providing multidisciplinary cancer care, how this occurs varies
widely between subspecialties. Not all programs mandate
multidisciplinary oncology rotations or experiential specialty
training, and only a select few require attendance at
multidisciplinary tumor board meetings (MTBM) [6-12]. Such
a training gap may impact trainee education and, as a result,
influence referral patterns and the timely access of patients to
multimodal cancer therapies.

The objective of this study was to perform a systematic review
of the literature to evaluate the multidisciplinary oncology
education in postgraduate medical training (ie, interns, residents,
and fellows). This study provides a review of literature analyzing
the education of learners about the role of any collaborating
physician specialty involved in oncology care, including but
not limited to, medical oncology, radiation oncology, surgical
oncology, and palliative care. These data summarize gaps in
training programs identified across studies, the suggested
educational interventions to bridge these gaps, and limitations
in the literature within the field.

Methods

Research Design and Methodology
This systematic review was reported based on PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [13]. The protocol was registered
and published by PROSPERO (ID: CRD42022271308).

Search Strategy
A search strategy was developed with the assistance of an
information specialist using these and other related terms:
“Residents or Fellows or Trainees or Medical Training” AND
“Education or Training Programs” AND “Multidisciplinary”
AND “Oncology.” The following databases were searched from
inception: MEDLINE, MEDLINE In-Process, Embase Classic
+ Embase, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, and APA PsycINFO
(all via the Ovid platform); and Education Resources
Information Center via the EbscoHost platform. The search was
initially performed on July 21, 2021, and updated twice (ie, on
February 26, 2023, and October 9, 2024). Table S1 in
Multimedia Appendix 1 shows the number of citations identified
from each database. The search strategy and the number of
citations identified via MEDLINE are included in Table S2 in
Multimedia Appendix 1.

Eligibility Criteria
Eligibility criteria were developed prior to the search strategy.
The scope of this study was to evaluate the multidisciplinary
oncology education offered by residency and fellowship

programs to postgraduate medical trainees. Thus, the first
eligibility criterion was the inclusion of studies investigating
postgraduate medical training (ie, interns, residents, and
fellows). Studies about nonphysician specialties (eg, nursing,
pharmacy, or dentistry), attending or staff physicians, or those
involving solely Masters, PhD, or medical students were
excluded. Studies were included if their focus was specific to
oncology care. Selected studies focused on multidisciplinary
aspects of medical education, which included knowledge of
collaborating medical specialties and their roles in cancer care
(eg, surgical trainees’ knowledge of radiation or medical
treatments). Trainees from all specialties were included, as long
as the study was assessing the multidisciplinary oncology
education of trainees, and therefore, these were not necessarily
restricted to oncology residency or fellowship programs (eg,
medical oncology, radiation oncology, surgical oncology). Only
primary research papers and studies available in English (ie,
both original and translations to English) were included. Thus,
all reviews, case studies, opinion papers, abstract-only papers,
conference literature, and short reports were excluded.

Study Selection
There were 2 stages of review: title and abstract screening,
followed by full-text screening. A total of 6 reviewers (HT, GK,
CML, IB, ZF, and RV) were involved, and studies were screened
by a minimum of 2 independent reviewers at each stage.
Discrepancies were resolved by a third reviewer. Both screening
stages were performed on Covidence [14], a web-based
systematic review organization software.

Data Extraction and Synthesis
Data extraction was performed on the selected studies. Studies
were divided between 3 reviewers (HT, CML, and RV) who
performed data extraction. Study design, study population,
outcome measures, and main results were extracted from each
study.

Quality Assessment
Selected studies were independently assessed for quality by 2
independent reviewers (CL, IB, and RV) using the Mixed
Methods Appraisal Tool (MMAT) version 2018 [15].
Discrepancies were resolved through discussion with a third
author (HT). The MMAT was chosen due to its ability to
concomitantly assess multiple study types (ie, qualitative,
quantitative randomized controlled trial, quantitative
nonrandomized, quantitative descriptive, or mixed methods).
Each study was evaluated on a set of 5 criteria depending on
the study type. For survey studies, the risk of nonresponse bias
was deemed to be high if the response rate was below 70%.
Studies were assigned an overall quality score ranging from 0
to 5 stars based on the number of criteria that were met.

Results

Study Characteristics
The search strategy resulted in a total of 6991 studies. After
removing duplicates between databases, 5020 unique studies
were identified. A total of 73 studies remained after title and
abstract screening. Full-text screening excluded 49 studies, and
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24 studies were therefore included in the final analysis. The PRISMA flow diagram is demonstrated in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of the systematic review. Adapted from Page et
al [13].

The remaining 24 studies were divided into 2 categories. Fifteen
studies assessed the quality of existing postgraduate oncology
training based on trainees’ multidisciplinary knowledge. The
remaining 9 assessed trainees’ multidisciplinary knowledge
following an educational intervention. For the latter category,
all studies with educational interventions directed toward
improving multidisciplinary oncology knowledge and skills
among interns, residents, and fellows were included. These
included studies that are part of the formal postgraduate medical
training (eg, residency or fellowship program), as well as
external initiatives for improving multidisciplinary oncology

training. Studies involving educational interventions for medical
students and staff or attending physicians were not included.

Existing Multidisciplinary Training
A summary of the 15 studies evaluating the impact of existing
multidisciplinary oncology training is included in Table 1. These
studies included surgical or surgical oncology fields [16-23],
hematology or medical or hematology oncology
[16,20-22,24,25], geriatrics or geriatric oncology [20,22,26],
radiation oncology [16,20,21,23,27], palliative medicine [16,20],
radiology [21], pathology [21], genetics [23], dermatology [23],
pediatric specialties [28], and other medical fields (eg, internal
medicine, nephrology, neurology) [22,23].
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Table . Summary of studies evaluating the existing multidisciplinary education across postgraduate medical training programs.

Main findings and conclu-
sions

Outcome measureSampleStudy designReference

Proportion of trainees who
received formal education

Electronic surveys complet-
ed by oncology trainees and

Akthar et al

[16]

• Generally limited inter-
disciplinary oncology
education: ≤70% of

• 557 hematology or
medical oncology, sur-
gical oncology, radia- in oncology fields outside of

their specialty
program directors across the
United States in 2013 trainees reported receiv-

ing formal interdisci-
tion oncology, and pal-
liative medicine resi-

plinary education;dents and fellows
highest rate of training• 141 hematology or

medical oncology, sur- in radiation oncology
(70% of trainees) andgical oncology, radia-
lowest rate of trainingtion oncology, and pal-
in geriatric oncologyliative medicine pro-
(19% of trainees)gram directors

• Consistently lower
rates of interdisci-
plinary oncology train-
ing reported by trainees
compared to program
directors (P<.01)

Proportion of residents who
indicated receiving training

Survey of postgraduate year
1‐5 residents from 3 gener-

Brenner and De Donno

[17]

• Limited proportion of
residents indicated re-
ceiving multidisci-

• 135 general surgery
residents

in a specific multidisci-
plinary field

al surgery programs: Florida
Atlantic University, The
University of Iowa, and The
University of Connecticut

plinary training: radia-
tion oncology (23%),
chemotherapy (31%),
and palliative medicine
(53%)

• Majority (82%) of resi-
dents endorsed further
multidisciplinary train-
ing

Geriatric oncology curricu-
lum needs assessment

Survey of hematology resi-
dents (ie, postgraduate years
4‐5) or fellows (ie, post-

David et al

[25]

• 56.3% did not receive
geriatric oncology
teaching

• 29 hematology resi-
dents and 3 hematolo-
gy fellows

graduate year 6‐7) across • 96.9% endorsed the in-
clusion of geriatricCanada as part of a cross-

sectional study training in hematology
residency

Current practices in onco-
nephrology, information re-

Surveys completed by
French residents and senior

Delaye et al

[22]

• Oncology residents rat-
ed their confidence in
facing renal events as

• Residents (n=130) and
senior physicians
(n=98) from nephrolo- sources, existing coopera-physicians regarding the

field of onco-nephrology 5.5/10tion networks, and expecta-
tions about onco-nephrology

gy, oncology, hematol-
ogy, surgery and geri-
atrics

• Nephrology residents
rated their confidence
in facing cancer events
as 6.0/10

• 21% of residents had
received onco-nephrol-
ogy teaching, which
was judged as insuffi-
cient

Top 3 identified needs for
geriatric oncology programs,

Geriatric oncology training
program needs assessment

Review of literature, expert
consultation, review of fel-
lows’ rotation evaluations,

Eid et al

[24]

• 9 current hematology-
oncology fellows
(years 1‐3) at MD based on current educational

gaps:Anderson Cancer Cen-and interviews with current
• Geriatric assessmentterand recently graduated fel-

lows, as a means of needs • 2 MD Anderson facul-
ty members who recent-

• Pharmacology knowl-
edgeassessment for the develop-

ment of a geriatric oncology ly graduated from a • Psychosocial knowl-
edgehematology-oncology

fellowship
program at MD Anderson
Cancer Center
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Main findings and conclu-
sions

Outcome measureSampleStudy designReference

• 38% endorsed increas-
ing the number of head
and neck surgery fel-
lows’ interactions with
medical oncology, radi-
ation oncology, and
speech and language
pathology

• 85% view exposure to
multidisciplinary teams
as essential in training
curricula

Head and neck surgical on-
cology training needs assess-
ment

• 58 participants includ-
ing head and neck
surgery program direc-
tors and faculty

Semistructured interviews
with program directors and
faculty in head and neck
surgery across the United
States and Canada over a 7-
month period

Givi et al

[29]

• 54% agreed that
MTBM is an appropri-
ate venue for teaching

• 75% endorsed that
MTBMs improved
their knowledge of
other specialties in-
volved

• 71% indicated opportu-
nities to improve
teaching during
MTBM, the most popu-
lar suggestion being
active participation of
residents (voted by
46% of all residents)

Residents’ opinions on edu-
cational impact and areas of
improvement for MTBMs

• 27 orthopedic oncology
residents

Web-based questionnaire on

various aspects of MTBMsa

completed by French ortho-
pedic oncology residents

Le Nail and Samargandi

[30]

• Majority (81%) of pro-
gram directors offered
didactic teaching in the
form of formal geri-
atric oncology lec-
tures/seminars

• Limited number of
program directors of-
fered clinical experi-
ence: 39% offered
mandatory oncology
clinical experience and
46% offered clinical
electives

• Majority (77%) en-
dorsed oncology train-
ing as part of the geri-
atrics fellowship

Proportion of program direc-
tors offering or endorsing
future learning opportunities
in the field of geriatric oncol-
ogy

• 67 geriatrics program
directors

Web-based survey complet-
ed by program directors of
geriatrics fellowship pro-
grams in the United States

Maggiore et al

[26]

• 63.1% assigned a high
priority to interdisci-
plinary residency train-
ing

• Only 18.3% had the
opportunity to partici-
pate in rotations in oth-
er specialties beyond
their curriculum

• 71.4% were interested
in participating in rota-
tions in other special-
ties

• 73.1% of those who
completed interdisci-
plinary rotations bene-
fited from them

Opinions on interdisciplinar-
ity at clinic, educational, and
research levels

• 294 participants includ-
ing 268 physicians
(staff and trainees)
from internal medicine,
gynecology, radiothera-
py and radiation oncol-
ogy, general surgery,
genetics, neurosurgery,
urology, neurology,
and dermatology

Web-based survey distribut-
ed to all junior oncology
groups represented in Young
Oncologists United in Ger-
many regarding interdisci-
plinarity in oncology

Mäurer et al

[23]
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Main findings and conclu-
sions

Outcome measureSampleStudy designReference

Morris et al

[27]

• Majority (91.8%) did
not receive any geri-
atric training

• Limited number of res-
idents (39.3%) comfort-
able managing com-
plex geriatric issues

• Majority (85.3%) en-
dorsed additional geri-
atric training

Proportion of residents who
indicated receiving or en-
dorsing future geriatric on-
cology training

• 61 radiation oncology
residents

Web-based survey complet-
ed by radiation oncology
residents in Australia, New
Zealand, and Singapore

• 33 learning outcomes
identified in the areas
of fundamental geri-
atric medicine con-
cepts, epidemiology,
geriatric screening,
planning and delivery
of radiation therapy,
geriatric palliative care,
surgery, systematic
treatment, research,
communication skills,
and health advocacy

Establishing learning out-
comes for a geriatric radia-
tion oncology curriculum

• A total of 103 and 54
individuals participated
in rounds 1 and 2 of the
modified Delphi con-
sensus process, respec-
tively

• Majority were radiation
oncologists (43%)

2-stage Delphi consensus
with input from a panel of
internationally recognized
oncology experts, staff
physicians, radiation oncolo-
gy and clinical oncology
trainees, allied health profes-
sionals, patients, and care-
givers. Experts were from
geriatrics, geriatric oncolo-
gy, and radiation oncology.
Staff physicians were from
clinical/medical oncology,
palliative care, and surgical
oncology.

Morris et al

[20]

• Highest self-efficacy in
surgery (3.56/5) vs
lowest in genetics
(2.67/5), radiation on-
cology (2.67/5), and
pathology (2.67/5)

• Significant improve-
ment of self-efficacy in
surgery only (P=.002)
with additional years in
residency

Residents’perceived capabil-
ity (ie, self-efficacy score)
in various domains of breast
cancer care

• 31 general surgery resi-
dents

30 item self-efficacy survey
completed by residents at
Ohio State University
Wexner Medical Center, in
order to measure knowledge
and skills in 6 breast cancer
care aspects: genetics,
surgery, medical oncology,
radiation oncology, patholo-
gy, and radiology

Park et al

[18]

• Trainees found tumor
board presentation to
be educational

• Barriers to learning:
competing clinical/ad-
ministrative responsibil-
ities

• Facilitators to learning:
learning-focused goals,
faculty mentorship
during presentation
preparation, collabora-
tive discussion, content
tailored to learners and
board exams, and sup-
portive environment

• Web-based tumor
boards promoted acces-
sibility and conve-
nience but decreased
learning due to limited
engagement, discus-
sion, and professional
relationship develop-
ment

Exploration of learning in
tumor boards

• 4 pediatric oncology
fellows

• 11 pediatric oncology,
pathology, radiology,
palliative care, and sur-
gical oncology faculty
physicians

Semistructured interviews
with faculty and trainees
across pediatric oncology,
radiology, pathology, surgi-
cal oncology, and palliative
care

Picca and Reed

[28]
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Main findings and conclu-
sions

Outcome measureSampleStudy designReference

Walraven et al

[21]

• 100% agreed that
MDTMs play an impor-
tant role in both educa-
tion and patient care

• Barriers: insufficient
supervisor guidance,
time constraints, meet-
ing atmosphere and hi-
erarchy, strict regula-
tions, unfamiliarity,
and resident’s personal
characteristics

• Solutions: MDTM
simulation training,
and training courses on
communication and
meeting skills

Residents’barriers and facil-
itators to participate in
MDTMs

• 19 residents
• 16 specialists

Semistructured interviews
with Dutch residents and
specialists in medical/surgi-
cal/radiation oncology, radi-
ology, nuclear radiology,
and pathology participating

in MDTMsb

• Majority (65%) had
exposure to multidisci-
plinary breast cancer
clinics, involving medi-
cal and surgical oncolo-
gists

• Lower level of comfort
(7.07/10) with breast
cancer medical manage-
ment compared to sur-
gical management
(7.34‐9.10/10 depend-
ing on the type of
surgery)

Proportion of applicants
with breast surgery exposure
and their comfort with med-
ical and surgical manage-
ment of breast cancer

• 29 general surgery resi-
dents or recent general
surgery graduates ap-
plying to surgical oncol-
ogy fellowship

Survey of applicants to
Roswell Park Cancer Insti-
tute surgical oncology fel-
lowship program

Wilson et al

[19]

aMTBM: multidisciplinary tumor board meeting.
bMDTM: multidisciplinary team meetings.

Thirteen studies obtained opinions of trainees with respect to
multidisciplinary oncology education within their training
programs [16-25,27,28,30]. Morris et al [20] used a Delphi
consensus process, and 4 studies directly interviewed trainees
and faculty [21,24,28,29]. The remainder of the studies used
surveys. Maggiore et al [26] surveyed geriatrics program
directors, Givi et al [29] surveyed head and neck surgery
program directors, and Akthar et al [16] surveyed program
directors of pediatric and adult hematology oncology, surgical
oncology, radiation oncology, and palliative medicine. Eid et
al [24] used a combination of expert consultation, trainee
interviews, review of trainee rotation evaluations, and literature
review to assess their multidisciplinary educational needs.

While all studies analyzed the quality of existing
multidisciplinary education, there were differences in the
disciplines investigated across studies. Akthar et al [16], Delaye
et al [22], Mäurer et al [23], Walraven et al [21], Picca and Reed
[28], and Brenner and De Donno [17] focused on identifying
broad gaps in multidisciplinary education including knowledge
and skills of trainees in numerous fields, such as radiation,
surgical, and medical oncology, radiology, pathology, geriatrics,
palliative medicine, and other pediatric and medical fields. The
remaining 8 studies focused on a more specific set of trainee
skills. David et al [25], Eid et al [24], and Maggiore et al [26]
assessed gaps in geriatric oncology education among hematology

residents and fellows, hematology oncology fellows, and
geriatrics fellows, respectively. Morris et al [20,27] assessed
gaps in the radiation oncology training curriculum. Park et al
[18] and Wilson et al [19] assessed the quality of general surgery
residency training in breast cancer care. Le Nail and Samargandi
[30] evaluated the quality of tumor boards for orthopedic
oncology trainees. Finally, Givi et al [29] performed a needs
assessment analysis of the head and neck surgery training
curriculum.

13 studies assessed the strengths and weaknesses of oncology
training programs [16-19,21-23,25-30]. Of these, 11 found that
trainees had limited exposure to multidisciplinary oncology
disciplines, barriers to attending multidisciplinary oncology
meetings, and a low level of trainee comfort in multidisciplinary
oncology knowledge [16-19,21-23,25-28]. Givi et al [29] found
that 27% of interviewees indicated exposure to multidisciplinary
care as a strength of the head and neck surgery training program,
although 38% endorsed the need to improve fellows’
multidisciplinary participation. In general, Akthar et al [16]
found the least amount of multidisciplinary training in geriatric
oncology, compared to palliative medicine, medical, radiation,
and surgical oncology. Similarly, Morris et al [27] found that
less than 10% of radiation oncology trainees received geriatrics
training. Furthermore, less than half of geriatrics fellows were
offered geriatric oncology rotations [26]. For multidisciplinary
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breast cancer management, Park et al [18] found limited training
in genetics, radiation oncology, and pathology among surgical
residents, compared to rotations within surgery, radiology, and
medical oncology. Brenner and De Donno [17] found that a
small proportion of general surgery residents received training
in the fields of radiation (23%) and medical oncology (31%),
but over half (53%) received exposure to palliative care.

Additionally, 11 studies researched areas of improvement for
multidisciplinary oncology education among the postgraduate
programs via surveys, interviews, Delphi consensus, and
literature search [17,20,21,23-30]. Maggiore et al [26] and
Morris et al [27] found that 77% of geriatrics fellows and 85.3%
of radiation oncology residents advocated for further geriatric
oncology training. David et al [25] found that over 95% of
hematology trainees endorsed geriatric training during residency.
82% of general surgery residents surveyed by Brenner and De
Donno [17] agreed that additional multidisciplinary training is
needed to optimize cancer care. Additionally, based on an
educational needs assessment, Eid et al [24] found that the top
3 priorities for a geriatric oncology program included geriatric

assessment, pharmacology, and psychosocial skills. MTBMs
were found to enhance trainee experience and multidisciplinary
oncology education [21,28,30]. However, some barriers to
attending meetings included time constraints, clinical duties,
and lack of active resident participation [21,28,30]. Residents
and specialists interviewed by Walraven et al [21] suggested
that the educational value of multidisciplinary team meetings
could be improved through additional training such as
multidisciplinary team meeting simulations and courses on
effective communication and meeting skills.

Impact of Educational Interventions
A summary of the 9 studies analyzing the impact of educational
interventions is included in Table 2. The majority included
general surgery trainees [31-35]. Faculty and trainees from
radiation oncology [32,35], medical oncology [12,35],
respirology [12,36], thoracic surgery [12], gynecology [35],
urology [37], and palliative medicine [38] were also included.
All 9 studies demonstrated improvements in multidisciplinary
oncology knowledge and skills postintervention.
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Table . Summary of studies evaluating the impact of multidisciplinary educational interventions.a

Main findings and conclu-
sions

Outcome measureSampleStudy designReference

Electronic surveys were sent
to general surgery residents

Cook et al

[31]

• MDB rotation residents
rated the opportunity to
perform and learn pro-

• Trainee satisfaction
based on surveys

• Total sample size: 32
in MDB, 73 in USOS,
and 51 in TSRat the completion of 4-week • Operative volume

based on operative logs cedures higher thanrotations in MDBb, USOSc, • Operative logs of 29
residents in MDB, 11 those in USOS (P=.02)

and community-based TSRd
and TSR (P=.01)in TSR, and 12 in

at Oregon Health and Sci- USOS were obtained • 83% of MDB resi-
dents’operative experi-ence University in 2010‐

2013. MDB included opera- ence included breast
tive time, as well as half- cancer operations,
days in pathology, radiolo- compared to 71% of
gy, medical oncology, and
surgery clinic.

USOS and 12% of TSR
groups

• MDB rotation residents
rated higher on the
quality of faculty
teaching and education-
al materials than those
on TSR (P=.03 and
P=.04, respectively)

Short interviews were held
with urology residents and

Khoshgoftar et al

[37]

• Resident needs assess-
ment was divided by
level of importance and

• Needs assessment, sat-
isfaction levels, pretest
and posttest scores,

• 35 urology residents
• 25 urology faculty

membersfaculty members regarding
needs for holding web-based postgraduate years (ie,recommendations from• Panelists from patholo-

gy, radiation oncology,tumor boards prior to imple-
mentation of 20 monthly

years 1‐2 vs 3‐4).
An important limitation

external evaluators
medical oncology, radi-

web-based tumor boards. to participate was sig-ology, and nuclear
Tumor boards were assessed nificant clinical respon-medicine
through questionnaires sibilities, particularly
postintervention, resident for lower year residents
pretest and posttest scores • High resident satisfac-

tion rate (71%‐88%)for 5 consecutive tumor
boards, and external evalua- based on various as-
tors from the faculty of
urology.

pects of web-based tu-
mor boards. The most
important technical is-
sue was the low band-
width speed.

• There was significant
improvement in resi-
dent posttest scores in
the majority of sessions

Respiratory and oncology
trainees completed a 3-hour

Mackay et al

[36]

• Trainees rated 4/10 for
how well their program
prepared them to

• Perceptions of current
training programs,
confidence presenting

• 19 oncology and respi-
ratory trainees (special-
ty training years 3‐7)MDTMe simulation session

present at MDTMin MDTMs, use of theand completed pre- and
simulation, and impact • Trainee confidence in

presenting in MDTMs
postsimulation question-
naires on future clinical prac-

tice increased from 5/10 to
7/10 postintervention
(P<.01)

• Trainees rated 9/10 for
usefulness and 9/10 for
likelihood the session
will lead to changes in
their practice
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Main findings and conclu-
sions

Outcome measureSampleStudy designReference

• Postintervention im-
provement in trainee-
reported confidence in
discussion with pa-
tients about radiothera-
py (0.009), managing
its common side effects
(P=.021), and identify-
ing oncologic emergen-
cies related to radiother-
apy (P=.012)

• Significant improve-
ment in radiotherapy
knowledge based on
objective knowledge
assessment questions
(22% vs 86% pre- vs
postintervention;
P=.010)

• Increased trainee-re-
ported likelihood of
collaboration with radi-
ation oncologists
postintervention
(P=.014)

• Knowledge and confi-
dence in palliative ra-
diotherapy

• 5 hospice and palliative
medicine fellows at the
University of Califor-
nia, San Diego

Fellows completed three 1-
hour lectures in palliative
radiotherapy, as well as pre-
and postcourse question-
naires and objective knowl-
edge assessment multiple-
choice questions.

Martin et al

[38]

• The majority had no
didactic training (75%)
or rotations (85.5%) in
radiation oncology
preintervention

• Significant improve-
ments in mean objec-
tive test scores postin-
tervention (P<.001)

• Postintervention, 100%
of participants felt
more knowledgeable in
radiation therapy and
96% felt more comfort-
able making appropri-
ate radiation oncology
referrals

• Knowledge of radiation
therapy in lung cancer
treatment and comfort
in appropriate referral
to radiation oncology

• A total of 121 faculty
and trainees from pul-
monology, thoracic
surgery, and medical
oncology

• Pretest: 54 residents/fel-
lows and 9 faculty par-
ticipated

• Posttest: 23 resi-
dents/fellows and 2
faculty participated

Faculty, fellows, and resi-
dents attended a didactic
lecture on radiation therapy
in lung cancer care. Knowl-
edge was tested using multi-
ple choice questions pre-
and postintervention.

Mattes et al

[12]

• Postintervention, 64%
made changes in their
clinical practice and
33% made institutional
changes in breast can-
cer management

• 95% reported increased
knowledge of MDB
cancer care

• Opinions on the impact
of the course

• A total of 42 partici-
pants in medical oncol-
ogy, radiation oncolo-
gy, gynecology, and
general surgery

• 11 heads of depart-
ment/professors

• 17 consultants/attend-
ing Physicians

• 14 trainees: residents,
medical fellows, PhD
students, and postdoc-
toral fellows

Faculty and trainees complet-
ed a postintervention ques-
tionnaire following a multi-
disciplinary breast cancer
course.

Meani et al

[35]

• Self-reported trainee
improvement in breast
cancer care–specific
skills

• Perception of faculty,
patients, and residents
of the overall quality of
intervention

• 22 general surgery resi-
dents

• 3 radiation oncology
residents

• 15 faculty at stations
• 12 patients with breast

cancer at stations

Sloan et al

[32]
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Main findings and conclu-
sions

Outcome measureSampleStudy designReference

• Statistically significant
trainee-reported im-
provement for all mea-
sured skills, including
fine-needle aspiration,
mammography interpre-
tation, and treatment
discussion with pa-
tients

• Overall, intervention
rated favorably by
trainees, faculty, and
patients

Residents at the University
of Kentucky received multi-
disciplinary instruction and
completed 15 case-based
stations about various do-
mains of breast cancer care
(ie, surgical oncology, medi-
cal oncology, radiology, ra-
diation oncology, plastic
surgery, and pathology).
Surveys about the overall
quality of intervention were
completed by patients, facul-
ty, and residents. Residents
also completed pre- and
postintervention surveys re-
garding specific breast can-
cer care-specific skills.

• Statistically significant
trainee-reported im-
provement for most
skills postintervention
(P<.001)

• Overall, intervention
rated favorably by
trainees, faculty, and
patients

• Residents generally en-
dorsed having interven-
tion minimum twice
during residency

• Self-reported trainee
improvement in skills
relevant to head and
neck cancer care

• Perception of faculty,
patients, and residents
of the overall quality of
intervention

• 21 general surgery resi-
dents

• 11 faculty at stations
• 8 standardized patients

at stations (including 6
patients with cancer)

Residents at the University
of Kentucky completed 12
case-based stations during a
head and neck oncology
workshop, designed by fac-
ulty from general surgery,
speech pathology, dentistry,
radiation therapy, otolaryn-
gology, plastic and recon-
structive surgery, pathology,
anesthesiology, and cardio-
thoracic surgery. Surveys
about the overall quality of
intervention were completed
by patients, faculty, and res-
idents. Residents also com-
pleted pre- and postinterven-
tion surveys regarding head
and neck-specific skills.

Sloan et al

[33]

• Improvement in skills
of residents who attend-
ed the workshop, com-
pared to the control
group, both immediate-
ly and 8 months
postintervention
(P<.01)

• Residents’skills dimin-
ished after 8 months, as
evidence by the differ-
ence in skill set be-
tween the group tested
immediately versus the
one tested 8 months
postintervention
(P<.004)

• Skills in diagnosis and
management of breast
cancer postinterven-
tion, assessed by facul-
ty and standardized pa-
tients during OSCE as-
sessments

• 48 general surgery resi-
dents from the Univer-
sity of Kentucky, divid-
ed evenly into 4 groups

• 15 faculty at stations
• 12 standardized pa-

tients at stations (in-
cluding 5 patients with
cancer)

2 groups received multidisci-
plinary teaching in breast
cancer care, including radia-
tion oncology, radiology,
surgery, and medical oncol-
ogy, in the form of a 15-sta-
tion workshop. The other 2
groups served as controls. 1
intervention and 1 control
group were administered an

11-problem OSCEf assess-
ment immediately postinter-
vention and the remaining 2
groups were administered
the same OSCE assessment
8 months later. Residents
were assessed by faculty and
standardized patients during
OSCE assessments.

Sloan et al

[34]

aPatients who performed assessments included actual and simulated patients.
bMDB: multidisciplinary breast.
cUSOS: university surgical oncology service.
dTSR: traditional surgical rotation.
eMDTM: multidisciplinary team meeting.
fOSCE: Objective Structured Clinical Examination.
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The study by Cook et al [31] compared the impact of a
multidisciplinary breast rotation to traditional oncology or
community rotations using trainee self-evaluations. Martin et
al [38] and Mattes et al [12] analyzed the effectiveness of
didactic learning for palliative radiotherapy and lung cancer
radiotherapy, respectively, using pre- and postcourse trainee
evaluations. Meani et al [35] studied the impact of a
multidisciplinary breast cancer course on the knowledge and
practice of faculty and trainees using a questionnaire. Three
studies by Sloan et al tested the quality of case-based instruction,
involving workshops or Objective Structured Clinical
Examination (OSCE) stations, where evaluations were
completed by trainees, standardized patients, and faculty
[32-34]. In the 2004 study by Sloan et al [34], faculty and
standardized patient completed evaluations following the
observation of trainees in OSCE stations. Patient ratings mainly
included interpersonal skills, while faculty ratings included both
the clinical and interpersonal skills of trainees. In the other 2
Sloan et al studies, faculty and standardized patients provided
feedback on the overall quality of workshops, rather than a
specific focus on trainee skills [32,33]. Many of the standardized
patients were actual patients with cancer [32-34]. Two of the
Sloan et al studies with breast cancer-specific stations focused
on knowledge and skills in the following fields: surgical,
medical, and radiation oncology; pathology; plastic surgery;
and radiology [32,34]. A pilot study by the same group included
a head and neck workshop in which stations were designed by
faculty from general surgery, radiation oncology, cardiothoracic
surgery, otolaryngology, plastic surgery, pathology,
anesthesiology, speech pathology, and dentistry [33].

In 8 of these 9 studies, the benefit of educational interventions
was noted by the trainees through self-assessment of knowledge
or skills [12,31-33,35-38], while Sloan et al [34] demonstrated
improvements in knowledge or skills, as assessed by faculty
and patients following the observation of trainees in OSCE
stations. In addition to reporting subjective benefits, Khoshgoftar
et al [37], Mattes et al [12], and Martin et al [38] used objective
assessments to demonstrate improvements in trainee knowledge
postintervention. Interestingly, Sloan et al [34] showed that
while the intervention benefited residents’ knowledge and skill
set in breast cancer management both immediately after and 8
months postintervention, it declined after 8 months. In the other
2 studies by this group [32,33], trainees, faculty, and patients
rated the interventions highly.

Quality Assessment
A summary of the MMAT quality assessment is included in
Table S3 in Multimedia Appendix 1. Five studies were
categorized as nonrandomized, 4 as qualitative, 13 as
quantitative descriptive, 1 as mixed methods, and 1 as
randomized controlled. Studies were given a score out of 5,
based on the number of MMAT criteria met. Two studies were
given an overall MMAT quality rating of 3 stars, 14 studies
were rated as 4 stars, and the remaining 8 were rated as 5 stars.
Overall, all studies were deemed to be satisfactory by authors,
based on MMAT quality assessment criteria.

Discussion

Principal Results
To our knowledge, this is the first systematic review of
multidisciplinary oncology education in postgraduate medical
training. These data summarize educational gaps and potential
solutions to improve multidisciplinary education for future
trainees. Of the 24 studies included in the final analysis, 15
obtained faculties’ and trainees’ opinions on deficiencies and
areas of improvement for existing multidisciplinary oncology
education [16-19,24,26,27]. They generally reported limited
multidisciplinary oncology training or knowledge, barriers to
multidisciplinary training, and advocated for further instruction
in different areas. The remaining 9 studies studied the impact
of educational interventions on trainees’ oncology expertise
[31-34,38]. Multidisciplinary rotations, tumor board meetings,
didactic teaching, and case-based learning were found to be
beneficial based on trainee self-assessments, written exams, and
evaluations from faculty and patients following the observation
of trainees in OSCE stations.

Filling the current gaps in multidisciplinary oncology education
using the aforementioned educational interventions has the
potential to improve multidisciplinary communication,
appropriate referrals, and oncologic outcomes [3-5]. Studies by
Mattes et al [12] and Martin et al [38] found that trainees were
more likely to collaborate and make appropriate referrals to
radiation oncologists after didactic teachings in lung cancer
treatment and palliative radiotherapy, respectively. Several
studies also found MTBMs to enhance trainee education
[30,36,37]. In fact, the study by Mackay et al [36] found that
tumor board simulation sessions significantly improved trainee’s
confidence in presenting in tumor board sessions. After all,
improved communication and referral patterns are central to
effective multidisciplinary collaboration among oncology
specialists and ultimately improve the access of patients to
evidence-based oncologic treatments.

Comparison With Prior Work
Geriatric oncology was consistently found to be an area in which
trainees received limited training [16,26,27,39]. As cancer
incidence increases in older adults, a population with a higher
burden of comorbidities, trainees must gain sufficient knowledge
and experience in geriatric oncology to optimize treatment [40].
These findings are echoed in a review by Morris et al [39]
highlighting insufficient training and education in geriatric
oncology among radiation oncology trainees across several
different countries. This training should identify the specific
needs of older patients and thereby result in a more informed
and nuanced approach to this population’s medical and
psychosocial issues [24]. Development of these skills may be
achieved through dedicated rotations or training in geriatric
oncology.

Based on findings from this study, it is evident that the quality
of multidisciplinary oncology education and training needs to
be assessed and addressed. Implementation of benchmarks to
ensure sufficient training across residency and fellowship
programs commonly involved in cancer care would provide an
educational quality metric [6-10]. This would encourage training
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programs to develop and establish multidisciplinary oncology
curricula. One approach to achieve this would be to ensure
trainee participation in a variety of educational activities such
as multidisciplinary case conferences, research, rotations,
didactic teaching, and case-based learning led by faculty from
other disciplines [11,31-34,38]. Furthermore, a review of each
residency or fellowship program’s curriculum by a
multidisciplinary faculty committee may ensure sufficient
trainee exposure to collaborating oncology areas.

Competency-based medical education is an outcome-based
approach to evaluate medical trainees and ensure a high degree
of graduate skill set [41]. This is often done via objective
measures, such as entrustable professional activities (EPAs)
and milestones. The development of standardized and
program-specific EPAs, specifically for multidisciplinary
oncology education, would provide training programs with a
specific measure of their trainees’ knowledge, skills, and
progress in this area. Using EPAs would also identify areas of
improvement for trainees early on in their training and would
allow for additional support to improve multidisciplinary
oncology competencies. Ultimately, these EPAs should mirror
curriculum changes to ensure effective multidisciplinary
oncology education. The benefits of using EPAs for geriatric
oncology training are echoed by Eid et al [24]. They provide
an example of an EPA to assess the appropriateness of
chemotherapy for a geriatric patient, which includes the ability
to perform a comprehensive geriatric assessment, having
sufficient knowledge of chemotherapy toxicities and
interactions, and assessment of suitability based on patients’
comorbidities. This represents a geriatric oncology-specific
EPA for medical or hematology oncology trainees. Oncology
training programs may adopt similar EPAs to ensure a high
quality of multidisciplinary oncology training within their
residency and fellowship programs.

Despite its merits, there are potential barriers to the
implementation of oncology training curricula. Several factors
may prevent trainee participation in multidisciplinary education
activities, including limited elective time, educational options,
or available personnel. For instance, those training in the
community or rural hospitals may not have access to many
electives in other oncology fields. For the same reason, there
may be limited available multidisciplinary faculty to either
design effective oncology curricula or mentor trainees.
Furthermore, many residency or fellowship programs may have
strict curricula and elective requirements, and thus limit elective
options for trainees. To overcome some of these challenges,
studies have suggested the importance of web-based courses or
teaching sessions to supplement their curriculum. As a result
of the COVID-19 pandemic, web-based education has become
an integral part of medical training that will likely remain used
to various degrees in the future [42,43]. Data supports the
effectiveness of web-based training, including web-based
rotations or clinical training [44-46], tumor board meetings
[28,37], surgical skills training [47], and didactic and case-based
teaching [48-52].

Furthermore, local, state-wide or provincial, and national
resources and programs could also be offered to trainees
interested in further advancing their multidisciplinary oncology

knowledge and skills outside their residency and fellowship
programs. Certainly, didactic teaching [12,35,38], as well as
workshops and OSCE-style evaluation sessions [32-34] are
valuable in advancing trainee education in multidisciplinary
oncology care. Depending on the topic, these teaching sessions
could be offered in person, remotely via web-based applications,
or as a prerecording to enhance trainee participation. As
indicated by Mackay et al [36], tumor board simulation sessions
contribute to significant improvements in trainee confidence
and skills in participating in tumor boards. This is a novel
educational intervention not traditionally offered by residency
or fellowship programs. The addition of such resources and
programs outside of the mainstream postgraduate training
programs has the potential to supplement trainee education
toward multidisciplinary oncology care.

Given the time constraint of residency and fellowship, it is not
feasible for trainees to gain all relevant multidisciplinary
knowledge and skills while also excelling in all core
competencies relevant to their program. Every proposed
intervention will have its own challenges to implement and
needs to be balanced against other rotations within the
curriculum. Yet, it is preferred that trainees obtain sufficient
multidisciplinary knowledge during training rather than through
experience during practice. It is crucial that training programs
conduct an evaluation of any new educational intervention and
prioritize selected interventions in their curricula based on
outcomes and feedback.

Limitations
This study has limitations. Only 24 studies have analyzed the
quality of multidisciplinary oncology education among
postgraduate medical trainees. Furthermore, we limited our
study to English-only and primary papers. It is possible that
additional studies analyzing multidisciplinary oncology
education in other languages or papers (eg, grey literature) exist
that are missing from our results. Over a third of these studies
were also published more than 5 years ago. Particularly, 3 of
the intervention studies are by Sloan et al [32-34], published in
1997, 1999, and 2004, which could have had overlapping
participants. This could limit the generalizability of the findings
from these studies. There is a need for additional and more
contemporary research assessing the needs of postgraduate
medical trainees and the impact of newer educational
interventions. It is particularly important to evaluate the use of
technologies currently used in medical education such as
web-based live teaching [43-47], clinical teaching tools such
as case-based modules with built-in radiology software [53,54],
and virtual reality surgical training [55-57]. Additionally, none
of the studies on educational interventions were conducted with
trainees in geriatric oncology. As previously discussed, this is
an important aspect of oncology, though generally missing from
oncology training curriculums. Thus, additional studies are
needed within these fields. Furthermore, while a large proportion
of studies solely focus on gaps in geriatric oncology education,
this may not be generalizable to all multidisciplinary oncology
education needs. Future research will be important in developing
multidisciplinary oncology curricula for postgraduate trainees.
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Conclusions
This systematic review demonstrated several gaps in the existing
multidisciplinary oncology training of postgraduate medical
trainees and the promising results of various educational
interventions in bridging these gaps. Further studies
investigating the needs of trainees at both local and national

levels are needed to develop specific educational curricula and
program requirements that focus on multidisciplinary oncology
collaboration. Future research should also assess contemporary
educational interventions to determine the most effective
methods of attaining multidisciplinary oncology expertise among
postgraduate medical trainees.
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Abstract

Background: Telemedicine is a key element of modern health care, providing remote medical consultations and bridging the
gap between patients and health care providers. Despite legislative advancements and pilot programs, the integration of telemedicine
education in Romania remains limited. Addressing these educational gaps is essential for preparing current and future medical
professionals to effectively use telemedicine technologies.

Objective: This study aimed to evaluate the current state of telemedicine education for medical professionals in Romania,
focusing on the integration of diagnostic and therapeutic capabilities into medical curricula, identifying the challenges and
opportunities, and providing recommendations for improving telemedicine education.

Methods: A scoping review was conducted following Arksey and O’Malley’s framework. Peer-reviewed articles from 2019
to 2023 were identified using databases such as PubMed and Scopus. Additional gray literature was reviewed to provide a
comprehensive understanding of telemedicine education in Romania. Data were thematically analyzed to extract key findings
and recommendations.

Results: The review identified significant progress in the legislative and infrastructural aspects of telemedicine in Romania,
but highlighted gaps in integrating telemedicine education into curricula for medical professionals and other health care practitioners
directly involved in telemedicine practices. While some universities have included telemedicine components, dedicated telemedicine
courses and hands-on training remain insufficient. Barriers include a lack of infrastructure, digital literacy, and practical exposure
to telemedicine technologies.

Conclusions: For telemedicine to be effectively integrated into Romania’s health care system, medical education must be
adapted to include comprehensive telemedicine training. Recommendations include enhancing digital literacy, fostering
public-private partnerships, and incorporating telemedicine into undergraduate and continuous professional education programs.
These efforts are essential for improving healthcare access and quality through telemedicine.

(JMIR Med Educ 2025;11:e66458)   doi:10.2196/66458

KEYWORDS

telemedicine; digital health; healthcare education; micro-credentials; scoping review; health education; Romania; future healthcare;
telehealth; healthcare providers; technologies; digital literacy; healthcare system; quality care

Introduction

Telemedicine in Romania has undergone significant
development over the years, marked by early pilot projects,
legislative advancements, and a growing recognition of its
potential to transform health care delivery. Given the rapid
advancements in digital health globally, understanding and
improving telemedicine education in Romania will not only
enhance national health care delivery but also offer insights for

similar health care systems transitioning to more digital
practices.

For the purposes of this study and in accordance with Romanian
legislation, telemedicine is defined as the use of digital
technologies to deliver medical acts such as diagnosis, treatment,
and therapy performed exclusively by licensed medical
professionals. This differs from telehealth, which encompasses
broader health-related services, including health education,
prevention, and administrative activities.
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While telemedicine inherently involves medical acts performed
by licensed clinicians, it relies on a collaborative team, including
nonclinical professionals, to ensure efficient and comprehensive
care delivery.

Several interdependent factors, including educational
competencies, regulatory policies, technological infrastructure,
and institutional readiness shape telemedicine education. This
study adopts a theoretical framework that integrates
competency-based medical education, digital health policies,
and workforce development strategies to evaluate the current
state of telemedicine training in Romania. The framework is
informed by internationally recognized guidelines, such as the
World Health Organization (WHO) Digital Health Competency
Framework (DHCF), the International Society for Telemedicine
& eHealth (ISfTeH) guidelines, and the European Health
Telematics Association (EHTEL) recommendations, which
outline essential skills and knowledge areas for telemedicine
practitioners.

Within this framework, telemedicine competencies are
influenced by both regulatory structures and digital readiness,
which shape how educational programs can be effectively
implemented. While Romania has made legislative progress in
supporting telemedicine, educational curricula remain
inconsistent, lacking standardized competencies and hands-on
training opportunities. Furthermore, limited technological
infrastructure and digital literacy among both professionals and
patients present additional challenges. By assessing these
dimensions, this study identifies the current gaps in telemedicine
education and proposes targeted recommendations to improve
training programs, ensuring alignment with international best
practices.

The journey began in 2001 when the Romanian Space Agency
(ROSA) launched the Demonstrative Pilot of Telemedicine.
This project, a significant milestone in the country’s health care
history, focused on diagnostic, clinical, and educational
applications, serving as a pioneering effort to explore the
capabilities of telemedicine in the country. In 2003, further
progress was made in establishing the Romanian Association
for Telemedicine and Space Applications for Health (ATASS),
which aimed to promote and develop telemedicine technologies
[1].

A significant legislative milestone came in 2018 when
telemedicine was formally incorporated into Romanian law
through Government Emergency Ordinance number 8/2018,
which amended Health Reform Law 95/2006. This legislative
change aimed to address the chronic shortage of medical
personnel, particularly in remote areas, and ensure more
equitable access to healthcare services.

The COVID-19 pandemic in 2020 acted as a catalyst for
telemedicine’s rapid adoption. In response to the crisis, the
Romanian government took swift and decisive action to establish
a regulatory framework for telemedicine services. Government
Decision 252/2020 and subsequent ordinances laid the
groundwork for telemedicine during states of emergency and
beyond. These regulations facilitated various telemedicine
services, including teleconsultation, tele-expertise, teleradiology,
and telemonitoring. By 2022, the regulatory framework had

further evolved with Government Decision 1133/2022 [2], which
approved comprehensive implementation norms for
telemedicine. This decision standardized procedures for
scheduling remote appointments, protecting data privacy, and
setting up payment mechanisms through the National Health
care Insurance House. These measures ensured that telemedicine
services could be provided seamlessly and securely, enhancing
their integration into the healthcare system.

In the last 2 years, significant financial investments have
supported the expansion of telemedicine in Romania. The
recovery and resilience plan allocated substantial funds,
including approximately €100 million for telemedicine support
and €300-€400 million for hospital digitalization. These
investments underscored the government’s commitment to
advancing telemedicine as a critical component of health care
delivery.

Despite these significant financial investments, the low levels
of health and digital literacy among Romanian citizens present
substantial barriers to the successful adoption and utilization of
these technologies. Digital literacy for the public refers to the
ability to access, understand, and use digital technologies for
obtaining health information and services. For health care
professionals, digital literacy extends to proficiency in using
digital tools for clinical care, such as eHealth records,
telemedicine platforms, and data privacy protocols.

Eurostat statistics [3] indicate that only 40% of Romanians use
the internet to search for health information, significantly below
the European Union average of 55%. This discrepancy highlights
the role of education in digital engagement, with just 17% of
individuals with low educational attainment using the internet
for health purposes, compared with 41% of those with medium
education and 66.5% of highly educated individuals.

The first cross-sectional study on health literacy in Romania
[4] underscores the challenges faced by the population in
processing health information. Approximately 21.6% of
respondents found it difficult to protect themselves from illness
based on health information provided by the media. Moreover,
7.5% of participants demonstrated inadequate health literacy,
and 33.2% had problematic health literacy, leaving a majority
(59.2%) with sufficient health literacy. Key determinants of
health literacy included age, gender, education, and self-reported
health status, while the residential area did not appear to
influence health literacy levels. These findings underscore the
considerable gaps in both health and digital literacy among the
Romanian population.

Moreover, significant gaps still need to be addressed in
integrating telemedicine education effectively within medical
curricula, particularly in ensuring that current and future medical
professionals are adequately prepared to leverage these
technologies in practice. Most medical universities and medical
schools have started incorporating telemedicine into their
curricula, mainly as part of the medical informatics discipline,
aiming to familiarize future health care professionals with digital
health tools and focusing on both telemedicine’s technical and
ethical aspects. Professional development opportunities have
also expanded, with continuous education programs
incorporating modules on telemedicine. Online training
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platforms and workshops have become vital resources for health
care providers, helping them stay updated with the latest
advancements and best practices in telemedicine. Beyond
serving as a means of continuing education, these platforms
often provide essential initial training for health care
professionals new to telehealth, equipping them with
foundational knowledge and skills.

Telehealth competency, encompassing knowledge, skills, and
attitudes essential for effectively delivering care via
telemedicine, is increasingly recognized as a critical aspect of
modern health care practice. However, in Romania, health care
professionals often lack structured and standardized training in
telemedicine, resulting in gaps in areas such as conducting
teleconsultations, ensuring data security, and communicating
effectively with patients in virtual settings. These gaps highlight
the need for targeted educational interventions to prepare health
care professionals for the demands of telemedicine.

The scope of this study is confined to telemedicine, which
involves clinical activities performed by physicians and other
licensed medical professionals, ensuring a clear distinction from
the broader concept of telehealth.

The aim of this scoping review is to evaluate the current state
of telemedicine education in Romania, identify the challenges
and opportunities associated with its integration into medical
curricula, and provide recommendations for improving
telemedicine education. Specifically, this study maps existing
telemedicine education initiatives, assesses barriers to
implementation, and proposes strategies to enhance training
programs for health care professionals.

Methods

Study Design
This study used a scoping review methodology to
comprehensively explore the current landscape of telemedicine
education in Romania. The study specifically evaluates
educational approaches for medical professionals performing
telemedicine, addressing clinical activities such as diagnosis,
therapy, and patient management. Telemedicine education
evaluated in this study encompasses competencies applicable
to multiple specialties, including primary care, chronic disease
management, and specialized services such as telemonitoring
and telerehabilitation. A scoping review was chosen for its
ability to map key concepts, types of evidence, and gaps in
research related to a defined area or field of interest, particularly
in complex or under-reviewed topics. This approach is especially
suitable for telemedicine education in Romania, given its rapidly
evolving nature and the need to synthesize diverse sources of
information

Research Question
The primary research question guiding this scoping review was:
“What is the current state of telemedicine education in Romania,

and what are the key challenges and opportunities for its
integration into medical curricula?”. This question was
formulated to encompass the broad scope of telemedicine
education, including formal educational programs, professional
development initiatives, and digital literacy efforts.

Literature Search Strategy
A systematic search of peer-reviewed journal papers was
conducted across multiple databases, including PubMed, Scopus,
Web of Science, and Google Scholar. The search covered
articles published between January 2019 and December 2023.
The following keywords and their combinations were used:
telemedicine, telehealth, digital health, medical education,
telemedicine education, Romania, eHealth, and digital literacy.

Additional filters were applied to include only papers available
in English or Romanian, with a focus on education, telemedicine
implementation, and health care policy in Romania. Papers were
limited to those that addressed telemedicine within the context
of health care education, the use of digital tools in clinical
training, and barriers or facilitators to telemedicine adoption.

In addition to peer-reviewed papers, relevant gray literature was
included in the scoping review. Sources of gray literature
encompassed reports from governmental and nongovernmental
organizations, policy briefs, and institutional documents related
to telemedicine education in Romania. These documents were
identified through searches of online repositories and
institutional websites, and they provided critical context on
legislative developments, pilot projects, and educational
initiatives that may not have been extensively covered in
academic databases.

Study Selection
The study selection process involved 2 independent researchers
(MF and VR) who screened titles, abstracts, and full texts to
ensure alignment with the inclusion and exclusion criteria. Any
disagreements were resolved through discussion, and when
consensus could not be reached, a third researcher reviewed the
articles to make the final decision. The process was facilitated
using Rayyan platform, allowing efficient tracking and
documentation of the selection process.

The initial search yielded 105 journal papers, screened for
relevance based on titles and abstracts. Articles that focused on
telemedicine in clinical practice without addressing educational
aspects were excluded. After this preliminary screening, 35
papers remained for full-text review. A further screening based
on inclusion and exclusion criteria led to the identification of
19 papers deemed highly relevant to the study’s aims.

Eligibility Criteria
The inclusion and exclusion criteria are listed in Textbox 1.

JMIR Med Educ 2025 | vol. 11 | e66458 | p.41https://mededu.jmir.org/2025/1/e66458
(page number not for citation purposes)

Focsa et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Inclusion and exclusion criteria

Inclusion criteria

• Studies published between 2019 and 2023.

• Studies addressing telemedicine education or digital literacy training in medical or health care fields.

• Studies conducted in or relevant to the Romanian context.

Exclusion criteria

• Articles focusing exclusively on telemedicine in clinical practice without reference to education.

• Studies not available in English or Romanian.

Data Extraction
For each of the 19 selected peer-reviewed papers, data were
extracted using a standardized data charting form, which
included the following variables: (1) author(s), publication year,
and country of origin; (2) study design (eg, qualitative,
quantitative, and mixed methods); (3) the focus of the study
(eg, telemedicine education, barriers to digital health adoption,
and telemedicine curriculum development); (4) key findings
relevant to telemedicine education, digital literacy, and health
care training; and (5) recommendations for telemedicine
integration into medical education.

Data Analysis
Two independent researchers conducted a thematic analysis to
identify recurring patterns and themes within the selected
literature. An inductive approach allowed themes to emerge
naturally from the data. The analysis involved coding and
categorizing data using manual methods, followed by a review
of the themes to ensure consistency and relevance. The themes
were grouped into broad categories, such as the current status
of telemedicine education in Romania, barriers to telemedicine
education, opportunities for development, and digital literacy
challenges.

Ethical Considerations
Since this study was based on a review of publicly available
literature, no ethical approval was required. However, all articles
were reviewed with a commitment to academic integrity and
transparency, and any potential conflicts of interest were
disclosed.

Results

Included Studies
The initial search yielded 105 journal papers, screened for
relevance based on titles and abstracts. Articles that focused on
telemedicine in clinical practice without addressing educational
aspects were excluded. After this preliminary screening, 35
papers remained for full-text review. A further screening based
on inclusion and exclusion criteria led to the identification of
19 papers deemed highly relevant to the study’s aims (Figure
1 and Checklist 1) .

The results presented are based on themes identified through
inductive thematic analysis, which highlighted key areas such
as the integration of telemedicine into curricula, barriers to
adoption, and digital literacy as a critical enabler for
telemedicine education.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for identification and selection of studies.

Current State of Telemedicine Education in Romania
The data collected and synthesized in Table 1 offers a
comprehensive overview of recent research in telemedicine,
eHealth, and artificial intelligence (AI)-based health care
interventions in Romania. It includes various study designs such
as cross-sectional, prospective, case-control, and system
architecture studies and spans diverse health care topics,
including telemedicine-driven rehabilitation, the impact of
virtual communities on telemedicine adoption, and the
integration of AI and Internet of Things (IoT) technologies in
health care. The analysis covers key aspects of telemedicine’s

role during and post–COVID-19 and its relevance for both
chronic diseases and mental health management. The studies
underscore the positive reception of telemedicine in various
medical fields, from diabetes management to cardiac
rehabilitation, with the technology being especially vital during
the COVID-19 pandemic. However, challenges such as digital
literacy, accessibility, and infrastructure remain.

While Table 1 provides a summary of the reviewed studies, the
specific components of telemedicine education and digital
literacy training are discussed in greater detail within the
following subsection, to align with the thematic approach of
this scoping review.
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Table . Overview of recent research in telemedicine, eHealth, and artificial intelligence–based health care interventions in Romania [5-23].

RecommendationsKey findingsThe focusPMID

Integrate telemedicine into medical
curricula, enhance digital literacy

Moderate-to-high acceptance, need
for practical exposure

Openness of medical students to
telemedicine

35879930 [5]

Improve telemedicine frameworks
and regulations for cardiovascular
care beyond the pandemic.

Telemedicine facilitated patient
management, including medication
adjustments, but barriers like data
security and reimbursement need
addressing.

Evaluating telemedicine benefits for
cardiovascular patients during
COVID-19.

35935629 [6]

Increase digital education for health
care professionals

Positive outlook, concerns over
digital literacy

Perceptions of telemedicine among
health care professionals

37297692 [7]

Integrate telerehabilitation into
postacute COVID-19 management

Significant improvement in physical
and mental health

Telemedicine-driven pulmonary re-
habilitation for post–COVID-19

37510969 [8]

Enhance integration of AI into
eHealth for better health care ser-
vices

AI advances in eHealth and
telemedicine

AIa in eHealth, telemedicine, and
remote monitoring

36141685 [9]

Further testing on cardiac patients,
integration into rehabilitation pro-
grams

RoboTeleRehab system is feasible,
positive feedback

Home-based robotic cardiac telere-
habilitation system

36141899 [10]

Implement blockchain for secure
patient data management in mHealth

Improves security, transparency, and
immutability

Blockchain-enabled framework for

mHealthb systems

33923842 [11]

Enhance AI systems to support pri-
mary care and telemedicine work-
flows

AI aids in primary care diagnosis,
treatment, and decision-making

AI in primary care and telemedicine35062129 [12]

Use virtual communities to promote
telemedicine services

Virtual communities influence pa-
tient satisfaction and usage intention

Impact of virtual communities on
telemedicine usage

36141297 [13]

Improve accessibility and data secu-
rity in digital mental health tools

Accessibility and data security are
critical for adoption

Adoption of eHealth and mHealth
for mental health

35954526 [14]

Use multiparametric home monitor-
ing to manage dilated cardiomyopa-
thy during crises

Telemedicine maintains clinical
stability in patients with home
monitoring

Management of dilated cardiomyopa-
thy during COVID-19 using
telemedicine

36556027 [15]

Training for family doctors and
continued telemedicine reimburse-
ment

Positive view, but tele-diagnostic
challenges and time constraints

Perception of Romanian family
doctors on telemedicine during
COVID-19

33953605 [16]

Use the instrument to optimize
telemedicine platforms based on
patient needs

Developed reliable and valid tool
for telemedicine adherence in dia-
betes care

Assessing patient adherence to
telemedicine in diabetes

34898981 [17]

Address technical skills gaps and
improve ease of access

Negative attitudes in Greece due to
forced usage

Attitudes toward eHealth during the
COVID-19 pandemic

35150518 [18]

Universal access to home telemoni-
toring for high-risk cardiovascular
patients

Telemedicine improved cardiovas-
cular prevention during the pandem-
ic

Telemonitoring for cardiovascular
disease during and post-COVID-19

37372846 [19]

Optimize virtual assistants for car-
diac rehab

Similar results for virtual versus in-
person rehabilitation

Virtual assistant in cardiac rehabili-
tation

36900948 [20]

Expand to predictive analysis for
cognitive and physiological data

Scalable solution for monitoring and
cognitive assessment

IoTc-based biometric monitoring
system for elders

33800728 [21]

Expand telerehabilitation for other
neurorehabilitation settings

Improved walking performance us-
ing telerehabilitation

Telerehabilitation for Parkinson
disease

35979169 [22]

Increase telemedicine use for remote
consultations in rare diseases

Telemedicine improves access to
rare disease care

Use of telemedicine for rare diseases
in Romania

31407668 [23]

aAI: artificial intelligence.
bmHealth: mobile health.
cIoT: Internet of Things.
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University Programs and Curricula
In Romania, prominent medical universities in Timisoara,
Cluj-Napoca, Iasi, and Bucharest have incorporated telemedicine
and digital health into their educational programs. These changes
were particularly accelerated following the COVID-19
pandemic, which highlighted the need for digital health
competencies among health care professionals. New curricula
encompass various aspects, such as telemedicine applications,
electronic health records (EHRs), and data management
strategies. Despite these inclusions, the development of
dedicated disciplines and laboratory classes specific to
telemedicine remains ongoing.

While telemedicine education in Romania has introduced
theoretical foundations and basic digital health tools, it remains
limited in scope and practical application. Key gaps include the
lack of hands-on training, comprehensive and stand-alone
telemedicine courses, and interprofessional education initiatives.
Furthermore, advanced topics such as AI and patient engagement
strategies remain underexplored, emphasiing the need for
structured and innovative approaches to telemedicine education.

On October 14, 2023, the Center for Innovation and e-Health
at the University of Medicine and Pharmacy “Carol Davila” in
Bucharest hosted a specialized course titled “Telemedicine -
Current Information and Skills.” [24]. This initiative covers
fundamental theoretical concepts of telemedicine, including
applicability and legal frameworks, alongside practical skills
for using associated technologies.

Many health care professionals participate in continuing medical
education (CME) programs to stay updated on telemedicine.
These programs focus on skills for telemedicine platforms, data
privacy laws, and improving remote patient interaction. The
Digital Innovation Zone Association [25], affiliated with the
North-East Regional Development Agency, offers
comprehensive 1- to 2-month programs delivered in a hybrid
online and on-site format.

A significant milestone in telemedicine education within the
country was marked by the launch of the Erasmus+ project
“TEAM: Supporting Innovation in Telemedicine Education
with Cross-European Collaboration” in November 2023. The
University of Medicine and Pharmacy “Victor Babes” in
Timisoara is a principal participant in this consortium, which
also includes partners from Belgium, Slovenia, Croatia, Greece,
and Ukraine. The project aims to develop adaptable learning
pathways that conform to international best practices, focusing
on surmounting challenges such as limited digital literacy and
fostering cross-sectoral cooperation. Targeting higher education
students in health care and IT, educators, and institutions, the
project also extends its reach to health care and IT professionals
and policymakers. One of the primary outcomes of this initiative
is the establishment of flexible microcredentials in Telemedicine
designed to enhance proficiency in digital health among students
and professionals alike.

Professional Development Workshops and Seminars
Universities and health care institutions in Romania proactively
conduct workshops and seminars to offer practical training in
telemedicine technologies. These educational sessions frequently

use case studies and practical simulations to enrich the learning
experience. They cover a spectrum of topics, from fundamental
telemedicine principles to advanced applications such as the
integration of AI tools in clinical settings.

Across Romania, hospitals and medical associations also
organize workshops and seminars aimed at practicing health
care professionals. These sessions foster proficiency in
telemedicine platforms, digital communication skills, and data
security. Participants, including doctors, nurses, and ancillary
staff, benefit from the self-paced learning environment these
workshops provide. They typically include hands-on sessions
where attendees can interact with telemedicine software, acquire
best practices for conducting virtual consultations, and gain
insights into the legal and ethical dimensions of remote health
care.

A notable initiative was the establishment of the ROHEALTH
cluster in 2015, which brought together various entities within
the health and bioeconomy sectors to enhance their competitive
edge. This cluster supports an online platform offering diverse
courses and webinars, including specialized offerings such as
“eTELEDOC, emergency telemedicine” [26]. These resources
aim to bolster the competencies of health care professionals in
the evolving landscape of telemedicine.

Digital Literacy Programs
Several nongovernmental organizations offer training programs
and workshops to enhance digital literacy among health care
providers. Initiated in 2022 by PALMED, the Patronage of
Private Medical Service Providers, the project titled “Digital
Skills for Employees - Support for SMEs in the Health Sector
to Assimilate Technologies and Develop Telemedicine Services
(TELMed)” is a notable endeavor under the Human Capital
Operational Program for 2014–2020 [27]. This project
specifically aims to augment the digital competencies of
personnel across 35 small and medium-sized enterprises in the
health care sector, including hospitals, clinics, offices, and
laboratories. By enhancing these skills, the initiative not only
supports the adaptation and expansion of telemedicine activities
but also prepares the workforce for advancements related to
Industry 4.0 and smart specialization areas.

Challenges in Telemedicine Education
The challenges identified in this section were derived from
thematic analysis of the 19 peer-reviewed papers and relevant
gray literature, including institutional reports and policy briefs.
These sources highlighted common barriers such as limited
digital literacy among health care professionals, the lack of
standardized curricula, and inadequate infrastructure for
telemedicine training.

The pandemic propelled telemedicine into prominence, shedding
light on Romanian family doctors’ diverse experiences and
perceptions [16]. Over a quarter of general practitioners reported
that remotely addressing patients’ health care needs was more
manageable, demonstrating adaptability to telemedicine
modalities. Nevertheless, challenges such as the time-intensive
nature of teleconsultations, diagnostic uncertainties, and
patients’difficulties with technology have surfaced. These issues
highlight the critical need for specialized training programs in
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telemedicine for both health care professionals and patients to
mitigate disruptions in health care delivery effectively.

Furthermore, the moderate-to-high acceptance of telemedicine
among Romanian medical students emphasizes the necessity
of integrating telemedicine education early in their medical
training. Telemedicine fundamentally transforms the
patient-physician relationship, requiring physicians to develop
new communication skills, known as “webside manner.” The
methodological norms for telemedicine services in Romania
also emphasize the importance of well-trained professionals
who can navigate legal, ethical, business, and practical
challenges. Training should start at the undergraduate level and
continue through all professional stages for medical staff in all
specialties.

While the primary objective of this paper is to explore
telemedicine education for health care professionals, patient
experiences with telemedicine offer indirect yet critical insights.
These experiences highlight areas where health care providers
may require additional training, such as building virtual rapport,
managing technological issues, and addressing patient concerns
about telemedicine efficacy and privacy. Integrating these
considerations into training programs can better align
telemedicine education with real-world practice.

In 2021, a study [17] evaluating the desirability, acceptability,
and adherence to telemedicine among diabetes patients
underscores the need for educational programs. Such initiatives
targeting patients are essential to foster a positive perception
and readiness to use telemedicine services, particularly in
chronic conditions like diabetes, where continuous care and
monitoring are essential. Patients, particularly those managing
chronic diseases, require thorough education to use virtual
technology effectively, including understanding how to operate
software and hardware, such as mobile communication devices
and other digital interfaces essential for remote health care.

Discussion

Principal Findings
This scoping review identified significant gaps in telemedicine
education in Romania, despite recent legislative and
infrastructural advancements supporting telemedicine adoption.
While some medical universities have incorporated telemedicine
content into their curricula, there remains a lack of structured,
hands-on training and dedicated telemedicine courses. The study
also highlighted key barriers, including limited digital literacy
among health care professionals, insufficient policy support for
mandatory telemedicine training, and a lack of standardized
competency frameworks. These findings underscore the need
for formalized telemedicine education initiatives, integrated
into both undergraduate and CME programs, to enhance digital
health preparedness among health care providers.

The findings of this scoping review highlight the significant
progress and persistent challenges in telemedicine education in
Romania. This discussion will interpret these results, explore
their implications, and propose strategies for advancing
telemedicine education in the country. To advance telemedicine
in Romania, several strategic directions need to be pursued.

Medical schools must develop comprehensive programs that
include hands-on training with telemedicine platforms and
technologies, such as conducting teleconsultations or using
telemonitoring devices in simulated or real clinical
environments. The launch of specialised courses and
international collaborations, such as the Erasmus+ TEAM
project, demonstrates a commitment to enhancing telemedicine
education.

In Romania, health care professionals are required by law to
participate in CME programs to retain their licenses. While
telemedicine-specific education is not yet a mandatory
component of these requirements, its growing integration into
CME programs highlights the recognition of telemedicine as
an essential skill set for modern medical practice. This approach
aligns with recommendations from the EHTEL, which
emphasizes the importance of ongoing training in digital health
for all health care providers [28]. The involvement of industry
clusters like ROHEALTH in providing specialized webinars
indicates a promising collaboration between academia and
industry.

However, the review also suggests that these efforts may not
be sufficient to meet the rapidly evolving needs of the health
care system. There appears to be a need for more structured,
comprehensive, and widely accessible professional development
programs in telemedicine. While beneficial for updating specific
skills, self-directed CME is often insufficient in providing a
holistic understanding of telehealth practice. Without structured
education, health care professionals may lack critical knowledge
of professional telehealth standards, guidelines, and best
practices, placing them at risk of learning by trial and error.
Comprehensive, formalized training programs are essential to
equip professionals with the competencies needed to deliver
high-quality, safe, and effective telehealth care.

The identified gaps in digital literacy among both health care
providers and patients represent a significant barrier to the
effective implementation of telemedicine. The initiatives aimed
at enhancing digital skills, such as PALMED’s “Digital Skills
for Employees” project, are steps in the right direction. These
efforts align with European Union–wide initiatives like the
Digital Education Action Plan (2021‐2027) [29], which
emphasizes the importance of digital skills across all sectors,
including health care. However, these efforts need to be scaled
up and integrated more systematically into both medical
education and public health initiatives. The review also
highlights the need for patient education in telemedicine,
particularly for managing chronic conditions. In addition, robust
policy support, increased public awareness, and education are
crucial for the effective implementation of telemedicine,
ultimately improving health care access and outcomes across
Romania.

To fully realize the benefits of telemedicine, regulatory bodies
in Romania should consider introducing mandatory education
requirements for telemedicine practice. While technological
proficiency is an important component of telemedicine
education, health care professionals must also develop a broader
range of competencies to provide effective telehealth care. These
include clinical decision-making, patient communication, and
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understanding the ethical and legal dimensions of telemedicine.
Incorporating recognized telemedicine competency frameworks
into educational programs can ensure comprehensive preparation
for future telehealth practitioners.

Telemedicine is pivotal in advancing integrated care by fostering
coordination among health care professionals and enabling
patient-centered approaches. To fully realize its potential,
telemedicine education must include interprofessional education
and training for collaborative care, equipping health care teams
with the skills to work cohesively in delivering seamless and
effective telehealth services [30].

The results highlight a diverse range of technologies relevant
to telemedicine education, including mobile health platforms,
IoT devices, EHR systems, and continuous monitoring
technologies. Although only a minority of reviewed studies
explicitly addressed AI, its inclusion underscores the importance
of preparing professionals for future technological
advancements. While AI is not yet pervasive in all areas of
health care, equipping professionals with foundational
knowledge will prepare them for its growing integration into
clinical practice.

Creating a thorough telemedicine education program necessitates
teamwork between health care professionals, educators,
technology specialists, and policymakers. Collaborating can
help ensure the curriculum meets health care system needs,
includes cutting-edge telemedicine technologies, and prepares
providers and patients for future health care delivery.

Implications of Findings
To close the skills gaps, it is essential to develop educational
programs that address the points mentioned below.

Improve Digital Literacy
Training must concentrate on enhancing the digital skills of
health care professionals and patients so they can successfully
navigate eHealth and mobile health platforms. While improving,
digital literacy among Romanian health care professionals
remains largely dependent on voluntary initiatives such as
webinars, workshops, and seminars. This fragmented approach
highlights the need for structured and comprehensive education
programs to ensure that professionals are fully equipped to
leverage telemedicine technologies effectively.

Integrates AI Technologies
Educational initiatives must cover foundational AI and machine
learning (ML) concepts relevant to health care applications,
including data privacy, ethical considerations, and interpreting
AI-generated insights.

Develop New Skills
Training for telemedicine should include soft skills such as
remote patient interaction, digital communication etiquette, and
managing online patient relationships to adapt to remote health
care dynamics. It also includes educating patients on how to
use telemedicine services, getting ready for virtual visits, and
handling their health data online.

Promote Trust in the Efficacy of Telemedicine
The research suggests the importance of increasing trust among
health care providers and patients regarding telemedicine’s
effectiveness. For that purpose, telemedicine training should
cover not only the technical aspects but also the clinical
relevance and influence on patient outcomes, especially in
managing chronic conditions.

Deal With Ethical and Privacy Concerns
Telemedicine training should incorporate adherence to
recognized telehealth and telemedicine standards and guidelines,
such as GDPR (General Data Protection regulations) and those
created by the International Society for Telemedicine and
eHealth [31]. Training should address ethical issues, privacy
concerns, legal regulations, patient privacy protection strategies,
and ethical guidelines for virtual patient interactions, ensuring
alignment with global best practices.

Limitations and Future Directions
This scoping review, while comprehensive, has certain
limitations. The focus on English and Romanian language
publications may have excluded relevant studies in other
European languages. In addition, the rapid evolution of
telemedicine, particularly in response to the COVID-19
pandemic, means that some recent developments may not be
fully captured in the published literature.

Future research should focus on (1) longitudinal studies
assessing the long-term impact of telemedicine education on
health care delivery and outcomes in Romania; (2) comparative
analyses of telemedicine education approaches across different
European countries, particularly comparing Eastern and Western
European contexts; and (3) in-depth qualitative studies exploring
the experiences and perspectives of medical students, health
care providers, and patients regarding telemedicine education
and implementation in the Romanian and broader international
context.

Conclusion
Despite significant advancements, telemedicine in Romania
still faces challenges. Infrastructure deficiencies, digital literacy
gaps, and regulatory hurdles remain significant obstacles.
However, ongoing investments in infrastructure, education, and
regulatory frameworks are expected to address these issues,
paving the way for broader adoption of telemedicine and
improved health care access across the country.

The integration of telemedicine into medical education in
Romania is crucial for the future of health care delivery. By
addressing the current challenges and learning from successful
global models, Romania can enhance its telemedicine
capabilities and ensure that health care providers are
well-prepared to leverage telemedicine technologies to improve
health care access and quality. Moving forward, efforts should
focus on enhancing digital health literacy, optimizing
telemedicine systems, and expanding the use of AI and IoT for
more integrated health care.

The future of telemedicine in Romania looks promising. As the
country continues to invest in telemedicine education and
infrastructure, health care providers will be better prepared to
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leverage digital health technologies, ultimately enhancing the
quality and accessibility of health care services for all

Romanians.
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Abstract

Background: Quality clinical care is supported by effective patient-centered communication. Health care professionals can
improve their communication skills through simulation-based training, but our knowledge about virtual simulation and its
effectiveness and use in training health professionals and students is still growing rapidly.

Objective: The objective of this study was to review the current academic literature to identify and evaluate the virtual simulation
tools used to train communication skills in health care students and professionals.

Methods: This review was carried out in June 2023 by collecting data from the MEDLINE/PubMed and Web of Science
electronic databases. Once applicable studies were identified, we recorded data related to type of technology used, learning
objectives, degree of learning autonomy, outcomes, and other details.

Results: We found 35 articles that had developed and/or applied a virtual environment for training communication skills aimed
at patients, in which 24 different learning tools were identified. Most had been developed to independently train communication
skills in English, either generally or in the specific context of medical history (anamnesis) interviews. Many of these tools used
a virtual patient that looked like a person and had the ability to vocally respond. Almost half of the tools analyzed allowed the
person being trained to respond orally using natural language. Of note, not all these studies described the technology they had
used in detail.

Conclusions: Many different learning tools with very heterogeneous characteristics are being used for the purposes of
communication skills training. Continued research will still be required to develop virtual tools that include the most advanced
features to achieve high-fidelity simulation training.

(JMIR Med Educ 2025;11:e63082)   doi:10.2196/63082

KEYWORDS

communication skills; virtual patient; virtual simulation; health care professionals; virtual simulation tool; skill training;
communication; heterogeneous; heterogeneous characteristics; virtual tool; patient-centered; patient-centered communication;
implementation

Introduction

Effective patient-centered communication is one of the key
components of quality clinical care [1]. Thus, it is vital that
health care professionals adequately manage their
communication skills. This involves mastering the transmission
of information; listening and comprehensively understanding
all the issues related to the health of each patient [2]; and

responding appropriately to the physical and emotional needs
of patients [3]. Better communication when supporting
decision-making means that patients are better able to
understand their situation, feel better informed, and are more
active in the decision-making process [4]. Hence, acquiring
good communication skills has been related to improved health
outcomes, general patient satisfaction [5], better adherence to
treatment plans [6], and positive effects on health care costs and
length of hospital stay [7].
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However, despite recognizing the importance of communication,
health professionals are not always sufficiently skilled in this
area [8]. Therefore, it is advisable that both health and
educational institutions introduce different means of supporting
the development of communication skills into their training
plans as a priority objective. Furthermore, this training must
also be implemented through effective educational strategies
[9]. It has previously been shown that simulation-based learning
is an effective means of acquiring communication skills [9].
Specifically, simulation with a standardized or simulated patient,
which consists of using trained people to realistically portray a
patient within learning contexts [10], is widely used to train
communication skills [1].

Nonetheless, although the use of simulation methodologies has
greatly advanced training in communication skills, its
implementation also has limitations. For example, in terms of
the human resources used in this type of training, it is
particularly difficult to recruit actors able to simulate patients
precisely and consistently in a completely standardized way
[11,12]. Other difficulties include temporal–spatial issues
because the availability of simulations with standardized patients
is limited to a specific physical space and time [13]. A training
alternative that could overcome these limitations is the use of
standardized virtual patient programs that use computerized
characters rather than real actors [14].

Indeed, compared to standardized patients, there are significant
advantages to the use of virtual patients, including the need for
fewer staff and resources once developed [15], unlimited
availability, and the fact that they are highly customizable [14].
Additionally, these tools provide highly interactive, engaging,
and more standardized experiences because educators can
control their design, programming, delivery, and use [14]. It is
also worth noting that these solutions can be personalized
according to specific individual needs, given that they are not
limited by time or space, so students can repeatedly engage in
training in more clinical scenarios than is possible through
traditional methods [15]. In addition, this technology also allows
students to learn in a safe environment with low levels of risk
and anxiety, which encourages them to gain greater personal
awareness of their learning processes [16].

Virtual simulation has gained attention in recent years as a
promising tool for training both undergraduate and graduate
students, as well as health care professionals, in various
competencies, including nontechnical skills. This growing
interest is evident in an increasing number of studies focused
on its potential applications in health care education [17].
However, despite this expanding body of research, it is advisable
to continue researching with the aim of fully exploring and
understanding which technological and technical skills are more
suitable to train in virtual simulation [17]. Some reviews on
virtual simulation and the learning of nontechnical skills such
as communication are available [17-19]. For example, in their
integrative review, Peddle et al [19] examined how interactions
with virtual patients impacted nontechnical skills in general,
without exclusively focusing on communication skills or
technical and instructional design characteristics. Subsequently,
both the systematic review by Lee et al [18] and the literature
review by Battegazzorre et al [17] examined the technical

characteristics of virtual learning applications aimed at
improving communication skills. However, it is noteworthy
that these reviews include studies published only up to
December 2018 and May 2020, respectively, which highlights
a gap in the literature regarding recent advancements in virtual
simulation technologies.

The development of communication skills is fundamental for
the effective clinical practice of health care professionals.
However, the increasing diversity of virtual simulation tools
and the rapid pace of technological innovation pose significant
challenges to understanding which tools are most effective for
training these skills. This raises the following key questions:
what are the characteristics of the current virtual simulation
tools used for training communication skills, and how effective
are they in fostering realistic and immersive learning
experiences? To address these questions, we conducted a
systematic review of the virtual simulation tools available to
train communication skills in health care professionals,
analyzing their design, degree of immersion, and autonomy to
identify their strengths and limitations.

Therefore, the objective of this study was to review the current
academic literature to identify and evaluate the virtual simulation
tools used to train communication skills in health care students
and professionals and to assess their effectiveness and
limitations in training health care personnel.

Methods

Design
We completed a literature review to identify virtual simulation
tools designed to train communication skills in health care
professionals, including students in training and practicing
professionals. The inclusion criteria were studies that examined
(1) virtual simulation tools and/or those based on artificial
intelligence (AI), (2) tools used to train communication skills
in health professionals, and (3) tools targeting training in
communication skills and/or therapeutic relationships with
patients. Studies were excluded if (1) the tools were designed
to train interprofessional communication, (2) the objective was
noneducational, and (3) the tool was designed to train patients
in social and/or communication skills. This systematic review
was conducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 [20] guidelines to ensure comprehensive and transparent
reporting of the methodology and findings.

Search Strategy
The search for studies was conducted in June 2023 in the
MEDLINE/PubMed and Web of Science electronic databases.
As part of the search strategy, we consulted the PubMed
thesaurus using the following Medical Subject Headings (MeSH)
terms: “Artificial Intelligence,” “Machine learning,” “virtual
reality,” and “social skills.” The natural language search terms
included in the title and/or abstract fields were “artificial
intelligence,” “machine learning,” “virtual reality,”
“e-simulation,” “web-based simulation,” “virtual simulation,”
“virtual patient,” “social skills,” “interpersonal skills,” “social
ability,” “social competences,” and “communication skills.”
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The complete search strategy was as follows: (((“Artificial
Intelligence”[MeSH Terms] OR “Machine Learning”[MeSH
Terms] OR “Artificial Intelligence”[Title/Abstract] OR
“Machine Learning”[Title/Abstract])) OR ((“Virtual
Reality”[MeSH Terms] OR “Virtual Reality”[Title/Abstract]
OR “e-simulation”[Title/Abstract] OR “web-based
simulation”[Title/Abstract] OR “virtual
simulation”[Title/Abstract]) OR (“virtual
patient”[Title/Abstract]))) AND ((“Social Skills”[MeSH Terms]
OR “Social Skills”[Title/Abstract] OR “interpersonal
skills”[Title/Abstract] OR (“social ability”[Title/Abstract] OR
“social abilities”[Title/Abstract]) OR (“social
competence”[Title/Abstract] OR “social
competences”[Title/Abstract]) OR “communication
skills”[Title/Abstract])).

No temporal restrictions were applied in any of these cases.
Despite previous reviews focusing on similar topics [17-19], it
was decided not to base the current review on them. This
decision was due to differences in the search strategy used,
which did not account for the wide range of synonyms
associated with each term established for this review.
Furthermore, it is important to note that Lee et al [18] focused
their strategy exclusively on communication among medical
students, while Peddle et al [19] directed their attention to all
nontechnical skills, not just communication skills.

The eligibility of the studies was independently assessed by 2
of the authors (MJCM and RJS) and any discrepancies were
resolved by another author (SE).

Data Extraction
Data related to the characteristics of the studies (publication
year, country, language, objective, and type) as well as data

related to the outcome of the use of the digital/virtual training
tool for improving communication skills in health care
professionals were recorded. Specifically, we noted the tool
name, training language, learning objective, degree of learning
autonomy (fully autonomous vs instructor-mediated training),
patient type (avatar/doll, virtual patient with a human-like
appearance, real person, etc), type of answers given by the
trainee (written or oral conversation), and type of technology
used.

Results

Overview
The studies were manually screened and coded. Our search of
PubMed and the Web of Science produced 681 records, of which
23 duplicates were eliminated. During the screening process, 2
of the authors independently analyzed 658 studies based on
their titles and abstracts (Figure 1). After this initial screening,
the full texts of 61 records were obtained for analysis. We
requested the full texts of a further 2 articles from the
corresponding authors by email and through ResearchGate; of
these, we included 1 in this review. Of these 60 studies, 25 were
excluded because they did not meet the inclusion criteria.
Specifically, 11 articles had not directly trained clinical
communication skills with patients (criterion 1), 1 had not
studied virtual training (criterion 2), and 13 had not used a tool
designed for training purposes (criterion 3). Therefore, a total
of 35 articles were included in the review. Finally, one of the
authors extracted the relevant data from these 35 studies and
entered them into a database following the coding manual we
had prepared for this purpose.

JMIR Med Educ 2025 | vol. 11 | e63082 | p.53https://mededu.jmir.org/2025/1/e63082
(page number not for citation purposes)

Fernández-Alcántara et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. PRISMA flowchart. Reason 1: articles not directly related to training clinical communication skills with patients; reason 2: did not study
virtual training; reason 3: did not use a tool designed for training purposes. AI: artificial intelligence; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.

Characteristics of the Studies Included
A total of 35 articles were obtained that had developed and/or
applied a virtual environment for training communication skills
that would be directed toward patients; overall, 43% (n=15)

were articles published in the United States and 17% (n=6) were
from Australia, with the remaining articles having been
published in Europe and Asia (Table 1). All the articles had
been published in English and their objectives are shown in
Table 1.
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Table . Description of the studies (N=35).

ObjectiveLanguageCountryArticles

Describe the iterative participatory
design of SOPHIE, an online virtual

EnglishUnited StatesAli et al [21], 2020

patient for “practice” based on
feedback from sensitive conversa-
tions between patients and clinicians
and discuss an initial qualitative
evaluation of the system by profes-
sional end users.

Explore a novice clinical educator’s
experience in training essential

EnglishAustraliaBánszki et al [22], 2018

communication and interpersonal
skills using a virtual patient.

Assess students’ attitudes toward
learning communication skills

EnglishAustraliaBearman and Cesnik [23], 2001

through a virtual patient; compare
the acceptability of the 2 distinct
types of virtual patient designs.

Compare 2 types of virtual patients
to understand how different virtual

EnglishAustraliaBearman et al [24], 2001

patient designs affect the student
learning experience.

Explore the students’ experience
with the virtual patient.

EnglishAustraliaBearman [25], 2003

Assess students’ confidence and
impressions when using their com-

EnglishUnited StatesBorja-Hart et al [26], 2019

munication skills with a virtual pa-
tient and evaluate their competen-
cies in the use of this technology.

The purpose of this study was to
describe the development of Sim-

EnglishKoreaChae et al [27], 2023

CARE and evaluate the feasibility
of its use in nursing education.

To investigate the dynamics and
congruence of interpersonal behav-

EnglishSwedenCourteille et al [28], 2014

iors and socioemotional interaction
exhibited during the learning experi-
ence in a virtual patient, and to
evaluate which interaction design
features contribute most to behav-
ioral and affective engagement in
the medical student.

Develop a virtual training environ-
ment system that can be accessed
independently.

EnglishUnited StatesDeladisma et al [29], 2008

Provide information about the advan-
tages and disadvantages of using

EnglishUnited StatesDickerson et al [30], 2006

synthesized speech and evaluate the
fidelity necessary for the training of
communication skills.

To evaluate the history-taking skills
of nursing undergraduates using a

EnglishChinaDu et al [31], 2022

virtual standardized patient, and to
explore its independent influencing
factors.

To investigate the differential ef-
fects of a virtual patient–based sim-

EnglishUnited StatesGuetterman et al [32], 2019

ulation developed to train health
care professionals in empathetic pa-
tient-provider and interprofessional
communication.
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ObjectiveLanguageCountryArticles

A virtual patient–based social
learning approach is proposed to
enhance nursing students’ perfor-
mance and clinical judgment in edu-
cation programs.

EnglishTaiwan, JapanHwang et al [33], 2022

Create a virtual patient that simu-
lates a primary care consultation,
offering the opportunity to practice
decision-making. A second objec-
tive was to involve patients in the
design of a virtual patient simulation
and inform the design process.

EnglishUnited KingdomJacklin et al [34], 2018

This study aims to evaluate a virtual
patient workshop for medical stu-
dents aimed at developing the com-
munication skills required for shared
decision-making.

EnglishUnited KingdomJacklin et al [35], 2021

Develop an understanding of
whether students can respond em-
pathically to expressions of concern
from a virtual patient.

EnglishUnited StatesKleinsmith et al [2], 2015

Teach communication skills using
virtual humans.

EnglishUnited StatesLok [36], 2006

Describe a virtual standardized pa-
tient system that allows students to
practice their history-taking skills
and receive immediate feedback.

EnglishUnited StatesMaicher et al [37], 2019

The objective was to develop a vir-
tual reality simulator to improve
communication skills and compare
its results with a traditional work-
shop based on cases and theoretical
content explained through video.

EnglishSpainMayor Silva et al [38], 2023

The objective structured clinical
examination is among validated ap-
proaches used to assess clinical
competence through structured and
practical evaluation.

EnglishJapanNakagawa et al [39], 2022

Evaluate the virtual reality training
platform in which the user experi-
ence is analyzed based on the virtual
environment.

EnglishFranceOchs et al [40], 2019

The purpose of this study was to
explore the use of virtual simulation
to experience difficult conversations
and to evaluate differences in percep-
tions between nurse educator, family
nurse practitioner, and nurse anesthe-
sia students.

EnglishUnited StatesPerez et al [41], 2022

The purpose of this study is to eval-
uate the effectiveness of a brief vir-
tual role-play motivational interview-
ing training program on motivation-
al interviewing knowledge and skills
in first-year undergraduate medical
students, making use of both a pre-
test and a then-test (retrospective
pre-test) to check for response shift
in evaluating the educational inter-
vention.

EnglishGermanyPlass et al [42], 2022
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ObjectiveLanguageCountryArticles

Investigate students’communication
skills, knowledge, confidence, and
empathy in simulated and traditional
learning environments.

EnglishAustraliaQuail et al [12], 2016

Develop an immersive virtual reality
curriculum on addressing flu vac-
cine hesitancy using Kern’s 6-step
approach to curriculum design. The
goal of the program was to teach
best communication practices in
cases of questions about the flu
vaccine.

EnglishUnited StatesReal et al [43], 2017

Create an immersive virtual reality
curriculum to teach pediatric resi-
dents communication skills when
discussing flu vaccination. Compare
effectiveness with a control group.

EnglishUnited StatesReal et al [44], 2017

Examined the acceptability and tol-
erability of the approach and the
impact of deliberate practice using
virtual reality simulations on clini-
cians’ confidence related to shared
decision-making communication
skills.

EnglishUnited StatesReal et al [45], 2022

This study aimed to assess the ac-
ceptability of a virtual patient simu-
lation to improve nurses’ relational
skills in a continuing education
context.

EnglishCanadaRouleau et al [46], 2022

The aim of this study was to estab-
lish whether the mode of delivery,
virtual reality simulated learning
environments versus clinical role-
play, could have a measurable effect
on clinical empathic communication
skills for magnetic resonance imag-
ing scenarios.

EnglishAustraliaSapkaroski et al [47], 2022

Design, develop, and evaluate a 3D
virtual patient application that can
move, has voice and lip synchroniza-
tion, allows written communication,
and is supported by a solid scenario
to improve students’communication
skills.

EnglishTurkeySezer and Sezer [48], 2019

This study aimed to determine the
effectiveness of 2 simulation types
used for family planning consulta-
tion of midwifery students and to
compare these methods.

EnglishTurkeyŞimşek Çetinkaya et al [49], 2022

Develop and evaluate the use of
virtual patients to better prepare un-
dergraduate nursing students to
communicate with real-life patients,
their families, and other health care
professionals during their clinical
stays.

EnglishSingaporeShorey et al [50], 2019

To examine user attitudes and expe-
riences and clinical facilitators’
perspectives on student performance
in the clinical environment follow-
ing virtual patient training.

EnglishSingaporeShorey et al [51], 2020
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ObjectiveLanguageCountryArticles

This study aimed to evaluate the ef-
fectiveness of this theory-based vir-
tual intervention on nursing stu-
dents’ learning attitudes, communi-
cation self-efficacy, and clinical
performance.

EnglishUnited StatesShorey et al [52], 2023

Create an interactive virtual clinical
scenario of a patient with acute ab-
dominal pain to teach medical stu-
dents history-taking and communi-
cation techniques.

EnglishUnited StatesStevens et al [53], 2006

Features of the Virtual Tools
After reading the full text of the 35 articles, we identified 24
different learning tools that had been developed to train
communication skills in students or health professionals (Table
2). Most of them (n=15; 62%) had provided training in English
[2,21,22,24,26,28,29,32,34,37,41,43,46,47,52]. Regarding the
learning objective of the virtual environment, 42% (n=10) aimed
to train communication skills in the specific contexts of a clinical

h i s t o r y  a n d / o r  a n a m n e s i s  i n t e r v i ew
[2,29,31,33,35,37,42,46,48,52], 42% (n=10) taught general
communication skills [22,24,26-28,38,39,41,47,49], and 8%
(n=2) covered giving bad news [21,40]. There was also a tool
that had been specifically developed to train communication
skills to address flu vaccination hesitancy [43-45]. Another tool
that had been used to train communication skills focused on
empathy is also worth highlighting [32].
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Table . Virtual tools and their characteristics (n=24 tools).

Type of technol-
ogy used

Type of student
responses during
training

Patient typeDegree of learn-
ing autonomy

Study purposeLanguageTool nameArticles

Artificial intelli-
gence

Oral conversa-
tion

Virtual patient
with the appear-
ance of a person.

Responded with
a voice. The en-

AutonomousTrain communi-
cation skills for
the delivery of
bad news.
Aimed at health
professionals.

EnglishSOPHIEAli et al [21],
2020

tire transcript
can be seen.

The instructor
was in another

Oral conversa-
tion

Virtual patient
with the appear-
ance of a person.

An instructor
mediated the
training.

Training commu-
nication skills.
Aimed at health
care students.

EnglishNot specifiedBánszki et al
[22], 2018;
Quail et al [12],
2016

room where they
controlled every-
thing and re-

Responded with
a voice.

sponded in the
simulated interac-
tion.

A total of 154
recorded videos.

Written. Choice
of 3 or 4 written

Real person
speaking. View-

AutonomousTraining in com-
munication

EnglishNot specifiedBearman and
Cesnik [23],

The next videoresponse optionsing of recorded
videos.

skills. Aimed at
medical stu-
dents.

2001; Bearman
et al [24], 2001;
Bearman [25],
2003

shown was ad-
justed depending
on the response
given. There-

available after
each video. The
authors devel-
oped 2 types of

fore, the virtualresponses to
patient becamecompare which
satisfied accord-was more effec-
ing to responsestive: narrative
chosen by the
student.

(detailed commu-
nicative struc-
tures) or prob-
lem-solving (la-
bels with possi-
ble actions).

Shadow Health
is simulation

Natural language
(written and spo-

Virtual patient
with the appear-

AutonomousTraining in com-
munications

EnglishUsed Shadow
Health from Else-
vier

Borja-Hart et al
[26], 2019

software that
generates differ-

ken). Students
could choose the

ance of a person.
Responded with
a voice.

skills. Aimed at
pharmacy stu-
dents. ent scenarios.

The article did
interaction they
would carry out:

not explain anyask, empathize,
or educate. more about the

technology used.

A virtual reality
headset.

The authors de-
scribed the tech-

They selected a
written response
from among
those on offer.

Virtual patient
with the appear-
ance of a person.

Responded with
a voice.

AutonomousTraining in inter-
cultural commu-
nication skills.
Aimed at nurs-
ing students.

KoreanSimCAREChae et al [27],
2023

nology used to
generate the 3D
graphics (Unity
2019.4.0f1 game
engine), avatars
(DAZ 3D soft-
ware), and
avatar animation
(iClone 7).
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Type of technol-
ogy used

Type of student
responses during
training

Patient typeDegree of learn-
ing autonomy

Study purposeLanguageTool nameArticles

Interactive Simu-
lation of Pa-
tients. A
database with
200 videos for
each case, allow-
ing the simulator
to respond ac-
cording to the
question posed
by the student.

Written. Stu-
dents replied in
text written in
natural language.

Real person
speaking. View-
ing of recorded
videos.

AutonomousTraining in com-
munication
skills. Aimed at
medical stu-
dents.

English and
Swedish

Not specifiedCourteille et al
[28], 2014

The speech
recognition
worked using
Dragon Natural-
ly Speaking by
Scansoft, which
is a database de-
veloped with
content orga-
nized in seman-
tic categories to
detect the com-
municative
structures used
by the students.

Oral conversa-
tion. The stu-
dents could
speak using natu-
ral language.
The software al-
so detected vari-
ous gestures.

Virtual patient
with the appear-
ance of a person
(an avatar called
Diana) who
spoke and pro-
duced natural
gestures. The au-
thors developed
2 types of com-
munication for
the avatar to
study which one
was more effec-
tive: real record-
ed communica-
tion or virtual
communication.

Autonomous but
with availability
of additional re-
sources. The
technology that
drives this inter-
action largely
consisted of
commodity
hardware and
software: 2 desk-
top computers, 2
cameras, a data
projector, and a
wireless micro-
phone.

Training in com-
munication skills
and anamnesis
techniques.
Aimed at medi-
cal students.

EnglishNot specifiedDeladisma et al
[29], 2008;
Dickerson et al
[30], 2006; Lok
[36], 2006;
Stevens et al
[53], 2006

Recognizes
structures and
offers feedback
based on the up-
loaded chat
scripts (as bullet
points and not
reflecting the
most important
part of the inter-
action). Used
WeChat, a social
media app.

Written and oral
conversation

A virtual patient
with the appear-
ance of a person.

Responded with
text based on a
predefined chat.

AutonomousTraining in com-
munication skills
to carry out a
nursing evalua-
tion by follow-
ing Gordon’s
Functional Pat-
terns.

ChineseUniversity A
Virtual Patient
(UA-VP, 2021)

Du et al [31],
2022

Artificial intelli-
gence.

Oral conversa-
tion. It also de-
tected gestures
and movements.

Virtual patient
with the appear-
ance of a person.

Responded with
a voice.

AutonomousTrained empath-
ic communica-
tion skills.
Aimed at medi-
cal students.

EnglishUsed MPathic-
VR

Guetterman et al
[32], 2019

Learning system
designed as a de-
cision tree.

Did not specifyVirtual patient
with the appear-
ance of a person.

Responded with
voice and text.

AutonomousTrained students
in diagnosis and
treatment and
has a specific
medical history
module which
trains communi-
cation skills.

ChineseNot specifiedHwang et al
[33], 2022
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Type of technol-
ogy used

Type of student
responses during
training

Patient typeDegree of learn-
ing autonomy

Study purposeLanguageTool nameArticles

A web-based
virtual patient
simulator.

Written text.
Choice of 3 an-
swer options.

Virtual patient
with the appear-
ance of a person.

Responded
through a voice
and with ges-
tures.

AutonomousTraining in com-
munication skills
for shared deci-
sion-making
during clinical
interviews.
Aimed at medi-
cal and/or phar-
macy students.

EnglishNot specifiedJacklin et al
[34], 2018; Jack-
lin et al [35],
2021

Virtual People
Factory.

A database used
by the simulator
to respond based
on the student’s
question.

Written. The stu-
dent inserted text
written in natural
language.

Virtual patient
with the appear-
ance of a person.

A virtual patient
responded with
a voice and
through text.

AutonomousTrained commu-
nication skills
for use during
clinical inter-
views. Aimed at
nursing students.

EnglishNeurological
Examination Re-
hearsal Virtual
Environment

Kleinsmith et al
[2], 2015

Artificial intelli-
gence.

The open-source
natural language
processing en-
gine ChatScript
is used for the
conversion ele-
ment.

Unity gaming
platform.

Oral conversa-
tion. Text could
also be written.

Virtual patient
with the appear-
ance of a person.
Responded with
voice and text.

AutonomousTrained skills for
performing an
anamnesis (to
collect medical
information). It
does not address
communicative
listening strate-
gies such as em-
pathy. Aimed at
medical stu-
dents.

EnglishNot specifiedMaicher et al
[37], 2019

A virtual reality
headset.

Not specifiedNot specifiedAn instructor
mediated the
evaluation.

Training in com-
munication
skills. Aimed at
nursing students.

SpanishNot specifiedMayor Silva et
al [38], 2023

Artificial intelli-
gence.

If the artificial
intelligence did
not detect the
keywords, the
conversation did
not continue.

There was no di-
rect feedback.

Oral conversa-
tion in natural
language

A chatbot. Writ-
ten and oral.

AutonomousTrained commu-
nication skills
such as desire
suppression, ex-
pectation accep-
tance, facial ex-
pression, emo-
tional communi-
cation, domi-
nance, maintain-
ing relationships,
and dealing with
disagreements.
Aimed at phar-
macy students.

JapaneseNot specifiedNakagawa et al
[39], 2022

A virtual reality
headset.

The instructor
categorized the
response using a
previously coded
database and
sent that informa-
tion to the simu-
lator.

Oral conversa-
tion

Virtual patient
with the appear-
ance of a person.

Responded with
a voice.

Autonomous in
some functions
(eg, dialogue
generator). In
others (eg, cate-
gorizing the re-
sponse and send-
ing it to the simu-
lator), the instruc-
tor mediated the
learning.

Training in the
delivery of bad
news. Aimed at
medical practi-
tioners (students
and profession-
als).

FrenchACORFORMedOchs et al [40],
2019
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Type of technol-
ogy used

Type of student
responses during
training

Patient typeDegree of learn-
ing autonomy

Study purposeLanguageTool nameArticles

Artificial intelli-
gence (using the
Mursion tool).

Oral conversa-
tion in natural
language.

Virtual patient
with the appear-
ance of a person.

Responded with
a voice.

AutonomousTrained commu-
nication skills
for use in diffi-
cult conversa-
tions. Aimed at
nursing students.

EnglishUsed the Mur-
sion tool

Perez et al [41],
2022

Artificial intelli-
gence (using the
Kognito Conver-
sation Platform).

Select between
different answer
options.

Virtual patient
with the appear-
ance of a person.

Responded with
a voice.

AutonomousTraining in per-
son-centered
communication
skills for motiva-
tional interview-
ing. Aimed at
medical stu-
dents.

GermanUsed the Kogni-
to Conversarion
Platform

Plass et al [42],
2022

Unity gaming
platform.

A virtual reality
headset.

Oral conversa-
tion and natural
language.

Virtual patient
with the appear-
ance of a person.

Responded
through a voice
and with ges-
tures.

An instructor
mediated the
training.

Training in com-
munication skills
to inform pa-
tients about vac-
cination. Aimed
at medical resi-
dents.

EnglishNot specifiedReal et al [43],
2017; Real et al
[45], 2022; Real
et al [44], 2017

Used the Medi-
cActiV platform

Select between
different answer
options

Virtual patient
with the appear-
ance of a person.

Responded with
a voice.

AutonomousTraining in nurs-
ing relational
skills for use in
motivational in-
terviews.

French, EnglishNot specifiedRouleau et al
[46], 2022

Clinical Educa-
tion Training So-
lution virtual re-
ality clinic soft-
ware using the
Oculus Rift CV1
virtual reality
headset.

Select from
among answer
options. This
part of the case
simulation was
mandatory. It
was also capable
of natural lan-
guage oral con-
versation and the
ability to ask al-
ternative ques-
tions was option-
al.

Virtual patient
with the appear-
ance of a person.

Responded with
voice and text.

AutonomousTraining in com-
munication
skills. Aimed at
medical stu-
dents.

EnglishNot specifiedSapkaroski et al
[47], 2022

Virtual People
Factory for
avatar and simu-
lation genera-
tion. The sce-
nario was creat-
ed in Unity
3DTM. Different
variations of the
simulation inter-
ventions the stu-
dents could ap-
ply at each stage
were included
and these answer
combinations
were compared
to the closest
preprogrammed
scenario to give
an answer.

Natural written
text

Virtual patient
with the appear-
ance of a person.

Responded with
a voice and in
writing.

AutonomousTraining in basic
communication
skills for use in
a medical inter-
view. Aimed at
training health
care students.

TurkishNot specifiedSezer and Sezer
[48], 2019
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Type of technol-
ogy used

Type of student
responses during
training

Patient typeDegree of learn-
ing autonomy

Study purposeLanguageTool nameArticles

Not specifiedOral conversa-
tion

The patient type
was not speci-
fied. Responded
with a voice.

The instructor
offered feedback
after watching
the simulation.

Training in com-
munication skills
for use in a fami-
ly planning con-
sultation. Aimed
at midwifery stu-
dents.

TurkishNot specifiedŞimşek
Çetinkaya et al
[49], 2022

Artificial intelli-
gence.

Used the Di-
alogflow chatbot
from Google
Cloud to store
and process natu-
ral language.
The scenario
was created in
Unity 3D.

Oral conversa-
tion in natural
language

Virtual patient
with the appear-
ance of a person.

Responded with
a voice and in
writing.

AutonomousTrained basic
communication
skills for use in
an interview.
Aimed at nurs-
ing students.

EnglishVirtual Coun-
selling Applica-
tion using Artifi-
cial Intelligence

Shorey et al
[50], 2019;
Shorey et al
[51], 2020;
Shorey et al
[52], 2023

Several major virtual tools were identified in this review for
training communication skills in health care professionals.
SOPHIE [21] is a tool designed to train the delivery of bad news
using a virtual patient that interacts through oral conversations,
leveraging AI. Shadow Health [26] focuses on communication
skills for pharmacy students, allowing both written and spoken
interactions with a virtual patient. SimCARE [27] is a virtual
reality–based tool aimed at nursing students, training
intercultural communication skills through animated avatars.
MPathic-VR [32] trains medical students in empathic
communication, featuring virtual patients that respond with
voice and detect nonverbal cues like gestures. ACORFORMed
[40] trains medical practitioners in delivering bad news through
virtual reality interactions with a virtual patient. Mursion [41]
is designed for nursing students to practice difficult
conversations using natural language processing for realistic
interactions, while the Kognito Conversation Platform [42]
supports motivational interviewing through person-centered
communication training with virtual patients. VCAAI [50-52]
trains basic communication skills in nursing interviews. These
tools highlight the diversity of approaches in the use of virtual
patients for communication training. Finally, 14 virtual tools
did not specify their name.

Some (n=19, 79%) of the tools allowed students to train
completely autonomously, whereas 21% (n=5) required an
online instructor to mediate the training and respond during the
interactions [22,39,40,44,49]. One of the tools could be defined
as partially autonomous because a trained instructor had to
perform some of the functions [40]. Regarding the patient type
used for the training, the vast majority of the tools used virtual
patients (n=19; 79%) with the appearance of a real person
[2,21,22,26,29,31-33,35,37,40-42,44,46-48,51]. Of these, 95%
(18/19) responded with a voice (18/24, 75%), except for the
tool published by Du et al [46]. Two tools (8%) used videos
recorded with real people [24,28].

Regarding the types of responses the user could give during the
training, almost half of the tools analyzed (n=11, 45%) allowed

the user to respond orally using natural language
[21,22,26,29,31,32,37,39,41,44,49,51]. Shadow Health [26],
for example, offers both written and spoken interactions, while
SOPHIE [21] focuses solely on oral communication.

Discussion

This study reviews and analyzes the 24 virtual simulation tools
available for training communication skills in health care
professionals, assessing their characteristics, levels of
immersion, and the autonomy they provide in learning processes.
Although virtual simulation tools have shown significant growth
in recent years, driven by technological advances, the review
identified a high degree of heterogeneity in the approaches,
technologies, and interaction methods used. This variety has
made it challenging to standardize and effectively integrate
these tools into consistent training plans. Most tools rely on
virtual patients with a limited range of interaction capabilities,
and very few offer fully immersive experiences that mimic
real-world clinical communication. Furthermore, limited
accessibility to tools in languages other than English, as well
as a lack of high-fidelity technologies for simulating realistic,
natural language–based conversations, continue to pose
significant challenges. Considering these challenges, this review
highlights several key findings regarding the applications of
virtual environments to enhance communication skills training
that will be detailed in the following paragraphs.

First, it is important to highlight the large number of different
applications we identified that have been used to improve
communication skills (either in basic or more specific situations)
through virtual environments. Similarly, other reviews have
also concluded that the use of virtual patients for clinical
communication training has grown exponentially over the last
decade [17,18], which has been driven by rapid technological
advances [54], also providing further evidence of the benefits
associated with this type of resource [18]. In fact, this work has
included 13 new virtual simulation environments developed
based on the published review by Battegazzorre et al [17].
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Most of the applications we considered in this review used
English, which could represent an obstacle for professionals
and students who do not know this language. Indeed, only one
of the tools identified used Spanish and in this case, it was also
mediated by an instructor, thereby making it difficult for
students to use it autonomously and independently [38]
Therefore, there is still a long way to go to make these tools
highly accessible at an international level. Regarding the more
technical characteristics, we observed visible heterogeneity in
the types of technologies used, including in the different types
of patients used for training—for example, the use of chatbots,
images, and/or recordings of real people and virtual patients.
However, our results showed that almost all the applications
we identified had designed virtual environments using virtual
patients that looked like a person and could vocally respond to
and receive oral responses to simulate a real conversation
[21,22,26,29,32,37,39,41,44,49,51]. A key implementation
across the tools was the use of natural language processing to
simulate realistic conversations.

Training in simulation environments that assume an appropriate
level of fidelity (a 3D term that includes physical/environmental,
psychological, and conceptual elements) increases realism [55]
and influences learning engagement [56]. For example, in their
systematic review, Kaplonyi et al [1] reflected how simulations
with the use of standardized patients are considered realistic
environments and an effective means for learning
communication skills. Indeed, the academic literature proposes
that virtual patients can be used as a complementary alternative
to working with standardized patients [57] and can represent
patients in a realistic clinical environment [17] to effectively
help students to acquire or improve their communication skills
[18]. Nonetheless, it will be important for future lines of research
to use standardized tests to evaluate the beneficial effects of
training with this type of virtual tool before fully integrating
them into training plans [18,54].

In terms of the fidelity of these tools, increasing the immersion
of virtual simulations—defined as the psychological state of
the perception of being inside or surrounded by something
[58]—by using virtual patients with natural language processing
and auditory and visual behavior [17,59] is positively related
to better communication skills performance [17,19]. However,
we must not forget that realism and authenticity, which are both
relevant factors in design, are not only achieved through physical
resemblance (physical fidelity) but also require other fidelity
factors [19]. Hence, future research in this field should be
designed to also consider conceptual fidelity (scenarios and
cases consistent with reality) and psychological fidelity (the
ability to provoke emotional responses like reality) in the design
of virtual simulations [19], factors that were not considered in
this review.

Nevertheless, we identified 2 tools that had specifically used
recordings of real people in the clinical situations being trained,
which could have generated a greater feeling of immersion
among students because of the increased physical, auditory, and
visual fidelity of these tools. However, in the interactions with
the simulation developed by Bearman et al [23], users had to
respond from a pool of pre-established options, limiting the
immersion experience because the participant was unable to

develop their own communication skills in the way they would
have to when facing real situations. In a tool developed by
Courteille et al [28], although the user had been allowed to issue
a natural language response, this had to be done in writing,
which also reduced the degree of reality and spontaneity one
would expect from a real conversation. Therefore, highly
immersive technologies must be designed to overcome these
ongoing technological challenges, such as how to integrate
effective natural language processing systems and natural
conversation flows into these tools [60] and how to best capture
nonverbal communication [17,18]. For example, in this review,
we only identified 2 applications that could detect gestures
and/or emotions [29,32].

Of note, most of the tools we identified were based on
autonomous learning and therefore represented promising
applications with potential great benefits such as high
accessibility levels, the possibility of repeating the experience
multiple times, and cost reduction once running [16,17]. In this
sense, technological advances that can integrate systems that
provide feedback to participants—such as AI and machine
learning (ML)—without the need for an instructor/teacher to
mediate the learning stand out in particular [60]. For example,
compared to a previous literature review [18], we found more
tools in which the feedback was provided by the virtual system
itself. However, as discussed, despite cataloging the existence
of various patient simulation tools with interesting
characteristics, we did not identify any that simultaneously
integrated the use of a real person (a standardized patient) with
the objective of increasing the environmental fidelity to allow
the user to train through an oral conversation using natural
language and using complex technology, such as AI and ML,
with the ability to detect, encode, and respond to complex
communication structures [60].

Finally, it is important to note that there were several limitations
to this review. First, we only consulted 2 medical
databases—MEDLINE/PubMed and the Web of Science.
Despite being a health science–specific database and a
multidisciplinary database, respectively, having replicated the
search in more technological databases may have provided some
additional studies for consideration. Therefore, it is possible we
did not recover all the relevant records on virtual simulation
tools to train communication skills in health care professionals
registered in the academic literature. Second, there is still
inadequate standardization in academic and scientific fields
regarding the term “virtual simulation” [16,55,61]. Thus,
different terms in the academic literature are all used to refer to
the concept of virtual simulation including “serious games,”
“virtual worlds,” “virtual patients,” and “virtual reality,” [55]
which may have also caused us to miss certain relevant records.

In conclusion, this review identified and analyzed the 24 main
virtual tools described in the academic literature that have been
used to date to train communication skills in the context of
health sciences. The high heterogeneity in terms of their
characteristics means that tools based on AI and ML that
contribute to training both students and practicing health
professionals with as high a fidelity as possible to real life
remain to be developed. Although many tools offer a degree of
realism, few incorporate advanced features like AI-driven
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conversational flows or nonverbal cue detection, limiting the
immersive experience. This highlights a need for further
development to create more effective training environments.
Addressing these gaps requires future innovations that integrate

natural language processing and other advanced capabilities to
enhance both the realism and educational value of virtual
simulations.
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Abstract

Background: Technological advancements have significantly reshaped health care, introducing digital solutions that enhance
diagnostics and patient care. Artificial intelligence (AI) stands out, offering unprecedented capabilities in data analysis, diagnostic
support, and personalized medicine. However, effectively integrating AI into health care necessitates specialized competencies
among professionals, an area still in its infancy in terms of comprehensive literature and formalized training programs.

Objective: This systematic review aims to consolidate the essential skills and knowledge health care professionals need to
integrate AI into their clinical practice effectively, according to the published literature.

Methods: We conducted a systematic review, across databases PubMed, Scopus, and Web of Science, of peer-reviewed literature
that directly explored the required skills for health care professionals to integrate AI into their practice, published in English or
Spanish from 2018 onward. Studies that did not refer to specific skills or training in digital health were not included, discarding
those that did not directly contribute to understanding the competencies necessary to integrate AI into health care practice. Bias
in the examined works was evaluated following Cochrane’s domain-based recommendations.

Results: The initial database search yielded a total of 2457 articles. After deleting duplicates and screening titles and abstracts,
37 articles were selected for full-text review. Out of these, only 7 met all the inclusion criteria for this systematic review. The
review identified a diverse range of skills and competencies, that we categorized into 14 key areas classified based on their
frequency of appearance in the selected studies, including AI fundamentals, data analytics and management, and ethical
considerations.

Conclusions: Despite the broadening of search criteria to capture the evolving nature of AI in health care, the review underscores
a significant gap in focused studies on the required competencies. Moreover, the review highlights the critical role of regulatory
bodies such as the US Food and Drug Administration in facilitating the adoption of AI technologies by establishing trust and
standardizing algorithms. Key areas were identified for developing competencies among health care professionals for the
implementation of AI, including: AI fundamentals knowledge (more focused on assessing the accuracy, reliability, and validity
of AI algorithms than on more technical abilities such as programming or mathematics), data analysis skills (including data
acquisition, cleaning, visualization, management, and governance), and ethical and legal considerations. In an AI-enhanced health
care landscape, the ability to humanize patient care through effective communication is paramount. This balance ensures that
while AI streamlines tasks and potentially increases patient interaction time, health care professionals maintain a focus on
compassionate care, thereby leveraging AI to enhance, rather than detract from, the patient experience.

(JMIR Med Educ 2025;11:e58161)   doi:10.2196/58161

KEYWORDS
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Introduction

Technological advancements have transformed health care,
improving diagnostics and patient care through solutions such
as diagnostic support systems and telemedicine. These
technologies reduce costs and enhance care quality, but their
adoption faces challenges, particularly in terms of infrastructure,

training, and education [1,2]. To address these challenges, the
European Commission’s DigComp framework [3] outlines key
competencies needed to adapt to new technologies, with a
particularly challenging issue being the integration of artificial
intelligence (AI) into health care.

AI systems use complex algorithms to analyze large datasets,
identify patterns, and improve decision-making [4]. AI
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classification is multifaceted. The European Commission
distinguishes between AI software, such as virtual assistants,
and AI embedded in physical devices, such as robots [3].
Alternatively, Russell and Norvig’s [5] taxonomy assesses AI
based on cognitive and behavioral capabilities, differentiating
systems that emulate human or rational thought and action.

Each AI approach is designed to refine its problem-solving
abilities, whether by mimicking human behavior or optimizing
logical decisions [4]. AI improves clinical decision-making by
addressing human limitations in data processing, supporting
evidence-based practices through technologies such as machine
learning and deep learning [6]. Various AI applications, such
as image processing and convolutional neural networks, enhance
clinical outcomes [6].

While human interaction remains central to health care, AI
mitigates cognitive biases and provides faster, more precise
outcomes [7]. For example, AI can process millions of medical
images far faster than a human radiologist, improving accuracy
through continual learning [6].

The integration of AI into health care is not just a technological
advancement but a profound transformation of the operational,
cultural, and ethical frameworks of health care organizations.
This shift requires professionals to develop specialized
knowledge in AI disciplines, such as machine learning, deep
learning, and natural language processing, to use these tools
effectively and ethically [8].

AI’s integration demands expertise and regulatory oversight to
ensure ethical use, bias mitigation, and privacy protection [9].
The US Food and Drug Administration is exploring regulatory
frameworks for AI-based algorithms in medicine, though a
definitive process has yet to be established [10]. A recent study
in JAMA Ophthalmology [11,12] highlighted the risks of AI
misuse, including sophisticated models such as ChatGPT.
Professionals are essential in identifying data falsifications that
may not be evident to untrained individuals [12].

Addressing these challenges requires a concerted effort to
enhance AI literacy and redesign clinical processes, fostering
synergy between human judgment and AI-augmented
decision-making [13,14]. This transition demands rigorous
training in technical, procedural, and collaborative skills to
ensure health care professionals can effectively integrate AI
into practice, enabling them to adapt to the evolving
technological landscape and improve clinical practice [15].

Numerous studies have explored the integration of AI in medical
education, demonstrating its potential to enhance practical skills
and personalize the learning experience for students. However,
most of these reviews focus on the application of AI to improve
medical education [16], which examines the use of various AI
methods to enhance training in different medical domains.

Some studies [17] propose that training health care professionals
in AI requires specialized roles, such as health information
management professionals, to manage and adapt AI technologies
in clinical settings. This approach ensures that AI integration
occurs safely and efficiently, considering data quality, ethical,
and legal aspects.

A review of how training programs for health care professionals
deal with AI shows both the relatively low number of programs
available and their significant limitations [18]. The authors
recommend future curricula be designed with AI-related core
competencies in mind.

This review aims to identify and highlight the critical
competencies necessary to guide the development of educational
programs designed to optimize the use of AI in clinical settings,
thus addressing a growing need at the intersection of medicine
and technology. By analyzing and synthesizing the existing
literature on AI training for health care professionals, our goal
is to provide a comprehensive framework that informs
continuous education and specialized training in AI, ensuring
the safe and effective implementation of these advanced
technologies in daily clinical practice.

The integration of AI into health care presents several critical
challenges. This study aims to consolidate and articulate the
specific skills and knowledge required for health care
professionals to effectively implement AI in routine clinical
practice. Our research question is as follows: “In healthcare
professionals, what specific skills and competencies are
necessary for the effective implementation and use of AI
technologies in daily clinical practice compared to their current
skill set?” This question focuses on identifying and defining
the critical competencies required for health care professionals
to effectively use AI, providing a solid foundation for the
development of educational and training programs in this
emerging field.

Methods

Study Design
In conducting a systematic review between November and
December 2023, we adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [19] (Multimedia Appendix 1 and Checklist 1).

Data Sources and Search Strategy
Comprehensive searches were performed across databases
including PubMed, Scopus, and Web of Science, using Health
Science Descriptors and Medical Subject Headings descriptors
pertinent to AI in health care and associated skills. The search
strategy was refined using Boolean and truncation operators.
The search queries included combinations such as (“Artificial
Intelligence” OR “AI”) AND “Healthcare Professionals” AND
(“Skills” OR “Competencies” OR “Education”), (“Artificial
Intelligence” OR “AI”) AND (“data analysis” OR “ethical
considerations”).

Inclusion and Exclusion Criteria
We established specific selection criteria, prioritizing
peer-reviewed original articles, review articles, editorials, and
commentaries that directly explored the required skills for health
care professionals to integrate AI into their practice. Regarding
the inclusion criteria, studies were considered if they: were
published in English or Spanish, taking advantage of the
linguistic accessibility for the research team in order to reflect
the possible specific characteristics of the Spanish-speaking
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community; published from 2018 onward, to ensure the
relevance and timeliness of the research given the rapid
advancements in AI technologies in recent years; focused on
the necessary skills for the effective use of AI by health care
professionals, encompassing both technical and management
competencies; and included aspects related to training in digital
health, highlighting the importance of specific training in the
use of emerging technologies.

Conversely, studies were excluded if they did not meet these
criteria: studies written in languages other than English or
Spanish, as they could not be accurately analyzed by the research
team; studies published before 2018, to focus on the most recent
trends in AI in health care; studies not specifically related to
the skills or needs of health care professionals for the use of AI
tools, excluding research that did not directly address this focus;
and studies that did not refer to specific skills or training in
digital health, discarding those that did not directly contribute
to understanding the competencies necessary to integrate AI
into health care practice.

This selection methodology was designed to identify studies
that provided significant evidence on the key competencies
health care professionals need to develop for effectively
integrating AI into their clinical practice, thus, ensuring that the
systematic review focused on research offering practical and
applicable insights.

Data Extraction and Study Quality Assessment
The search strategy was developed iteratively to optimize the
retrieval of relevant studies. An initial search used the
aforementioned databases and descriptors. Titles and abstracts
underwent rigorous review for relevance by 2 independent
researchers (JG-G and CLS-B), with duplicates removed and
articles not meeting inclusion criteria or fitting exclusion criteria
discarded. Mendeley (Elsevier Ltd) served as the reference
management tool, not involved in the data extraction process.

Subsequently, full-text articles were retrieved for an in-depth
content review based on the inclusion criteria specified earlier.
However, 3 articles were not retrievable despite repeated efforts.
Two articles were inaccessible due to subscription restrictions,
and attempts to obtain them via interlibrary loans were
unsuccessful. The third article had a broken link, and the authors
were unresponsive after multiple contact attempts. These articles
have been documented in the “reports not retrieved” section of
the PRISMA flow diagram in the Results section.

To assure methodological integrity, discrepancies were resolved
through consultation with a third researcher (JLS), reaching
consensus on study admissibility. The screening process was
manual, without the use of automation tools, and each study
was carefully evaluated. Mendeley was used again for reference
management, without affecting the data extraction process. The
PRISMA flow diagram is provided in the Results section.

Data were extracted and synthesized from eligible studies,
encompassing details such as authors, publication year, study
design, identified skills, and methodological quality assessment.
Tables served as the primary method for tabulating and visually
presenting the results and their synthesis.

The data search spanned all pertinent dimensions of these
outcomes, including variables relevant to the analyzed studies.
These variables covered aspects such as humanization, social
skills, and participants’ AI usage experience, offering a
comprehensive perspective on the competencies necessary for
integrating AI into health care practices.

The GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) framework [20] was applied to
assess the evidence quality of the included works, considering
the quality of studies, result consistency, imprecision, potential
bias, and other pertinent factors. Mixed methods or qualitative
studies were appraised using the mixed methods appraisal tool
[21].

Bias in the examined works was evaluated following Cochrane’s
domain-based recommendations [22], considering five types of
bias, each with its domains. Bias risk was independently
assessed by at least 2 reviewers, with discrepancies resolved
via discussion or consultation with a third reviewer when
necessary.

Synthesis Method
The research question guided the synthesis groupings, focusing
the analysis on the skills and competencies necessary for the
effective implementation of AI technologies by health care
professionals. No standardization metric was applied. The
synthesis method involved extracting relevant sections of the
studies related to the identified skills and competencies. Overall,
the risk of bias assessment of the studies showed no critical
results. Consequently, the included studies were synthesized
with equal weight.

The categorization of skills and competencies was based on a
qualitative synthesis approach, where 2 independent reviewers
extracted and coded data from each study. The categories were
developed iteratively by grouping competencies that were
conceptually aligned. The final domains were determined based
on the frequency with which competencies appeared across the
studies, with higher-frequency competencies categorized as key
domains. For example, “AI fundamentals” and “ethical and
legal considerations” were identified as critical due to their
frequent mention in the selected studies, whereas others such
as “data governance” and “programming” appeared less often
but were still considered relevant.

Study design was not restricted, so a meta-analysis was not
performed due to the heterogeneity of the studies and the
differing amounts and qualities of information reported on skills
and competencies. The reported effectiveness of the
competencies was synthesized based on each study’s findings.
The identified competencies are presented in the results section.
Tables and figures aggregate information about this study’s
characteristics and focal areas of this review (skills and
competencies).

This review aimed to identify and delineate the skills and
competencies essential for health care professionals to use AI
in their clinical practices effectively. The objective encompassed
various outcome domains, not limited to interpreting results
from machine learning models, managing AI biases, ethical
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considerations in AI-assisted decision-making, and the technical
skills required for effective AI tool use.

Results

Overview
The initial database searches yielded a total of 2457 articles
(Figure 1). After deleting duplicates and screening titles and

abstracts, 37 articles were selected for full-text review. Out of
these, only 7 met all the inclusion criteria for this systematic
review [23-29]. Each selected article specifically concentrated
on the competencies essential for the integration of AI into
routine clinical practice. A substantial number of the excluded
articles (n=28) made reference to, but did not directly engage
with, the competencies in question. Table S1 in Multimedia
Appendix 1 delineates the characteristics of these studies and
the principal competencies identified therein.

Figure 1. PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

The review identified a diverse range of skills and competencies
necessary for the effective implementation of AI in health care.
These competencies were categorized into several key areas
based on their frequency of appearance in the selected studies.

The identified skills, definitions, and the number of studies that
reported each are summarized in Table S2 in Multimedia
Appendix 1.
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Identified Skills
The analysis of the selected studies highlights several key
competencies deemed essential for the effective integration of
AI into routine clinical practice.

AI fundamentals were identified as an essential competency by
86% of the studies [23-27,29]. This indicates a strong consensus
on the importance of foundational AI knowledge for health care
professionals. The studies emphasize that a solid understanding
of AI principles is crucial for effectively implementing and
using AI technologies in clinical settings. This foundational
knowledge forms the bedrock upon which more advanced
competencies are built, ensuring that professionals can
confidently engage with AI tools and integrate them into their
practice.

Ethical and legal considerations were emphasized by 71% of
the studies [23-26,29]. The studies underscored the importance
of having a solid knowledge base in various aspects of ethics,
including patient privacy, data security, biases in algorithms,
and transparency and explainability.

Data analysis and management skills were highlighted by 43%
of the studies [24,26,28]. These studies emphasize several
secondary skills crucial for effective data handling. For instance,
McCoy et al [26] stress the importance of data acquisition,
cleaning, and visualization as foundational steps in preparing
data for AI applications. Singh et al [24] underline the need for
robust data management practices to ensure the integrity and
reliability of AI outputs. Wiljer and Hakim [28] highlight the
necessity of developing capabilities in data governance, which
includes the secure storage and regulatory compliance of health
care data.

Communication and teamwork were identified as important
competencies by 43% of the studies [23,25,27]. These studies
underscore the critical need for effective communication skills
to convey complex AI-related information to both colleagues
and patients. Çalışkan et al [23] emphasize the role of

interdisciplinary teamwork in the development and
implementation of AI applications, highlighting the necessity
for seamless collaboration between health care professionals
and AI experts. Liaw et al [25] point out the importance of clear
and empathetic communication with patients regarding the use
of AI in their care, ensuring transparency and maintaining trust.
Sujan et al [27] stress the need for health care teams to work
cohesively to monitor and supervise AI systems, ensuring their
safe and ethical use.

Evaluation of AI tools was mentioned by 43% of the studies
[25,26,29]. These studies highlight several essential secondary
skills necessary for the rigorous assessment of AI technologies.
Liaw et al [25] emphasize the importance of understanding
evidence-based evaluation methods to critically assess the
performance and utility of AI tools in clinical practice. McCoy
et al [26] discuss the need for health care professionals to be
proficient in performing critical evaluations, including assessing
the accuracy, reliability, and validity of AI algorithms. Sapci
and Sapci [29] stress the significance of ongoing evaluation and
monitoring of AI tools to ensure they consistently meet clinical
standards and enhance patient outcomes.

Some investigations highlight more technical abilities, such as
programming [26], or a deeper mathematical acumen [24,28].
These skills, while crucial, were not as frequently cited as the
previously mentioned competencies. Conversely, a capability
deemed highly significant across the literature is the aptitude
for evaluating AI tools to ascertain their quality and rationalize
their application, in addition to scrutinizing potential biases and
limitations [24,25].

Figure 2 presents a mosaic plot displaying the distribution of
identified competencies based on the percentage of studies that
reported each skill. The size of each tile corresponds to the
proportion of studies mentioning that competency, providing a
visual representation of the relative importance of each skill
across the reviewed literature.
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Figure 2. Distribution of identified competencies. AI: artificial intelligence.

Discussion

General Aspects
This review underscores the critical need for health care
professionals to acquire competencies related to the effective
use of AI in clinical practice. Five key areas of competence
were identified as essential for AI integration in clinical practice:
AI fundamentals, ethical and legal considerations, data analysis
and management, communication and teamwork, and the
evaluation of AI tools. These competencies are essential to
ensure the safe and reliable integration of AI technologies into
routine health care workflows. Furthermore, ethical and legal
considerations, such as data security and transparency, are
crucial for building trust in AI-driven decisions (Table S2 in
Multimedia Appendix 1).

In line with our findings, recent studies have emphasized the
growing need to define and standardize AI competencies within
clinical settings. A 2022 exploratory review [30] highlighted
this gap, calling for more structured educational programs to
support the integration of AI into health care practice.
Additionally, a survey among nursing staff [31] indicated that
most professionals had acquired their AI skills independently,
further reinforcing the need for formalized training curricula.

Skills

AI Fundamentals
The consensus across the literature highlights the essential nature
of AI fundamentals [23-27,29]. This foundational knowledge
is crucial for health care professionals to effectively implement

and use AI technologies, providing the bedrock upon which
more advanced competencies are built. AI fundamentals
encompass a basic understanding of machine learning, neural
networks, and deep learning. While health care professionals
are not expected to have deep expertise in these technical areas,
a solid grasp of how AI models function—how they are trained,
how they process data, and how they support clinical
decision-making—is necessary. This understanding allows
professionals to effectively integrate AI into their workflows
and ensure the appropriate use of AI-driven tools in patient care.

A key competency is the ability to critically assess AI
algorithms, identify biases, and interpret the results. Studies,
such as those by Faes et al [32], provide guidelines to help
clinicians evaluate AI outputs without needing advanced
computational skills, allowing them to focus on patient care.
For example, clinicians should recognize when AI models may
be limited by biased data or poor generalizability. Similar to
using ultrasound technology—where clinicians do not fully
understand the physics but can accurately interpret images—the
same principle applies to AI. Health care professionals must
develop the skills to interpret AI-generated information and
effectively communicate it to patients, fostering trust and
transparency in AI-driven care [33].

Ethical and Legal Considerations
Ethical and legal considerations were emphasized in 71% of
the reviewed studies [23-26,29], highlighting the importance
of health care professionals understanding and adhering to the
ethical principles and legal frameworks governing the use of
AI in clinical practice. These considerations include ensuring
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patient privacy, data security, and compliance with relevant
regulations, which are critical for maintaining the trust and
safety of patients.

Stöger et al [34] emphasized the crucial role of managing
high-quality data and the risks associated with its
mismanagement, underscoring both the ethical and legal
implications for health care professionals using AI systems. In
this context, health care providers must be familiar with the
laws and regulations governing AI to ensure that the technology
is implemented in compliance with legal and ethical standards.

In the European Union, the recent approval of the AI Act
introduces comprehensive regulations [35] aimed at
safeguarding fundamental rights and democracy by controlling
AI systems based on their potential risks and impact. The AI
Act establishes stringent requirements for high-risk AI systems,
including mandatory impact assessments and prohibitions on
certain AI practices that threaten fundamental rights. For health
care professionals, this underscores the need for a thorough
understanding of these legal frameworks to ensure that AI is
used responsibly and safely in clinical practice.

Moreover, the opacity of machine learning algorithms, often
referred to as “black boxes” due to their complex and abstract
problem-solving methods, represents a significant challenge in
ensuring accountability and transparency in AI-driven health
care solutions [36]. Although efforts to make these algorithms
more interpretable are still developing [37], health care
professionals must rely on regulated AI tools that meet
established standards for safety and efficacy. Regulatory bodies
such as the US Food and Drug Administration have already
approved specific AI tools for medical applications [38],
providing a level of assurance that these technologies meet
rigorous safety and legal standards. This regulatory oversight
is critical for fostering trust in AI among clinicians and patients,
while also mitigating liability concerns for health care providers.

Data Analysis and Management
Data analysis and management were identified as key
competencies in 43% of the reviewed studies [24,26,28],
emphasizing the critical role these skills play in the effective
implementation of AI in health care. This domain encompasses
the ability to handle large volumes of health care data, including
data acquisition, cleaning, visualization, and governance. Health
care professionals need to be proficient in organizing and
managing these datasets to ensure the integrity and reliability
of AI outputs.

A core competency in this area includes the preparation of clean
and structured datasets for AI models, as highlighted by McCoy
et al [26], who stress the importance of data preparation steps
such as cleaning and visualization to optimize AI performance.
Singh et al [24] underline the need for robust data management
practices to guarantee that the data used by AI systems is
accurate, reliable, and compliant with health care regulations.

Wiljer and Hakim [28] further highlight the significance of data
governance, which includes not only managing data but also
ensuring its secure storage and adherence to regulatory
requirements. Proficient data handling is crucial, as health care
professionals are often the primary data generators. Their ability

to manage and interpret large datasets ensures that AI
methodologies are applied effectively in clinical practice,
supporting both the accuracy of AI predictions and the quality
of patient care [39].

Evaluate AI Tools
The ability to evaluate AI tools emphasises the need for health
care professionals to critically assess the performance, accuracy,
and reliability of AI technologies in clinical practice. Effective
evaluation is closely tied to a foundational understanding of AI
principles, which allows professionals to determine whether AI
tools are suitable for their specific clinical settings.

A key competency in this domain involves assessing AI tools
with the same rigor applied to new drugs, diagnostic tests, or
treatment protocols. AI-based tools must undergo extensive
testing for accuracy, generalizability, efficacy, and fairness to
ensure they meet clinical standards [25]. This evaluation process
is crucial for ensuring that AI technologies deliver reliable
outcomes and can be integrated safely into health care
workflows.

Additionally, health care professionals must develop skills for
the ongoing evaluation and monitoring of AI tools to detect any
performance shifts or biases that may arise over time [40]. Given
the continuous learning nature of AI systems, regular
reassessment is necessary to maintain their reliability across
diverse patient populations and clinical scenarios.

Communication and Teamwork
Communication and teamwork were identified as key
competencies in 43% of the reviewed studies [23,25,27],
focusing on the dual importance of effectively conveying
AI-related insights to patients and facilitating collaboration
among health care professionals. Health care providers must
clearly explain AI-generated results, addressing patient concerns
with empathy, ensuring transparency, and maintaining trust in
the use of AI technologies in clinical care.

Equally important is the interdisciplinary collaboration required
for integrating AI into clinical workflows. Health care
professionals need to work closely with AI specialists, data
scientists, and other colleagues to ensure the safe and effective
use of AI tools. Studies such as those by Çalışkan et al [23]
stress the necessity of seamless teamwork between health care
providers and AI experts, while Liaw et al [25] underscore the
need for clear and compassionate communication with patients,
ensuring they understand how AI is applied in their care and
the potential implications.

This competency involves not only understanding AI outputs
but also contextualizing them for patients in a way that fosters
trust and humanizes AI-assisted care. At the same time, health
care teams must collaborate cohesively to monitor and manage
AI systems. As AI streamlines routine tasks, health care
providers will have more time for patient interaction, making
effective and empathetic communication even more critical
[25]. Ensuring that both patients and professional teams feel
supported and understood is essential for the ethical and
successful integration of AI in health care practice.
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Competencies Based on Identified Skills
Based on the previously identified skills, and following an
approach similar to that outlined by the Association of American
Medical Colleges in 2021 [41], we propose a set of competencies
that health care professionals should acquire to effectively
integrate AI into clinical practice. These competencies, derived
from the literature reviewed, encompass the key domains and
provide a framework to guide educational programs and ongoing
training in AI-driven tools in health care settings.

Table S3 in Multimedia Appendix 1 outlines the competencies
for each skill, offering a structured approach to developing AI
proficiency. This framework ensures that professionals not only
grasp AI fundamentals but also apply these technologies
ethically, manage health care data effectively, rigorously
evaluate AI tools, and communicate insights to both patients
and interdisciplinary teams. However, these competencies
should be considered only a first proposal; this list may be
modified depending on the specific profile of the training
program, on foreseeable technological developments, as well
as on the evaluation of the academic results of the new curricula.

AI in Health Care Training
Recent data from Rock Health, a venture capital firm
specializing in digital health, have underscored an exponential
increase in investments directed toward digital health enterprises
and related technologies [42]. This trend distinctly signals an
evolving health care landscape, increasingly reliant on novel
technologies, thereby accentuating the imperative for health
care professionals to proficiently integrate such advancements
into their clinical practices [43].

Despite widespread agreement on the necessity for
comprehensive AI training from the outset of medical education,
there is a lack of consensus on the specific content and approach
of such training [15]. The discussion around this issue is
abundant, yet concrete resolutions are rare. The findings of this
review aim to provide an approach to the possible competencies
required, offering a structured framework for developing
comprehensive AI training programs for health care
professionals.

Integrating AI education into health care curricula presents
several challenges due to the variability and lack of
standardization of required competencies. To address this need,
we propose general guidelines for the development of essential
AI competencies for health care professionals. These guidelines
provide a reference framework that educators and course
coordinators can use to design training programs, assess student
progress, and establish performance criteria. For example, health
care professionals should acquire the ability to assess the quality
of algorithms and their interpretations, as well as identify and
mitigate potential biases. This approach facilitates the integration
of AI into clinical practice and provides a clear guide for
curriculum development and performance evaluation.

Augmenting the education and training of health care
professionals is posited to elevate their confidence in using these
tools. Although concerns persist regarding AI’s potential to
supplant human roles, a more discerning view proposes that AI
will primarily alleviate the burden of mundane tasks. This

reallocation of time and resources is anticipated to enhance
patient interactions and elevate the quality of health care services
provided [39].

Several authors argue that the existing academic infrastructure
is ill-equipped to incorporate AI education, citing time
constraints and a lack of teaching expertise as significant
obstacles. An alternative proposed involves the use of specific
AI tools not only for clinical applications but also to elucidate
the underlying algorithms, focusing on their practical use and
ethical implications [44].

A solution for integrating AI education into health care curricula,
addressing the shortage of instructors with expertise in clinical
AI applications, involves leveraging established training
programs from other institutions [45]. Programs by Stanford
University [46] and Harvard University [47] serve as examples,
providing access to high-quality educational content. These
programs offer a comprehensive curriculum that covers essential
AI concepts, practical applications, and ethical considerations,
enabling health care professionals to gain a deep understanding
of AI technologies.

The integration of AI into clinical practice is expected to
augment, not replace, the roles of health care professionals. It
calls for a workforce proficient in digital health and
communication, capable of leveraging AI’s benefits while
recognizing its limitations and ethical considerations [48]. This
paradigm shift offers an opportunity to enhance patient care,
delegating computational tasks to AI and focusing on the human
aspects of health care delivery [37].

Limitations
This systematic review encounters several challenges, primarily
due to the limited availability of literature specifically addressing
the competencies required for integrating AI into health care
practice. The scarcity of targeted studies can be attributed to
the nascent and rapidly evolving nature of AI applications in
health care.

To mitigate this issue, the search criteria were broadened to
include general terms related to AI in health care and
competencies required by health care professionals. While
necessary, this broadening may have introduced studies that do
not exclusively focus on AI competencies, potentially affecting
the homogeneity of the findings. The review also faced potential
language bias, as it primarily focused on literature in English
and Spanish. Pertinent studies in other languages might have
been excluded. Despite rigorous and independent review
processes, the selection could still be influenced by subjective
interpretation of the inclusion and exclusion criteria.

Limiting the review to studies published after 2018 aimed to
capture the most recent advancements, but this restriction might
omit emerging research. Despite these efforts, there remains a
clear knowledge gap in the specific skills required for effective
AI use in health care. The literature predominantly addresses
AI applications and benefits, but lacks detailed research on the
precise skills health care professionals need. Current research
is often fragmented and varies significantly in scope and depth.
Few studies offer comprehensive models or curricula for AI
competency training in health care. This inconsistency highlights
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the need for more robust research to identify essential AI skills
and explore effective methods for integrating these skills into
health care education and practice.

Conclusions and Future Works
This systematic review has identified essential competencies
for health care professionals to effectively integrate AI into
clinical practice. The analysis reveals a consensus on the
importance of five key areas: AI fundamentals, ethical and legal
considerations, data analysis and management, communication
and teamwork, and evaluation of AI tools. These competencies
are crucial for leveraging AI technologies to enhance patient
care and health care delivery. A consensus within the scholarly
discourse suggests the necessity for health care professionals
to attain proficiency in these domains to ensure the judicious
application of AI tools, thereby accruing benefits for both
patients and the health care ecosystem.

AI fundamentals form the backbone of necessary knowledge,
enabling health care professionals to understand and use AI
technologies effectively. Ethical and legal considerations ensure
that AI applications adhere to patient privacy, data security, and
transparency standards, maintaining trust and compliance within
health care settings. Data analysis and management skills are
vital for handling large datasets, ensuring accurate AI outputs,
and supporting informed clinical decisions.

Communication and teamwork are also critical, facilitating the
clear conveyance of AI-related information among health care
professionals and to patients, thereby promoting transparency
and trust. The ability to evaluate AI tools is essential for
assessing the performance and reliability of AI technologies,
ensuring they meet clinical standards and deliver safe, effective
patient care.

Augmenting the education and training of health care
professionals is posited to elevate their confidence in using these
tools. Although concerns persist regarding AI’s potential to
supplant human roles, a more discerning view proposes that AI
will primarily alleviate the burden of mundane tasks. This
reallocation of time and resources is anticipated to enhance

patient interactions and elevate the quality of health care services
provided.

In this context, the importance of communication skills becomes
increasingly paramount. The introduction of AI tools is expected
to afford health care professionals additional time per patient
encounter, potentially heightening patient satisfaction and care
quality.

The ambition extends beyond merely acquiring proficiency in
disciplines ancillary to traditional health care paradigms.
Considering the already intricate and comprehensive nature of
health care education, particularly in medicine, the emphasis is
placed on fostering an in-depth comprehension of AI’s
functionalities, inherent biases, pragmatic utility, and
cost-effectiveness compared to abstaining from AI applications.

The integration of AI into health care is indispensable for
advancing patient care but requires a concerted effort to develop
and standardize competencies among health care professionals.
Regulatory oversight and enhanced educational frameworks are
essential for overcoming existing barriers and leveraging AI’s
full potential in clinical settings.

Despite the progress highlighted in this review, significant gaps
remain in the literature, particularly concerning the specific
educational frameworks and training programs needed to
develop these competencies. Most existing research focuses on
the potential applications and benefits of AI, with less emphasis
on the precise skills required for effective implementation.

Future research should prioritize the development and validation
of standardized AI competency frameworks tailored for health
care professionals. These frameworks should cover technical
skills, ethical and legal aspects, and data management practices.
Collaborative efforts between academic institutions, health care
organizations, and AI experts can create comprehensive training
programs to address these competencies.

Additionally, longitudinal studies are necessary to evaluate the
long-term effectiveness of AI training programs. Research
should explore how health care professionals apply their AI
training in clinical settings, assessing the impact on patient
outcomes, clinical decision-making, and health care efficiency.
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Abstract

Background: The motivational design of online instruction is critical in influencing learners’ motivation. Given the multifaceted
and situated nature of motivation, educators need access to a range of evidence-based motivational design strategies that target
different motivational constructs (eg, interest or confidence).

Objective: This systematic review and directed content analysis aimed to catalog the motivational constructs targeted in
experimental studies of online motivational design strategies in health professions education. Identifying which motivational
constructs have been most frequently targeted by design strategies—and which remain under-studied—can offer valuable insights
into potential areas for future research.

Methods: Medline, Embase, Emcare, PsycINFO, ERIC, and Web of Science were searched from 1990 to August 2022. Studies
were included if they compared online instructional design strategies intending to support a motivational construct (eg, interest)
or motivation in general among learners in licensed health professions. Two team members independently screened and coded
the studies, focusing on the motivational theories that researchers used and the motivational constructs targeted by their design
strategies. Motivational constructs were coded into the following categories: intrinsic value beliefs, extrinsic value beliefs,
competence and control beliefs, social connectedness, autonomy, and goals.

Results: From 10,584 records, 46 studies were included. Half of the studies (n=23) tested strategies aimed at making instruction
more interesting, enjoyable, and fun (n=23), while fewer studies tested strategies aimed at influencing extrinsic value beliefs
(n=9), competence and control beliefs (n=6), social connectedness (n=4), or autonomy (n=2). A focus on intrinsic value beliefs
was particularly evident in studies not informed by a theory of motivation.

Conclusions: Most research in health professions education has focused on motivating learners by making online instruction
more interesting, enjoyable, and fun. We recommend that future research expand this focus to include other motivational constructs,

JMIR Med Educ 2025 | vol. 11 | e64179 | p.81https://mededu.jmir.org/2025/1/e64179
(page number not for citation purposes)

Gavarkovs et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

mailto:adam.g@ubc.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


such as relevance, confidence, and autonomy. Investigating design strategies that influence these constructs would help generate
a broader toolkit of strategies for educators to support learners’ motivation in online settings.

Trial Registration: PROSPERO CRD42022359521; https://www.crd.york.ac.uk/PROSPERO/view/CRD42022359521

(JMIR Med Educ 2025;11:e64179)   doi:10.2196/64179

KEYWORDS

motivation; internet; systematic review; experimental studies; online instruction; educator; learner; researcher; health professional;
education; tool-kit; autonomy

Introduction

The internet has become a preferred modality for health
professions education (HPE) in the postpandemic landscape
[1]. A recent global survey found that 60% of health
professionals preferred blended learning, while 32% preferred
fully online learning [2]. Online instruction can ameliorate
barriers due to geography, scheduling, and cost that make
in-person learning infeasible for many health professionals and
trainees [3]. However, one challenge of online learning is
keeping learners motivated. Motivation—the energetic force
that instigates and sustains behavior [4]—is key to success when
learning online [5,6]. A lack of face-to-face interaction and the
metacognitive demands associated with learning online can lead
to feelings of isolation, frustration, and diminished motivation
[7,8]. To address these challenges and keep learners motivated,
educators must build motivational support into online instruction
through a process known as motivational design [9].

Motivational design is defined by Keller [9] as “the process of
arranging resources and procedures to bring about changes in
people’s motivation.” This process involves selecting, adapting,
and applying motivational design strategies, which are resources
and procedures that facilitate the motivational processes
underpinning learning. For example, Colonnello et al [10]
enhanced medical students’ motivation by supplementing
surgical videos with emotionally salient patient information.
Other studies have demonstrated that other motivational design
strategies, such as using narration in online modules, can impact
learner motivation [11,12].

Motivational design strategies work by influencing various
motivational constructs—cognitive factors that shape learners’
moment-to-moment motivation [4]. Broad categories of
motivational constructs include goals (“What am I aiming to
do?”), competence beliefs (“Can I do it?”), value beliefs (“Do
I want to do it? Why?”), and attributional beliefs (“Why did it
happen this way?”) [13]. For example, an educator might use
a strategy to make learning seem more relevant, increase
learners’ interest, or boost their confidence that they can learn
the material.

Theories of motivation emphasize that learners’ motivation is
influenced by several motivational constructs, any one of which
may be the cause of poor motivation during online learning [4].
For example, medical students completing an online module
on a basic science topic may be confident in their ability to learn
but struggle to see the value in the material beyond their next
examination. Conversely, students completing a virtual
examination with a standardized patient may see the value in

what they are learning but not feel confident in their ability to
succeed. In the first case, an educator could use a strategy that
targets learners’ value beliefs (eg, a prompt to reflect on the
clinical relevance of the material [14]), while in the second, an
educator could use a strategy that targets’ learners competence
beliefs (eg, providing a demonstration that learners can observe
beforehand [9]). Given the multifaceted and situated nature of
motivation, educators need access to a range of evidence-based
motivational design strategies that target different motivational
constructs, such as strategies for enhancing confidence or
perceived value [15].

Researchers can support educators by providing evidence on
the effectiveness of different motivational design strategies [16].
However, we do not have a good understanding of which
motivational constructs are most frequently targeted in research
on online motivational design. For example, are researchers
disproportionately focused on testing ways to make online
instruction more interesting or enjoyable? An expanding
literature on serious games and gamification in HPE suggests
this may be the case, as games are often framed as a strategy to
enhance interest [17-24]. While enhancing interest is important,
if researchers focus too narrowly on this construct at the expense
of others (eg, confidence), then educators may not receive the
full range of design strategies needed to support learner
motivation [4]. To inform future research, it is important to
identify which motivational constructs have been most
emphasized and which remain under-studied.

To address this gap, our review aims to catalog the motivational
constructs targeted in studies of online motivational design
strategies. This is a novel objective, as no previous reviews have
organized the instructional design literature based on the
motivational constructs that strategies aim to influence. By
identifying which constructs have received the most attention,
we aim to guide future literature syntheses on the most effective
design strategies for supporting these constructs. Additionally,
by identifying under-studied constructs, we aim to guide areas
for future primary research. Ultimately, our review is intended
as a resource for researchers interested in conducting future
studies on motivational design for online instruction. Stimulating
ongoing research in this area will ensure that educators have
access to evidence-based guidance to design more motivating
online instruction.

We hypothesize that there are two reasons why certain
motivational constructs may be underrepresented in research
on online motivational design strategies: (1) studies are not
informed by a theory of motivation or model of motivational
design, or (2) studies are informed by such theories but choose
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not to focus on specific constructs. To disentangle these
explanations, we posed two research questions: (1) Which
theories or models of motivation, if any, inform experimental
comparison studies of motivational design strategies for online
instruction? (2) Within experimental comparison studies of
motivational design strategies for online instruction, which
motivational constructs, if any, have been targeted?

Methods

We conducted a systematic review and directed content analysis
focused on experimental comparison studies in HPE [25].
Experimental comparison studies, which compare 1 version of
online instruction to another, are uniquely positioned to generate
empirical evidence for the causal effects of motivational design
strategies [25-28]. Motivational design is, at its core, a process
of making predictions about the causal effects of motivational
design strategies (“If I use this strategy, will it cause my learners
to be more motivated?”). Since experimental comparison studies
are best suited for making causal claims, we consider them a
necessary source of evidence for educators and serve as the
focus for our review. Bajpai et al [29] adopted a similar position
in their recent review of learning theories in randomized trials
of digital instruction in HPE.

Given our focus on experimental comparison studies, we
identified a systematic review as the most appropriate review
methodology [30]. We registered (PROSPERO
CRD42022359521) and published a review protocol [31], and
report our findings in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 updated guidelines [32], with a few exceptions. We omit
items 12 (effect measures), 14 (reporting bias assessment), 15
(certainty assessment), 19 (results of individual studies), 21
(risk of bias due to missing results), and 22 (certainty of
evidence), as we did not intend to appraise nor synthesize the
outcomes of included studies. Further details on our methods
can be found in our published protocol [31]. To increase the
clarity and brevity of reporting, this paper omits data related to
a few research questions listed in our published protocol.
Additional data regarding these questions is available upon
request.

Eligibility Criteria

Study Characteristics
We included individual and cluster randomized controlled trials
and quasi-experimental studies published in English from 1990
to August 2, 2022 (for databases) and September 15, 2022 (for
registries). Our date range aligns with prior reviews of digital
education in HPE [33]. We included protocols for planned or
ongoing studies but excluded conference abstracts and
unpublished studies. Studies were not excluded based on quality
or risk of bias as we did not aim to synthesize the results of
studies. However, we appraised the risk of bias to provide
readers with additional context regarding the quality of studies.

Participants
We included studies focusing on learners in the health
professions regardless of training status (see protocol for list of

health professions), either exclusively or when mixed with other
learners (eg, psychology students).

Interventions
We included studies comparing online instructional designs (or
that could have been delivered online, such as CD-ROM
instruction), which targeted a motivational construct (eg,
interest) or motivation more generally. By “targeting”
motivation, we mean that researchers stated that their
instructional design aimed to enhance learner motivation to
engage with instruction. Several studies demonstrated a cursory
treatment of motivation, for example, by discussing the impact
of design strategies on constructs (eg, interest) without
grounding the construct in a theoretical framework. We decided
to include these studies because they contribute to our
understanding of the foci among researchers interested in this
area of HPE. Studies comparing online instruction against
paper-based or face-to-face instruction were excluded.

Outcomes
We included studies that assessed any learner outcome.

Search Strategy and Selection Process

Database Searching
Strategies were developed for Ovid Medline, Embase, Emcare
PsycINFO, EBSCO ERIC, and Web of Science Core Collection
(Social Sciences Citation Index; Arts & Humanities Citation
Index; Book Citation Index-Social Sciences & Humanities;
Conference Proceedings Citation Index-Science; Emerging
Sources Citation Index; Science Citation Index; Book Citation
Index-Social Sciences & Humanities; and Conference
Proceedings Citation Index-Social Science & Humanities) by
a health sciences librarian (MA) in collaboration with the review
team (Multimedia Appendix 1). Appropriate subject headings
and keywords for motivation, online instruction, and HPE
focused on the licensed professions were used for each database.
The results were limited to those published from 1990 to the
date of the searches. The searches were run on August 2, 2022,
and the 14,736 results were uploaded to Covidence for
screening.

Registry Searching
For the Open Science Framework Registries, we developed 12
searches, comprised of different combinations of the highest
yielding terms in our database searches (Multimedia Appendix
2). The searches yielded between 7277 and 16,018 hits for each
combination of terms. AG manually screened the first 10 pages
of results (10 results per page) for each search (1200 studies
screened in total) and uploaded 19 potentially relevant studies
to Covidence.

Hand and Reference Searching
AG manually screened several published literature reviews on
online instruction in HPE [18-23,34-39] and the references of
included studies and uploaded 161 potentially relevant studies
to Covidence.
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Screening
After removing duplicates, we screened 10,584 records. Two
team members independently screened abstracts and, as
necessary, the paper’s full text. Before independent screening,
all 6 team members who participated in the screening process
practiced screening the same 30 abstracts, and then discussed
and refined the inclusion criteria. AG also developed a decision
tool to support full-text screening. As screening progressed, AG
periodically reviewed conflicts for any systematic issues and
further refined the inclusion and exclusion criteria. Two senior
team members (EM or RB) not involved in the initial decision
resolved all conflicts. We included 61 studies in the data
extraction phase. During the extraction phase we excluded an
additional 15 studies. In 12 cases, the papers were excluded
because they did not discuss the potential motivational effects
of a strategy in the introduction or did not state an objective to
assess the effects of a strategy on motivation. Therefore, we
concluded that these were not motivational design strategies
[40-51]. This yielded 46 studies included in our review.

Data Collection and Synthesis Methods

Overview
The data items we extracted can be found in Multimedia
Appendix 3. We conducted a directed content analysis during
the extraction process [52], coding each study deductively
regarding the motivational theories used and the motivational

constructs targeted. We piloted and refined the extraction
process in Covidence with a few included studies. AG trained
team members to extract and code data. Two team members
independently extracted data from each study. Conflicts were
resolved through discussion, with an experienced team member
(ie, currently in, or having completed, a PhD program) not
involved in the initial decision leading to resolution.

Theories of Motivation (Aligned With Research Question
1)
We developed an a priori list of 6 prominent theories of
motivation and 1 model of motivational design to deductively
guide our coding. We defined theories as “prominent” based
on meeting one of the following criteria: (1) they were included
in a 2020 special issue of Contemporary Educational
Psychology titled “Prominent Motivation Theories: The Past,
Present, and Future” [53-57], or (2) they have been the subject
of an AMEE Guide in Medical Teacher [58,59]. We also added
Keller’s ARCS model of motivational design, which we assumed
would be cited in HPE studies [24]. Brief descriptions of these
theories can be found in Table 1. Beyond this initial list, we
considered any theory aiming to explain the energetic basis and
direction of learners’ engagement to be a theory of motivation
[60]. We also coded whether these theories informed 4 key
aspects of the research process: the research questions, the
design of the experimental conditions, the selection of methods
and measures, and the interpretation of results [61].
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Table 1. Overview of and reported use of established theories of motivation and models of motivational design.

ReferencesFrequency used, n (%)DescriptionTheory or model

[10,11,62-67]8 (17)Ryan and Deci’s SDT differentiates between types of motivation depending on
learners’ reasons for engaging in learning, such as feeling pressured to satisfy external
demands (external regulation), feeling pressured to quell feelings of guilt or shame
(introjected regulation), identifying with the value of an activity (identified regulation),
or finding the activity inherently interesting (intrinsic motivation). SDT also empha-
sizes the influence of the social environment on learners’ motivation, as mediated
by the satisfaction of feelings of autonomy (ie, being in control of one’s actions),
competence (ie, feeling efficacious in one’s actions), and relatedness (ie, feeling
connected to others).

SDTa [55]

[5,68-72]6 (13)Keller’s ARCS model states that, for learners to become and remain motivated to
learn, their attention must be captured via feelings of curiosity, they must perceive
instruction to be relevant to their current needs and long-term goals, they must feel
confident that they can succeed, and they must feel satisfied with the intrinsic and
extrinsic consequences of engaging with instruction.

ARCSb model [9]

[64,73,74]3 (7)Bandura’s SCT emphasizes the primary role of learners’ self-efficacy beliefs (ie,
that they can execute courses of action needed to attain particular outcomes) and
outcome expectancies (ie, that courses of action will lead to particular outcomes) in
motivating their learning goal pursuit.

SCTc [56]

[10,63]2 (4)Pekrun’s CVT posits that the achievement emotions that learners experience (as well
as their self-regulation and learning) are most proximally a function of the subjective
control and value beliefs they ascribe to actions and outcomes for an activity. Sub-
jective control beliefs are based on action-control expectations (ie, expectations that
actions can be performed) and action-outcome expectations (ie, expectations that
particular actions will lead to certain outcomes). Subjective value beliefs are based
on the perceived intrinsic and extrinsic value of engaging in the activity and attaining
resultant outcomes.

CVTd [75]

[76]1 (2)Eccles and Wigfield’s EVT (now called situated expectancy-value theory) posits
that learners’motivation is most proximally a function of their expectations of success
and the subjective value they ascribe to an activity. Subjective value is composed of
interest value (ie, the interest or enjoyment an activity brings), utility value (ie, an
activity’s usefulness for attaining other valued goals), attainment value (ie, an activ-
ity’s importance in confirming a salient aspect of one’s identity), and cost (ie, the
drawbacks of completing an activity).

EVTe [53]

See descriptionN/AfTheory of narrative engagement [77,78]; 4-phase model of interest development
[11]; engagement modes model [73]; information and communication acceptance
model [79]; social interdependence theory [80]; Guthrie and Wigfield engagement
model [81]

Other theories or
models

[82-105]24 (52)N/ANone mentioned

aSDT: self-determination theory.
bARCS: attention, relevance, confidence, and satisfaction.
cSCT: social cognitive theory.
dCVT: control-value theory.
eEVT: expectancy-value theory
fN/A: not applicable.

Motivational Constructs (Aligned With Research
Question 2)
We used our list of theories and previous research [13] to create
a priori categories of motivational constructs to deductively
guide our coding. During the coding process, our categorization
scheme changed slightly from that documented in our protocol
[31], as we determined that a more parsimonious categorization
scheme involved aggregating more constructs into fewer
categories (Multimedia Appendix 4). Our list included the
following categories of motivational constructs: intrinsic value
beliefs (eg, interest), extrinsic value beliefs (eg, instrumentality),
competence and control beliefs (eg, self-efficacy), social

connectedness (eg, relatedness), autonomy, and goals. Intrinsic
value refers to the value derived from the experience of
completing an activity (eg, interest or enjoyment), whereas
extrinsic value refers to the value derived from attaining
outcomes external to an activity (eg, progress toward future
goals) [53,55].

Study Risk of Bias Assessment
We rated each study’s risk of bias across 9 dimensions contained
within the Cochrane Collaboration’s Effective Practice and
Organization of Care risk of bias tool: random sequence
generation, allocation concealment, similar baseline outcome
measurements, similar baseline characteristics, incomplete
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outcome data, blinded outcome measurement, protection against
contamination, selective outcome reporting, and other risks of
bias [30]. This tool has been used in similar systematic reviews
of online instruction in HPE [19,36]. Team members reported
particular difficulty in identifying “other risks of bias,” and we
observed that raters frequently documented different sources
of bias (or no bias) within this broad category. Accordingly, we
decided to exclude this dimension.

Results

Characteristics of Included Studies
The characteristics of the included studies are presented in
Multimedia Appendix 5. Most studies were conducted with
trainees (n=40), primarily medical students (n=17) and nursing

students (n=11). Study designs were predominantly randomized
parallel-group trials (n=27), followed by quasi-experimental
trials (n=12), randomized cross-over trials (n=4), and cluster
randomized trials (n=3). The risks of bias for each study are
presented in Multimedia Appendix 6. Although 74% (34/46)
of the included studies were identified as randomized trials,
only 30% (14/46) were rated as low risk of bias for random
sequence generation, and 33% (15/46) were rated as low risk
of bias for allocation concealment. For other dimensions of bias,
low risk was observed in 35% (16/46) of studies for baseline
outcome measurements, 37% (17/46) for baseline characteristics,
50% (23/46) for blinded outcome measurements, 50% (23/46)
for contamination, 57% (26/46) for missing outcome data, and
80% (37/46) for selective outcome reporting. The PRISMA
flowchart for our review is presented in Figure 1, and the
PRISMA checklist can be found in Multimedia Appendix 7.

Figure 1. PRISMA flowchart. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Which Theories or Models of Motivation Inform
Existing Experimental Studies of Motivational Design
Strategies?
Table 1 presents the number of studies that were informed by
a theory of motivation or model of motivational design. SDT

and the ARCS model were the most commonly used theories,
while 24 studies did not cite any theory. Five studies cited more
than 1 theory of motivation. Among the 22 studies that used at
least 1 theory, we judged the theory as informing the research
questions in 20 (91%) studies, informing the experimental
conditions in 15 (68%) studies, informing methods and measures
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in 17 (77%) studies, and informing the interpretation of results
in 17 (77%) studies. Nine studies used theory to inform all 4
aspects of their research process [5,10,11,62,63,68,69,77,80].

Which Motivational Constructs Have Studies Targeted
With Their Motivational Design Strategies?
Studies investigated motivational design strategies that targeted
intrinsic value beliefs in 23 of the 46 (50%) studies, extrinsic
value beliefs in 9 (20%) studies, competence and control beliefs
in 6 (13%) studies, social connectedness in 4 (9%) studies, and
autonomy in 2 (4%) studies. Ten (22%) studies targeted more
than 1 construct; of these, 5 (11%) were informed by the ARCS
model. Sixteen (35%) studies did not report targeting any
specific motivational construct, instead aiming to enhance
motivation in general.

While intrinsic value beliefs were the most commonly targeted
construct, researchers drawing on a prominent theory or model
(as listed in Table 1) tended to be more pluralistic in their foci.
Specifically, studies that used a motivation theory or model
targeted intrinsic value beliefs (n=11) at a similar level to
extrinsic value beliefs (n=9) and, to a lesser extent, competence
and control beliefs (n=6). By contrast, studies that did not use
a theory or model focused solely on intrinsic value beliefs
(n=10) compared to extrinsic value beliefs (n=0) and
competence and control beliefs (n=0).

Discussion

Key Findings and Implications for Future Research
In this systematic review, we analyzed experimental comparison
studies of online motivational design strategies in HPE. We
aimed to identify which motivational constructs have been most
frequently targeted in these studies and which remain
understudied, offering insights into potential areas for future
research.

A significant finding was that nearly one-third of the studies in
our review did not specify which motivational constructs their
design strategy was targeting, instead broadly aiming to enhance
motivation. We argue that such research is of limited value to
educators. Motivational design expertise relies on educators
understanding how strategies work, specifically what constructs
they influence and under what conditions they are most effective
[106,107]. Studies that do not clarify which constructs a design
strategy influences, either conceptually or empirically, cannot
provide educators with the information needed to build expertise
[16]. Therefore, we recommend that researchers explicitly define
the motivational constructs their strategies aim to influence and
test their impact on those constructs. This recommendation can
be supported through the greater use of motivational theories,
which were cited in fewer than half of the studies in our review.
This lack of theory use is consistent with other reviews, such
as those by Maheu-Cadotte et al [19] and Bajpai et al [29], who
found similarly low levels of theory use in their reviews of
serious games and digital education in HPE. Motivational theory
should be used to inform the research questions, the design
strategy, the outcome measures, and the interpretation of results.
Excellent examples of theory use are present in our sample
[5,11,80].

Among the studies that did specify targeted constructs, most
focused on intrinsic value beliefs (eg, interest or enjoyment),
compared to extrinsic value beliefs, competence and control
beliefs, social connectedness, and autonomy. Accordingly,
research in this area is disproportionately focused on ways to
make online instruction more interesting and enjoyable. Given
the volume of studies on design strategies targeting intrinsic
value beliefs, we recommend that future research synthesize
existing findings to identify the most effective strategies for
enhancing interest and enjoyment and outline areas for future
research.

A disproportionate focus on enhancing intrinsic value beliefs
aligns with an increased uptake of SDT in HPE, as documented
in our studies and other reviews [24,108]. SDT emphasizes the
role of intrinsic motivation—which is grounded in feelings of
interest and enjoyment—in effective learning [55]. However,
we found that studies using SDT were often pluralistic in the
constructs they targeted, suggesting a more nuanced approach
than studies without a theoretical basis. A theoretical
perspective, whether based on SDT or another theory, may help
researchers avoid equating motivation solely with enjoyment
and interest, thus neglecting other facets of motivation, such as
confidence and relatedness, despite evidence suggesting that
these constructs may be particularly at risk when learning online
[7,8]. Supporting this perspective, we found that studies
informed by the ARCS model—which explicitly states the
importance of supporting learners’ attention, relevance,
confidence, and satisfaction—were most likely to report
targeting multiple motivational constructs. We recommend that
studies test design strategies targeting a broader range of
motivational constructs to expand the set of design strategies
that educators can choose from (eg, confidence-enhancing
strategies or relatedness-enhancing strategies). For example,
though serious games are often framed as ways to enhance
interest and enjoyment, they may also be configured to support
feelings of practical relevance or boost confidence [24].
Researchers could build on the serious games literature by
investigating ways to design serious games to support feelings
of extrinsic value, confidence, social connectedness, and
autonomy.

We encourage researchers to study ways of motivating learners
in established online modalities (eg, asynchronous modules or
webinars) and by using emerging technologies such as virtual
reality and artificial intelligence. For example, artificial
intelligence chatbots have the potential to provide personalized
coaching and feedback during learning [109,110]. Providing
such support and scaffolding instruction in a learner’s zone of
proximal development may foster a sense of autonomy and
confidence. As research on the motivational design of emerging
online modalities is still in its infancy, future studies could
investigate how to design emerging technology-enabled
instruction to optimize learner motivation.

The risk of bias was a concern across many of the included
studies. To ensure that future research can make more
defendable claims regarding the effects of design strategies,
researchers should clearly specify procedures for random
sequence generation and allocation concealment, which are
often missing from published papers. They should also capture
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relevant variables at baseline, blind assessors to condition, and
attempt to limit attrition and contamination [27].

Limitations
Several limitations are worth noting. We did not include any
synonyms for the word “motivation” (eg, “engagement” or
“satisfaction”) or motivational constructs (eg, “value,”
“relevance,” or “confidence”) in our search terms because we
believed these terms would greatly increase the number of
nonrelevant studies in our search results. We assumed that
studies using synonyms for “motivation” or referencing
motivational constructs would also use the word “motivation”
and thus would be retrieved in our searches. Consequently, we
may have missed some otherwise eligible studies that
exclusively referenced concepts that are related to, or treated
as synonymous to, motivation (eg, engagement) or motivational
constructs (eg, confidence). We also chose to exclude studies
written in a language other than English, which may have
resulted in missed studies.

We decided to focus our review on experimental studies because
they provide a critical source of evidence regarding the
effectiveness of design strategies. We acknowledge that many
different kinds of studies can generate evidence to support
educators’ motivational design efforts when producing online
learning [31,111]. For example, qualitative studies can help us
understand how learners make meaning of instructional designs
in context [112], and single-group studies can investigate the

factors influencing engagement with motivational design
strategies [113]. It may be that studies leveraging
nonexperimental designs demonstrate a different distribution
of foci regarding motivational constructs. We recommend that
a breadth of methodologies, including but not limited to
experimental comparison studies, be used to investigate novel
motivational design strategies in the future.

Finally, our review focused on online instruction in HPE, and
it is unclear whether the trends we observed apply to other types
of HPE, such as in-person simulation. While the trend toward
enhancing interest and enjoyment may also be present in other
HPE contexts—such as through the gamification of in-person
instruction [114-116]—we cannot make definitive claims about
the generalizability of our results to other types of HPE.
Conducting similar reviews in other areas of HPE may be a
focus of future research.

Conclusions
A key challenge for educators when teaching online involves
keeping learners motivated. To address this challenge, educators
need access to motivational design strategies that target a range
of motivational constructs. The existing research provides an
important starting point, but there is much work to be done.
Researchers can use our findings to guide future primary and
secondary research that generates a more robust evidence base
for educators wishing to motivate their learners.
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Abstract

Background: The concept of online learning in medical education has been gaining traction, but whether it can accommodate
the complexity of higher-level psychiatric training remains uncertain.

Objective: This review aims to identify the various online-based and technology-assisted educational methods used in psychiatric
training and to examine the outcomes in terms of trainees’ knowledge, skills, and levels of confidence or preference in using such
technologies.

Methods: A comprehensive search was conducted in PubMed, Cochrane, PsycINFO, Scopus, and ERIC to identify relevant
literature from 1991 until 2024. Studies in English and those that had English translations were identified. Studies that incorporated
or explored the use of online-based or technology-assisted learning as part of psychiatric training in trainees and had outcomes
of interest related to changes in the level of knowledge or skills, changes in the level of preference or confidence in using
online-based or technology-assisted learning, and feedback of participants were included. Studies were excluded if they were
conducted on populations excluding psychiatric trainees or residents, were mainly descriptive of the concept of the intervention
without any relevant study outcome, were not in English or did not have English translations, or were review articles.

Results: A total of 82 articles were included in the review. The articles were divided into 3 phases: prior to 2015, 2015 to 2019
(prepandemic), and 2020 onward (postpandemic). Articles mainly originated from Western countries, and there was a significant
increase in relevant studies after the pandemic. There were 5 methods identified, namely videoconference, online modules/e-learning,
virtual patients, software/applications, and social media. These were applied in various aspects of psychiatric education, such as
theory knowledge, skills training, psychotherapy supervision, and information retrieval.

Conclusions: Videoconference-based learning was the most widely implemented approach, followed by online modules and
virtual patients. Despite the outcome heterogeneity and small sample sizes in the included studies, the application of such
approaches may have utility in terms of knowledge and skills attainment and could be beneficial for the training of future
psychiatrists, especially those in underserved low- and middle-income countries.

(JMIR Med Educ 2025;11:e64773)   doi:10.2196/64773
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Introduction

The incorporation of online-based or technology-assisted
methods in medical education is not new. Virtual grand rounds,
web-based learning, online journal clubs, and virtual clinical
cases and labs are among the many examples of their ubiquitous
implementation [1]. The mass adoption of technology-based
education is attributed to its numerous perceived advantages,
including the ability to transcend geographical boundaries, the
presence of learner-centered approaches, the development of
students’ self-directed learning skills, and the asynchronous
interaction between teachers and students. As education is
getting more globalized due to increasing connectivity, these
benefits are being increasingly valued [2].

However, questions remain about whether the many advantages
of online education are as intuitively apparent and relatable in
the field of psychiatry. Traditionally considered as a face-to-face
medical discipline, concerns arise regarding the unique
interpersonal nature of psychiatry, with its emphasis on
empathetic responsiveness toward patients. These concerns are
particularly relevant when considering a virtual or simulated
patient, and this represents one of the frontier aspects of online
education [3]. It is an undeniable fact that appreciating cues
from patients is an experiential aspect of knowledge, which is
often deemed irreplicable in online sessions.

As technology-based education is increasingly recognized as
being noninferior to physical education in undergraduate studies
[4], it is imperative to investigate its application in training
postgraduate students. The outcome is significant, as it pertains
to the production of future psychiatric specialists. This inquiry
is especially relevant today, given the radical and drastic
transition to technology-based education at all levels due to the
recent COVID-19 pandemic [5]. Most medical fraternities are
able to integrate online-based and technology-assisted
components in their syllabi to enhance the training of trainees
or residents without much difficulty. However, acknowledging
the distinct nature of psychiatry, which often can be rather
ambiguous and subject to nuance, it is important to evaluate the
suitability of such an approach to augment the training of future
psychiatrists.

Given these considerations, the overarching goal of this study
is to systematically map and summarize the existing literature
on online-based and technology-assisted psychiatric education
for trainees. Specifically, this review aims to identify the various
online-based and technology-assisted educational methods used
in psychiatric training and to examine the outcome of the
aforementioned technologies in terms of trainees’ knowledge,
skills, or levels of confidence or preference in using such
technologies. We hypothesized that online-based and
technology-assisted education can be integrated into psychiatric
training to improve trainees’knowledge, skills, and competency
levels.

This review is aimed at psychiatric educators and training
directors looking for ways to incorporate technology into their
programs, psychiatric trainees who want to understand how
online learning fits into their training, and policymakers or
accreditation bodies shaping the future of psychiatric education.

It is also relevant for researchers and academics interested in
digital learning and medical education trends.

Methods

Search Strategy
The scoping review was conducted according to the recent
methodological framework by Westphaln et al [6], which was
derived from the earlier work of Arksey and O'Malley [7]. Five
databases (PubMed, PsycINFO, Cochrane, Scopus, and ERIC)
were searched from March until June 2024. The keywords
applied in PubMed were as follows: ((“resident*”[Title/Abstract]
OR “trainee*”[Title/Abstract] OR “postgrad*”[Title/Abstract]
OR “graduate*”[Tit le/Abstract])  AND
(“psychiatr*”[Title/Abstract] OR “psychologic*
medicine”[Title/Abstract]) AND (“education”[Title/Abstract]
OR “training”[Title/Abstract] OR “development”[Title/Abstract]
OR “learning”[Title/Abstract] OR “teaching”[Title/Abstract]
OR “internship”[Title/Abstract] OR “traineeship”[Title/Abstract]
OR “residency”[Title/Abstract] OR “course”[Title/Abstract]
OR “lesson”[Title/Abstract] OR “program”[Title/Abstract] OR
“programme”[Title/Abstract] OR “class”[Title/Abstract] OR
“workshop”[Title/Abstract] OR “module”[Title/Abstract] OR
“mooc”[Title/Abstract] OR “academic”[Title/Abstract] OR
“clerkship”[Title/Abstract] OR “curriculum”[Title/Abstract])
AND (“on-line”[Title/Abstract] OR “online”[Title/Abstract]
OR “digital”[Title/Abstract] OR “virtual”[Title/Abstract] OR
“internet-based”[Title/Abstract] OR “internet
based”[Title/Abstract] OR “web-based”[Title/Abstract] OR
“web based”[Title/Abstract] OR “telepsychiatry”[Title/Abstract]
OR “tele-psychiatry”[Title/Abstract] OR “cyber”[Title/Abstract]
OR “electronic”[Title/Abstract] OR “e-learning”[Title/Abstract]
OR “tele-education”[Title/Abstract] OR
“videoconferencing”[Title/Abstract] OR
“elearning”[Title/Abstract] OR “distance”[Title/Abstract])).

Different search configurations were used for the databases,
and the search strategies are presented in Multimedia Appendix
1.

To ensure completeness, the authors also conducted backward
citation searches from key articles and performed searches in
Google Scholar to look for grey literature, such as conference
proceedings and theses, relevant to the topic. Google Scholar
was adopted as it has extensive coverage of academic work and
is one of the commonly used search engines for grey literature
[8].

Inclusion and Exclusion Criteria
Acknowledging the emergence of the field and the relatively
limited number of studies, the authors made a conscious decision
to include a variety of publication types in this review, including
original articles, empirical and brief reports, case reports, and
short communications. Studies were included in the review if
they met the following criteria: (1) incorporated or explored the
use of online-based or technology-assisted learning as part of
psychiatric training or education; (2) were conducted in
populations that included psychiatric trainees or residents; (3)
had an outcome of interest related to changes in the level of
knowledge or skills or the level of preference or confidence in

JMIR Med Educ 2025 | vol. 11 | e64773 | p.96https://mededu.jmir.org/2025/1/e64773
(page number not for citation purposes)

Mohd Kassim et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


using online-based or technology-assisted learning, or included
feedback of participants on the aforementioned approach
(regardless of qualitative or quantitative results); and (4) were
written in English or had English translations.

Studies were excluded if they (1) were conducted on populations
excluding psychiatric trainees or residents; (2) were mainly
descriptive of the concept of the intervention without an
evaluation or any relevant study outcome related to the
application of online-based or technology-assisted psychiatric
education; or (3) were review articles. In addition, studies that
only used online questionnaires to conduct pre-post assessments
for psychiatric education, which were otherwise not delivered
through an online or technology-assisted platform, and studies
that primarily assessed the learning needs in online-based or
technology-assisted psychiatric education without an evaluation
of the intervention itself were also excluded. Studies conducted
in languages other than English and those without an English
translation were omitted due to limitations in language
proficiency and to prevent inaccuracies or misinterpretation of
the study findings.

Data Screening and Extraction
The search results from the 5 databases were exported to Rayyan
online reference manager. Duplicates of similar articles detected
by Rayyan were screened manually by MAMK and SMYAS
to minimize errors in excluding articles. Prior to the title and
abstract screening process, both MAMK and SMYAS underwent
screening training to promote standardization and to identify
possible conflicts. Then, according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
approach, the titles and abstracts were screened by MAMK and
SMYAS to assess suitability for further examination based on
the following predetermined criteria:

• Did the study use online-based or technology-assisted
instruments as part of the education approach?

• Was the study focused on psychiatric education or related
necessary skills?

• Was the study conducted in samples that included
psychiatric trainees or residents?

In this phase, articles were divided into the following categories:
accept, maybe, and exclude. Subsequently, the full texts of
eligible articles (accept and maybe categories) were retrieved.
This was followed by a blinded screening phase during which
MAMK and SMYAS independently examined the articles in
accordance with the inclusion and exclusion criteria. Any
disputes regarding the acceptability of the articles in the title
and abstract screening phase and in the full-text screening phase
were resolved by an impartial third referee (JTYL or TIMD).
Data extraction from all included studies was then conducted,
gathering parameters such as author names, study year and
country, aims and objectives, interventions applied, and key
outcomes of interest. The data were extracted by MAMK and
SMYAS to Excel (Microsoft Corp) sheets with predefined data
fields.

The quality of the studies was assessed according to the 10-item
Medical Education Research Study Quality Instrument
(MERSQI) for quantitative studies [9] and the Standards for
Reporting Qualitative Research (SRQR) for qualitative studies
[10]. Previously, a scoping review adopted the SRQR as a
21-score checklist to assess the quality of included qualitative
studies within the review [11].

Ethical Considerations
This review received ethical approval from the Research Ethics
Committee of the National University of Malaysia
(JEP-2023-789).

Results

Overview of the Included Studies
The initial search across the 5 databases yielded a total of 2234
articles, from which 890 duplicates were subsequently removed.
After screening the titles and abstracts, 1344 articles were
excluded and 228 articles proceeded to full-text screening. Of
these, 89 articles were excluded for wrong outcomes (not
evaluating the outcome of interest), 40 articles for wrong
population (samples excluded psychiatric trainees or residents),
13 articles for wrong study type (review study design), and 4
articles for being in a foreign language. Thus, 82 articles were
included in this review (Figure 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Among the 82 articles included, 2 themes were identified:
education and assessment (Figure 2). Under education, the trend
could be divided into 5 subthemes, namely online software (or
e-learning platform or massive open online course [MOOC]),

videoconference (or telepsychiatry), virtual patient (or
simulation), software/application, and social media. Under
assessment, there were 2 subthemes, namely theory and clinical
examination.
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Figure 2. Trend of the implementation of online-based and technology-assisted psychiatric education.

Studies Prior to 2015
A total of 20 articles published before 2015 were included
(Table S1 in Multimedia Appendix 2). Specifically, 2 articles
were from the 1990s, 9 articles were from the 2000s, and 9
articles were from 2011 to 2014. These articles were mainly
from Western countries, such as the United States and Canada.
The articles primarily involved telepsychiatry and
videoconferencing as tools for education, training, and
supervision (n= 10/20, 50%), followed by web-based approaches

or e-learning (n= 5/20, 25%), virtual patients (n= 3/20, 15%),
and software (n=1/20, 5%). The taxonomy of the methods
applied in psychiatric education during this period is presented
in Figure 3. Studies mainly had a 1-group, posttest-only study
design; 1-group, pretest-posttest study design; and randomized
controlled trial design. Out of the 20 articles, 8 had objective
measures, such as the change in the level of knowledge before
and after the intervention, while the other 12 had subjective
measures, such as the level of satisfaction and participant
feedback.
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Figure 3. Taxonomy of online-based and technology-assisted learning prior to 2015. AI: artificial intelligence.

Despite the limitation of the internet in earlier years, there have
been some attempts to integrate IT as part of training. Within
this period, depending on financial capabilities and regions, few
types of internet connections were available, for example,
dial-up connection (especially in the 1990s), Integrated Service
Digital Network (ISDN), and broadband connection. The type
of internet connection has influenced the strategy and the
experience in the education process. With slower internet, an
indirect instructional model or independent study was used,
with trainees searching for relevant information to enhance their
knowledge in particular topics or cases that they had been
consulted on. One of the earliest studies highlighted the use of
computers and the internet for accessing MEDLINE to assist
residents with their consultations, checking drug interactions,
and reviewing literature pertinent to cases that they were
consulted on [12]. In a survey, printed materials were preferred
when learning something new, but digital media or online
resources were preferred when revising or searching for
resources during patient care [13].

As seen in other fields of medicine, the advancement of relevant
infrastructure enabled faster internet connectivity, which allowed
widespread and accessible knowledge sharing through
videoconference-based seminars, and this is also applicable in
the field of psychiatry. This has allowed direct instructional
models through approaches such as online lectures and seminars.
However, these approaches were met with mixed feedback. One
study in the United States in 2004 highlighted that satisfaction
with videoconference-based lecturers was contingent on the
internet speed, with trainees or residents in centers having a
slower internet speed reporting less satisfaction with the lecture
experience and the overall sound quality [14]. Another study
in Australia in 2008 reported higher preference among
participants to attend seminars from remote sites, and most

participants felt that the videoconference-based seminars were
beneficial for their practice [15]. Meanwhile, in a study in South
Africa by Chipps et al [16], while videoconferencing was
perceived as an excellent education tool by half of the
psychiatric registrars, only 39% of them felt that it was as
effective as face-to-face teaching. This led to decreased interest
in further videoconference-based training. Additionally, another
randomized controlled trial in Iran in 2014, which aimed to
compare the effectiveness of face-to-face communication skills
training sessions against distant learning in improving empathy,
found that the level of empathy was significantly increased in
the attending group but not in the distant learning group [17].

One study in Norway in 1998 explored the use of
videoconferencing technology in terms of psychotherapy
supervision [18]. The psychiatric trainees conducted face-to-face
psychotherapy sessions with their patients and later had
alternating face-to-face and online psychotherapy supervisions
with their supervisors. Through semistructured interviews after
the completion of the psychotherapy session, it was noted that
while the reduced nonverbal cues were an issue, the limitations
of the videoconferencing supervision paradoxically had some
positive effects among the trainees in terms of the supervision
process, such as verbalization and structure. The positive effects
were also contributed by the ease of logistics and by having a
neutral space separate from the supervisor’s office.

As an extension to videoconference use, telepsychiatry serves
as a valuable tool to expand the reach of psychiatric services.
As such, it has been incorporated as part of training for
psychiatric trainees or residents. In terms of supervision, most
of the studies included direct, side-by-side supervision by
attendings for assessing patients [19-22]. On the other hand, 1
study adopted a different approach, with attending psychiatrists
sitting in with residents during their first session to help
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familiarize them with conducting treatment via telepsychiatry,
and in later sessions, the involvement of supervising attendings
was on an “as needed basis” [23]. Most feedback by trainees
on telepsychiatry programs indicated that telepsychiatry
enhanced their skills and knowledge, with majority of trainees
stating that it was interesting and enhanced their training.
However, some trainees mentioned technical issues with this
approach and the difficulty in assessing the influence on patients.

On the other hand, improved access to the internet has expanded
the utility of asynchronous learning methods. In earlier years,
a web-based email approach was applied to promote exposure
or learning about stigma education [24] and child and psychiatry
cases [25] through approaches such as the “store and forward”
concept. However, in Western countries where technology was
more advanced compared to the rest of the world at that point
of time, e-learning materials were typically in the form of slides
of didactic content with recorded audios and videos. This
delivery method was used in learning evidence-based medicine
[26] and to improve electrocardiogram reading skills [27]. A
study by Garside et al [28] in 2009 managed to introduce direct
and interactive instruction strategies to learn about how to fill
Form 1 of the Mental Health Act. This was achieved by
integrating slides of relevant materials regarding Form 1 and
the laws related to it, together with interactive Flash animations
and practice cases, using questions, and there was immediate
expert feedback for each question. Throughout these studies,
there were statistically significant improvements in the levels
of knowledge and skills of the trainees, suggesting the potential
of such an approach to augment the training of psychiatric
trainees.

Interest in a virtual patient as an education tool for psychiatric
training emerged in the 2000s and 2010s, and facilitated more
immersive learning. Within this period, 2 types of virtual
patients were studied: artificial intelligence (AI)-driven virtual
patients and rule-based virtual patients. Kenny et al [29] and
Pataki et al [30] described the use of an AI-driven virtual patient
to simulate an adolescent patient with posttraumatic stress
disorder (PTSD) (“Justina”). The virtual patient was developed
according to the criteria of PTSD based on the Diagnostic and
Statistical Manual of Mental Disorders (DSM) [31] and involved
technologies such as voice recognition, response selection,
behavior generation, and a visual graphics engine. “Justina”
received good feedback from residents who mentioned that the
experience they had from assessing the virtual patient closely
matched their actual experience, but there were times when the
virtual patient was not able to understand the questions from
the residents. In another study, the rule-based virtual patient
concept was applied to assess the doctor’s competence in
obtaining informed consent before prescribing antipsychotics
in a simulated patient with psychosis [32]. A Flash-based video
was shown to introduce the clinical scenario, followed by a
series of menu options from which they could choose their next
action. After completion of the scenario, the program provided

a feedback screen regarding the appropriateness of their actions,
as well as a link to relevant resources to improve their
knowledge. There were statistically significant improvements
in all items of the Confidence Scale (pretest to posttest).

Studies From 2015 to 2019 (Before the COVID-19
Pandemic)
During the period from 2015 to 2019, there was an acceleration
of internet-based or technology-assisted education in psychiatry,
with 21 studies identified over 5 years (Table S2 in Multimedia
Appendix 2). Western countries, particularly the United States
and Canada, were at the forefront of these initiatives. Majority
of the studies involved videoconference-based learning (n=
7/21, 33.3%), followed by use of online modules or e-learning
platforms (n= 5/21, 23.8%), development of software or
applications (n= 3/21, 14.3%), adoption of virtual patient
approaches (n= 3/21, 14.3%), and use of social media as a
learning tool (n= 1/21, 4.8%) (Figure 4). The most common
study design was a 1-group, pretest-posttest design, followed
by a 1-group, posttest-only design. There was only 1 randomized
controlled trial and 1 crossover intervention study. Studies
mainly applied subjective measures to assess the outcome of
interest, and there was an increasing trend of objective measures
in 9 studies, mainly to assess changes in knowledge.

There was more organized and comprehensive use of online
resources, with UpToDate, PubMed, Wikipedia, and e-journals
being popular among trainees [33]. However, some residents
cited insufficient time, insufficient faculty guidance, and lack
of resources specific to psychiatry as barriers to using online
resources in their practice. Moreover, 86% of respondents felt
that there is a need for more psychiatry-specific online resources,
and 79% believed that online resources should be more visual
and interactive. In another survey, some trainees preferred to
read or take notes on paper for academic purposes [34].
However, they still preferred on-screen reading for checking
medication dosing and information.

As accessibility to the internet improved with wider coverage
and greater stability, there was an increased effort to conduct
online modules or e-learning to complement the traditional
methods of psychiatric learning, at least for delivering theoretical
aspects. For example, Hickey et al [35] conducted a blended
course of traditional lectures, online modules, and videotape
reviews in psychotherapy education. The authors developed 2
modules on Davanloo Intensive Short-term Dynamic
Psychotherapy (IS-DTP), which consisted of PowerPoint
presentations, videos, and pre- and posttests. In a crossover
intervention design, residents were divided into 2 groups, with
each group receiving an online module and a face-to-face lecture
but in a different order for 2 topics. It was found that there was
a statistically significant improvement in knowledge acquisition
in both the online module group and face-to-face lecture group,
and there was no significant difference in comparison between
both groups regardless of how the topics were delivered.
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Figure 4. Taxonomy of online-based and technology-assisted learning in 2015-2019.

Three studies described blended learning but with a different
model compared to the earlier study [36-38]. For example, a
bookend blended learning model was adopted, in which there
was self-paced virtual learning via online modules in the
beginning, followed by synchronous in-person interactive
discussion, and the approach ended with case supervision or
reflection. This approach was used in learning PTSD [36] and
in an integrative psychiatry curriculum [37], and residents
appreciated the convenience and suitability to augment their
training owing to 2 main factors. The first factor was that the
self-paced online modules allowed for more time for
personalized training and to process materials, and the second
factor was the ability to access quality information linked
directly to published sources. In another variation of blended
learning, another study applied the flipped classroom model, in
which the required reading was provided earlier, and then,
participants engaged in interactive asynchronous discussion
[38]. Interestingly, less than half of the participants indicated
improvement in their knowledge, while the rest felt no
difference, and a small number of participants felt that the
approach had a negative impact on their knowledge, indicating
the need to re-evaluate the suitability of the asynchronous
flipped classroom approach for psychiatric training.

Fully online courses or modules have been continuously adapted
to different aspects of psychiatric training. Brief online courses
or modules were employed in rather specific topics under
psychiatric-related theoretical knowledge, such as catatonia
[39], tobacco use disorder [40], and substance use disorder [41].
Certain modules can be completed in 10 minutes, and brief
modules often include slide presentations and relevant videos
(recorded webinars, patient interviews, or demonstrations of
symptoms and signs), which trainees can complete at their own
pace. Despite the brevity of the approach, there were significant
increases in knowledge [39,40] or improved levels of stigma
[41] between pre- and posttests, with some of the improvements

being retained at the 3-month or 6-month follow-up, suggesting
the utility of such an approach.

Videoconference-based discussions or webinars remain useful
tools in psychiatric education. Few studies used videoconference
platforms to deliver online lectures and online case discussions
tailored for aspects of psychiatric training, such as career
development activities [42] and continuous education in conflict
zones [43]. Videoconference platforms have also been used for
skills training. Puspitasari et al [44] conducted a study on online
behavioral activation training over 4 weeks with the aim to
compare trainer-led online training and self-paced online
training. There was a significant increase in behavioral activation
skill assessment total scores in both groups, and there were
significant between-group differences favoring the trainer-led
online group at both the posttraining assessment and 3-month
follow-up. Although direct instructional strategies were applied
in both groups and both approaches were conducted online, the
interactive component of the session in the trainer-led group
caused a significant difference in the improvement of the skills
of the trainees.

Building on the earlier work of Pignatiello et al [21] and Volpe
et al [22], a study by Teshima et al [45] focused on feedback
from over 300 residents in telelink telepsychiatry training in
Canada. The trainees appreciated the opportunity to learn about
different approaches to interviewing clients. Although the
residents found the technology a “bit unnatural” at the beginning
of the session and realized that it was “challenging to interview
[patients] at a distance,” they were still able to obtain nonverbal
cues, which were important to understand their patients. Almost
all participants agreed that the telepsychiatry experience was
interesting, while 97% agreed with the statement “the experience
helped me understand more about providing psychiatric services
to underserved areas.” As the telelink program was an
established and mandatory program for psychiatric trainees in
University of Toronto, this study had one of the largest sample
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sizes in comparison to other studies, enhancing its reliability
despite its single study site.

Davidson and Evans [46] illustrated how a videoconference
platform was employed for an online study group as an
augmentation tool in preparing for the Royal Australian and
New Zealand College of Psychiatrist (RANZCP) objective
structured clinical examination (OSCE). Four New Zealand
trainees used Google Hangout (now known as Google Meet)
for their online OSCE practice, with the exam questions based
on online past papers on the RANZCP website [46]. The
members rotated their role to be a candidate, examiner, or
role-player, adding to the experiential learning. The 4 trainees
passed their OSCE and acknowledged the benefit of a virtual
study group in enhancing their preparation.

As demonstrated by earlier studies, the concept of a rule-based
virtual patient was proven useful in learning PTSD and
significantly improved the knowledge and confidence level of
residents in managing PTSD [47,48]. In another variation,
Wilkening et al [49] employed a branched-narrative virtual
patient for advanced psychopharmacology sessions, in which
residents were presented with a challenge and given choices,
and the consequences would depend on the choice selected. The
integration of the virtual patient concept led to statistically
significant improvements in knowledge levels in advanced
psychopharmacology, supporting the efficacy of the virtual
patient concept as part of psychiatric education.

Abundance of reliable resources is a boon to evidence-based
medicine; however, due to the hectic nature of clinicians, a
quick decision must be made quite often. Thus, few software
programs were developed to act as a 1-stop center for reference
to help expedite and guide their practice. Adeponle et al [50]
developed the Psychiatry Toolkit, which allowed direct,
immediate, and full access (institutional login) to desired
journals, articles, and relevant databases, including PubMed,
PsycINFO, and UpToDate [50]. Another study by Dirlam et al
[51] described Mental Health EMR Tools, which is a large
database that allows residents to access prevetted, curated, and
continuously updated information to help with their clinical
practice. In addition, acknowledging the potential of a
smartphone as an educational tool, Zhang et al [52] developed
the Delirium University Health Network Application as a tool
for delirium education. It was initially developed as an online
application and was later piloted as a smartphone app via the
Android Play Store. The app included many important contents
related to delirium, such as the DSM-5 diagnostic criteria for
delirium, common causes of delirium, pharmacological and
nonpharmacological interventions for delirium, and objective
assessment questionnaires (eg, Confusion Assessment Method
[CAM]). Overall, Mental Health EMR Tools and the delirium
smartphone app received good feedback from users, who
appreciated the convenience of getting information from a
consolidated source. On the other hand, while the Psychiatry

Toolkit helped residents to look for answers to their clinical
questions, the adoption rate of the toolkit among respondents
was relatively low at 47% [50].

An interesting study described an innovative approach to adjunct
psychiatric education using social media. Walsh et al [53]
described the use of Twitter to disseminate education resources
considered helpful in training. Under Twitter account
@PhippsPsych, residents took turns to post tweets or retweet
contents, such as take-home points from psychiatry grand
rounds, links to journal articles, and references to psychiatry in
current events. While the study had a rather small sample size
with 49 residents, there was a significant increase in the
proportion of participants using Twitter for medical education
from 8.2% to 28.6%. However, residents’ ratings regarding the
usefulness of social media in medical education did not change
from pre- to postsurvey, and corroborated by the fact that 60%
of residents reported that the knowledge gained from following
the account had no impact on their clinical practice, 37.2%
reported a minimal or average impact and only 2.8% reported
a great impact.

Studies From 2020 Onward (After the COVID-19
Pandemic)
The number of articles on online-based or technology-assisted
learning in psychiatry education for psychiatric residents or
trainees saw a significant spike during and after the COVID-19
pandemic. There were 41 relevant articles from 2020 until June
2024 (Table S3 in Multimedia Appendix 2). While the United
States, Canada, and the United Kingdom had the highest number
of studies, there was also notable involvement from Global
South countries, such as Malaysia, Thailand, Pakistan, India,
and Tunisia. Majority of the articles involved the application
of videoconference-based learning or webinar concepts (n=
24/41, 58.5%) and online modules (n= 8/41, 19.5%) (Figure 5).
Studies mainly had subjective measures as outcomes and had
a 1-group posttest-only study design. There were 11 studies
with a 1-group pretest-posttest design and 1 study with a
nonequivalent group posttest-only design.

Transition to videoconference-based learning and webinars was
necessary for the continuation of training and education during
the COVID-19 pandemic, including for psychiatric residents.
There were few variations in how videoconference-based
learning was applied. In some articles, it was rather
straightforward with synchronous online lectures through the
videoconference platform, and some of the lectures were then
followed by virtual group discussions or brainstorming sessions
in the breakout rooms of the platform to make it more
interactive. This approach was commonly used in the theoretical
aspects of psychiatric training, such as in alcohol use disorder
[54], fundamentals of remote psychotherapy [55], research in
psychiatry [56], digital psychiatry [57], complex child and
adolescent cases [58], biostatistics and methodology courses
[59], and journal clubs [60].
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Figure 5. Taxonomy of online-based and technology-assisted learning in 2020-2024. MOOC: massive open online course.

In another variation, the online lecture was paired with virtual
role-play or simulation sessions. With the added experiential
learning component, residents were able to apply their
knowledge accordingly in case scenarios. In a study by Blamey
et al [61], psychiatric trainees attended a 2-hour virtual lecture
on the necessary skills for their on-call work, and then, the
trainees participated in a series of 2-hour simulated on-call shifts
once a week for 10 weeks, covering 10 common scenarios for
psychiatric on-call work. Acknowledging the importance of
understanding the complexities of health systems in delivering
effective and safe patient care, Li et al [62] developed an online
curriculum for core competencies in health systems science.
The residents underwent 10-minute virtual didactics prior to
the virtual simulation of case scenarios using the Zoom platform.

Looking at the outcomes, trainees or residents perceived a high
level of satisfaction with the program and its online delivery,
as well as an increase in confidence in skills and perceived
learning gains [56,57,60]. Among the studies, 1 study had an
objective outcome, in which significant improvements in the
knowledge level regarding alcohol use were noted among
residents after the videoconference-based lecture and recorded
training video session, indicating the potential efficacy of such
a program [54]. The virtual role-play concept was especially
credited to be a useful technique to enhance the interactive
learning of residents [61]; however, the virtual format can be
awkward owing to the need for turn-taking, which in turn affects
the interactivity, especially when there are few residents
involved concurrently in a single case scenario [62].

As demonstrated by Gammon et al [18], a videoconference
platform may be used for psychotherapy supervision. Due to
the COVID-19 pandemic, this was of value, and there were 2

studies involving psychiatric trainees receiving psychotherapy
supervision virtually. There were concerns regarding the loss
of nonverbal cues or subtleties of communication during remote
supervision, in addition to the “Zoom fatigue” phenomenon, all
of which influenced residents to favor face-to-face supervision
more than remote supervision [63]. However, the flexibility of
remote supervision and the option to allow residents to attend
the supervision even when they were busy with their ward work
or were on-call were certainly advantageous, and the quality of
psychotherapy skills attainment based on subjective assessments
by supervisors was not significantly different between remote
supervision and traditional face-to-face supervision [63,64]. In
fact, as reported by Famina et al [65], supervising attendings
noted that the quality of psychiatric care was not different
between remote sessions and in-person sessions, and there was
not much difference in terms of the ability to empathize and to
interpret nonverbal cues.

With regard to telepsychiatry, the authors of an article mentioned
their experience of a sudden unprecedented change to their
service, which involved a transition to telepsychiatry due to the
COVID-19 pandemic [66]. The service initially involved phone
consultation, and residents and attendings subsequently switched
to video consultation after obtaining approval to use a video
platform [66]. While both trainees and attendings strongly
agreed that the change to virtual care was necessary, the
attendings felt that trainee supervision and training worsened
during the pandemic. The trainees also felt less comfortable
conducting virtual care and less confident in their assessments
to the extent that they found video consultations “frustrating,”
especially when attempting to interview patients who had
difficulty engaging in virtual interactions (eg, those with
delirium, neurocognitive disorders, or mania) [66]. This
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experience was echoed in a survey by Cruz et al [67], which
showed that the top 5 concerns shared by residents and the
faculty about telepsychiatry were the inability to perform a
physical exam, poor internet connection, unknown liability risks
related to telepsychiatry, certain cultures being less accepting,
and nonverbal cues being missed.

Contrary to that experience, the authors of another study
described their telepsychiatry experience in a rather positive
note. Because of a rapid shift, telepsychiatry sessions were still
following the prior model of in-person direct supervision
involving attendings and residents, and both had to don a mask
while conducting the telepsychiatry sessions, which affected
the voice projection and the ability of the patient to hear the
treatment plan [68]. Subsequently, with further understanding
of the videoconference platform, they were able to continue
direct supervision with slight modification as attendings joined
the session from their private offices, allowing residents and
attendings to remain mask-free and improving the audio for
patients. Majority of the residents felt that telepsychiatry had
positively impacted their clinical education experience, and it
was significantly associated with comfort with practicing
telepsychiatry in the future [68].

The flipped classroom model, which is a type of blended
learning, reversed the settings, with direct instructions to be
provided at home and learning activities involving higher order
thinking to be done at school. COVID-19 restrictions
necessitated the change to a fully virtual flipped classroom, and
psychiatric training was not an exception. A study from Pakistan
described a program using the flipped classroom model for an
online trauma curriculum [69]. Under this program, reading
materials and videos were provided to trainees earlier, and then,
the trainees participated in virtual brainstorming, role-play, and
case-based discussions. On a larger scale, the Metis didactic
courses for psychiatric residents in Sweden (the pedagogical
model has been in line with the flipped classroom concept from
its inception in 2007) were switched to a digital format to ensure
continuation of learning [70]. Each course consists of 3 phases:
distance-based self-study, classroom-based meeting days for
lectures and supervision, and distance-based examination. The
second phase was subsequently transitioned to an online
classroom for the same activities. While the fully online flipped
classroom concept improved the level of knowledge and skills
of psychiatric trainees, some residents preferred to return to
face-to-face learning [69,70]. Interestingly, female participants
and those aged younger than 50 years were more inclined to
continue with online-based course meetings [70].

There was a growing issue of burnout among psychiatric trainees
due to the pandemic and its consequences. As such, training
programs included skills training as a necessary curriculum
component to address burnout, and these were delivered virtually
using videoconference platforms, such as the virtual Balint
group [71,72], Mind-Body skills program [73], brief
mindfulness-based cognitive behavioral therapy (CBT)-informed
virtual well-being program [74], and virtual medical
improvement program [75]. An interesting example was the
virtual Balint group, an initiative that provides a cathartic space
and helps to improve morale. With the idea to improve the
understanding of patients’ problems rather than finding

solutions, residents were encouraged to participate with the
camera on and the mic on mute when someone was presenting,
and the presenter was free to express their experience of
doctor-patient interactions, with the guarantee of nonjudgment
and confidentiality [72]. During the discussion, the hands-up
function of the Zoom platform was used when someone wanted
to speak in order to control flow and avoid interruption.
Participants were very positive of the virtual Balint group, with
trainees feeling well supported by this initiative. However, many
participants preferred face-to-face sessions but nevertheless
would choose an online session over no session at all. In another
study, the virtual Balint group was credited for promoting a
sense of connectedness among peers and providing freedom to
speak without needing to censor themselves. However, the
virtual nature of the Balint group itself led some participants to
feel an abrupt ending to the session, which does not occur in
face-to-face sessions [71].

In terms of online modules, the most common design was
problem-focused case vignettes, alongside interactive
presentation and audiovisual content. Some of the modules also
had tests at the end. This design was adopted in few of the
studies to cover various aspects of psychiatry training, such as
forensic psychiatry [76], catatonia [77], neuropsychiatry [78],
tobacco use disorder [79], cultural sensitivity [80], and
antiracism intervention [81]. A study by Owais et al [82] used
the same online module concept in a blended learning approach
for an electroconvulsive therapy curriculum, together with
didactic seminars and hands-on clinical management. By
combining indirect and direct instruction strategies, there was
significant improvement in terms of knowledge attainment after
the modules (smaller sample sizes) [76-78,82], and generally,
the modules had high satisfaction levels reported by residents
[80,81].

While most modules were confined to certain training
institutions or regions, 1 article described a larger-scale MOOC
to augment psychiatric training. Gargot et al [83] described the
First European Psychiatric Association MOOC on CBT, which
lasted for a month. With a focus on the theoretical aspects of
CBT through recorded lectures, presentations, online forums,
and online examinations, the self-paced MOOC had large
participation, with 7116 participants enrolling from at least 49
countries. Although the eventual completion rate was 26%, a
large number of participants (n=1828) completed the MOOC
and the average score for the tests increased steadily from 21.4
out of 25 in the first week to 23.13 out of 25 in the final week,
indicating the potential of the MOOC to fill the training gap.

In another study, a website was developed as an innovative,
free psychiatry Continuing Professional Development (CPD)
resource for Canadian psychiatrists and residents. Referred to
as Reading of the Week, this website summarizes the latest
psychiatric literature, provides expert commentaries, and
promotes discussions on social media platforms [84]. The
innovations in psychiatric education as described in these articles
received good feedback from trainees. For the Reading of the
Week initiative, in which the survey evaluation was based on
the 6-level evaluation framework by Moore et al [85], positive
feedback and satisfaction were reported by participants across
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the 6 levels, including knowledge outcomes (level 3), behavior
outcomes (levels 4 and 5), and practice outcomes (level 6) [84].

The pandemic also forced the examination process to be
performed in a digital format. Generally, examinations in
psychiatric training can be divided into theory examinations
and clinical examinations (including OSCE). The Royal College
of Psychiatrists conducted Member of the Royal College of
Psychiatrists theory examinations via a digital platform using
a combination of AI and in-person online proctoring [86].
Multiple choice questions were directly assessed, but for
questions involving very short answers, smart algorithms were
developed to recognize versions of correct answers, and answers
that were nonexact matches were reviewed by a designated
examiner. On the other hand, for the assessment of clinical
psychiatry skills, there was mixed feedback from both examiners
and trainees. Depending on the format of the clinical
examination, examiners generally manned the stations or the
breakout rooms. Integrating videoconference technology for
the purpose of clinical examinations had inherent issues, such
as connectivity problems, a sense of disconnect, lack of a
framework to mentally reset, difficulty in building rapport, and
an inadequate capacity to assess clinical skills [87]. However,
some residents believed that online assessments were convenient
for both participants and patients, reducing anxiety by being in
a familiar environment and improving patient access [88]. Some
of the candidates even stated that virtual communication was
nearly as good as face-to-face communication and online
examination was “better than expected” [89].

There is a paucity of studies comparing online training or
learning with face-to-face or in-person training. In a
quasiexperimental study in Germany to explore whether the
satisfaction of online CBT training is noninferior to that of
in-person CBT training, the 2 study groups had the same
theoretical CBT content, a similar duration of training,
comparable audiences, and an identical trainer [90]. The online
training was conducted according to the inverted-classroom
concept, with participants being required to watch recorded
video lectures on the Moodle platform and then have a Zoom
discussion at a fixed time for 6 to 7 sessions. It was found that
evaluations of the online training group were noninferior to
those of the in-person group in terms of information content,
didactic presentation, assessment of the trainer as a suitable
role-model, working atmosphere, own commitment, and
practical relevance, suggesting that the delivery of CBT
knowledge through an online platform may be sufficient.

In another study, Hewson et al [91] described a rather indirect
comparison between face-to-face basic psychiatry skills
simulation training and synchronous online training. The
transition to online training via Zoom was due to evolving
COVID-19 restrictions at that time and was not in the initial
plan. In subgroup analyses, the face-to-face group showed
statistically significant improvements in confidence across all

psychiatry skills tested, whereas the online group showed
significant improvements in confidence in all but 2 skills,
namely psychiatric risk assessment and assessment of physical
health problems in elderly patients with cognitive impairment.
However, the face-to-face group included foundation doctors
(junior doctors) and the online group included psychiatry and
general practitioner trainees, suggesting that the lack of a
significant improvement in confidence in those 2 skills could
be related to a higher baseline self-confidence level prior to the
simulation training.

A rule-based virtual patient appears to be a mainstay model of
a virtual patient in psychiatric education. Rakofsky et al [92]
developed a virtual patient-based assessment simulator as a tool
to assess the proficiency of residents regarding
psychopharmacological knowledge and practice. Combining
virtual human avatars, AI, and an advanced pedagogical design,
it allows for a realistic interaction, including live voice
communication. According to the rule-based virtual patient
concept, residents had choices of questions and answers to
choose from, and they were given immediate feedback on all
their choices alongside the rationale. Looking at the performance
of the residents, the mean total score of the simulator by class
correlated significantly with the mean score of the somatic
therapies subscale of the Psychiatry Residency in Training Exam
(PRITE), suggesting construct validity of the virtual patient
simulator.

In a survey assessing residents’ perceptions of the pandemic’s
impact on their didactic experience and training preferences, it
was found that trainees appreciated several positive aspects of
virtual didactics, such as being easy to attend and being
engaging, and they were able to invite guest speakers from other
institutions easily [93]. However, some negative experiences
were also reported, including the “Zoom fatigue” phenomenon
and frequent distractions, and some topics did not translate well
to a virtual environment. Residents from Thailand, which was
hit hard by the pandemic and had a significant shift in
psychiatric training to online sessions, also reported mixed
experiences. Although all residents had good results and passed
their examinations, they felt that studying online and the
uncertainty with virtual psychotherapy were major
inconveniences in their training [94]. In another study, residents
were ambivalent. They perceived face-to-face teaching to be
superior, but majority of them did not think a complete return
to in-person learning would be the most effective option when
this becomes possible, implying a preference to continue with
some online components in the training [95].

A summary of the key benefits and limitations of the 5 different
online-based and technology-assisted educational methods
(videoconference, online module/e-learning, virtual patient,
software/applications, and social media) is provided in Table
1.
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Table 1. Summary of the implementation of online-based and technology-assisted psychiatric education.

LimitationsKey benefitsMethod

Videocon-
ference

•• Relies on the internet speedFlexible and applicable for various objectives (lectures, skills
training, psychotherapy supervision, etc) • Struggles with nonverbal cues

• Accommodates different instructional strategies (direct, indirect,
interactive, and experiential)

• Frequent distractions and Zoom fatigue

• Convenience of attending sessions regardless of location or
schedule

Online
module

•• Lacks direct supervisionAllows self-paced learning
• •Numerous relevant materials can be designed and included (ani-

mations, prerecorded videos, and quizzes)
More suitable for theoretical aspects of training than clinical
aspects

•• Often requires collaboration and resources to design the
modules

Possibility of reaching a wide range of audiences via a MOOCa

Virtual
patient

•• Requires high levels of resources for developmentValuable for learning uncommon cases
• •Engaging learning experience Can be frustrating to interact in case of speech recognition

issues

Soft-
ware/ap-
plications

•• Requires certain levels of resources for developmentServes as a convenient point of reference
• •Integration with a smartphone Software that primarily acts as a gateway for institutional lo-

gins to certain websites is not often used• Highly favored in checking medication dosing and information

Social
media

•• Reported knowledge gain that translates into clinical practice
is still less significant

Promotes a continuous learning opportunity
• Possibility of greater dissemination of knowledge to a larger

audience
• Relies on the effort of the individual to follow the account

and review the shared resource
• Provides information on current evidence-based studies

aMOOC: massive open online course.

Discussion

Summary of the Results
The findings across the 3 phases (prior to 2015, 2015-2019
[prepandemic], and 2020 onward [postpandemic]) illustrated
the creative integration of online-based and technology-assisted
learning in psychiatric education for trainees (Figure 6). Five
approaches were identified: videoconference, online
module/e-learning, virtual patient, software/applications, and
social media. These methods were used for various objectives,
including but not limited to teaching theory knowledge, skills
training, psychotherapy supervision, and information retrieval.
North American countries were leading in research output,
followed by European countries. There was consistent research
presence from countries in Asia, Africa, and Oceania throughout
the 3 phases, with a slight increase after 2020.

The trend of online-based and technology-assisted psychiatric
education showed changes from one phase to another.
Videoconference-based learning was consistently the preferred

way of integrating technology into the learning or training of
trainees. Meanwhile, there was a growing trend of online
module/eLearning platform use, virtual patient use, and
development of applications or software from the “prior to
2015” phase until the prepandemic phase (2015-2019). The
trend however stagnated in the postpandemic phase.
Videoconference-based learning was more dominantly used
due to 3 factors. First, as seen in other fields, the sudden shift
to online was not accompanied by the readiness of other
technology modalities to assume the responsibility to continue
the learning process [96]. Second, the improved accessibility
and availability of videoconference platforms, such as Zoom,
Google Meet, and Microsoft Teams, served as a plus point [97],
and less resources were needed to shift learning to those
platforms rather than developing online modules in an expedited
manner. The third factor corresponds to the nature of psychiatric
learning, which is preferably face-to-face, but among the choices
that were presented, videoconference-based learning was a
method that may offer some compromise in terms of allowing
direct and synchronous instructional methods despite physical
distance [98].
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Figure 6. Trend of online-based and technology-assisted psychiatric education in the 3 study phases (prior to 2015, 2015-2019 [prepandemic], and
2020 onward [postpandemic]).

In terms of didactic teaching, evidence showed that online-based
or technology-assisted learning is beneficial and well-tolerated
by residents. Barring minor issues pertaining to connectivity, a
recurring problem reported by several studies [59,65,78],
theoretical learning of core knowledge in psychiatry through
online platforms has been helpful in improving knowledge, and
the impact cannot be understated. Some trainees or residents
even expressed their preference for receiving academic or
continuous professional development activities virtually, citing
convenience and ease of access as important factors that
encourage participation despite their busy schedules [72,93].
Nevertheless, psychiatry is not purely a theoretical field in
medicine. Psychiatry knowledge must be paired with
competency in necessary skills, such as communication skills
and psychotherapy skills, to ensure robust and quality training.
Learning these skills through an online platform is possible,
and a study showed that learning CBT online was not inferior
to learning it through in-person training [90]. Nonetheless,
proper hands-on guidance remains necessary for mastering these
skills, as it might not be possible to fully replicate or
demonstrate those subtle, nuanced techniques through a screen.
Hence, harmonizing virtual theoretical learning and practical
hands-on learning to develop comprehensive blended learning
may be a more interesting proposition [82]. Nevertheless, it
must be highlighted that the approach of providing knowledge
about certain skills and evaluating knowledge levels in trainees
is vastly different from teaching skill competencies and then
evaluating the levels of competencies of trainees. Because of
this issue, some practitioners preferred in-person learning to
ensure an optimum level of skill attainment, as compared to
through online learning.

As demonstrated by many studies successfully integrating
simulation in their medical training, the virtual patient concept

(essentially simulating the experience of seeing a patient with
the assistance of technology) has been quite helpful in psychiatry
education. This concept has a unique strength: the ability to
simulate cases that may be uncommon in clinical practice [99].
For example, a study used this concept to portray a refugee with
PTSD symptoms, enriching the training of psychiatric trainees
and increasing their confidence in managing PTSD cases [48].
Adjacent to the virtual patient concept is the virtual reality (VR)
concept. VR allows for an immersive experience, frequently
described as “being there,” which involves more senses beyond
just sight [100]. It has been used as part of the training curricula
in medical fields, including orthopedics [101], surgery [102],
and ophthalmology [103], with varying degrees of success. In
psychiatric services, VR has been implemented as part of
therapy or treatment, for example, exposure therapy for phobic
disorders [104] and social skills training in patients with autism
spectrum disorder [105]. Unfortunately, VR has not been
extensively used in psychiatric education yet, perhaps due to
the limitation of the current technology in grasping the
complexity of psychiatric cases. As technology rapidly evolves,
it remains an exciting avenue to explore in the future.

Competency is often assessed through an examination process.
During the pandemic, the transition to online examinations
became common worldwide, and psychiatry was no different.
Online assessments were applied to various aspects of the
psychiatry curriculum. While there were few issues with online
theory examinations [86], the same cannot be said for other
aspects. For example, an article described the challenges in
sitting for the virtual Clinical Assessment of Skills and
Competencies (CASC) under the Royal College of Psychiatrists,
United Kingdom, where constant worry about internet issues,
a sense of disconnect, and an inability to mentally reset between
stations affected performance and the overall experience [87].
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Another article described the experience of the online Basic
Specialist Training examination under the College of
Psychiatrists of Ireland [89]. Despite acknowledging the
superiority of face-to-face examinations, the online examination
was described as nearly as good and more favorable in view of
respondents being in a familiar environment as well as saving
cost and time to travel [89]. Although it is not possible to
compare these examinations directly, the Basic Specialist
Training examination highlighted that such examinations could
be conducted virtually, but thorough preparation and strong
technical support are warranted.

Another interesting aspect of how technology can be valuable
in psychiatric training is through the development of cultural
competence. Cultural competence refers to the capacity to
respond to the unique needs of the population. In the context
of psychiatry, it refers to the development of knowledge, skills,
and attitude, which can enable the formulation of an intervention
that considers the sociocultural backgrounds and sensitivities
of psychiatric patients. In turn, this allows for a comprehensive
and tailored treatment for patients, especially those from racial
and minority ethnic groups. Previous measures to promote
cultural competence included learning trips and student
exchange programs. However, technology can also offer
interesting and possibly cheaper options to achieve the same
goals. Trinh et al [80] described an online module program to
promote culture sensitivity in a psychiatry department. Three
modules were developed, including presentation slides, case
vignettes, and recorded videos, covering important topics, such
as DSM-5 Outline for Cultural Formulation, Cultural
Formulation Interview, and cultural identity as a
multidimensional construct. This program was initially met with
surprising feedback, with most clinicians indicating that they
were not familiar with what questions to ask to elicit a cultural
history; however, after completion, the respondents endorsed
the module as useful and reported that they would change their
practice, suggesting that a brief online module may have
potential in this area.

Exploring the application of online-based or technology-assisted
learning in psychiatry education for trainees holds significance
in the training of future psychiatrists, especially in low- and
middle-income countries (LMICs). To put this in context, most
African countries have a massive shortage of psychiatrists, with
an average of 0.1 per 100,000 people in the 47 countries across
the World Health Organization African region [106]. Moreover,
both Liberia [107] and Timor-Leste [108] had only 2 trained
psychiatrists, indicating the pressing need to support the mental
health systems in these countries. While there is no easy fix for
this situation, efforts to increase the number of psychiatrists is

of utmost importance. In this context, a concerted and
collaborative effort among universities or training programs
across regions or continents for the training of future
psychiatrists in LMICs is needed to alleviate this issue, and the
use of online platforms could be the key to bridging the gap.

Limitations
Our review has some limitations. First, we did not limit the
types of publications, resulting in variations in the quality and
rigor of the studies. Additionally, majority of the articles were
from Western countries, with very few from LMICs, which
might reduce generalizability. It is important to note that while
a healthy number of studies were included in this scoping
review, ultimately obvious heterogeneity was present in terms
of the outcomes measured. Majority of the studies had a 1-group
intervention study design and had a rather small sample size.
Therefore, while some of the included studies might have shown
positive responses or outcomes, the findings need to be
interpreted carefully in the context of these factors, which might
affect generalizability. Moreover, the lack of well-designed
comparative intervention studies limits the understanding of
the effectiveness of online learning in comparison to traditional
face-to-face learning. Another key limitation is the profound
lack of an objective assessment as part of the outcome measure
within the included studies. Most of the studies assessed
satisfaction and attitudes toward the interventions, rather than
the actual impact of the interventions.

Moving forward, more well-designed studies in psychiatric
education for trainees are needed, especially with objective
assessments, to truly evaluate the suitability of online-based
and technology-assisted learning. There is a clear paucity of
studies evaluating the efficacy of psychotherapy skills training
delivered virtually, which may be of significance to LMICs that
need a higher number of competent mental health professionals.
Lastly, the emergence of AI systems, such as ChatGPT and
DeepSeek, can be a game changer for the psychiatric education
of trainees, and further exploration is required on how to
maximize the benefits of these systems while developing safe
and competent psychiatrists in the future.

Conclusion
Videoconference-based learning was the most widely
implemented approach, followed by online modules and virtual
patients. Despite the outcome heterogeneity and small sample
sizes in the included studies, the application of such approaches
may have utility in terms of knowledge and skills attainment.
With further fine-tuning, these approaches could become
effective solutions to address the significant deficiency of
psychiatrists, especially in LMICs.
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Abstract

Generative artificial intelligence (GenAI) presents novel approaches to enhance motivation, curriculum structure and development,
and learning and retrieval processes for both learners and instructors. Though a focus for this emerging technology is academic
misconduct, we sought to leverage GenAI in curriculum structure to facilitate educational outcomes. For instructors, GenAI offers
new opportunities in course design and management while reducing time requirements to evaluate outcomes and personalizing
learner feedback. These include innovative instructional designs such as flipped classrooms and gamification, enriching teaching
methodologies with focused and interactive approaches, and team-based exercise development among others. For learners, GenAI
offers unprecedented self-directed learning opportunities, improved cognitive engagement, and effective retrieval practices,
leading to enhanced autonomy, motivation, and knowledge retention. Though empowering, this evolving landscape has integration
challenges and ethical considerations, including accuracy, technological evolution, loss of learner’s voice, and socioeconomic
disparities. Our experience demonstrates that the responsible application of GenAI’s in educational settings will revolutionize
learning practices, making education more accessible and tailored, producing positive motivational outcomes for both learners
and instructors. Thus, we argue that leveraging GenAI in educational settings will improve outcomes with implications extending
from primary through higher and continuing education paradigms.

(JMIR Med Educ 2025;11:e59210)   doi:10.2196/59210

KEYWORDS

educational technology; retrieval practice; flipped classroom; cognitive engagement; personalized learning; generative artificial
intelligence; higher education; university education; learners; instructors; curriculum structure; learning; technologies; innovation;
academic misconduct; gamification; self-directed; socio-economic disparities; interactive approach; medical education; chatGPT;
machine learning; AI; large language models

Introduction

Generative artificial intelligence (GenAI) is impacting
educational spaces in ways that few technologies have since the
personal computer and calculator [1-3]. Though GenAI is not
a new concept, its inroads into education and pedagogy started
in earnest following the release of “ChatGPT” (November 30,
2022). We observed learners using ChatGPT within weeks of
its release. GenAI continues to rapidly evolve with new “GPTs,”
models, websites, application programming interfaces, and
GenAI-enabled hardware [3-6]. GenAI is now “mainstream”
with low activation barriers for use. This new reality is sending
shockwaves through educational institutions and districts,
including higher and clinical education. Learners, instructors,
and administration work to understand and define implications
while either leveraging or obstructing GenAI implementation.
Indeed, banning and blocking GenAI use in some educational
settings remains with no clear consensus on what role GenAI
can, or should, play going forward. With this rapidly evolving

space, it’s challenging to differentiate inflated expectations and
hype from productivity and enlightenment, to borrow from the
Gartner Hype Cycle. One could argue that the GenAI “peak of
inflated expectations” has yet to be reached. However, the new
reality in clinical and higher education is one where GenAI will
play a role going forward, both within classrooms and clinical
practice [3,6-8]. What that looks like remains variable and will
change depending on the knowledge of those involved, personal
perspectives on GenAI, learner and programmatic needs, and
accreditation standards and expectations. Our immediate
approach was to embrace GenAI, like ChatGPT and other tools
as they have come online (eg, Claude, Bard, and CoPilot), as a
new tool to facilitate learning, retrieval, and motivation in a
higher education, clinically focused, instructional environment.
The rationale is that modern GenAI can generate diverse outputs
(eg, text, images, videos, and language) derived from
data-centric training sets [9] using narrative style prompts or
data inputs (eg, content outlines, documents, PDFs, and images).
Thus, there is a pragmatic reality that new GenAI tools have a
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low activation barrier for use while being capable of generating
high-quality output focused on user needs. It’s evident that
modern GenAIs ability to generate extensive, coherent,
responses is fundamental to increasing engagement,
communication, and motivation in educational settings. Though
not seamless, especially when considering potential for

malfeasance or hallucinations [10], GenAI can integrate
throughout curricula to reduce overhead and improve outcomes
(Figure 1). This integration fosters environments that inspire
and empower learners, promote motivation and collaboration,
and facilitates the creation of dynamic and individualized
curricula.

Figure 1. Generative artificial intelligence application in a flipped classroom model enhances both learner (blue) and instructor (red) experiences.
Shown are examples of generative artificial intelligence benefit and impact within respective domains. Bidirectional arrows indicate reciprocal enhancement
of generative artificial intelligence applications, demonstrating improvements in instructor-driven activities inherently enrich learner experience, thereby
reinforcing a flipped classroom learning environment. GenAI: generative artificial intelligence.

The objective of this viewpoint is to advance a positive
perspective on leveraging GenAI tools in modern medical
education environments while presenting examples and methods
tested in our hands since ChatGPT’s initial release. This
viewpoint is presented from both learner (Mrs Monzon) and
instructor (Dr Hays) perspectives as, in our experience, both
offer unique opportunities on GenAI use. Learners are focused
on knowledge acquisition and retrieval from an individualized
perspective. Not all learners have the same motivation, hidden
curriculum, previous knowledge, and experience, or ability to
learn and retain learning objectives defined by instructors.
Likewise, instructors are unable to individualize curricula across
multiple learners or sections while ensuring productive exposure
to core learning objectives defined by accreditation and program
standards. It’s a conundrum of modern higher education, learners
seeking individualized instruction amidst information overload
while instructors are bandwidth-limited and hamstrung by
program and accreditation demands. GenAI tools will directly
impact this reality in a positive manner and empower both
learners and instructors. The current challenge is what does that
look like? How can GenAI be integrated into learning
environments to facilitate learning and retrieval, drive
motivation, and improve outcomes while avoiding pitfalls such
as loss of voice, data ownership and use, academic misconduct

or malfeasance, and incorrect information? This future must
balance innovation and GenAI integration with established
guidelines, integrity and safety guardrails, and equity. By
presenting a nuanced perspective of the interplay between
GenAI and learning theories from both learner and instructor
perspectives, this viewpoint intends to inform GenAI integration
that is inclusive, forward-thinking, and collaborative while not
ignoring tangible GenAI benefits for all stakeholders in the
learning ecosystem. Integration should not overshadow essential
human elements of teaching and learning but rather complement
and enhance both, thereby creating a dynamic and inclusive
educational environment that is responsive. Finally, we argue
that GenAI should not be ignored but embraced. It’s imperative
that learners are exposed to new technologies that will
increasingly impact workforce dynamics going forward.
Instructors are innovators and our learners are digital natives
surrounded by AI technologies. We implemented and evolved
methods described in this viewpoint within graduate (PhD and
MS), clinical (dietetics and RD), and undergraduate curricula.
Leveraging GenAI in courses does require initial effort, yet
subsequent improvements in effort needed, instructional quality,
and learner feedback justify the initial cost. GenAI has proven,
in our hands, to positively impact every pedagogical niche. It
should be noted that we acknowledge significant ethical

JMIR Med Educ 2025 | vol. 11 | e59210 | p.117https://mededu.jmir.org/2025/1/e59210
(page number not for citation purposes)

Monzon & HaysJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


concerns regarding GenAI use in educational settings. This has
been covered extensively elsewhere [10,11] and the current
viewpoint starts with the perspective that GenAI can, and should,
play a role in educational settings.

Learner Perspective

Technology is a powerful means to facilitate collaboration
between learners and instructors. Learning management systems
(eg, Canvas or D2L) are an example of this point, leveraging
technology to facilitate learning and retention. In this sense,
bringing GenAI into classroom settings is an evolutionary step
with clear emerging data that it enhances learner engagement,
motivation, and personalized learning in a self-directed manner.
The pragmatic meaning is that interactive collaboration can be
extended from instructor-learner or learner-learner to include
learner-GenAI where the scope and implementation of
learner-GenAI interactions is defined by tools being used,
prompt design (Figure 2), and personalized needs (Figures 1
and 3). This approach fosters learner motivation as a key driver
for positive outcomes [12]. In addition, learning is more
effective when it’s relevant, engaging, and contextualized to
real-life scenarios (eg, team-based learning or clinical
applications) in accordance with adult learning theory. Cognitive
load is reached when germane, intrinsic, and extraneous factors

become unmanageable [13]. Incorporating GenAI into the
educational framework can simplify the intrinsic load, reduce
the extraneous load and in turn maximize the germane load.
This is consistent with our observations using GenAI to foster
collaborative interactions in clinical courses. To maintain learner
motivation, one must account for both intrinsic and extrinsic
factors [13]. Intrinsic factors include self-efficacy,
self-determination, curiosity, cognitive engagement, emotional
well-being, professional well-being, and innate interest in the
material presented. Extrinsic factors include pedagogical
approach, peer interactions, assessment methods, learning
environment, curriculum design, and quality and scope of
feedback (both peers and instructors). A unique aspect to the
learner-GenAI interaction is that it impacts both intrinsic and
extrinsic motivational elements for learners. For instance, GenAI
can be implemented as a personal tutor or study partner that
encourages conversations and positive feedback in a low
activation barrier environment (eg, compared with instructor
office hours). Engaging GenAI “chatbots” like ChatGPT can
also be conversational for learners, like interacting with a human
counterpart (see “Current Limitations and Future Hurdles”
section below). Thus, leveraging the learner-GenAI interaction
provides agency to learners which increases autonomy and
motivation [14].

Figure 2. Prompt design. General overview for developing prompts with clearly defined role (red), bounds (green), and input (blue). Each component
is essential for effective generative artificial intelligence use toward minimizing refinement while helping ensure output is optimized toward specific
needs.
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Figure 3. Example learner prompts for leveraging generatice artificial intelligence. Three example learner input prompts are shown (blue box) with
representative ChatGPT (accessed on December 10, 2024) output (black box) for the top prompt (black arrow). In these instances, the resultant output
can change significantly with minor changes in the input prompt provided. This is also true when using the same input prompt across different generatice
artificial intelligence tools. Thus, specificity and clear instructions are key to effect desired output.

Beyond motivation, retrieval practice is an essential component
for learner ownership over new material and, for example,
applying knowledge in a clinical setting where integration and
rapid access is often required [13]. Indeed, learned information
is rapidly forgotten without reinforcement [15]. This is a core
consideration of the “Desirable Difficulties” theory by Bjork
and Bjork [15] suggesting that one should introduce challenges
(eg, spacing or testing effects and varied practice) to enhance
long-term memory retention of new information. Thus, retrieval
practice requires active effort by learners to bolster information
recall. This active engagement promotes deeper processing and
understanding to facilitate ownership. A common example of
retrieval practice in medical learner training is leveraging the
Socratic method in clinical rounds, case discussions, simulations,
journal clubs, team-based learning, and even mortality and
morbidity conferences. In these scenarios, clinicians are pushed
to understand, integrate, and verbalize knowledge under
immediate critique and assessment. This moves beyond simple
passive recall or reading to test true understanding and identify
areas where learners assume ownership of knowledge but fail
accurate retrieval or application [16]. In simplistic terms,
retrieval practice is a common element to most curricula through
formative (common in direct clinical training) and summative
(common in formalized classroom instruction) assessments.
Incorporating learner-GenAI methods into the curriculum
provides a dynamic, ongoing, personalized, and iterative method
to facilitate retrieval practice for learners outside of formal,
instructor-based, course design. The learner-GenAI axis is
instructor-independent in this instance. GenAI can generate
adaptive quizzes and assessments while customizing difficulty
level and content based on learner proficiency (eg, Figure 3).
As learners progress and improve in retrieval practice, GenAI
can dynamically adjust question complexity, ensuring continued
adaptive learning. These tools analyze users learning patterns,

preferences, performance data, and needs to personalize content.
In this instance, GenAI recommends specific retrieval or practice
exercises and intervals to drive memory consolidation.
Learner-GenAI natural language interactions can efficiently
manage spaced repetition schedules based upon individual
learning patterns and needs to adapt timing and frequency of
review sessions, ensuring learners revisit information at optimal
intervals for memory retention. Finally, it’s important for
instructors to consider that learners do not enter courses on
equitable footing in knowing how to access, use, and leverage
GenAI tools. Initial training with pragmatic examples, discussion
of prompt engineering, setting up accounts if needed, and
reviewing available tools and associated strengths and
weaknesses is strongly advised for courses that allow GenAI
use.

Instructor Perspective

Instructors, faculty, and programs within higher education and
clinical training settings are primary determinants of
motivational factors for learners [12-14]. These include
accreditation and departmental oversight (meaning “static”
curriculum), designing and structuring assessment, determining
feedback mechanisms, managing learning environment, defining
expectations, and even implementing recognition and reward
systems for positive outcomes or performance. Thus, in our
experience, learner motivation is impacted in significant ways
before the first day of class. With this backdrop in place, what
role can GenAI play in higher education and clinical training
from the instructors’ perspective? This question has interesting
parallels to the “great calculator debate.” These include
questions of access and equity, learners using these tools outside
class regardless of policies set by schools and instructors,
learners not gaining essential skills, or knowledge, through their
use, modifications required for existing curricula with a major
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shift away from algorithms and “rules” toward meaning,
concepts, and applications, and ability to trust accuracy of
answers produced from novel technologies. Yet, even with the
rapidly evolving current landscape surrounding GenAI, we posit
that GenAI has significant benefits for instructors. Thus, the
instructors’ role in harnessing GenAI as an educational tool is

multifaceted and includes instructional design, creating dynamic
learning content, and even streamlining administrative tasks
(Figures 1 and 4), all of which are predicated on training and
learning about a rapidly evolving field with new tools appearing
almost daily.

Figure 4. Role of generative artificial intelligence in educational relationships and processes. Generative artificial intelligence intersects with and
supports relational dynamics between instructors (red) and learners (blue). Four primary interactions are shown, instructor-self, instructor-learner,
learner-self, and learner-learner, where generative artificial intelligence serves as a pivotal tool for enhancing learning processes. Generative artificial
intelligence’s contribution to the pedagogical framework is central, mediating and enriching explicit curriculum delivery and assimilation. Bidirectional
arrows between actors and generative artificial intelligence signify a feedback loop allowing for continuous improvement of educational strategies. It
underscores generative artificial intelligence’s potential to facilitate collaborative processes as well as promoting self-directed learning and peer-to-peer
engagement. GenAI: generative artificial intelligence.

GenAI integration by instructors can lower activation barriers
to create dynamic, engaging, personalized, and efficient learning
environments that optimize learner outcomes (inclusive of
motivation and retrieval). We approach this using a flipped
classroom (Figure 1), content gamification, streamlined
workflows, team-based learning, knowledge gap analysis, and
consistent feedback using “exit tickets,” all facilitated using
GenAI tools. The concept of classroom “flipping” has gained
attention in recent years as an approach to instructional delivery.
Flipping involves inverting traditional curriculum structure with
learners acquiring, or at least engaging, new content outside of

structured class time and using active learning methods during
class to reinforce, expand upon, and use retrieval practice to
reinforce and learn content [17]. All of which is
instructor-guided as part of the instructor-learner core axis
(Figure 4) [18]. If done well, this approach allows instructors
to focus on providing targeted and personalized feedback,
requires higher-order critical assembly and thinking skills, and
facilitates meaningful discussion or reinforcement during class
time for learners. Core tenants of this approach are engaging
motivation for learners and expanded retrieval practice outside
of high-stress graded assessments like quizzes or exams. Though
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our experience with the above approach involves class sizes
ranging from 5‐40 learners, others have successfully
implemented flipped classroom methods with more than
200‐300 learners [19]. Great examples of this dynamic
approach are “metabolic melodies” in which the instructor, Dr
Kevin Ahern from Oregon State University, uses complex
biochemistry content to generate songs set to popular music
such as “Yellow Submarine” by the Beatles. In this instance,
Dr Ahern is extremely creative and a musician with an affinity
for the Beatles. GenAI empowers instructors, even those lacking
creative brilliance, to turn complex content into interactive and
dynamic content such as games, clinical case scenarios, creative
narratives, or even music and images. Thus, leveraging GenAI
in a flipped classroom environment can reduce instructor
workload while improving learning outcomes.

Gamification of course content is one mechanism toward
merging GenAI tools with positive learner outcomes. GenAI
can quickly generate games (eg, Kahoot!, bingo, Jeopardy!,
crossword puzzles, or quiz show questions) using content
outlines, slides, or even lecture as input (eg, Figure 5). Games
are a low stress means of retrieval practice while promoting an
interactive and engaged classroom experience [20]. GenAI can
also generate complex clinical practice scenarios with rich
hypothetical patient details. These scenarios require learners to
use critical thinking and diverse knowledge outputs in a similar
method to group-based socratic questioning used in medical
education. One area we have had great success in using GenAI
is developing gap analysis surveys for learners to assess
knowledge levels upon course entry, midcourse for progression,
and end of course for effectiveness relative to course objectives.
GenAI can quickly generate gap assessments using course
learning objectives, prerequisite course content outlines and

turnkey instructor needs to provide immediate input on needed
content modifications when introducing new content. This is
an effective approach to identify knowledge gaps or needs that
an instructor may assume are covered in prior courses, or were
covered but not retained. Finally, GenAI can be leveraged to
streamline workflows before, during, and after content delivery.
This includes using templates to generate individualized
self-assessment tools for learners, providing narrative feedback
for learners on correct and incorrect responses, turning content
outlines into focused assessments, integrating lecture modalities
under core and redundant learning objectives, and statistical
analysis on batched learner responses to identify learning gaps
post-content delivery (Figures 1 and 6) [21]. Thus, improving
learner outcomes using GenAI tools shows significant promise
even with clear limitations, discussed below, and rapidly
evolving tools. A central theme for instructors when considering
GenAI integration into preplanning, execution, and postanalysis
is to balance promoting motivation with opportunities for
knowledge retrieval. Course guidelines and instructor
expectations must be very clearly defined as to acceptable
GenAI use during a given course. This is important considering
the current environment where broad institutional or district
policies may be lacking, or nonexistent, and variability in what
is acceptable between different instructors and courses. Effective
communication and clear policies and procedures remain the
most important means to avoid academic misconduct or
malfeasance. Adapting retrieval strategies to accommodate
different learning styles, while ensuring inclusive and
personalized learning experiences, is important yet challenging
to implement in practice. GenAI holds promise for instructors
as these tools provide opportunities to reduce activation barriers
(eg, time constraints) toward delivering more effective content
and meaningful assessments.
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Figure 5. Example instructor prompts for leveraging generative artificial intelligence. Three example instructor input prompts are shown (red box)
with representative ChatGPT (accessed on December 10, 2024) output (black box) for the middle prompt (black arrow). A key aspect for instructors is
to clearly define the level of instruction being provided, type of learner being instructed, with narrowly defined content scope relative to learning
objectives. The latter can be accomplished by inputting content outlines, lecture slides, or narrative summaries.
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Figure 6. Generative artificial intelligence integration across assessment types. Generative artificial intelligence use across assessment modalities is
shown. In formative assessment, generative artificial intelligence aids in creating interactive content and personalized feedback mechanisms. For
summative assessment, generative artificial intelligence capabilities extend to evaluating overall learning achievements and generating comprehensive
exams. Normative assessment with generative artificial intelligence focuses on establishing benchmarks and evaluating learning outcomes against
standards, while diagnostic assessment leverages generative artificial intelligence for early detection of learning gaps and customization of learning
experiences. The central position of “Assessment with GAI” emphasizes its role as a centralized tool, facilitating a comprehensive and integrated
approach to educational assessment. GenAI: generative artificial intelligence.

Current Limitations and Future Hurdles

Embracing GenAI tools holds promise for both learners and
instructors, yet significant hurdles remain, and user caution is
warranted in a rapidly evolving environment of GenAI
capabilities, tools, ethics, and acceptable use policies and
procedures. Accuracy of GenAI output is a critical aspect that
requires careful consideration and diligence, especially when
used as a training tool for future clinicians and scientists. LLMs
are trained by large datasets and leverage analytics to produce
predictions, not logic-derived integrations linking informed
input to informed output [22]. Thus, a randomness can exist
between prompt design and output obtained. Learners and
instructors must both carefully assess and evaluate output from
GenAI tools to detect “hallucinations” (ie, incorrect GenAI
output that presents as correct). Outside of local application
programming interface iterations, general releases of these
GenAI models are trained on large datasets that may include
unvalidated data from the internet. Thus, even if effort is made
to include reliable and authoritative sources, these large training

datasets may contain misinformation, biases, or outdated
information from uncurated data. We have observed this on
several occasions when implementing GenAI as an educational
tool, where output sounds entirely factual and even referenced
only to be completely incorrect with nonexistent references (this
improved substantially in GPT-4ο and Claude-3.5 Sonnet,
accessed on April 11, 2024). As of this submission, caution is
still warranted even with significant improvements in model
quality. One effective strategy to minimize accuracy issues is
uploading content, such as lecture outlines or even slides, and
designing focused prompts working from provided content. If
possible, use an institutionally firewalled GenAI tool where
content is not shared beyond immediate use. This works well
to develop focused learner assessments. This leads to another
limitation and hurdle: the rapid pace of GenAI tool development,
improvement, and deployment has created an environment
where time-limited instructors and digital native learners are
increasingly overwhelmed with determining best practices,
tools, methods, or even workflows. We have responded to this
reality by developing open training courses (eg, on Canvas
Learning Management System from Instructure) with frequent
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updates and ongoing informational seminars, often targeting
instructors, to raise awareness of AI changes as they relate to
clinical practice and pedagogy. While this rapidly evolving
landscape of tools and capabilities is a challenge, it’s also an
opportunity to leverage new features and expand impact.

In addition, a caveat to implementing “chatbot” style GenAI
like ChatGPT in educational frameworks is the input prompt.
The relationship between input prompt and output produced is
so integrated that “prompt engineering” is a growing career
emerging alongside GenAI [23]. Prompt engineering is the
careful construction of input prompts or instructions for GenAI
models to influence content, style, voice, depth, and even
accuracy of resultant output. How input prompts are constructed
is a primary determinant of what models produce, even down
to small changes like omitting single words, changing adverbs,
or using commas versus numbers for a list [24]. These small
changes can produce vastly different results with biased,
misleading, or inaccurate information [24]. Truly effective
prompts are often complex and descriptive, striking a balance
between specificity and openness [25]. Meaning, a prompt that
is too specific may limit the ability to generate diverse or
creative responses, and a prompt that is too open-ended may
result in ambiguous or irrelevant output. The approach we use
is constructing “Role+ Bounds+Inputs” style input prompts. In
this formula, “Role” involves assigning the chatbot a specific
job or identity for the analysis (eg, college professor teaching
a specific course and learner type), “Bounds” will establish
limitations and constraints for model operation (eg, academic
context, subject matter, and level of expected answer), and
“Inputs” includes relevant contextual information (eg, content
outlines, rubrics, or slide summaries). Using a structured prompt
guides GenAI models to produce more focused, accurate, and
relevant responses. In addition, one can use a scaffolding
approach with iterative prompts building toward a common
theme or objective. The complexities of prompt engineering
have been discussed elsewhere and leveraging the resources
provides a deeper discussion of the benefits of a productive
prompt while leveraging GenAI [26,27].

GenAI tools such as ChatGPT are proving transformative,
impactful, and hold immense potential for enhancing the
educational experience for both learners and instructors. Yet,
this new reality is problematic considering the lack of
transparency on training data content; ethical and socioeconomic
implications; quality control and model accuracy; and the
potential to perpetuate bias, loss of voice, and agency for both
learners and instructors [21]. Learners should be empowered to
make informed decisions regarding their participation in
GenAI-related or driven activities, and instructors should
encourage learners to ask questions, express concerns, and
participate in shaping ethical guidelines related to GenAI use
in curricula [11,21]. Furthermore, instructors and administrators
have an expectation to proactively define clear policies and
procedures for GenAI use in educational settings that provide
flexibility for both learners and instructors. A major benefit to
GenAI use in educational settings is its collaborative potential
to rapidly generate personalized and dynamic content, yet this
requires equity in understanding and use. Considering GenAI’s
rapid evolution, this equity has always been absent in courses

we have started since ChatGPT was released in November 2022.
It’s incumbent on instructors to ensure learners are familiar with
GenAI tools being used and available. Data-driven insights from
GenAI analytics enable instructors to provide targeted support
to individual learners as skills develop and courses progress.
This can facilitate multimodal learning experiences,
incorporating various media formats such as videos, audio, and
interactive simulations mentioned above. Significant hurdles
remain regarding GenAI use in higher education. These include
data ownership and privacy, output accuracy, linking learner
needs with instructor resources, and ensuring sufficient training
to avoid equity and GenAI skills gaps when being used.
Academic institutions are increasingly looking at internal,
data-protected and firewalled, GenAI resources (eg, Microsoft
CoPilot) yet there remain limited options for analyzing course
content and metrics. Finally, ethical concerns associated with
leveraging GenAI by both learners and instructors is a major
(probably primary at most institutions) topic of discussion.

Conclusions

Our experiences in leveraging GenAI across 5 academic
semesters have, overall, been very positive. This implementation
is from the perspective of informing and training both learners
and instructors; establishing clear policies and procedures
relating to academic misconduct at the department, college, and
institutional levels; ensuring equity and ability in use; and
constant vigilance regarding content accuracy and limitations.
LLMs and GenAI have evolved through decades of iterative
research across multiple disciplines including statistics,
mathematics, and computer science data science [28]. They are
not new technologies. Development of the transformer
architecture in 2017 was a key transition point for the emergence
of current “chatbots” gaining momentum in popular media and
use [29]. This technology continues to evolve with diffusion,
attention mechanism variants, and retrieval-enhanced
transformer mechanisms being new examples of how GenAI
technology is rapidly evolving [30]. Through leveraging large
datasets with high-demand computational needs, current GenAI
models show significant promise. The important point being,
these models (eg, ChatGPT or Claude) excel at pattern
recognition yet struggle with defining logical connections
between training data and outputs produced (“reasoning”). This
is an important caveat for application in higher educational
settings focused on critical thinking, developing advanced
knowledge and skills within specific disciplines, clinical
training, and scientific discovery. As such, it’s essential for
instructors, administrators, policymakers, institutions, districts,
and learners to collaborate and communicate toward what this
future will look like as GenAI models evolve. Through this
collaboration, GenAI use in educational settings can be
leveraged while minimizing negative aspects like potential
misconduct, data privacy, algorithmic bias, accuracy, and equity
concerns. We argue that GenAI can play a valuable role in
higher education settings to improve learner motivation and
knowledge retrieval while facilitating workflows and content
generation for instructors. This viewpoint explores GenAI’s
potential as an educational tool including alignment with
learning theories (eg, behaviorism and cognitive load theory),
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implications for learners and instructors (eg, flipped classrooms
and self-directed assessments), responsible implementation (eg,

bias and equity), and evolving challenges (eg, hallucinations
and misconduct).
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Abstract

Background: Medical education can be challenging for students as they must manage vast amounts of complex information.
Traditional mnemonic resources often follow a standardized approach, which may not accommodate diverse learning styles.

Objective: This tutorial presents a student-developed approach to creating personalized multimodal mnemonics (PMMs) using
artifical intelligence tools.

Methods: This tutorial demonstrates a structured implementation process using ChatGPT (GPT-4 model) for text mnemonic
generation and DALL-E 3 for visual mnemonic creation. We detail the prompt engineering framework, including zero-shot,
few-shot, and chain-of-thought prompting techniques. The process involves (1) template development, (2) refinement, (3)
personalization, (4) mnemonic specification, and (5) quality control. The implementation time typically ranges from 2 to 5 minutes
per concept, with 1 to 3 iterations needed for optimal results.

Results: Through systematic testing across 6 medical concepts, the implementation process achieved an initial success rate of
85%, improving to 95% after refinement. Key challenges included maintaining medical accuracy (addressed through specific
terminology in prompts), ensuring visual clarity (improved through anatomical detail specifications), and achieving integration
of text and visuals (resolved through structured review protocols). This tutorial provides practical templates, troubleshooting
strategies, and quality control measures to address common implementation challenges.

Conclusions: This tutorial offers medical students a practical framework for creating personalized learning tools using artificial
intelligence. By following the detailed prompt engineering process and quality control measures, students can efficiently generate
customized mnemonics while avoiding common pitfalls. The approach emphasizes human oversight and iterative refinement to
ensure medical accuracy and educational value. The elimination of the need for developing separate databases of mnemonics
streamlines the learning process.

(JMIR Med Educ 2025;11:e67926)   doi:10.2196/67926

KEYWORDS

medical education; personalized learning; prompt engineering; multimodal learning; memory techniques; dual-coding theory;
student-centered approach; student-centered; large language model; natural language processing; NLP; machine learning; AI;
ChatGPT; medical student; digital literacy; health care professional

Introduction

Problem Statement
Medical education presents students with the challenge of
managing vast amounts of complex information. Mnemonics,
memory techniques using associations and patterns, have
demonstrated efficacy in improving the encoding and retrieval
of medical knowledge [1]. These aids enhance learning and
recall by transforming information into more memorable formats
through elaborative encoding, retrieval cues, and imagery [2].
However, traditional standardized approaches often fail to

accommodate diverse learning preferences, necessitating flexible
applications that cater to individual needs.

Theoretical Framework
Paivio’s dual-coding theory provides the theoretical foundation
for this tutorial, supporting the integration of multimodal tools
in education. By encoding both verbal and visual information
through separate but interconnected pathways, students’
understanding of academic vocabulary can be enhanced [3].
This theory underpins the potential effectiveness of multimodal
mnemonics in medical education, particularly when combined
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with personalization. Research indicates that personalized
mnemonic techniques yield superior recall performance
compared to standard strategies, with students using
self-generated mnemonics demonstrating better performance
on recall tasks [4,5].

Current State of Artificial Intelligence in Medical
Education
Recent advances in generative artificial intelligence (AI)
technologies have created new opportunities for personalized
learning aid creation [6]. AI tools such as ChatGPT and DALL-E
have demonstrated proficiency in generating creative and
personalized content [7]. ChatGPT, a large language model,
uses natural language processing to understand context and
generate human-like text responses [8]. It can create diverse
textual outputs, including various types of mnemonics. DALL-E,
on the other hand, is an AI model designed to generate images
from textual descriptions [9]. However, most AI applications
in medical education currently focus on data analysis and pattern
recognition rather than creative content generation for learning
support [10].

Tutorial Aims and Target Audience
This tutorial aims to provide medical students with practical
guidance for creating personalized multimodal mnemonics
(PMMs) using AI tools. Through a systematic approach, we
detail the step-by-step process of generating text and visual
mnemonics using ChatGPT and DALL-E, incorporating
templates and examples for effective prompt engineering. The
tutorial shares strategies for personalizing mnemonics based on
individual learning preferences while addressing common
challenges and their solutions in AI-assisted mnemonic creation.

The primary audience includes medical students seeking to
enhance their learning through personalized AI-assisted
mnemonics. Secondary audiences include medical educators
interested in implementing these tools in their teaching practice
and students in other health care fields who can adapt these
methods to their specific needs. By following this tutorial,
readers will learn to create personalized learning aids that
combine text and visual elements, potentially improving their
ability to retain and recall complex medical information. The
approach emphasizes practical implementation while
maintaining academic rigor, making it accessible to both novice
and experienced users of AI tools in educational settings.

Methods

PMMs: Tool Selection and Rationale
This tutorial uses ChatGPT and DALL-E 3 as the primary AI
tools for creating PMMs. ChatGPT (GPT-4 model) was selected
for text mnemonic generation due to its advanced natural
language processing capabilities and ability to generate diverse
textual outputs [11]. DALL-E 3 was chosen for visual mnemonic
creation based on its proficiency in generating detailed,
concept-relevant images from textual descriptions [12]. These
tools were selected for their complementary strengths in
producing textual and visual content, respectively, allowing for
the creation of comprehensive, multimodal mnemonics. Both
tools are accessible through OpenAI’s platform, with ChatGPT

available through both free and paid subscriptions, and DALL-E
3 using a credit-based system.

Configuration Settings and Access
For optimal results in medical mnemonic generation, we
recommend using ChatGPT’s GPT-4 model with a temperature
setting of 0.7, which provides an effective balance between
creativity and accuracy in medical content generation. For
DALL-E 3, the high-quality setting ensures maximum detail
and clarity in visual representations. While both tools offer free
tiers, a professional subscription is recommended for consistent
access to the latest model versions and enhanced capabilities.

Prompt Engineering Framework and Quality
Assessment
The implementation of PMMs requires a systematic approach
to prompt engineering and quality assessment. The process
begins with zero-shot learning, where we provide clear
instructions without examples, allowing the AI to generate
mnemonics based purely on prompt structure. When initial
results require refinement, we implement few-shot learning by
providing 1 to 2 successful examples to guide the AI. For
complex medical concepts, we use chain-of-thought prompting
to break down the mnemonic creation process into logical steps.

Zero-shot prompting (providing direct instructions without
examples) allows the AI to generate outputs based on its
pretrained knowledge [13]. For example, a simple prompt like
“Create a memorable mnemonic for the Krebs cycle
intermediates” tests the AI’s baseline capabilities without
additional guidance.

Few-shot prompting (including 1 to 2 successful examples
before the target prompt) helps guide the AI by demonstrating
desired outputs [13,14]. For example, showing a successful
biochemical pathway mnemonic before requesting one for the
Krebs cycle improves output quality by providing clear
examples of the expected format and style.

Chain-of-thought prompting breaks complex tasks into logical
steps, improving accuracy through structured reasoning [15].
For example, “First, list intermediates. Then, identify key
features. Finally, create a mnemonic.” This systematic approach
helps ensure comprehensive and accurate outputs, particularly
for complex medical concepts.

The implementation followed a five-stage iterative process: (1)
template development, in which adaptable prompt templates
for text and visual mnemonics are created; (2) refinement, which
optimizes prompts through testing of various structures and
keywords; (3) personalization, which integrates learning
preferences and personal associations and adds options for
imagery, humor, and clinical relevance [16]; (4) mnemonic
specification, in which prompts for various mnemonic types
(acronyms, phrases, rhymes) are created, with corresponding
visual representations; and (5), quality control, which is based
on peer-to-peer review discussions.

The mnemonics generated through this process were evaluated
in peer-to-peer discussions among student authors, facilitated
and guided by mentors. This iterative feedback process, integral
to quality control, not only ensured medical accuracy and
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educational value by leveraging student insights and expert
guidance, but also trained students to critically assess the quality,
accuracy, and effectiveness of AI-generated content. Identified
inaccuracies or areas for improvement directly informed
subsequent prompt adjustments.

The medical concepts used in this study were carefully selected
from ongoing medical courses, ensuring immediate relevance
to current learning needs. This selection process focused on
identifying complex topics that students found challenging to
memorize while ensuring diverse representation of medical
subjects and validation against standard medical resources.

For text mnemonic generation, we developed a basic template
structure that incorporates medical accuracy, memorability, and
personalization elements: “Create a memorable [mnemonic
type] for [medical concept]. Focus on [key aspects]. Make it
[characteristics: funny/clinical/etc]. Include [specific elements]
that relate to [learning context].”

For visual mnemonic creation, the template emphasizes clarity
and medical accuracy: “Generate a [style] image depicting
[mnemonic content] for [medical concept]. Emphasize [key
visual elements]. Ensure medical accuracy and clarity.” These
templates serve as starting points and can be customized based
on individual learning preferences and specific medical
concepts.

Common Challenges and Solutions
Through our implementation process, we identified several
common challenges. Inaccurate medical terminology can be
addressed by including specific medical terms in prompts.
Unclear visual representations are improved by specifying
anatomical or clinical details. When mnemonics become overly
complex, requesting step-by-step breakdowns helps maintain
clarity and usability. These solutions emerged from practical
experience and continue to evolve as we refine the process.

Ethical Considerations
This educational methodology development did not require
formal ethical review as it did not involve human subjects
research, collected no personal data, and used only publicly
available AI tools as part of regular educational activities.

Results

The implementation of PMMs using AI tools demonstrated both
potential and limitations across a range of medical concepts.

Through systematic testing and refinement, we identified key
performance metrics, quality assessment outcomes, and practical
implementation challenges.

Generation Performance
The PMM generation process exhibited consistent performance
characteristics. Text mnemonic generation via ChatGPT
consistently required 2 to 3 minutes per concept. Generating
corresponding visual mnemonics with DALL-E 3 required 3 to
5 minutes per concept. Reaching a satisfactory mnemonic
typically involved 1 to 3 iterative attempts. The initial success
rate, defined as achieving acceptable output on the first attempt,
was 85%. After applying quality control and refinement
procedures, this success rate increased to 95%. These data
suggest that generating PMMs is feasible within a reasonable
timeframe, particularly when incorporating iterative refinement.

Quality Assessment and Examples
Table 1 presents 6 examples of AI-generated PMMs, illustrating
the range of mnemonic types generated and highlighting
observed successes and areas for improvement. The table
includes the target medical concept, the text mnemonic
generated by ChatGPT, the visual prompt provided to DALL-E
3, the resulting visual mnemonic, and specific limitations
encountered.

Through systematic documentation of the implementation
process, we observed that achieving satisfactory results typically
required 1 to 3 iterations per concept. Initial attempts often
needed refinement in areas such as the precision of medical
terminology, visual clarity, or text-image alignment. The
examples in Table 1 showcase both successful implementations
and instances where refinement was necessary, providing
practical insights for users of this tutorial.

The development of a mnemonic for bacterial cell wall
antibiotics serves as a representative example. The initial
AI-generated mnemonic incorrectly used the term
“harbipenems” instead of “carbapenems.” This error, corrected
in subsequent iterations, demonstrates the need for human
validation, specifically by the medical student or a medical
professional. Other examples in Table 1 illustrate the variety
of generated mnemonic types, including acronyms, rhymes, and
short phrases, paired with their visual counterparts. While
generally effective, some visual mnemonics presented challenges
in terms of clarity, anatomical accuracy, and alignment with
the corresponding text mnemonic.
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Table . Artifical intelligence (AI)–generated personalized multimodal mnemonics.

Observations and limitationsVisual and text mnemonicText mnemonicPrompts used and resultsMedical concept

Creative and memorable
representation, but incorrect
text

Mnemonic: “very big purple
cats bake happy eggs.”

First prompt: “Make a
mnemonic for antibiotics
that target the cell wall, you
can group the antibiotics by

Antibiotics targeting cell
wall

• V: vancomycin
• B: beta-lactams

their mechanism and make • P: penicillins
it memorable.” Second • C: cephalosporins
prompt: “Using the • B: bacitracin
mnemonic, make a memo- • H: harbapenems
rable photo.” Result: photo
was not memorable. Third
prompt: “Retry this time
make a funny mnemonic.”
Result: the cat image.

Engaging visualization, but
incorrect text

Mnemonic (for leukocytes):
“never let monkeys eat ba-
nanas.”

Prompt: “Develop a
mnemonic to remember the
different types of leuko-

Types of leukocytes

• N: neutrophilscytes. Also, create a funny
and cartoonish visual that • L: lymphocytes
represents this mnemonic in • M: monocytes
a memorable way. The illus- • E: eosinophils
tration should effectively
depict the mnemonic.”

• B: basophils

The AI was occasionally
unable to fully adhere to de-

Mnemonic (each word
stands for a stage of the
malaria parasite’s life cy-

Prompt: “Create a mnemon-
ic to help remember the
malaria life cycle, and de-

Life cycle of malaria

tailed prompts in image
cle): “salty mice bite liver,
chilling red blood cells.”

sign a humorous, cartoon-
style visual to represent it in

generation. Additionally, the
text included in the image
was incorrect.• S: sporozoites (transmit-

ted via mosquito bite)
a memorable way. The illus-
tration should clearly depict
the mnemonic for easy re-
call.”

• M: migrate to the liver
• B: burst out of the liver

as merozoites
• L: liver stages
• C: chills and fevers (as

the parasites enter red
blood cells)

• Red blood cells: para-
sites invade and repli-
cate in red blood cells

This mnemonic emphasizes
the kidney’s keen response
to blood pressure regulation.

Text is not clear.

Mnemonic: “keen elephants
always raise blood.”

First prompt used: “Gener-
ate a funny mnemonic for
Renin-Angiotensin-Aldos-
terone System (RAAS) but
make it simple and easy to

Renin-angiotensin-aldos-
terone system (RAAS)

• K: kidneys release
renin when blood pres-
sure or sodium levels
are low.remember.” Second prompt:

“Create simple and memo- • E: enzyme (renin) con-
verts angiotensinogenrable image of this

mnemonic ‘Keen Elephants to angiotensin I.
Always Raise Blood.’ Use • A: ACE (angiotensin-

converting enzyme)less texts, clear and correct
spelling.

Place the mnemonic as a ti-
tle.”

converts angiotensin I
to angiotensin II.

• R: raises blood pres-
sure by vasoconstric-
tion (angiotensin II
constricts blood ves-
sels).

• B: blood volume in-
creases as aldosterone
causes sodium and wa-
ter retention.
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Observations and limitationsVisual and text mnemonicText mnemonicPrompts used and resultsMedical concept

The coffee-themed elements
like cups, beans, and mugs
may be too abstract and un-
related to the actual topic.
The picture lacks clarity and
is not memorable.

Mnemonic: “a perfect brew
is delightfully aromatic,
outstandingly pleasant.”
• A: aspirin
• P: pyrazalone deriva-

tives
• B: ibuprofen
• I: indole derivatives
• D: diclofenac
• A: anthranilic acid

derivative
• O: oxicam derivative
• P: pyrrole derivatives

Prompt used: Make a funny
memorable picture
mnemonic for me to remem-
ber the *Non-Selective COX
Inhibitors*. They include:
Salicylates: Aspirin;
Pyrazalone derivatives; Pro-
pionic acid derivatives:
Ibuprofen, Naproxen; Indole
Derivatives: Indomethacin;
Anthranilic acid derivative;
Aryl acetic acid derivative:
Diclofenac; Oxicam deriva-
tive; Pyrrole derivatives.”

Non-selective COX in-
hibitors

The AI refused to generate
the content, highlighting
challenges in discerning ed-
ucational needs from poten-
tially inappropriate content,
emphasizing the need for
human oversight and refine-
ment.

—aFirst prompt used: “Make an
image to remember naeglar-
ia fowleri, brain eating heat
loving free living with a
mneumonic for its major
facts.” Second prompt:
“Make it funny: >” Re-
sponse:

“I couldn’t generate the im-
age because the content did
not align with the guidelines
for image creation. If you’d
like, we can adjust the con-
cept or explore a different
approach. Let me know how
you’d like to proceed!”
Prompt: “Try again” Re-
sponse: “The guidelines for
image creation restrict cer-
tain content related to how
medical or potentially dan-
gerous organisms are por-
trayed, especially if humor
or exaggerated characteris-
tics could be seen as trivial-
izing the topic. Creating a
funny depiction of a ‘brain-
eating‘ amoeba might fall
under those restrictions.”

Naeglaria fowleri

aNot applicable.

Generic Templates for Prompt Engineering
For text mnemonic generation (with ChatGPT), the following
generic prompt template was developed: “Create a memorable
sentence mnemonic for [medical concept]. The mnemonic
should be [characteristic 1: funny/simple/easy to remember]
and [characteristic 2: relevant to clinical practice/focused on
key steps/highlight main components]. Each word or part of the
sentence should represent a key aspect of the concept. If
possible, incorporate [optional element:
wordplay/alliteration/vivid imagery]. Make it relatable to
[personal preference: a specific scenario/everyday
objects/animals].”

For creation of the visual mnemonic (with DALL-E 3), the
following generic prompt template was used: “Generate a [style:
cartoon/funny/medical illustration] depicting the mnemonic
‘[text mnemonic]’ for [medical concept]. The image should be

[characteristic 1: visually engaging/humorous/clear] and
[characteristic 2: memorable/related to the mnemonic words].
Incorporate [specific visual elements: anthropomorphized
objects/exaggerated features/relevant symbols]. Ensure any text
is minimal, clear, and correctly spelled. Place the mnemonic
sentence as a title.”

These templates were iteratively refined based on the quality
and relevance of the AI-generated outputs. Examples of specific
prompts based on these templates are in Table 1. These
templates and examples provide a framework for creating
diverse and engaging sentence mnemonics while allowing for
customization based on the specific medical concept and desired
learning outcomes.

Implementation Challenges and Refinement Strategies
Three key challenges emerged during implementation, leading
to the development of targeted refinement strategies. The first
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challenge was medical accuracy. Maintaining medical accuracy
necessitated continuous verification against established medical
resources. Initial outputs occasionally exhibited terminology
errors or incomplete conceptual coverage. These issues were
addressed by incorporating specific medical terminology in the
prompts and implementing a systematic review process
involving medical experts.

Second, achieving consistent visual clarity and anatomical
accuracy in the AI-generated images presented challenges. Some
images lacked clarity or contained inconsistencies between
textual and visual elements. We improved visual quality through
prompt refinement, including more precise anatomical
descriptions and requests for simplified representations of
complex concepts.

The third challenge was in content integration. Ensuring
seamless integration between the text mnemonic and visual
representation required careful prompt design and quality
control. A structured review process was implemented to verify
that both components effectively reinforced the target medical
concept and functioned synergistically to enhance learning.

These findings offer practical observations for educators
considering the use of AI-assisted mnemonic generation. While
the PMM approach holds promise for personalized learning,
our results underscore the essential role of human oversight,
domain expertise, and iterative refinement in ensuring accuracy,
clarity, and educational value.

Discussion

Principal Findings and Implications
This tutorial demonstrates a practical approach to generating
PMMs using readily available AI tools. Our findings highlight
the feasibility of creating customized mnemonics within a
reasonable timeframe (2-5 minutes per concept, with 1-3
iterative attempts). The combination of text and visual elements
aligns with dual-coding theory [3,17], potentially enhancing
learning and recall. However, challenges related to medical
accuracy, visual clarity, and content integration underscore the
crucial role of human oversight and domain expertise. The
“harbipenems” error, for example, emphasizes the need for
medical professionals to validate AI-generated content. These
findings suggest that AI-assisted PMM generation can be a
valuable tool for personalized learning, but careful attention to
quality control and prompt refinement is essential.

Comparison to the Literature
This tutorial’s approach aligns with the growing interest in
applying AI for personalized learning in medical education.
While much of the current research focuses on AI for tasks like
data analysis [10,18], this tutorial explores the relatively novel
application of AI for generating personalized learning content.
Our emphasis on multimodal learning resonates with the
principles of dual-coding theory [3], which suggests that
combining visual and textual representations can enhance
learning and memory. Furthermore, the challenges we
encountered regarding accuracy and clarity in AI-generated
content echo broader concerns in the literature about the need

for human oversight in AI-driven educational applications
[8,19].

Strengths and Limitations
This tutorial provides a practical, step-by-step guide for
generating PMMs using AI, offering readily adaptable prompt
templates and illustrative examples. The student-centered
perspective offers valuable insights into the practical challenges
and potential benefits of this approach.

This tutorial has several limitations. First, the AI models used
may exhibit biases, potentially limiting the diversity and novelty
of generated PMMs. Second, inaccuracies in visual
representations, such as misspellings or mismatches with the
text mnemonic, require careful review and correction. Third,
current AI models may refuse to generate content for sensitive
medical topics, necessitating alternative strategies or manual
content creation. Finally, the lack of a formal evaluation with
medical students limits the generalizability of our findings and
prevents definitive conclusions about the effectiveness of PMMs
on learning outcomes.

Future Directions
Future research should investigate the effectiveness of PMMs
on learning outcomes through controlled studies comparing
PMMs to traditional learning methods. Such studies should use
objective measures of learning, such as recall accuracy, learning
efficiency, and student satisfaction. Further research should also
explore the long-term impact of PMMs on knowledge retention
and application. The scalability and adaptability of the PMM
approach across diverse medical subjects and educational
settings warrant investigation. Additionally, future work should
address the ethical considerations surrounding AI-generated
educational content, including data privacy, bias, and
overreliance on technology [8]. Developing guidelines for the
ethical and effective use of AI in mnemonic creation and
medical education more broadly will be crucial as this field
evolves [19].

Conclusion
This tutorial presents a practical approach to generating PMMs
for medical education using the AI tools ChatGPT and DALL-E
3. This approach emphasizes AI as a tool to enhance, rather
than replace, traditional learning methods. Originating from
medical students seeking to improve their own learning, this
tutorial describes a step-by-step process involving prompt
engineering, iterative refinement, and quality assessment,
illustrated with examples for 6 medical concepts. The
personalized nature of the mnemonics, coupled with the
multimodal approach, demonstrates potential for enhancing
student engagement and facilitating the retention of complex
medical concepts. We also highlight key challenges related to
medical accuracy, visual clarity, and content integration,
underscoring the importance of human oversight and domain
expertise in refining AI-generated content. This student-led
exploration offers practical guidance and a valuable starting
point for educators and students alike interested in leveraging
AI for personalized learning in medical education.
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Abstract

Background: Project ECHO (Extension for Community Health Outcomes) is an innovative program that uses videoconferencing
technology to connect health care providers with experts. The model has been successful in reaching health care providers in
rural and underserved areas and positively impacting clinical practice. ECHO Idaho, a replication partner, has developed
programming that has increased knowledge and confidence of health care professionals throughout the state of Idaho, United
States. Although the ECHO model has a demonstrated ability to recruit, educate, and train health care providers, barriers to
attending Project ECHO continuing education (CE) programs remain. The asynchronous nature of podcasts could be used as an
innovative medium to help address barriers to CE access that health care professionals face. The ECHO Idaho “Something for
the Pain” podcast was developed to increase CE accessibility to rural and frontier providers, while upscaling their knowledge of
and competence to treat and assess substance use disorders, pain, and behavioral health conditions.

Objective: This paper describes the creation and preliminary assessment of the ECHO Idaho “Something for the Pain” podcast.

Methods: Podcast episodes consisted of interviews with individuals as well as didactic lectures. Audio from these recordings
were edited for content and length and then professionally reviewed by subject matter experts (eg, featured episode speakers).
Target audiences consisted of health care providers and community members interested in behavioral health and substance use
disorders. Metrics on podcast listeners were assessed using SoundCloud’s RSS feed, continuing education survey completion,
and iECHO.

Results: The ECHO Idaho “Something for the Pain” podcast’s inaugural season comprised 14 episodes with 626 minutes of
CE material. The podcast series received a total of 2441 listens from individuals in 14 different cities across Idaho, and 63 health
care providers listened and claimed CE credits. The largest professional group was social workers (n=22; 35%).

Conclusions: We provide preliminary evidence that podcasts can be used to provide health care providers with opportunities
to access CE material. Health care providers listened to and claimed CE credits from the ECHO Idaho “Something for the Pain”
podcast. Project ECHO programs should consider creating podcasts as an additional platform for disseminating ECHO material.

(JMIR Med Educ 2025;11:e55313)   doi:10.2196/55313

KEYWORDS

Project ECHO; ECHO Idaho; medical education; medical training; medication teaching; medical knowledge; rural health care;
rural medicine; underserved population; underserved people; substance use; substance use disorder; SUD; drug abuse; drug use;
alcoholism; addiction; pain; behavioral health; podcast; webinar

Introduction

Project ECHO (Extension for Community Health Outcomes),
founded by the University of New Mexico, provides accessible
education and specialty training to rural and underserved
professionals through an all-teach, all-learn model that uses
interactive video conferencing (ie, Zoom technology) [1]. In
2018, through a collaboration between the University of Idaho

WWAMI (Washington, Wyoming, Alaska, Montana, Idaho)
Regional Medical Education Program and the Idaho Department
of Health and Welfare Statewide Healthcare Innovation Plan,
ECHO Idaho became the only Project ECHO replication partner
in the state of Idaho [2]. Since 2018, ECHO Idaho has provided
rural and underserved communities with educational
opportunities and cultivated a community of health care
professional learners across the state. Researchers assessing the
Project ECHO model have found that attendees increase their
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knowledge, clinical skills, and confidence, thus increasing the
quality of care for patients in rural and underserved communities
[1-10]. Health care professionals participating in the ECHO
Idaho series have similarly reported increases in both their
knowledge and in their confidence to provide specialty care for
their patients [2,11].

Despite the myriad documented benefits of the Project ECHO
model, challenges relevant to maximizing attendance and
increasing overall reach of the program (eg, recruiting
participants from rural areas) still exist [2-4,12]. For example,
scheduling conflicts and time constraints have been reported as
barriers to attending ECHO sessions [5,10,13]. Although some
hubs have modified the ECHO model (eg, changed session
lengths), no conclusive changes have been recommended and
minimal research has been conducted to assess how
modifications to the model could positively impact and enhance
provider training [10,13]. Other models of continuing education
(CE) (eg, e-learning) have been reported to be effective in
changing knowledge, self-efficacy, and skills [14]. However,
the effect of such models on professional and clinical practice,
as well as patient outcomes, remains largely unknown.

Thus, exploring and researching novel or innovative platforms
to disseminate information and increase clinical skills for health
care providers, while subsequently decreasing potential barriers
to attendance, are necessary. One proposed approach is the use
of a podcast platform to deliver Project ECHO materials. A
podcast may be an effective, interactive, and cost-efficient way
to deliver Project ECHO programming while addressing some
barriers reported by participants. For example, the asynchronous
nature of podcasts would allow providers the flexibility to
engage with the material on their own time, and to pause and
resume listening when needed. Research has reported that
podcasts can be an impactful model to train and enhance
professional development [15-17]. Additionally, due to the
COVID-19 pandemic dramatically changing the landscape of
health care and education [18], the use of podcasts to deliver
medical education curricula has increased [19-22]. Researchers
have found podcasts increase participant knowledge and
self-efficacy while also indirectly impacting professional and
clinical practice [19-22]; however, the full scope of the impact
of educational podcasts remains unknown [16].

To test the efficacy of the podcast model for delivering medical
education, ECHO Idaho developed the “Something for the Pain”
podcast, with support from the Idaho WWAMI Medical
Education Program and in partnership with the Valley County
Opioid Response Project [23]. The podcast was meant to
increase CE accessibility for rural and frontier providers, while
upscaling their knowledge of and competence to treat and assess
behavioral health conditions. The purpose of this paper was to
present the development and implementation process of the
ECHO Idaho “Something for the Pain” podcast’s inaugural
season, as well as to discuss the preliminary findings regarding
the reach of the podcast, lessons learned, and proposed future
uses of this innovative platform.

Methods

Program Development and Implementation

Program Description
Due to the increased need for more specialty training related to
behavioral health, opioids, pain, and substance use disorder
(SUD), in 2021, the ECHO Idaho “Something for the Pain”
podcast was developed as an innovative approach to disseminate
ECHO Idaho materials. The inaugural season contained 14
episodes that presented best-practices and resources for
behavioral health, opioid use disorder, and SUD prevention,
treatment, and recovery specific to Idaho. The podcast was free
to access, and eligible providers were able to obtain no-cost CE
credits for listening to an episode.

Episode Development
The ECHO model learning framework typically includes two
sections: (1) didactic lectures and (2) a case-based presentation
and discussion. To mirror the framework of the ECHO model,
the 14 podcast episodes were primarily broken down into two
parts: (1) interviews with individuals and (2) didactic
presentations. The interviews were with health care professionals
and community members who had first-hand experience and
knowledge of evidence-based practices and resources pertinent
to the Idaho context. The didactic presentations were taken from
previously recorded ECHO Idaho sessions across 4 series (ie,
Behavioral Health in Primary Care; Opioids, Pain and Substance
Use Disorders; Counseling Techniques for Substance Use
Disorders; and Viral Hepatitis and Liver Care). Audio from
these recordings were edited for content and length and then
professionally reviewed by subject matter experts. The subject
matter experts also assisted with generating CE-eligible episode
assessment questions that could be used to gauge audience
engagement.

Audience Recruitment
The primary intended audience for the podcast was health care
providers and community members with an interest in SUD and
behavioral health. Initial recruitment occurred by using ECHO
Idaho’s network of prior ECHO Idaho session attendees, which,
at the time of the first episode’s release in May 2021, consisted
of approximately 3000 diverse Idaho health care professionals
(eg, those who held an MD/DO, PA, NP, MCSW, or LCPC).
Members of the ECHO Idaho staff invited participants from the
pre-existing ECHO network to listen to the podcast as an
additional means of earning CE credit at their convenience.
Additionally, ECHO staff developed a targeted marketing
campaign that involved personal and bulk emails, newsletter
announcements, weekly announcements, paid advertisements,
social media posts, print bulk postcard mailings, as well as
advertising on other podcast programs. The podcast was housed
on SoundCloud, which increased its accessibility through user
search engines and algorithms.

Podcast Data Metrics
Listener engagement was tracked using SoundCloud’s RSS
feed. The feed provided click metrics (ie, how many listens
occurred) for each podcast episode consumed within a specified
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timeframe. Eeds, an electronic CE management system, was
used to track CE credits claimed following episode and
assessment completion. Additionally, to gain insight into listener
experience, participants were required to answer a user
experience question in Eeds. Lastly, individuals interested in
listening to the podcast could register on the ECHO Idaho
website. Registration information collected included
demographic questions like profession, credentials, primary
practice location, sex, and age. iECHO, a web-based proprietary
program and management software database, was used to
manage participant demographic data (ECHO Institute,
University of New Mexico) entered on the registration form.

Data Analysis
Data were exported from Eeds and iECHO and a descriptive
statistical analysis was performed using SPSS, version 28 (IBM
Corp).

Ethical Considerations
The project was certified as exempt (protocol #23‐150) by the
Institutional Review Board at the University of Idaho. Data

were deidentified for the purposes of analysis, and informed
consent was obtained from all participants prior to their
involvement in the study.

Results

RSS Feed
The first season of the ECHO Idaho “Something for the Pain”
podcast included 14 episodes (released May 2021 to June 2022);
13 episodes were related to perinatal SUD, and 1 bonus episode
gave a brief history of Project ECHO and Vandal Theory (Table
1). The average length of an episode was 45 (SD 11.9) minutes
and the average number of listens per episode was 188 (SD
46.5) (Table 1). The season provided a total of 626 minutes of
CE material available for perpetual access. The podcast was
released on the streaming platforms SoundCloud, Apple
Podcasts, Google Podcasts, Spotify, Sticher, and iHeartRadio.
As of April 19, 2023, the initial season of the podcast had
garnered over 2000 listeners from various parts of the United
States, with most of the listeners based in Idaho.
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Table . Information on each episode including release date, title, length, and total listens of each episode.

ListensLength (minutes)EpisodeRelease date

28631Episode 1: Framework for Addic-
tion as Disease (feat. Craig Lodis,
PhD)

5/11/2021

21247Episode 2: State of Substance Use
in Idaho (feat. Amy Jeppesen, LC-
SW, ACADC)

5/17/2021

N/Aa37Bonus Episode: Project ECHO Ori-
gin Story & The Vandal Theory
(feat. Sanjeev Arora, MD)

6/3/2021

15945Episode 3: De-escalation Tech-
niques and the Valley County Court
Services’ Diversion Program (feat.
Abby Abbondondalo and Skip
Clapp)

7/1/2021

16547Episode 4: Harm Reduction and
Valley County’s Opioid Response
Project (feat. Brenda Hoyt, NP,
Courtney Boyce and Shelly Hitt)

7/11/2021

19160Episode 5: Motivational Interview-
ing and Donnelly’s The Change
Clinic (feat. Deb Thomas and Bar-
bara Norton)

7/23/2021

16432Episode 6: LaDessa Foster Talks
Levels of Care in Substance Use
Disorder Treatment (feat. LaDessa
Foster)

8/9/2021

17835Episode 7: Monica Forbes Talks
SMART Recovery, Stigma and Re-
entering Society Post-Incarceration
(feat. Monica Forbes)

8/23/2021

18551Episode 8: Marjorie, Wilson Talks
Idaho’s Syringe Service Programs
(feat. Marjorie, Wilson and Ian
Trosoyer, DNP)

9/1/2021

27430Episode 9: LaDessa Foster Talks
Managing Clinical Services for Pa-
tients and Providers (feat. LaDessa
Foster)

9/13/2021

16855Episode 10: Lindsay Brown Talks
Peer Recovery Supports (feat.
Lindsay Brown)

3/2/2022

18845Episode 11: Talking Telehealth in
SUD Care | McCall Mobile
Medicine (feat. Drew Holliday,
MSW)

3/25/2022

12251Episode 12: Deborah Seltzer Talks
Coding and Billing for Substance
Use Disorders (feat. Deborah
Seltzer)

5/4/2022

14960Episode 13: SUD Treatment for
Justice-Involved Patients | Day One
Program (feat. Radha Sadacharan,
MD, MPH and Rebecca Lee)

6/13/2022

aNot available.
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CE Credit
A total of 63 unique health care professionals representing 14
distinct cities and spanning all 7 public health districts within
the state of Idaho, as well as out-of-state listeners, claimed CE
credit for season 1 of the podcast (Figure 1). The podcast drew
a diverse array of professionals from various disciplines, with

social workers being the most widely represented group among
those who claimed CE credits (Multimedia Appendix 1). Three
questions were generated for each of the 13 episodes eligible
for CE credits. The average percentage of correct answers for
all episodes was 83% (SD 11.6%) (Multimedia Appendix 2),
thus providing preliminary evidence related to audience
engagement and potential impact on learning outcomes.

Figure 1. Health care professionals claiming continuing education credits from the ECHO Idaho “Something for the Pain” podcast within the state of
Idaho. Values 1-7 represent Idaho’s 7 public health districts (map adapted from MapChart).
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Discussion

Principal Findings
ECHO Idaho’s “Something for the Pain” podcast included 14
episodes providing best practices and resources for behavioral
health, opioid use disorder, and SUD prevention, treatment, and
recovery specific to Idaho. The podcast included interviews
with health care professionals and community members who
had first-hand experience and knowledge of evidence-based
practices, as well as didactic presentations taken from previously
recorded ECHO Idaho sessions. Audience recruitment primarily
focused on health care providers and community members
interested in the behavioral health and SUD field. Metrics such
as click metrics, CE credits, and user experience questions were
used to track listener engagement. Data collected from Eeds
and iECHO systems were analyzed using SPSS, providing a
descriptive statistical analysis.

The ECHO Idaho podcast effectively engaged a diverse group
of health care professionals throughout Idaho, demonstrating
the utility of podcasts as a versatile tool for professional
development and outreach. This highlights the possibility of
leveraging podcasts to not only provide CE but also to serve as
a means of attracting more health care professionals to Project
ECHO sessions. The widespread accessibility of podcasts
suggests their potential as a potent recruitment tool for future
Project ECHO initiatives.

This report presents a preliminary assessment of an innovative
platform to engage with health care professionals, as well as
community members, by providing insightful information and
professional development material via the medium of podcasts.

Limitations
Although the initial season of the podcast engaged with diverse
health care providers across the state, the podcast’s impact on
clinical practice remains unknown. Previous literature has
suggested internet-based continuing medical education can
increase knowledge, change physician behavior, and indirectly
impact clinical practice [16,24]. Therefore, future research
should collect feedback from nonlisteners and previous listeners
to understand their preferences for this innovative platform as
well as assess the direct impact of podcast-based CE on
listeners’ knowledge and professional and clinical practice
through quantitative and qualitative analyses.

Additionally, although several data analytics methods were
used, some challenges remain. The RSS data records clicks (ie,
listens) on each episode, but there is no way to track how long
someone listened or if they completed the full episode.
Therefore, interpretation of those data points should be made
with caution. Similarly, due to data constraints, it is difficult to
assess the benefits of the ECHO podcast compared to the more
traditional ECHO program model. As a result, we were unable
to fully evaluate the podcast’s impact, particularly in terms of
reach, impact on learning outcomes, and its influence on clinical
practice. Future research should focus on assessing these
variables, as they are crucial for understanding the effectiveness
of this type of CE material. Lastly, the effectiveness of our
recruitment strategies remains undetermined. Future research
should prioritize evaluating these strategies to optimize the
return on investment and enhance the overall impact of the
podcast.

Lessons Learned
Overall, the goal of the podcast was to provide clinicians across
the state with an easily accessible CE program. We learned that
podcasts could be used to engage Idaho health care providers
and provide access to CE opportunities. Although we provide
evidence of successfully reaching listeners, a robust marketing
campaign was not used. Furthermore, the topics were selected
by a team of subject matter experts without input from listeners
or previous ECHO Idaho attendees. In the future, assessing
additional indicators (eg, listener preferences related to episode
length, topic selection, impact on clinical practice, perceived
barriers to listening to podcasts) could ensure that new podcast
series and episodes meet the needs of current and potential
listeners.

Conclusions
The ECHO Idaho “Something for the Pain” podcast was
developed as a new and innovative way of providing CE for
health care providers. We provide evidence that this approach
was successful in its efforts to engage a sizable audience of
listeners who claimed CE credits for participation. The podcast
had listeners from diverse health care professions representing
cities from across Idaho and the United States. Future research
efforts should include the collection of additional information
such as listener preferences, knowledge change, professional
and clinical impact, and patient outcomes to guide the
implementation of Project ECHO information into an effective
CE podcast format.
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Abstract

Opportunities to learn ultrasound-guided/assisted (USGA) neuraxial techniques for pediatric patients are limited, given the inherent
high stakes and small margin of error in this population. Simulation is especially valuable in pediatrics because it enhances
competency and efficiency, without added risk, when learning new skills, specifically those seen with ultrasound-guided regional
anesthetic techniques. However, access to simulation opportunities involving the use of phantom models in medical education
is limited due to excessive costs. We describe a process for producing ultrasound phantoms by using synthetic ballistic gelatin;
these ultrasound phantoms can be used for simulation and are affordable, reproducible, and indefinitely shelf stable. The ultrasound
images produced by these phantoms are comparable to those obtained from a real pediatric patient, including the sacral anatomy
necessary for caudal epidural blocks, as validated by practicing pediatric anesthesiologists. Phantom models offer a more
cost-effective alternative to commercially prepared phantoms, thereby expanding access to realistic simulations for neuraxial
ultrasound in pediatric medical education, without the prohibitively high expense.

(JMIR Med Educ 2025;11:e63682)   doi:10.2196/63682
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anesthesiology; pediatric; ultrasound; education; neuraxial ultrasound; medical education; pediatric anesthesia trainees; anesthesia;
trainees; ultrasound-guided; neuraxial techniques; pediatric patients; efficiency

Introduction

Opportunities to learn ultrasound-guided/assisted (USGA)
neuraxial techniques for pediatric patients are limited, given
the inherent high stakes and small margin of error in this
population. Simulation is a valuable and effective method for
learners—whether used by trainees or experienced clinicians—to
enhance their competency, efficiency, and confidence in
performing regional anesthetic and neuraxial techniques [1-4].
Ultrasound enhances safety, decreases complications, and
improves the efficacy and accuracy of neuraxial blockade in
pediatric patients from preterm to adolescence [5-12]. The utility
of ultrasound is even more apparent in syndromic children with
unusual anatomy, patients who comprise a large subset of the
pediatric population that presents for surgery at a young age
[13]. Honing pediatric patient–related ultrasound skills in a
simulation setting is an ideal scenario for learning without risk.
Unfortunately, educational curricula and teaching models lag
behind recent advancements in simulation.

Despite efforts to create affordable and reproducible ultrasound
phantoms, many lack a realistic appearance, and most are not

indefinitely, if at all, shelf stable or portable because they are
made of water, agar, gelatin, or other substances or are derived
porcine models [3,4,14,15]. The cost of manufactured models
that offer all these features can be prohibitively expensive,
amounting to several thousand dollars, and these models may
generate an inferior simulation experience [14]. Limited access
to high-fidelity ultrasound phantoms significantly restricts
opportunities for learners to take advantage of low-stakes
simulation training and necessitates practicing on live patients,
including infants and children, to learn valuable skills—a
method with varying degrees of success and much higher stakes.
There is a dearth of literature describing spine phantoms that
are made with the necessary anatomy to teach pediatric trainees
how to use ultrasound to approach the caudal epidural space.
We describe a method for creating a realistic, affordable,
reproducible, and shelf-stable spine phantom model that allows
for the demonstration of key ultrasound images of the spine and
caudal anatomy that are required to perform USGA neuraxial
techniques on pediatric patients. Furthermore, the synthetic
ballistic gelatin used to produce the phantom model can be
reclaimed and reused to make “fresh” models for an indefinite
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period of time, allowing for multiple practice sessions without
additional costs.

Methods

Overview
We present a tutorial describing the construction of an
ultrasound phantom of the spine, based on similar previous
descriptions [16]. Notably however, our model includes both
lumbar anatomy and sacral anatomy, which are lacking in
previously published iterations but are essential for learning
pediatric-specific neuraxial sonoanatomy. Additionally, we
completely submerged our spine model in ballistics gel, creating
stable, flat surfaces surrounding the spine to facilitate scanning
the model in multiple orientations, which simulates the use of
ultrasound for prone, lateral, and sitting positions. Further, an
anonymous survey was sent to 10 practicing attending pediatric
anesthesiologists to evaluate the similarity between the
ultrasound images generated from the phantom and images from
a real patient. Three ultrasound views were evaluated for
likeness and accuracy on a 5-point Likert scale.

How to Create a Phantom Model
The following stepwise process can be used to create a spine
phantom:

• Step 1: Preheat a portable oven to 250-270 °F (121-132
°C). A portable oven is preferable, as it can be used outside
to prevent inhalation of the unpleasant smell from melting
gel. It is critical to review the manufacturer’s guidelines;
ensure that the ballistics gel is always melted in
well-ventilated areas; and ensure that caution is used to
avoid overheating the gel, as it could light on fire.

• Step 2: Cut or tear ballistics gel into smaller pieces for
melting.

• Step 3: Place the gel into an oven-safe pan (either a mold
pan or an extra container), with the goal of melting the gel
to create a 1- to 3-inch gel layer at the bottom of the pan.
• This layer mimics the soft tissue covering the spinous

processes. Add more gel to create a thicker layer, if
desiring to create a model with greater depth to the
epidural space.

• Generally, it is preferable to melt the gel in an extra
oven-safe container and pour it into a mold pan for
each subsequent step; however, for the first layer, the
gel can preferentially be melted directly in the mold
pan.

• Step 4: Melt the gel in the oven until all bubbles are gone.
This step takes about 2 to 4 hours, depending upon the
amount of gel melted. It is critical to minimize bubbles in
this layer, as this is the surface that will be scanned with
ultrasound.

• Step 5: Allow the bubble-free layer to cool significantly
(approximately 30-60 min). Then, place the spine model
into the pan, with spinous processes facing down toward
the bottom of pan and touching the gel, and press it very
gently into the gel. Hold or secure the spine model in place

until the gel sets and the model is not moving in the pan
(10-20 min).
• During the first cooling period, the gel should be cool

enough to touch and be starting to firm up, with some
resistance to pressure from a fingertip, but it should be
soft enough to envelop the tips of the spine model’s
spinous processes.

• If free-pouring gel into a mold pan (rather than melting
gel directly in it, as is preferable), aim to pour toward
one side/corner of the pan to minimize air bubbles. A
ladle can be used to pour gel into the mold pan, again
aiming to pour into one side/corner of the pan (rather
than fanning) to minimize bubbles.

• If many large bubbles are present, consider placing the
mold pan back into the oven and cooking further until
bubbles are gone (a few small bubbles are generally
not problematic).

• Hot gel will soften the spine model and result in curved
spinous processes. Therefore, press only hard enough
on the model to make slight contact between the tips
of spinous processes and the gel; this contact secures
the model to hold it in place in future steps.

• Step 6: Allow gel in mold pan (containing 1- to 3-inch gel
layer) and spine model to cool completely.

• Step 7: Once cool, pour more melted gel (see step 3 for
melting instructions) into the mold pan until the spine model
is completely covered.
• Pour quickly and to one corner or side at the

coccyx-end of the model.
• Bubbles in this step are not as concerning because this

surface will be placed facing down and will not be
scanned.

• Bubbles will continue to rise to the top for several
minutes as the gel cools; large bubbles can be
popped/opened to create a flatter surface on this side
of the phantom, though it is not necessary to do so.

• Step 8: Allow the mold pan (which should now contain the
gel-covered spine model) to cool completely, preferably
overnight, until the gel is solid.

• Step 9: Remove phantom from pan, using firm but gentle
traction on the gel.
• It may help to run an offset spatula (or another flat, thin

tool, such as a butter knife) along the edges of the
phantom and pan to help separate the phantom from
the mold pan.

• Once loosened, it can be helpful to stand the pan upright
on the short side and slide fingers between the gel and
pan as deep as possible to fully free the top side of the
gel. Then, firmly push down, while continuously
pulling out, on the gel until it releases from the pan.

• Step 10: Store phantom at room temperature, with spinous
process side up. To clean, use water and a lint-free towel.

Figure 1 shows correlated pictures of the stepwise process and
final phantom model.
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Figure 1. Stages of phantom production, with A to C showing steps 1 to 4, D showing steps 5 and 6, E showing steps 7 and 8, and F showing step 9.
(A): Cut gel in an extra container placed inside a portable oven set to 270 °F (132 °C). (B): Melted, bubble-free gel in the extra container. (C): Two
mold pans. (D): Spine model, with anterior side up, placed in cooled, bubble-free layer. (E): Spine model submerged completely in gel and cooled. (F):
Completed spine phantom that has cooled completely and has been removed from the mold pan.

Materials
Multiple options exist for the materials that are used to create
a phantom model for practicing neuraxial ultrasound skills.
Table 1 outlines those used by the authors, along with purchase
sites and prices. Each phantom is composed of a spine model
embedded in ballistics gel. Additional necessary items are
reusable for multiple production cycles. Supplies include an
oven that can sustain 250-270 °F (121-132 °C; US $119 for a
portable oven), an oven-safe mold (US $9), and an extra
oven-safe container (US $11). Optional items include a ladle

or another heatproof tool for scooping melted gel. The ladle can
be useful for more precision in transferring the gel into the pan.
It does potentially create more bubbles than pouring directly;
however, bubbles are mitigated by placing the pan back into
the oven. The ladle is also useful for ensuring that the anterior
side of the model is completely covered with gel and that any
bubbles remaining on the anterior side do not interfere with
ultrasound scanning. Furthermore, because the spine model is
completely submerged in ballistics gel, an offset spatula may
be helpful for loosening and releasing the phantom from its
mold.
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Table . List of materials, where to purchase, costs, and notes on pertinent information.

NotesCostPurchase siteItem and description

Oven (portable)

Any oven that can sustain
250‐270 °F (121-132 °C).

US $119Amazon.com (ASINa:
B07K25WBZ4)

“Sunvivi 22-Quart Roaster
Oven”

Ballistics gel

Makes ≥4 phantoms.US $76 + shippingClearballistics.com (SKUb:
852844007000)

“10% FBI Gel Block”

Spine model

Preferred.US $161 + shippingSawbones.com (SKU: 1340-
1)

“Spine, Lumbar Vertebrae
with Nerve Roots and Liga-
menta Flava, L3-Sacrum,
Solid Foam”

Less expensive. Requires
removal of some vertebrae
to fit recommended oven-
safe mold. Alternative op-
tion is 3D printed model.

US $34Amazon.com (ASIN:
B074JCS4SC)

“Medical Human Lumbar
Spine Demonstration Model
Anatomical Model Lumbar
Vertebrae Sacrum & Coc-
cyx, with Herniation
Disc,for Science Classroom
Study Display Teaching
Medical Model 15 Inch
Hight”

Oven-safe mold

Any oven-safe receptacle
that is similar in size to
spine model. Can be pur-
chased from local restaurant
supply store.

US $9Webstaurantstore.com (item
number: 4070469

“1/4 size 6” Deep Steam
Table Pan”

Extra oven-safe container

Used to melt bigger volume
of gel.

US $11Webstaurantstore.com (item
number: 4070269)

“1/2 Size 6” Deep Steam
Table Pan”

Gel dye

Used to opacify gel; comes
in a variety of skin tone col-
ors.

US $35Humimic Medical [17]“Tone dye”

aAmazon Standard Identification Number.
bStock keeping unit.

Cost
The cost for our preferred spine model is approximately US
$161, but a more cost-effective version with fewer vertebrae
can be purchased for US $34. The more expensive model is
preferred due to the ease of placement in the mold, image quality
on ultrasound scans, and representation of more neuraxial
structures (spinal nerves and ligamentum flavum). Newer 3D
printing technology allows for the printing of customizable and
cost-effective pediatric spine models that could alternatively be
used in our phantom. Ballistics gel priced at US $76 allows for
the production of 4 or more phantoms. The additional items

previously mentioned can amount to a cost between US $139
and US $150.

Results

There are 6 views that are critical to performing USGA neuraxial
procedures; each is easily obtained from the ultrasound phantom:

• Parasagittal views (Figure 2): transverse process (“trident”
sign), articular process (“camel hump” sign), and oblique
interlaminar (“horse head” or “sawtooth” sign) views

• Transverse midline views (Figure 3): spinous process,
interspinous process/interlaminar (“bat” or “flying bat”
sign), and sacral cornua (“frog” or “frog eye” sign) views
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Figure 2. Parasagittal images from phantom (A, B, and C), with probe placement relevant to bony anatomy and ultrasound indicator oriented cephalad,
and patient (D), with ultrasound indicator oriented caudad. (A): Parasagittal TP view (“trident” sign). (B): Parasagittal AP view (“camel hump” sign;
dashed blue line shows “camel hump” outline). (C): Parasagittal oblique interlaminar view (“horse head” or “sawtooth” sign; blue line shows “horse
head” outline) in phantom. (D): Parasagittal oblique interlaminar view in patient. AC: anterior complex (interface of anterior dura and vertebral body);
AP: articular process; ESM: erector spinae muscle; L: lamina; LF: ligamentum flavum; PC: posterior complex (interface of ligamentum flavum and
posterior dura); TP: transverse process.
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Figure 3. Transverse images from phantom (A, B, and D), with probe placement relevant to bony anatomy, and patient (C and E); ultrasound probe
indicator is oriented left in all images. (A): Transverse midline SP view from phantom. (B): Transverse interspinous (interlaminar) view (“bat” or “bat
wing” sign; dotted line shows “bat wing” outline) from phantom. (C) Transverse interspinous (interlaminar) view from patient. (D): Transverse SC
view (“frog” or “frog eye” sign) from phantom. (E): Transverse SC view from patient. AP: articular process; ITS: intrathecal space; L: lamina; LF:
ligamentum flavum; LF+D: ligamentum flavum+dura (ie, posterior complex); PD: posterior dura; S: sacrum; SC: sacral cornua; SCL: sacrococcygeal
ligament; SH: sacral hiatus; SP: spinous process; TP: transverse process; VB: vertebral body.

Each of these views is demonstrated in Figures 2 and 3, with
an additional image of the ultrasound probe placement in relation
to the bony landmarks of the lumbosacral spine and patient
sonoanatomy, where available. Several spine images from a
6-month-old male infant (written consent obtained from parent)
are shown (Figures 2D, 3C, and 3E) beside the phantom images
for comparison. Because the spine model lacks certain elements,
not all structures appear on the phantom scan, and some cannot
be obtained.

Phantom images were evaluated for likeness and accuracy via
comparison to actual patient images by 10 practicing attending
anesthesiologists. Each image was graded on a 5-point Likert
scale for how similar it appeared to the actual patient image.
All 10 respondents agreed or strongly agreed that the transverse
sacral cornua view (“frog” sign) and parasagittal oblique
interlaminar view (“horse head” sign) were similar to those of
real patients. Of the 10 respondents, 8 agreed or strongly agreed
that the transverse interspinous view (“bat wing” sign) was
similar between the phantom and real patient images, 1
respondent was neutral, and 1 respondent somewhat disagreed.

Discussion

Unlike previous phantoms described by Morrow et al [16],
Mashari et al [14], and others, our spine phantom generates
ultrasound images and views that closely replicate the
sonoanatomy of a pediatric patient (Figures 2D, 3C, and 3E).
A key advancement in our design is the incorporation of the
sacrum and sacral hiatus—critical structures needed for

visualizing the caudal space, which is a technique that is often
used in accessing the neuraxis in pediatric patients. Furthermore,
by fully submersing the spine model in ballistics gel, our
phantom offers superior stability during scanning and allows
for repositioning to simulate sitting, lateral, and prone patient
orientations. The enhanced design ensures a more realistic
training experience, thereby helping practitioners develop the
precise skills necessary for pediatric neuraxial techniques.

Practicing pediatric anesthesiologists overall found our
phantom’s ultrasound images comparable to ultrasound images
of real pediatric anatomy, particularly for the transverse sacral
cornua (“frog” sign) and parasagittal oblique interlaminar
(“horse head” sign) views. However, while responses for the
transverse interspinous (interlaminar) view (“bat wing” sign)
were generally positive, some noted minor discrepancies
between the phantom images and those of real patients. Given
that the phantom lacked several ligaments and the spinal canal
seen in real patients, this feedback provides an opportunity for
improvement in future phantom models, which could be
addressed by the techniques described by Morrow et al [16]
(spinal canal) and Mashari et al [14] (ligaments).

Ultrasound has been used to identify anatomical landmarks for
epidural or spinal neuraxial procedures and to identify placement
of catheters that are inserted in the caudal space and threaded
to the lumbar or thoracic space in pediatric patients [5,6,9-12].
The creation of ultrasound phantoms, as described in this paper,
can increase access to ultrasound simulation and enhance
opportunities for learning critical procedural skills in a
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low-stakes environment [1-4,14,16]. To meet these needs, we
created a phantom that is indefinitely shelf stable, reproducible,
and cost-effective (approximately US $92 to US $219 per
phantom, including the materials listed plus the reusable
materials). By modifying the previous technique described by
Morrow et al [16], our phantom was specifically designed to
image the sacral cornua and to easily scan in the prone or lateral
positions, which are essential features for training anesthesia
clinicians in pediatric neuraxial sonoanatomy.

The use of spine phantoms was previously limited by their costs;
however, budget-friendly spine phantoms created with readily
available materials produce a realistic feel when palpating for
anatomic landmarks [14] and generate many of the views
required to perform neuraxial USGA procedures [14,16]. These
phantoms also replicate sonoanatomy with high fidelity, as
demonstrated by Mashari et al [14], who actually found that
their low-cost model resulted in superior fidelity for ultrasound
imaging when compared to an expensive, commercially
available task trainer.

There are some limitations to the phantom described herein, of
which many can be attributed to the absence of more complex
anatomical structures. Although some views and sonoanatomy
cannot be identified without these structures, easy solutions are
available if needed. For example, our model has a fused sacrum,
as is common in adults; therefore, scanning of the sacrum in
the sagittal plane—a useful technique for performing in-plane
USGA caudal epidural blocks in infants and children—is futile.
This problem can be relieved by obtaining an anatomically
correct spine model that is reflective of infants or young
children, either through purchase or through 3D printing [14,18].
Models of pediatric spines with both normal anatomy and
abnormal anatomy could be made via 3D printing, enhancing
the pediatric-specific simulation experience; however, access
can be limited and may be costly when considering the initial
monetary investment in a 3D printer.

The phantom described also lacks contents of the spinal canal,
rendering it inadequate for simulating access to the intrathecal
space for spinal blockade. Inserting fluid-filled tubing into the
empty spinal canal (a technique described by Morrow et al [16])
prior to pouring melted gel on the model could provide a
potential solution. However, while this added feature can present
itself as another useful learning tool, we found that needling
the phantom degrades the image quality over time and should
be considered when deciding whether to include a spinal canal
in future models. Other potential options for making a more
complete model include adding a ligamentum flavum by using
silicone paste [14]. This technique may be useful for creating
a sacrococcygeal ligament, which is an important landmark
when performing USGA caudal blocks while using the
transverse sacral cornua view (“frog” sign).

Of further note, we chose to use clear ballistics gel for our
phantoms, since it allows for the direct visualization of spine
model structures, which can be very helpful for early learners
but is not realistic or comparable to scanning live patients.
Products used to opacify the gel can be purchased on the internet
(Table 1) if a more realistic option is desired.

Future directions for the use of our spine phantom model center
on teaching critical skills and assessing knowledge of and
comfort with high-stakes procedures in novice trainees. Further
evaluation of our phantom should focus on the effectiveness of
the phantom as a teaching tool.

By constructing a reproducible, affordable, and shelf-stable
spine phantom that can be scanned to generate images and
sonoanatomy of the infant and child neuraxis, trainees can be
provided with a low-stakes environment in which they can learn
how to perform high-stakes regional anesthesia blocks. By
addressing the limitations of previous models, our phantom
provides an affordable, high-fidelity tool that enhances access
to realistic neuraxial ultrasound training for pediatric trainees.
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Abstract

Background: Alzheimer disease (AD) presents significant challenges to health care systems worldwide. Early and accurate
diagnosis of AD is crucial for effective management and care to enable timely treatment interventions that can preserve cognitive
function and improve patient quality of life. However, there are often significant delays in diagnosis. Continuing medical education
(CME) has enhanced physician knowledge and confidence in various medical fields, including AD. Notably, web-based CME
has been shown to positively influence physician confidence, which can lead to changes in practice and increased adoption of
evidence-based treatment selection.

Objective: This study investigated the impact of a targeted, web-based CME intervention on health care providers’ confidence,
competence, and real-world outcomes in diagnosing early AD.

Methods: The study employed a 2-phase design. Phase I used a pre-post assessment to evaluate immediate changes in knowledge
and confidence before and after CME participation. Phase II involved a retrospective, matched case-control study to examine the
impact of CME on AD diagnoses in claims data.

Results: A 1-way ANOVA showed a significant effect of CME regarding change in the volume of AD diagnoses (F1900=5.50;
P=.02). Compared to controls, CME learners were 1.6 times more likely to diagnose AD, resulting in an estimated net increase
of 7939 new diagnoses annually. Post-CME confidence was associated with a greater likelihood of diagnosing AD (odds ratio
1.64; 95% CI 0.92-2.92; P=.09; n=219).

Conclusions: Web-based CME participation is associated with increased real-world AD diagnoses. Findings offer a mechanism
to explain the changes in clinical practice seen as a result of the CME intervention, which improves skills and confidence.

(JMIR Med Educ 2025;11:e72000)   doi:10.2196/72000

KEYWORDS

Alzheimer disease diagnosis; continuing medical education; real-world outcomes; physician confidence; web-based CME; CME;
self-efficacy

Introduction

Alzheimer disease (AD) is a progressive neurodegenerative
disorder that poses significant challenges to health care systems
worldwide. AD affects more than 6.0 million persons in the
United States, 7.9 million in Europe, and at least 50 million
people worldwide [1,2]. The risk of AD increases with age. By
2050, the number of affected persons 65 years and older is
expected to reach 12.7 million in the United States and over
152 million worldwide [1]. As the global population ages, the
prevalence of AD has risen dramatically and will continue to
rise, bringing new urgency to addressing the widespread lags
in diagnosis that impede effective patient management and care.

Early diagnosis is vital for maintaining quality of life, delaying
institutionalization, and improving treatment outcomes.
Monoclonal antibodies that target plaque work best in the early
stages of AD when pathologic changes are still relatively mild
[3,4]. Early diagnosis allows for early initiation of treatment,
which can help preserve patients’ functional abilities and
cognitive function, thereby improving quality of life [5]. Early
diagnosis can also reduce caregiver burden by helping patients
and caregivers access culturally competent care and support
services to improve quality of life [6].

Significant delays are common in the diagnosis and management
of patients with AD. Physician practice patterns across several
countries, including the United States, reveal that while
approximately half of patients globally receive an AD diagnosis
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within 6 months of initial presentation, a significant number of
patients remain undiagnosed for several months after initially
presenting to a physician [7-9]. Misdiagnosis of AD in primary
care settings is exceptionally high, with as many as two-thirds
of patients being misdiagnosed [6]. While primary care
physicians (PCPs) are typically first to see patients with mild
cognitive impairment (MCI) and early AD [10], physician
suspicion accounts for only 20% of AD diagnoses globally,
with caregivers often serving as the primary impetus for seeking
medical attention [8]. Overall, referral rates for specialist care
are also low (14%‐23%) [8].

Recent updates to diagnostic and staging criteria for AD are
based on biological indicators versus clinical syndrome [11].
In practice, AD is often diagnosed through the evaluation of
cognitive symptoms, which is highly dependent on a clinician’s
experience and skill [6]. In the absence of a single diagnostic
test for AD, physicians rely on physical and neurological
examination, mental status tests, imaging, and biomarkers for
diagnostic purposes [12]. However, by the time a patient starts
showing signs of cognitive impairment, underlying pathologic
changes have likely been happening for a decade or longer [13].

Gaps in physician knowledge and insufficient specialized
training partly drive challenges in the diagnostic process [12].
Physicians often struggle to distinguish normal aging from
dementia, and between various types of dementia [14], and
demonstrate limited awareness of early cognitive impairment
indicators [8]. Notably, many physicians lack self-efficacy in
diagnostic abilities, including their skills to detect signs of MCI
and differentiate MCI from AD [12]. Physicians also lack
self-efficacy to use and interpret cognitive testing and
neuroimaging [5]. While specialists are more likely to use
magnetic resonance imaging, PCPs often rely on computed
tomography scans, which are less informative [12]. This lack
of self-efficacy can lead to delayed diagnoses, hindering timely
interventions and optimal patient outcomes.

Continuing medical education (CME), including web-based
CME, has shown promise in improving physician knowledge

and self-efficacy across various medical domains, including in
AD diagnosis [15-17]. However, the relationship between
improving knowledge, competence, self-efficacy, and real-world
outcomes (RWOs) in AD diagnosis remains understudied
[10,16-18]. Improving knowledge does not guarantee its
application in practice. Rather, improving self-efficacy is an
essential intermediary between knowledge and practice change.
Self-efficacy, a motivational construct also known as confidence,
empowers physicians to act upon their knowledge and
implement learned skills (also known as competence) [19].
However, the relationship is not strictly linear. Improvements
in and reinforcement of knowledge and competence can also
increase self-efficacy, which in turn influences practice change
[20,21]. These relationships suggest that clinicians with a greater
sense of self-efficacy following CME activities demonstrate a
stronger intention to change their practice, regardless of whether
they improved their knowledge [22,23].

This study investigates whether a targeted, web-based CME
intervention can improve physicians’ self-efficacy, competence,
and RWOs in diagnosing early AD. The study addressed the
following hypotheses: (1) competency scores for HCPs will
increase; (2) the proportion of HCPs who are confident will
increase; and (3) the volume of new AD diagnoses will increase
for the CME group compared with the matched control group.

Methods

Study Design

Overview
We conducted 2 study phases using the outcomes assessment
framework by Moore et al [24] to assess leading indicators
(changes in competency scores and confidence ratings) and
lagging indicators of success (changes in real-world
performance, specifically the volume of new AD diagnoses).
Phase I focused on AD diagnosis within CME activities. Phase
II focused on AD diagnosis in the real world (Figure 1).
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Figure 1. Study design. CME: continuing medical education.

Phase I: Educational Assessment
We employed a paired, pre-post design to assess the impact of
CME activities on knowledge and competency scores and
confidence ratings immediately before and after the point of
learning in the activity for learners from September 13 to
December 31, 2022.

Phase II: Real-World Outcomes
We conducted a retrospective, matched case-control study from
March 2022 to June 2023 to evaluate the impact of CME
activities on diagnosing patients with AD. The intervention
period spanned from September 13 to December 31, 2022, with
data collection extending from March 2022 to June 2023,
assessing practice 6 months before and 6 months after the CME
participation date (“index date”).

CME Intervention
The intervention consisted of a web-based CME initiative for
PCPs and neurologists designed to improve competence and
confidence in early recognition and diagnosis of AD. The first
activity focused on best practices in delivering care for patients
with AD in primary care and neurology (released September
13, 2022, through September 13, 2023) [25]. The activity was
valid for a maximum of 0.50 American Medical Association
Physician Recognition Award (AMA PRA) Category 1 Credit.
Topics included triaging and assessing patients with cognitive
impairment in primary care, coordinating with neurologists,
and treatment goals. A subsequent series of 3 simulated online
office visits focused on increasing clinicians’ ability to identify
and communicate with patients experiencing early cognitive
impairment (released October 14, 2022, through October 14,
2023, valid for a maximum of 0.25 AMA PRA Category 1
Credit) [26]. Each office visit centered around an interactive
patient-physician vignette for which a decision on screening
and evaluation was required. Vignettes included White and

Black patients with cognitive impairment due to MCI, cognitive
impairment due to early AD, and cognitive impairment not due
to dementia. Participants previewed the chief concern for each
patient vignette via a landing page with an interactive, graphic
table of contents. The activity required participants to investigate
cognitive complaints and select diagnostic tests. Faculty
feedback was included in each activity.

Inclusion Criteria
Physicians were included if they participated (that is, viewed
the content, after the front matter and disclosures) in at least 1
activity in the study period, practiced in the United States, had
at least 1 patient who met the inclusion criteria, and had
complete claims data available for the study period. Patients
were included if they were at least 60 years of age and saw the
learner during the study period as evidenced by at least 1
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) code or prescription
by the learner.

Sample
Medscape member registration provides the country of
residence, profession, specialty, and National Provider Identifier
(NPI; if applicable) number for health care providers (HCPs).
A total of 1725 US physicians in the target specialties with a
valid NPI were learners between September 13 and December
31, 2022. Of these, 1310 had matches with claims data with at
least 1 patient who met the inclusion criteria. The RWO
intervention group (RWO learners) comprised 480 physicians
who met the full inclusion criteria, participated in the CME
activities during the intervention period, and were matched to
a nonparticipant control (287/480, 60% PCPs; 100/480, 21%
neurologists; 71/480, 15% psychiatrists; and 22/480, 5%
geriatric specialists). Of the 480, 231 fully completed an activity.
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Matching Process
An equal number of 480 HCPs who did not participate in CME
served as the control group. We used a 1:1 matching ratio to
pair cases with controls. The matching criteria included: (1)
number of patients with AD, (2) number of patients diagnosed
with AD by the HCP, (3) profession, (4) specialty, and (5) the
first 2 digits of the HCP’s ZIP code. Match-It in R was used to
match the propensity score by the number of patients with AD
and the number of patients diagnosed with AD by the HCP.
Exact matching was used for profession, specialty, and the first
2 digits of the ZIP code. An independent samples t test showed
no statistically significant difference in the number of patients
with AD seen in the preperiod by the CME and matched control
groups (t=−0.24; P=.81).

Real-World Data Collection
We sourced real-world data from Medscape licensed claims
data, accessed in November 2023. This dataset provided
comprehensive information on patient visits, diagnoses, and
procedures performed by the participating HCPs. Data were
aggregated at the patient level, and patient counts were
aggregated at the HCP level. See Multimedia Appendix 1 for
the codes accepted as indicators of diagnosis.

Measures
Three primary outcome measures assessed the effectiveness of
the CME intervention: (1) competency score, (2) confidence
rating, and (3) number of patients newly diagnosed with AD
by the HCP. Additionally, we examined whether there was an
association between being confident following CME and
real-world diagnoses.

Competency Score
Competency scores were assessed by asking 3 case-based
vignette questions pre- and postpoint of learning in the CME
activity. Scores were aggregated at either the learning topic or
activity level and then to the HCP. Scores ranged from 0% to
100%. Questions were developed to assess learning against
learning objectives related to cognitive assessment or
differentiation between MCI and AD. Questions were developed
by content experts and reviewed by an expert AD HCP, an
outcomes assessment specialist, and a copyeditor.

Self-Efficacy Rating
A question assessed self-efficacy on a 5-point Likert-type scale,
with higher scores indicating greater self-efficacy (eg, “How
confident are you right now in your ability to assess patients
for cognitive impairment?”). Learners were deemed “confident”
if they rated themselves as a 4 or 5. We used the term
“confident” because it is more easily understood by the
respondent than self-efficacy and use “confident” in the
methodology and results for ease of interpretation when referring
to those who select a 4 or 5.

New AD Diagnoses
New AD diagnoses were assessed by examining patient-level
ICD-10 data. Patients with an AD ICD-10 code by the HCP of
interest in the timeframe of interest were identified. Then, the
patient’s history 2.5 years prior was examined to assess whether

they had previously received any AD ICD-10 codes by any
HCP. If there was no history of receiving an AD ICD-10 code
previously, the patient’s ICD-10 code was considered a new
AD diagnosis by the HCP of interest. The count of patients who
met these criteria was aggregated at the HCP level.

Statistical Analysis

Phase I: Educational Assessment
We assessed immediate changes in learner competency scores
and confidence via 4 matched pair questions before and after
CME participation. The McNemar test evaluated change in the
proportion of learners who rate themselves as confident. The
McNemar test was chosen because it measures differences in
paired proportions against the null hypothesis. A paired samples
t test was conducted to measure mean differences in paired
samples. Overall competency changes were assessed using
paired samples t tests. Statistical significance was set at P<.05
for all tests.

Phase II: Real-World Outcomes
The relationship between CME participation and the
postintervention volume of new AD diagnoses was assessed
with a 1-way ANOVA. One-way ANOVA was chosen because
we wanted to examine the change in volume of AD diagnosis
from pre– to post–index date (dependent variable) and whether
being a learner was associated with this change (independent
variable with 2 independent groups). The dependent variable
was the change in the volume of AD diagnoses from pre– to
post–index date, and the independent variable was CME
participation (versus control). In a secondary analysis, we
explored the association between postintervention confidence
(confident=1, not confident=0) and AD diagnosis (diagnoser=1,
nondiagnoser=0) via logistic regression.

The association between being confident and diagnosing AD
was explored because the more we know about mechanisms for
change that we can immediately measure at scale within a
web-based CME activity, the more effective our education can
be. A dichotomous independent variable and dichotomous
dependent variable were selected because the research question
focused on whether confidence predicts being a diagnoser. More
confidence should not equate to diagnosing more because how
many patients get diagnosed depends on the types of patients
an HCP sees. Previous research used this same dichotomy and
found similar results [25].

Statistical significance was set at P<.05 for all tests, and analyses
were performed using SAS version 9.4 (SAS Institute).

Ethical Considerations
The Sterling Institutional Review Board deemed this study
exempt under the terms of the US Department of Health and
Human Service’s Policy for Protection of Human Research
Subjects at 45 CFR §46.104(d) [27]. The ethical standards of
the Declaration of Helsinki were applied to all research
procedures. As the study was exempt, there was no requirement
for informed consent. The institutional review board approval
covered secondary analysis without additional consent. The
data were deidentified prior to analysis to safeguard participant
information. No compensation was provided to participants.
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Results

Phase I: Competency and Confidence
“Completers” answered all linked questions within at least 1 of
the CME activities, representing 48% (231/480) of the larger
learner population. After participation, RWO learners
demonstrated a 34 percentage point increase in correct answers
for competency in the diagnosis of AD (33% prescore to 67%
postscore; P=.008) and a 16 percentage point pre- to postactivity
increase in the proportion of those who were confident in
assessing cognitive function and diagnosing AD (75/231
preactivity to 99/231 postactivity; P<.001).

Phase II: New AD Diagnoses
ANOVA showed a significant effect of CME regarding change
in the volume of AD diagnoses (F1900=5.50; P=.02). The

6-month postactivity increase in new AD diagnoses was 160%
greater for the CME group than the control group, as verified
by claims data. RWO learners diagnosed 239 more patients
after education (487 diagnoses pre-education vs 726 diagnoses
posteducation). Control-group learners diagnosed 91 more
patients after education (517 diagnoses pre-education vs 608
diagnoses posteducation). Neurologists had the highest increase
in new AD diagnoses (1.58 per neurologist), while psychiatrists
had the lowest (0.10 per psychiatrist). The logistic regression
model showed a trend within the CME group toward a
significant positive relationship between being confident in AD
assessment post-CME and diagnosing AD in the real world in
the 6 months following CME (odds ratio [OR] 1.64, 95% CI
0.92-2.92; P=.09; n=219). Table 1 summarizes the RWO
learners and the matched control group on key outcomes from
claims data.

Table . Number of patients with Alzheimer disease (AD) and number of patients newly diagnosed with AD before and 6 months after the activity.

Patients newly diagnosed with AD, mean (SD)Patients with AD, mean (SD)

PostPrePostPre

1.51 (5.59)1.01 (3.60)2.33 (8.35)2.16 (7.51)CMEa (n=480)

2.05 (4.36)1.41 (2.92)2.64 (5.95)2.27 (5.23)    Geriatric specialists
(n=22)

4.62 (11.29)3.04 (7.17)7.14 (16.79)6.50 (15.03)    Neurologists (n=100)

0.71 (1.52)0.51 (1.14)1.14 (2.43)1.12 (2.38)    PCPsb (n=287)

0.20 (0.62)0.10 (0.38)0.27 (0.81)0.20 (0.60)    Psychiatrists (n=71)

1.27 (4.07)1.08 (3.33)1.92 (6.03)2.05 (6.27)Control (n=480)

1.00 (1.69)0.82 (1.62)1.86 (2.92)1.95 (4.36)    Geriatric specialists
(n=22)

3.71 (7.46)3.24 (6.40)5.50 (11.40)5.94 (12.11)    Neurologists (n=100)

0.68 (2.31)0.57 (1.42)1.08 (3.03)1.15 (2.56)    PCPs (n=287)

0.27 (1.03)0.17 (0.48)0.31 (1.04)0.24 (0.60)    Psychiatrists (n=71)

aCME: continuing medical education.
bPCP: primary care physician.

Discussion

Principal Findings
This matched case-control study examined the impact of a
web-based, vignette-based CME on participants’ knowledge,
competence, self-efficacy, and RWOs in diagnosing early AD.
Participation in CME was associated with a significant (P=.02)
increase in the diagnosis of early AD. RWO learners were more
likely to be diagnosers than control-group physicians, with a
magnitude of increase in AD diagnoses that was 1.6 times higher
for RWO learners than control-group physicians. The estimated
net increase of 7939 in new AD diagnoses in the year following
participation for CME learners through the expiration of the
activities for credit indicates a substantial positive impact of
education on AD diagnosis rates. RWO learners also improved
their confidence in identifying early forms of AD (P<.001).
When HCPs were confident after CME, they had a 1.64 greater
odds of diagnosing AD.

Comparison with Prior Work
Research suggests that CME can effectively improve physician
knowledge, self-efficacy, and competence regarding dementia
care in general. A large study in Australia evaluated an
accredited CME program on the diagnosis and management of
dementia in primary care. Participants who completed the
program reported feeling significantly more confident in their
knowledge, skills, and ability to provide care for people with
dementia [15,16]. Our study not only affirms the impact of CME
on real-world AD diagnoses but also offers a mechanism to
explain the changes in real-world practice seen as a result of
the CME intervention. Previous research shows that
improvements in knowledge and competence following CME
participation are associated with increased self-efficacy, and
posteducation self-efficacy mediates the relationship between
knowledge and competence and intention to change [20,21]. A
recent secondary analysis of knowledge, competency,
self-efficacy, and clinical practice using pre- and
postparticipation data from web-based CME interventions in 3
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different therapeutic areas combined with medical claims data
examined the relationship between knowledge, competency,
self-efficacy, and real-world clinical practice [23]. Knowledge
and competency (P=.08; OR 1.515, 95% CI 0.953-2.410) and
self-efficacy (P<.001; OR 2.768, 95% CI 1.705-4.492) were
significant predictors of clinical practice. However, the effect
size for self-efficacy was larger, suggesting that clinicians
confident in their abilities were more likely to utilize
evidence-based treatments. These results suggest that
self-efficacy plays a significant mediating role in influencing
clinical practice.

Reinforcement of existing knowledge also appears to influence
clinical practice. A study that examined the relationships among
knowledge, competence, self-efficacy, and intention to change
across 57 online oncology-certified education programs
published from 2018 to 2020 found that both improvements in
and reinforcement of knowledge and competence are significant
predictors of changes in self-efficacy [20]. Lucero et al [28]
supported this finding. They found that participants who
reinforced their knowledge had higher posteducation confidence
ratings than participants who improved their knowledge after
controlling for posteducation scores. Reinforcement of
knowledge also likely explains why neurologists demonstrated
the most significant increase in the number of new AD
diagnoses.

Limitations
Potential confounding factors could affect the relationship
between CME participation and increased AD diagnoses.
Physicians who participated in CME may have been more
motivated to improve their practice, potentially leading to
increased diagnoses regardless of the CME content. Three
activities were case-based simulated patient visits and 1 was a
video-based discussion on cases. We did not tease out which
activities might have been more or less impactful and whether
participation in multiple activities was associated with practice
change. Concurrent initiatives, such as other AD awareness
campaigns or participation in non–study-related CME activities
focused on AD or cognitive disorders during the study period,
could also have confounded results. The control group also saw
an increase of 91 more diagnoses postintervention, suggesting
some external factors may have influenced diagnosis rates.
Professional learning occurs in many places, given the demands
of clinical practice and the requirement to maintain licensure.
While changes for the control group were anticipated, matching
based on demographic and practice factors helps reduce biases
associated with those factors such as opportunity to diagnose,

training, types of patients seen, and environment in which one
practices.

Despite these limitations, the comprehensive matching strategy
minimizes potential confounding factors and ensures group
comparability. By matching profession, specialty, and ZIP code,
the study controls for some differences in baseline knowledge,
experience, and practice patterns associated with different
medical specialties, as well as variations in patient demographics
and health care access. Matching based on the number of
patients with AD controlled for differences in patient population
and exposure to AD cases. Using a time-aligned control group
helped to control temporal factors, such as concurrent initiatives,
that would affect both groups equally. Results were assessed
by counting claims nested in patients to better tease out patients
with their first AD diagnosis from a learner versus a nonlearner
physician. Using paired pre- and postintervention data for
individual learners enhances the statistical precision of the
analysis, reducing sampling error and providing a robust
assessment of the education’s impact. Including the matched
control group at follow-up increases confidence that changes
are associated with education. Future research should explicitly
examine how CME interventions affect AD diagnosis rates
across different racial and ethnic groups and identify with more
detail the mechanisms for change. We identified self-efficacy
as a mechanism for practice change, but we should further
understand which components in the CME influenced
self-efficacy.

Conclusion and Significance
Diagnostic delays contribute to suboptimal patient outcomes in
AD. By using a matched case-control design and assessing both
immediate educational outcomes and subsequent changes in
diagnostic behavior, this study provides evidence for the
potential of CME as a tool to increase AD diagnosis. This
web-based CME intervention increased participant likelihood
of diagnosing AD, led to a greater number of new AD diagnoses
than the control group, and fostered a positive relationship
between postintervention confidence and diagnosis rates.
Building self-efficacy should be a key objective in education
interventions with practice-changing potential, alongside
improving, reinforcing, and validating existing knowledge.
Overall, this study shows the power of real-world data in
demonstrating the impact of CME on clinical behavior and
offers a first step in identifying CME’s impact on dementia care.
We are currently conducting a second phase of this initiative.
Future directions could include a breakdown of CME
engagement levels and learning outcomes by specialty to clarify
which provider groups benefit most from this intervention.
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Abstract

Background: Health care professionals often face challenges in providing affirming and culturally competent care to transgender,
nonbinary, and intersex (TNBI) patients due to a lack of understanding and training in TNBI health care. This gap highlights the
opportunity for tailored educational resources to enhance health care professionals’ interactions with TNBI individuals.

Objective: This study aimed to explore health care professionals’ perspectives on education and awareness of health issues
related to TNBI individuals. Specifically, it aimed to identify their needs, challenges, and preferences in accessing and using
digital educational resources to enhance their knowledge and competence in providing inclusive and effective care for this
population.

Methods: A qualitative research approach was used in this study. In total, 15 health care professionals were recruited via
convenience sampling to participate in semistructured interviews. Thematic analysis was applied to identify recurring codes and
themes.

Results: The study identified several themes and subthemes related to gender diversity awareness, inclusive communication
and understanding the needs of TNBI individuals, societal and structural challenges, regulatory gaps in training and support
infrastructure, education and training needs for health care professionals on TNBI care, educational resources and training tools
for TNBI care, challenges and design considerations for eHealth tools integrations, and evaluating eHealth impact. Participants
identified communication barriers, the need for health care providers to use inclusive language, and gaps in both health care
system infrastructure and specialized training for gender-affirming care. In addition, participants expressed a need for comprehensive
education on transgender and nonbinary health issues, resources for mental health professionals, user-friendly design, and
accessibility features in eHealth tools.

Conclusions: The study revealed substantial deficiencies in health care professionals’ knowledge of gender diversity, cultural
competency, and the importance of inclusive communication. Addressing the identified barriers and challenges through targeted
interventions, such as providing training and support for health care professionals, investing in user-friendly design and data
security, and promoting cultural competence in TNBI health care, is essential. Despite integration challenges, eHealth tools have
the potential to improve patient–health care professional relationships and access to care.

(JMIR Med Educ 2025;11:e67993)   doi:10.2196/67993
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Introduction

Background
The term transgender refers to individuals whose gender identity
or expression differs from the sex they were assigned at birth
[1]. The concept has expanded over time to include a wide range
of gender identities, such as transmen, transwomen, nonbinary
individuals, and those who are gender nonconforming [2,3].
Nonbinary individuals may not exclusively identify as male or
female. Their gender identity can be fluid, agender, or fall
outside the binary spectrum [1,4]. The transgender community
is highly diverse, and the understanding of transgender identity
varies across different cultures [2]. Intersex individuals are those
whose physical sex characteristics do not conform to the
traditional binary classification of bodies as strictly male or
female [4]. Previous epidemiological and clinic-based
investigations have suggested that approximately 0.1% to 2%
of the population identifies as transgender or with other
noncisgender identities [5-7].

The literature reveals that transgender, nonbinary, and intersex
(TNBI) individuals experience disproportionate levels of human
rights violations and adverse health outcomes, largely attributed
to intersecting forms of social marginalization and legal
exclusion. Particularly transgender individuals, especially those
from minority ethnic groups, are disproportionately impacted
by gender-based hate crimes [8]. In addition, TNBI individuals
face multiple challenges in accessing adequate health care
services [9-12]. The challenges faced by TNBI individuals in
accessing health care services are often rooted in systemic
barriers that perpetuate stigma, discrimination, and lack of
understanding. These systemic barriers contribute to disparities
in health care access, quality, and outcomes for these individuals
[9-12]. These barriers may include policies that fail to recognize
their gender identity and social factors such as discrimination
and stigma from health care providers [9-13]. TNBI individuals
often face a range of health disparities, largely driven by a lack
of awareness regarding their unique health needs. These
disparities manifest in higher rates of mental health issues, such
as depression and anxiety, as well as increased risks of sexually
transmitted infections, including HIV, and other diseases such
as cancer, smoking-related conditions, and cardiovascular
disease [14,15]. The elevated risk of acquiring sexually
transmitted infections among TNBI individuals is influenced
by factors such as limited access to comprehensive sexual health
education, prevention measures, and adequate preventive care
[16]. Furthermore, TNBI individuals often face significant
barriers to accessing gender-affirming health care, which can
lead to poorer overall health outcomes [13].

In addition to these health care challenges, TNBI individuals
frequently experience widespread stigma, discrimination, and
prejudice in various facets of life, including employment,
education, housing, and health care. This systemic stigma
surrounding gender diversity and nonconformity creates a hostile

environment for TNBI individuals even within health care
systems [6,17-20]. In a sexual health seminar held in Minnesota,
a sample of 181 transgender participants revealed that 66%
reported experiencing discrimination based on their gender
identity or presentation [21]. Consequently, the denial of
essential health care services can intensify feelings of dysphoria
and distress among transgender individuals. While TNBI
individuals face significant challenges in accessing care, health
care professionals also encounter numerous obstacles that hinder
their ability to provide effective support and services to these
individuals.

Challenges Faced by Health Care Professionals
Health care professionals play a crucial role in caring for
patients, acting as key facilitators of essential health care
services and resources. This highlights the responsibility of
health care providers to promote the health and overall welfare
of the populations including TNBI [22]. However, health care
professionals face challenges in treating and communicating
with TNBI individuals, as many of them receive minimal or no
training during their medical education and professional
development regarding hormone therapy, gender-affirming
surgeries, and mental health support—key aspects that are aimed
at aligning an individual’s physical appearance and gender
identity with their affirmed gender during medical education
and professional development [10,23].

In addition, health care professionals often encounter challenges
when interacting with TNBI individuals, including issues related
to cultural competency, communication barriers, and a lack of
knowledge about appropriate care practices [24]. These
challenges can result in disparities in health care access and
quality for TNBI individuals, leading to negative health
outcomes and experiences of discrimination [25]. Without
adequate training, health care professionals may lack the
necessary knowledge and skills to provide competent and
affirming care to TNBI patients. This can result in misdiagnosis
and inappropriate treatment for patients [26]. Moreover, health
care professionals who are unfamiliar with the specific health
needs of TNBI individuals may inadvertently overlook important
aspects of care and may fail to provide appropriate interventions.
Increasing awareness and understanding of TNBI health issues
through education, professional development, and exposure to
diverse patient populations can help health care professionals
better meet the needs of their TNBI patients [27].

In this study, we focused on 4 countries—Sweden, India, the
United Kingdom, and the United States—due to their diverse
sociocultural context, legal frameworks, and health care systems.
This selection provides valuable insights into the varying
approaches to TNBI health care and medical education within
each country, which allows for a broad examination of how
medical education on TNBI individuals can be improved
globally. Sweden’s progressive health care policies and a strong
emphasis on human rights, including TNBI rights, make it an
ideal setting to explore advanced practices and identify areas

JMIR Med Educ 2025 | vol. 11 | e67993 | p.160https://mededu.jmir.org/2025/1/e67993
(page number not for citation purposes)

Katta & DavoodyJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


for improvement. India, with a complex sociocultural landscape
and a vast and diverse population, presents unique challenges
and opportunities in providing health care to TNBI individuals.
Understanding health care professionals’ perspectives in India
can reveal the specific needs and barriers faced by TNBI
individuals in a resource-limited setting. The United Kingdom
has recently experienced significant sociopolitical changes
affecting health care policies for TNBI individuals. The United
States’ diverse health care environment regarding TNBI care,
with some states enacting progressive policies and others
imposing restrictions on gender-affirming treatments, offers
insights into the challenges and successes in providing care to
TNBI individuals in such varied regulatory settings. By
understanding these varied contexts, we aimed to identify gaps
in education and awareness as well as potential best practices
to address health care professionals’ needs, challenges, and
preferences in accessing and using educational resources. This
insight will help enhance their knowledge and competence in
providing inclusive and effective care for TNBI individuals.
The medical education systems in each of these countries present
unique structures but share a common challenge: a lack of
formal education on TNBI health care needs. In Sweden, despite
its progressive stance on gender equality, medical curricula still
rarely address the specific health care concerns of gender-diverse
individuals. India’s medical education, influenced by traditional
values and diverse cultural perspectives, similarly lacks
comprehensive training on gender diversity, despite growing
awareness of TNBI rights [28]. The United Kingdom and the
United States have made strides in addressing health care
inequalities, yet many health care professionals report limited
exposure to TNBI health topics during their training [29,30].

The Importance of Educational Tools and the Role of
Information and Communication Technology
Lack of necessary training can result in misunderstandings,
misgendering, and insensitive or inappropriate interactions that
undermine trust and rapport between patients and health care
professionals [31]. To address these challenges, it is essential
to explore and develop tailored educational resources and
interventions that provide health care professionals with the
knowledge and skills needed to interact effectively with TNBI
individuals [32]. Promoting equitable health care access for all
individuals requires innovative solutions that empower health
care professionals to provide supportive and inclusive care to
TNBI patients [32-36]. Incorporating information and
communication technology (ICT) into training and education
has proven highly beneficial, as it enhances learning
opportunities, improves communication, and increases
accessibility to educational resources [37]. While there are other
strategies for training and education, ICT offers unique
advantages such as personalized learning, interactive content,
and the ability to reach a wider audience [38]. These benefits
make ICT a more effective approach for improving various
aspects of education and training. ICT plays a transforming role
in health education by providing innovative and accessible
solutions to train health care professionals effectively. It also
enhances learning flexibility, promotes collaborative
opportunities, and ensures scalability to meet diverse educational
needs in health care settings [39].

In health care, ICT can be leveraged through digital tools to
support training by providing diverse and interactive educational
resources, facilitating remote learning, and enabling real-time
access to up-to-date medical information and best practices.
The World Health Organization defines eHealth as the
“cost-effective and secure use of information and
communications technologies in support of health and
health-related fields, including health-care services, health
surveillance, health literature, and health education, knowledge
and research” [40]. In this study, eHealth tools refer specifically
to the digital health tools (eg, mobile apps and web-based
platforms) used by health care professionals for health education
purposes. By fostering inclusive practices, these tools can
enhance patient trust, reduce discrimination, and ultimately lead
to better health outcomes for these populations. Given the
limited research on this topic for health care professionals [41],
understanding health care professionals’needs, challenges, and
preferences is vital for developing effective, targeted educational
resources that promote more inclusive and effective care for
TNBI individuals.

Aim of the Study
This study aimed to explore health care professionals’
perspectives on education and awareness of health issues related
to TNBI individuals. Specifically, it aimed to identify their
needs, challenges, and preferences in accessing and using digital
educational resources to enhance their knowledge and
competence in providing inclusive and effective care for this
population.

Methods

Study Design
A qualitative research approach was chosen to investigate health
care professionals’ perspectives on education, awareness, and
preferences for digital educational resources to support TNBI
care. This method aligns with the study’s aim by
comprehensively understanding their experiences, needs, and
challenges in accessing and using educational resources. To
further enrich this exploration, a sociotechnical framework [42]
was applied, as it provides a structured perspective to examine
how social, cultural, and technological factors intersect and
influence the delivery of inclusive and effective care for TNBI
populations. This framework has been applied to examine how
health care professionals engage with TNBI individuals and the
potential of eHealth educational tools to enhance these
interactions. The strengths of qualitative research lie in the
ability to gain profound insights into a problem or necessity by
directly engaging with individuals and their contexts where the
issue arises [43].

Study Setting and Participants
In total, 15 health care professionals with various health care
backgrounds were recruited to participate in this study. The data
were collected in Stockholm County, Sweden. While most
participant interviews were held via Zoom (Zoom Video
Communications), 2 were conducted in person at the
participants’ workplaces. The participants were selected through
convenience sampling, primarily via social media platforms.
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The inclusion criteria required participants to be health care
professionals with experience in using digital tools in their
practice, aged ≥18 years, and proficient in written and spoken
English. To capture diverse perspectives, we included
professionals across 9 disciplines (physiotherapy, dentistry,
pediatrics, general practice, general surgery, gynecology,
oncology, psychology, and cosmetic surgery), representing a
broad spectrum of patient care. Recruiting participants from
different disciplines and countries with varying acceptance,
health care system diversity, legal recognition, and social and
cultural attitudes toward TNBI individuals enabled us to gather
varied insights on the challenges that health care professionals
face in interacting with TNBI individuals. Each group of health
care professionals in this study plays a crucial role in different
aspects of health care, from initial assessments and referrals to
specialized care, ongoing support, and mental health services.
The inclusion of these varied perspectives was essential for
capturing the complexity of care required for TNBI individuals.
However, the diversity in the respondent pool also presents
challenges, as it can make it more difficult to maintain focused
discussions and reach consensus. The exclusion criteria were
non–English-speaking health care professionals and individuals

without any health care background. These criteria ensured that
participants had relevant and thorough experiences, insights,
and recommendations related to the research topic, thereby
preserving the quality and validity of the study’s findings.

In qualitative research, the number of participants is typically
determined by reaching data saturation, meaning that further
data collection does not yield new insights [44]. In this study,
participants were interviewed until no new insights were
generated from the interviews. The participants’ characteristics
are presented in Table 1. The participants had a mean age of 40
(SD 7.3) years and worked in various fields within the health
care sector. The study included 4 participants from Sweden, 5
participants from India, and 3 participants each from the United
States and the United Kingdom. The variation in participant
numbers across countries was due to the use of convenience
sampling and the differing availability of health care
professionals in each discipline and location. Among the 15
participants, 8 (53%) were female, 6 (40%) were male, and 1
(6%) participant did not disclose their sex. In total, 6 (40%) out
of 15 participants had no prior experience working with TNBI
individuals.

Table 1. Participants’ characteristics.

Experience working with

TNBIa individuals

Experience in health care (y)OccupationGeographic locationAge range (y)Participant ID

No5-10PhysiotherapistSweden35-45Participant 1

No1-5DentistSweden30-40Participant 2

No5-10PediatricianSweden30-40Participant 3

Yes1-5DentistSweden30-40Participant 4

Yes5-10General physicianIndia30-40Participant 5

Yes10-15General surgeonIndia40-50Participant 6

Yes15-20GynecologistIndia50-60Participant 7

Yes1-5OncologistIndia50-60Participant 8

No5-10General practitionerIndia30-40Participant 9

Yes5-10General practitionerUnited Kingdom40-50Participant 10

No1-5General surgeonUnited Kingdom30-40Participant 11

No1-5Surgical internUnited Kingdom25-35Participant 12

Yes5-10PsychologistUnited States30-40Participant 13

Yes5-10General practitionerUnited States35-45Participant 14

Yes10-15Cosmetic surgeonUnited States40-50Participant 15

aTNBI: transgender, nonbinary, and intersex.

The selected professions were included because they are likely
to engage TNBI individuals in their practice. This diversity
allows us to capture a wide range of insights and experiences,
which are crucial for understanding the multifaceted needs of
these patients. Although 6 (40%) out of 15 participants had no
prior experience working with TNBI individuals, their
contributions were insightful and added significant value to the
findings. By including a variety of roles, we aimed to identify
common themes and differences across different medical
specialties, which can inform more inclusive health care
practices.

Data Collection

Overview
Data were collected through semistructured interviews. To
formulate our interview script, we followed a systematic
approach grounded in the sociotechnical framework by Sittig
and Singh [42]. This framework ensures that we
comprehensively address the intersection of social, cultural,
and technical factors and their impact on providing inclusive
and effective care for the TNBI population.
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Development of the Interview Schedule
The interview schedule (Multimedia Appendix 1) was developed
based on the 8 key dimensions of the sociotechnical framework:
hardware and software; clinical content; human-computer
interface; people; workflow and communication; internal
policies, procedures, and culture; external rules and regulations;
and measurement and monitoring [42]. We mapped the
objectives of our study to the relevant dimensions of the
framework to ensure comprehensive coverage: understanding
current interactions and challenges (people and workflow and
communication), identifying gaps in resources and training
(internal policies, procedures, and culture and clinical content),
exploring the potential of eHealth tools (hardware and software
and human-computer interface), ensuring usability and
integration (human-computer interface and communication),
considering regulatory and organizational factors (external rules
and regulations and internal policies, procedures, and culture),
and evaluating effectiveness and feedback mechanisms
(measurement and monitoring). We then continued with
developing specific questions. For each dimension, we
developed specific questions that align with our research
objectives. The final interview script was designed to
comprehensively address all aspects of the sociotechnical
framework, ensuring the collection of detailed data on health
care professionals’ perspectives regarding education and
awareness of health issues related to TNBI individuals and the
potential of digital educational resources to enhance their care
delivery. The interview guide was iteratively refined during
early interviews to ensure its validity and relevance to the
study’s aim.

By using semistructured interviews, we could get a deeper
understanding of what the participants had experienced during
their clinical practice and their thoughts and feelings related to

the need for digital educational resources. Semistructured
interviews also allowed for follow-up questions to further
deepen the understanding of their thoughts. Each interview
lasted between 40 and 60 minutes. All the interviews were
conducted in English.

Data Analysis
The interviews were audio recorded, transcribed, and analyzed
using thematic analysis according to the guidelines by Braun
and Clarke [45]. The audio recordings were transcribed verbatim
using Microsoft Word and then reviewed for accuracy. The
transcribed data were first thoroughly reviewed to gain a
comprehensive understanding of the data. The next phase
involved coding the text where codes are segments of the text
that are linked by content and context, allowing a deeper
exploration of the underlying themes and concepts. Descriptive
coding was used to capture and summarize the main topics of
the text. To build on this, pattern coding was applied to condense
meaning units into overarching patterns, grouping the initial
codes into broader themes. This approach facilitated the
identification and understanding of larger patterns and
relationships within the data [46]. SK conducted the initial
coding by identifying meaning units, condensing them, and
assigning relevant codes. Both authors reviewed the initial codes
and grouped them into clusters reflecting emerging subthemes
and then examined the relationships between the subthemes.
They identified patterns and combined related subthemes into
broader themes. The data analysis process was an iterative
process in which discrepancies were resolved through several
meetings and discussions. The authors analyzed the collected
data and continuously revisited and refined the codes,
subthemes, and themes as needed to ensure a comprehensive
understanding of the data. The data analysis process is presented
in Figure 1.

Figure 1. Data analysis process.
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Ethical Considerations
This research was conducted in Sweden. According to the
Swedish Ethical Review Act, this study does not require ethics
approval as it does not handle sensitive personal information
(as defined by the European General Data Protection
Regulation). However, ethical requirements still apply.
Participants were recruited from Sweden, India, the United
States, and the United Kingdom. No sensitive personal
information (eg, health status, political opinion, or racial or
ethnic background) was collected. Prospective study participants
were provided with comprehensive information regarding the
study’s objectives, methodologies, potential risks and benefits,
and their right to withdraw at any time. This information was
conveyed through both a written consent form, which
participants were required to sign, as well as verbal explanations
provided by the first author. To maintain confidentiality and
privacy, the collected data were anonymized. In addition, any
personal or sensitive information shared by participants was
excluded from the study. The participants were guaranteed
confidentiality and informed about how their data would be
handled. Although the study was conducted in Sweden, ethical
principles such as confidentiality and respect for participants’
autonomy were upheld in line with international research
standards, including those applicable in the United States (eg,

Common Rule) [47], the United Kingdom (eg, Health Research
Authority guidelines) [48], and India (eg, Indian Council of
Medical Research guidelines) [49]. These measures ensured the
ethical integrity of the research across all participant
demographics.

Results

Overview
The analysis of the interviews resulted in 8 themes: gender
diversity awareness, inclusive communication and understanding
of the needs of TNBI individuals, societal structural challenges,
regulatory gaps in training and support infrastructure, education
and training needs for health care professionals on TNBI care,
educational resources and training tools for TNBI care,
challenges and design considerations for eHealth tools
integration, and evaluating eHealth impact. In addition to the 8
themes, 18 subthemes and 83 codes were formulated. An
overview of the sociotechnical aspects, themes, and subthemes
is presented in Table 2.

In this study, the participants predominantly used the term
transgender as an umbrella term to refer broadly to TNBI
individuals.

Table 2. An overview of the subthemes and themes.

ThemesSubthemesSociotechnical aspects

Gender diversity awarenessPeople • Limited understanding of gender diversity

Inclusive communication
and understanding of the
needs of TNBI individuals

Workflow and communica-
tion

• Acknowledgment of communication barriers and the need for inclusive language
• Lack of understanding of TNBIa individuals’ needs

Societal and structural chal-
lenges

Internal organizational poli-
cies, procedures, and culture

• Suppression of identity due to societal stigma, cultural norms, and societal pressures
• Vulnerability arising from societal and political oppression
• Limited research on TNBI health issues

Regulatory gaps in training
and support infrastructure

External rules and regula-
tions and pressures

• Lack of awareness among health care professionals and inadequate mental health
support

• Gaps in specialized training and guidelines for gender-affirming care
• Weakness in health care infrastructure for TNBI individuals

Education and training
needs for health care profes-
sionals on TNBI care

Clinical content • Inadequate training in cultural competency regarding gender diversity
• Importance of education on TNBI health issues for health care professionals
• Need for tailored resources and training modules designed for mental health profes-

sionals

Educational resources and
training tools for TNBI care

Hardware and software • Interactive case studies and peer support forums
• Comprehensive training modules workshops and web-based courses
• Resources about gender-affirming therapy, trauma, and intersectionality

Challenges and design con-
siderations for eHealth tools
integration

Human-computer interface • Challenges in integrating eHealth tools into regular health care practice, including
time constraints and cultural change

• Emphasis on user-friendly design, accessibility features, and data security in health
care tools

Evaluating eHealth impactSystem measurement and
monitoring

• Expectations of improved patient–health care professional relationships using eHealth
tools

aTNBI: transgender, nonbinary, and intersex.

JMIR Med Educ 2025 | vol. 11 | e67993 | p.164https://mededu.jmir.org/2025/1/e67993
(page number not for citation purposes)

Katta & DavoodyJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Sociotechnical Aspect: People (Theme 1: Gender
Diversity Awareness, Subtheme: Limited
Understanding of Gender Diversity)
A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 2.

A limited understanding of gender diversity may result in
inadequate screening and assessment practices for TNBI
patients’ health care needs. Health care professionals discussed
misunderstanding the unique health risks and concerns facing
TNBI individuals, leading to delays in diagnosis, inappropriate
treatment recommendations, or suboptimal care outcomes:

When I worked as an intern, we usually strengthened
the biological sex or gender, ignoring the
psychological stuff, because most of us in our

education, are taught to learn the difference between
male and female. [Participant 10]

Some participants expressed that a limited understanding of
gender diversity could create institutional barriers to accessing
gender-affirming care, further exacerbating disparities in health
care access and outcomes for TNBI individuals:

From my clinical work, outdated regulations often
obstruct the care of transgender patients, a sign of
the healthcare system’s failure to fully grasp the
nuances of gender diversity. [Participant 11]

In my clinical experience, I’ve observed bureaucratic
hurdles, such as outdated policies and procedures
that fail to accommodate the unique needs of
transgender individuals. These stemmed from a
limited understanding of gender diversity. [Participant
6]

Figure 2. The relationship between the codes and subthemes for theme 1—gender diversity awareness.
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Sociotechnical Aspect: Workflow and Communication
(Theme 2: Inclusive Communication and
Understanding the Needs of TNBI Individuals)

A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 3.

Figure 3. The relationship between the codes and subthemes for theme 2—inclusive communication and understanding the needs of transgender,
nonbinary, and intersex (TNBI) individuals.

Acknowledgment of Communication Barriers and the
Need for Inclusive Language
Participants felt an existing lack of awareness about TNBI health
issues, including appropriate language and communication
strategies. They also stated that without adequate education on
TNBI terminology and cultural competency, they may
unintentionally use insensitive or outdated language, leading to
misunderstandings and discomfort for TNBI patients:

I used inappropriate language for communication
with transgender patients and they felt bad for that
and some of them were even frustrated for not having

adequate knowledge of terms that should be used.
[Participant 7]

I’ve unintentionally used terms that were not
affirming, which caused discomfort for my
transgender patients, and this has shown me the
urgent need for proper education on inclusive
language. [Participant 5]

Most of the participants presented fear of inadvertently
misgendering them. This fear of causing harm or disrespect can
lead to hesitation or avoidance of discussions related to gender
identity, which can hinder effective communication and rapport
building with TNBI patients:
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Sometimes I did avoid discussions regarding gender
identity, as I was not sure about it, due to which
rapport with the patients was not constructive.
[Participant 4]

Some of the participants mentioned that there are limited
resources and guidelines available to health care professionals
on best practices for communication with TNBI patients. In the
absence of clear guidance, they may struggle to navigate
conversations about gender identity and may rely on personal
assumptions or biases, which can contribute to communication
barriers and misunderstandings:

There were moments when my judgment was clouded
by my assumptions leading to uncomfortable
situations. It is a mistake I have learned from.
[Participant 15]

Struggled a lot and also felt embarrassed due to my
personal assumptions that led to misunderstandings
in a peculiar situation and never did it again.
[Participant 6]

Lack of Understanding of TNBI Culture and Needs
Participants also expressed that they struggled to establish
trusting relationships due to a lack of understanding regarding
their cultural identities and needs. Therefore, they observed a
hindrance in disclosing patient’s gender identity, expressing
their health care concerns, and seeking support for their health
and well-being:

In fact, I have no experience of working with
transgender, hence building rapport with these
patients is tough for me as I don’t have a proper idea
regarding their needs. [Participant 2]

Sociotechnical Aspect: Internal Organizational Policies,
Procedures, and Culture (Theme 3: Societal and
Structural Challenges)
A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 4.

Figure 4. The relationship between the codes and subthemes for theme 3—societal and structural challenges. TNBI: transgender, nonbinary, and
intersex.

Suppression of Identity Due to Societal Stigma, Cultural
Norms, and Societal Pressures
Participants highlighted that experiences of discrimination,
prejudice, and social rejection increased the vulnerability of
TNBI individuals to mental health conditions, such as
depression, anxiety, and posttraumatic stress disorder. They
also believe that internalizing negative stereotypes and beliefs
about their identity can further exacerbate mental health issues,
causing feelings of shame, self-doubt, and identity concealment:

During my experiences in clinical practice, I have
encountered transgender patients who have expressed
fear, shame, and hesitation in disclosing their gender
identity to healthcare providers. [Participant 10]

One of the participants said that traumatic experiences such as
hate crimes, physical violence, or verbal abuse based on gender
identity can lead to symptoms of posttraumatic stress disorder,
including intrusive thoughts, hypervigilance, and avoidance
behaviors:

They cannot say how they recognize themselves as
transgender or non-binary in the workplace or even
to their families. It’s a kind of a secret for them. So,
they are emotionally vulnerable and sensitive at the
same time. [Participant 13]

Many transgender individuals feel they must conceal
their identities both professionally and personally,
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which places them under immense emotional strain
and leaves them feeling isolated. [Participant 2]

In addition to that, they also focused on the barriers to accessing
health care faced by TNBI individuals because of societal
stigma. Participants also revealed that past negative experiences
or stories of discrimination within health care settings may lead
to mistrust and reluctance to seek medical care.

Another point they mentioned is that the fear of being
misgendered, invalidated, or subjected to invasive questioning
can create significant barriers to accessing necessary health care
services. In addition to that, internalized stigma and shame may
also contribute to reluctance to seek health care services, as
TNBI individuals may feel unworthy of receiving care or fear
being perceived as different:

The first I think is the culture because trans people
and also non-binary people, have their own culture,
different than the majority culture and we, health care
professionals didn’t know that. [Participant 5]

Some of the participants mentioned that using correct pronouns
and respecting chosen names can help mitigate the effects of
societal stigma and foster a sense of validation and belonging
for TNBI patients:

It reminds me of a transgender patient, who did not
behave like the gender that person looked like and
that causes some confusion. So, it’s necessary to ask
them first how you recognize yourself and respect
their social gender identification. [Participant 5]

Gender identity is personal, and as clinicians, we
should always lead with questions, not assumptions
to ensure we are providing care that respects who
they are. [Participant 8]

Vulnerability Arising From Societal and Political
Oppression
For TNBI individuals, intersectionality exacerbates vulnerability,
particularly for those who belong to marginalized racial, ethnic,
or socioeconomic groups. This means that TNBI individuals
may face compounded discrimination and barriers to health care
access due to overlapping forms of oppression:

I have seen many cases, who faced added
discrimination to healthcare access due to political
oppression...I believe that it’s crucial to understand
how multiple forms of discrimination intersect for
transgender people, making access to healthcare even
more challenging. [Participant 6]

Political and social discrimination compounds the
barriers transgender individuals face in accessing
care, highlighting the need to address overlapping
layers of bias in healthcare systems. [Participant 11]

Limited Research on TNBI Health Issues
Participants said that they rely on evidence-based practices to
guide their clinical decision-making and provide quality care
to patients. The limited research on TNBI health issues means
that there may be a lack of robust evidence to inform best

practices in the diagnosis, treatment, and management of health
conditions:

Without sufficient research, we are not only
constrained in delivering optimal care, but it is also
difficult to fully trust the treatments we prescribe to
our patients. [Participant 9]

Lack of research not only hampers our ability to
deliver effective care but also undermines our
confidence in the treatments and interventions we
provide [...] As a result, we often find ourselves
relying on anecdotal evidence, expert opinions, and
extrapolations from related fields to inform our
clinical decisions. [Participant 4]

They also reported the lack of data on prevalence, risk factors,
and outcomes of health conditions within these populations as
a hindrance to their ability to assess and address their health
care needs accurately. Without this information, it is challenging
to determine the scope and magnitude of health disparities and
to allocate resources effectively to address them:

Without accurate data, it’s challenging to develop
informed strategies for promoting the health and
well-being of transgender and non-binary
communities. [Participant 3]

The absence of prevalence data makes it difficult to
gauge the extent of health disparities within
transgender and non-binary populations. [Participant
13]

In addition, the lack of data on risk factors means that health
care professionals may struggle to identify and mitigate factors
that contribute to adverse health outcomes among TNBI
individuals. Furthermore, the absence of data on outcomes of
health conditions within TNBI populations hampers efforts to
evaluate the effectiveness of interventions and treatments.
Without data on treatment outcomes, health care professionals
may be limited in their ability to tailor interventions to the
unique needs of TNBI individuals and to optimize their health
outcomes:

We struggle to allocate resources effectively and
prioritize interventions without a clear understanding
of the prevalence and severity of health conditions
among transgender and non-binary individuals.
[Participant 5]

Participants also recognized the importance of investing in
research initiatives focused on TNBI health to fill existing
knowledge gaps and improve health care delivery:

It’s necessary that we prioritize funding and resources
for research aimed at filling existing knowledge gaps,
addressing disparities, and promoting health equity
among transgender and non-binary populations in
transgender and non-binary healthcare. [Participant
4]
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Sociotechnical Aspect: External Rules and Regulations
and Pressures (Theme 4: Regulatory Gaps in Training
and Support Infrastructure)

A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 5.

Figure 5. The relationship between the codes and subthemes for theme 4—regulatory gaps in training and support infrastructure. TNBI: transgender,
nonbinary, and intersex.

Lack of Awareness Among Health Care Professionals
and Inadequate Mental Health Support
Significant gaps discussed by the participants include a lack of
awareness and understanding of TNBI health issues. They also
expressed feelings of being frustrated by the systemic gaps in
education and training on TNBI health issues within their
profession. They were also concerned about the limited
availability of culturally competent and affirming mental health
services for TNBI patients, recognizing the detrimental impact
of untreated mental health conditions on their overall well-being:

I feel ill-equipped to address their unique healthcare
needs, leading to challenges in providing culturally
competent and affirming care. [Participant 3]

Gaps in Specialized Training and Guidelines for
Gender-Affirming Care
The participants’ identification of gaps in specialized training
and guidelines for gender-affirming care highlights a critical
challenge within health care systems. These gaps stem from
limited education and training on transgender health issues and
gender-affirming care during both formal education and
professional training programs. They also expressed concerns
about the lack of comprehensive education and training on
transgender health topics throughout their academic and
professional journeys:

I feel the lack of preparation and education on
transgender health issues is a systemic issue that
requires immediate attention and action from
healthcare institutions and educational programs.
[Participant 3]

Many reported minimal exposure to transgender health issues
and gender-affirming care protocols during their formal
education, which left them feeling ill-prepared to provide
culturally competent and affirming care to transgender patients.

In contrast, they expressed that they are encountering
inconsistencies in clinical protocols, treatment approaches, and
referral criteria for TNBI patients, resulting in variations in care
quality and patient experiences due to the lack of standardized
guidelines within health care institutions and disciplines.

Even though some of the participants were interested in
specializing in transgender health, they said that they were
facing challenges in accessing advanced training opportunities
to develop expertise in this area, leading to a scarcity of trained
specialists within the health care workforce:

Even with a strong interest in transgender healthcare,
I’m struggling to access the specialized training
necessary to develop my skills in this field.
[Participant 12]

Despite my interest in specializing in transgender
health, I am encountering challenges in accessing
advanced training opportunities. [Participant 13]

Weaknesses in Health Care Infrastructure for TNBI
Individuals
The participants also stated that they observed a lack of
specialized health care facilities equipped to provide
gender-affirming care for TNBI individuals. In addition, they
also reported the absence of dedicated clinics or centers
specializing in transgender health, which limits access to
competent care and contributes to disparities in health outcomes:

JMIR Med Educ 2025 | vol. 11 | e67993 | p.169https://mededu.jmir.org/2025/1/e67993
(page number not for citation purposes)

Katta & DavoodyJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


There’s a noticeable absence of dedicated clinics
specializing in transgender health within our
healthcare system, due to which patients are facing
difficulties in receiving the affirming care they need.
[Participant 6]

The scarcity of transgender-focused healthcare
facilities means many patients struggle to find
affirming care, which compromises their overall
well-being. [Participant 4]

They have also mentioned the challenges they were facing in
accessing gender-affirming treatments, such as hormone therapy
and gender-affirming surgeries, for TNBI individuals, including
a shortage of trained health care providers and long waiting
times for appointments. Apart from the aforementioned
challenges, they also recognized the need for expanded access
to mental health support services for TNBI individuals:

The limited availability of trained providers is
impeding my ability to provide timely and

comprehensive gender-affirming care. [Participant
4]

The shortage of providers skilled in transgender care
significantly delays access to the affirming treatments
many patients require. [Participant 8]

For transgender individuals, mental health support
is essential for comprehensive care, yet it remains
frustratingly inadequate in many healthcare settings.
[Participant 9]

Access to mental health support services is crucial
for the holistic well-being of transgender individuals,
yet it remains limited in many healthcare settings.
[Participant 6]

Sociotechnical Aspect: Clinical Content (Theme 5:
Education and Training Needs for Health Care
Professionals on TNBI Care)
A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 6.

Figure 6. The relationship between the codes and subthemes for theme 5—education and training needs for health care professionals on transgender,
nonbinary, and intersex (TNBI) care.

Inadequate Training in Cultural Competency Regarding
Gender Diversity
Participants reported a lack of comprehensive instructions on
gender diversity and cultural competency during their formal
education and professional training. Many indicated that TNBI
health topics were either inadequately covered or entirely
omitted from their curriculum. Without proper education and
training in this area, health care professionals find themselves
inadequately prepared to navigate the complex landscape of
gender identity and expression:

Without adequate training in transgender health,
many of us enter practice unsure of how to approach
the nuanced aspects of gender identity and provide
affirming care to all patients. [Participant 9]

The limited coverage of transgender health topics in
our curriculum left us feeling ill-equipped to navigate
the nuances of gender identity and expression in
clinical practice. [Participant 4]

Our training offered minimal focus on transgender
health, leaving us underprepared to address the
complexities of gender identity in practice.
[Participant 5]

Participants also expressed their struggles to provide
patient-centered care that respects and affirms the diverse
identities and needs of transgender patients, resulting in
disparities in health care access, quality, and satisfaction:

I can say that I have experienced difficulties in
tailoring care approaches to align with the diverse
identities and needs of transgender patients. My
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attempts to provide affirming care to transgender
patients have revealed gaps in my understanding and
implementation of patient-centered principles.
[Participant 6]

Importance of Education on TNBI Health Issues for
Health Care Professionals
Participants felt that education on TNBI health fosters the
creation of inclusive health care environments where all patients
feel respected, affirmed, and understood. Health care
professionals who received training on transgender health issues
are better equipped to provide culturally competent care, use
affirming language, and create safe spaces for transgender
patients to access health care without fear of discrimination or
mistreatment:

I strongly believe education on transgender health is
a crucial step towards building a healthcare system
that is truly inclusive and affirming of all gender
identities. [Participant 5]

I assume by investing in education on transgender
health, healthcare institutions can promote inclusivity
and reduce disparities in healthcare access and
outcomes for transgender individuals. [Participant 7]

Investing in education about transgender health is a
critical step toward fostering inclusivity and
addressing disparities in care outcomes. [Participant
9]

They also felt that education regarding TNBI health issues
empowers them to recognize and address barriers, including
delayed diagnosis and inappropriate treatment, ensuring that
TNBI individuals receive timely, appropriate, and affirming
health care services that meet their unique needs:

By educating ourselves on transgender health issues,
we can break down barriers and create more inclusive
healthcare environments and we can also work
towards reducing disparities in healthcare access
and outcomes for transgender individuals. [Participant
10]

Through education on transgender health issues, we
can eliminate obstacles to care and strive to reduce
healthcare disparities for transgender individuals,
ensuring better outcomes for all. [Participant 12]

Participants were also interested in learning about the specific
health care needs of TNBI patients, including hormone therapy,
gender-affirming surgeries, preventive care, and mental health
support, enabling them to deliver comprehensive and
evidence-based care:

At least, I am eager to gain insights into the unique
healthcare needs of transgender patients, including
understanding nuances of hormone therapy and this
interest in learning about the healthcare needs of
transgender patients reflects our commitment to
providing inclusive and affirming care within our
practice. [Participant 4]

Need for Tailored Resources and Training Modules
Specifically Designed for Mental Health Professionals
The need for specialized training for mental health professionals
to understand the unique mental health challenges faced by
TNBI individuals has been observed by some participants, as
these individuals are at increased risk of mental health disorders
such as depression, anxiety, suicidality, and gender dysphoria
due to societal stigma, discrimination, and identity-related
stressors.

One of the participants, who was a mental health professional,
was also expecting training in gender-affirming care principles
to provide affirming and culturally competent mental health
services to transgender and gender-diverse clients. The
participant feels that tailored resources and training modules
equip mental health professionals with strategies for creating
affirming therapeutic environments and implementing
gender-affirming interventions:

As per my observation, through education and
training, mental health professionals can gain the
knowledge and skills needed to provide competent
and compassionate care to transgender and
gender-diverse clients. [Participant 13]

Sociotechnical Aspect: Hardware and Software (Theme
6: Educational Resources and Training Tools for TNBI
Care)
A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 7.
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Figure 7. The relationship between the codes and subthemes for theme 6—educational resources and training tools for transgender, nonbinary, and
intersex (TNBI) care.

Interactive Case Studies and Peer Support Forums
The participants generally perceived interactive case studies
and peer support forums as valuable educational resources that
promote active learning, cultural competency, professional
networking, and skill development in transgender health.

Some of them felt that interactive case studies allow them to
engage actively in the learning process by analyzing real-life
scenarios, making decisions, and receiving immediate feedback:

My personal preference is to have interactive case
studies, as they enable active participation and
engagement in the learning process. [Participant 7]

Others were interested in peer support forums that provide
opportunities to learn from each other’s experiences,
perspectives, and insights, fostering a collaborative learning
environment. They strongly believed that peer support forums
facilitate knowledge sharing, discussion of clinical challenges,
and exchange of best practices among peers, leading to enhanced
learning outcomes and professional development.

They also felt that they could access these resources at their
convenience to refresh their knowledge, stay updated on
emerging practices, and enhance their clinical competencies in
transgender health:

I agree that these resources encourage reflection,
critical thinking, and dialogue among health care
professionals, promoting continuous improvement in
transgender healthcare delivery. [Participant 3]

Comprehensive Training Modules, Workshops, and
Web-Based Courses Focusing on Gender Diversity
To have an in-depth understanding of gender diversity, including
the spectrum of gender identities and expressions, health care
professionals were in favor of comprehensive training modules,
workshops, and web-based courses.

They expect the training modules, workshops, and web-based
courses to facilitate interdisciplinary collaboration among
themselves from different specialties and disciplines, leading
them to work collaboratively as part of multidisciplinary care
teams to address the complex health care needs of transgender
and gender-diverse patients, promoting coordinated and holistic
care approaches:

The opportunity to exchange knowledge and best
practices among health care professionals is vital for
advancing our shared understanding of transgender
health issues. [Participant 11]

Some participants felt that training modules, workshops, and
web-based courses focusing on gender diversity contribute to
advancing health equity and social justice for transgender and
nonbinary gender-diverse individuals. On the contrary, one of
the participants expressed concern regarding time management:

In my opinion, it’s essential to tackle issues regarding
time management and resource allocation to ensure
health care professionals can actively participate in
gender diversity training and play their part in
promoting health equity and social justice.
[Participant 2]

Resources About Gender-Affirming Therapy, Trauma,
and Intersectionality
Health care professionals are expected to have resources that
cover principles and practices of gender-affirming care,
including approaches to hormone therapy, gender-affirming
surgeries, and psychotherapy, enabling them to support
transgender patients in aligning their bodies with their gender
identities:

I expect to have access to resources on
gender-affirming care will equip us with the
knowledge and skills needed to navigate complex
healthcare decisions and provide holistic support to
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transgender patients throughout their transition
journey. [Participant 3]

In addition, they were willing to have and learn about
trauma-sensitive approaches to care delivery, recognizing the
impact of past traumas on patients’mental health and well-being
and creating safe and supportive environments for survivors of
trauma to access health care services:

I am open to learning and implementing
trauma-sensitive approaches into our practice, as I
believe they are essential for providing
patient-centered and holistic care to individuals
affected by trauma. [Participant 13]

As health care professionals, we recognize the
importance of ongoing education and training in
trauma-sensitive care to ensure that we can effectively
meet the needs of patients who have experienced
trauma. [Participant 10]

Health care professionals were interested in gaining an
understanding of how multiple intersecting identities influence
individuals’experiences of discrimination, access to health care,
and health outcomes, enabling them to provide more nuanced
and inclusive care to diverse transgender communities:

My priority is having education about intersectionality
to work towards creating more equitable and inclusive
healthcare systems that address the complex needs
of all patients. [Participant 13]

Sociotechnical Aspect: Human-Computer Interface
(Theme 7: Challenges and Design Considerations for
eHealth Tools Integration)
A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 8.

Figure 8. The relationship between the codes and subthemes for theme 7—challenges and design considerations for eHealth tools integration.

Challenges in Integrating eHealth Tools Into Regular
Health Care Practice, Including Time Constraints and
Cultural Change
Several challenges were recognized in integrating eHealth tools
into regular health care practice, including time constraints and
cultural change. Participants said that they often face time
constraints due to busy schedules, heavy workloads, and
competing priorities in clinical practice.

They recognized that integrating eHealth tools could require
additional time for training, learning new technologies,
documentation, and troubleshooting technical issues. This
demand may strain already limited time resources and disrupt
workflow efficiency. Participants acknowledged that integrating
eHealth tools requires a cultural shift in attitudes, behaviors,
and practices within health care organizations and among health
care professionals:
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With our heavy workloads, it can be challenging to
dedicate time to training and troubleshooting the
technical issues that arise with eHealth tools.
[Participant 14]

Require additional time for documentation and
adapting to new workflows, which can strain our
already limited time resources. [Participant 7]

They recognized that resistance to change, skepticism about
technology, and concerns about the impact on traditional care
delivery models may impede the adoption and acceptance of
eHealth tools, necessitating cultural change initiatives,
leadership support, and stakeholder engagement to foster a
culture of innovation and digital transformation:

In the place I work, to overcome resistance to change,
proactive efforts are required to educate, train, and
support healthcare staff in adopting new technologies
and workflows. [Participant 7]

One participant anticipated that integrating eHealth tools into
regular health care practice may disrupt existing workflows and
processes, leading to initial challenges in adaptation and
implementation. They expressed concerns about potential
workflow inefficiencies, disruptions in patient flow, and
coordination issues among health care team members,
particularly during the transition phase, when adapting to new
technologies and integrating them into clinical routines:

It would be difficult for most of us during the
transition phase, as there may be a need for additional
training, support, and resources to help us navigate
the changes and overcome implementation barriers.
[Participant 13]

Participants expressed that they even encounter technical and
logistical barriers, such as inadequate infrastructure, limited
access to technology, interoperability challenges, and data
security concerns, which hinder the seamless integration of
eHealth tools into regular health care practice. They recognized
the need for investment in IT infrastructure, resources for
training and support, and adherence to regulatory requirements
and standards to address these barriers effectively and ensure
the successful implementation and use of eHealth tools:

Inadequate infrastructure and limited access to
technology might hinder the seamless integration of
eHealth tools into our practice. [Participant 3]

They recognized that patients may have varying levels of
comfort, literacy, and access to technology, which can influence
their willingness and ability to engage with eHealth tools. Health
care professionals emphasized the need for patient education,
support, and empowerment to promote successful integration
and use of eHealth tools in regular health care practice:

As health care professionals, we play a critical role
in facilitating patient engagement and empowerment
in the use of eHealth tools by providing guidance,
encouragement, and ongoing support. [Participant
15]

Emphasis on User-Friendly Design, Accessibility
Features, and Data Security in eHealth Tools
Health care professionals prioritized user-friendly design in
eHealth tools to ensure ease of use, intuitive navigation, and
efficient workflow integration. They recognize that user-friendly
interfaces enhance usability, minimize user errors, and promote
acceptance and adoption among health care professionals,
ultimately improving efficiency and productivity in clinical
practice.

Health care professionals prioritized data security and privacy
in eHealth tools to protect sensitive patient information, maintain
confidentiality, and comply with regulatory requirements:

I prefer the user-friendly design of eHealth tools to
ensure that we can easily navigate and utilize these
technologies in our daily practice. [Participant 4]

Health care professionals recognized that user-friendly design
and accessibility features in eHealth tools contribute to patient
engagement and empowerment. They believed that tools that
are easy to use, accessible across devices, and customizable to
individual preferences encourage active participation,
self-management, and shared decision-making among patients,
leading to improved health outcomes and patient satisfaction.
Health care professionals’ confidence and satisfaction with
eHealth tools are influenced by the design, usability, and security
features of these tools.

They expressed a preference for tools that are intuitive, reliable,
and secure, enabling them to focus on patient care rather than
technical frustrations or concerns about data integrity, thereby
enhancing their overall professional experience and job
satisfaction:

I believe that patient-centric design principles, such
as intuitive interfaces and clear navigation, are
essential for promoting patient autonomy and
engagement in their healthcare. [Participant 2]

Sociotechnical Aspect: System Measurement and
Monitoring (Theme 8: Evaluating eHealth Impact,
Subtheme: Expectations of Improved Patient–Health
Care Professional Relationships Using eHealth Tools)
A hierarchical structure with the themes at the top, subthemes
in the middle, and the corresponding codes at the base is
illustrated in Figure 9.
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Figure 9. The relationship between the codes and subthemes for theme 8—evaluating eHealth impact.

Health care professionals anticipated that eHealth tools would
enhance communication, enabling more frequent and accessible
contact with patients. This, in turn, could strengthen the
patient–health care professional relationship by fostering trust,
engagement, and continuity of care:

I still work in a healthcare setting, where there is no
eHealth tools included in the regular practice.
Through the integration of eHealth tools into our
practice, we aim to create a healthcare environment
that values transparency, accessibility, and patient
engagement. [Participant 7]

Discussion

Principal Findings and Comparison With Prior Work

Overview
The overall theme of this study is enhancing health care
professionals’education and awareness of inclusive TNBI care.
The analysis of health care professionals’ interviews revealed
significant insights into the challenges they face in providing
care to TNBI individuals and the gaps in health care systems
regarding these individuals’health. The analysis also highlighted
the pivotal role of eHealth educational tools in addressing

various challenges faced by health care professionals in
providing inclusive and affirming care to transgender and
gender-diverse individuals. Through its features and
functionalities, an educational tool aims to bridge gaps in
knowledge, communication, and access to resources, ultimately
enhancing health care delivery and patient outcomes. In total,
8 themes were identified, highlighting the multifaceted nature
of TNBI health care and the complex interplay among societal,
cultural, regulations, institutional, technical, and individual
factors.

Societal stigma and structural challenges emerged as a pervasive
issue affecting the health and well-being of TNBI individuals.
Participants highlighted the detrimental effects of discrimination,
prejudice, and social rejection on mental health, emphasizing
the need for culturally competent and affirming care to mitigate
these challenges. In countries such as the United Kingdom and
the United States, social acceptance and legal protections for
TNBI individuals have progressed significantly, with
antidiscrimination laws and health care rights actively supporting
gender diversity. However, unlike in India, where acceptance
remains complex due to strong cultural and religious norms,
participants from these Western countries still reported that
many patients experience fear, shame, and hesitation when
disclosing their gender identity—whether to health care
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professionals, in the workplace, or even within their families.
The fear of being misgendered or invalidated, coupled with past
traumas and societal pressures, creates significant barriers to
accessing health care services, underscoring the importance of
creating safe and supportive environments within health care
settings.

Regarding external rules and regulatory gaps, although the
United Kingdom and the United States are generally more open
in terms of social and cultural norms, the recent sociopolitical
shift in both countries has negatively affected TNBI care. For
example, the United Kingdom has recently removed
gender-affirming care with puberty blockers for those aged <18
years [50]. In the United States, >20 states have aimed to limit
or ban access to gender-affirming care, especially for minors.
These measures also included restrictions on access to mental
health support and educational resources for TNBI individuals.
Such policies reflect a growing sociopolitical climate that not
only affects the patients directly but also impacts the engagement
of health care professionals in providing gender-affirming care.
These changes can lead to decreased accessibility to necessary
treatments and negatively affect health outcomes for TNBI
individuals [51].

Gender diversity awareness, inclusive communication, and
understanding the needs of TNBI individuals have revealed a
lack of awareness and understanding of TNBI health issues
among health care professionals. Communication barriers,
limited education on transgender and nonbinary terminology,
and inadequate training in cultural competency contribute to
misunderstandings and discomfort for these individuals. In
addition, the limited understanding of gender diversity and
institutional barriers further hinder effective care delivery,
highlighting the need for comprehensive education and training
on transgender and nonbinary health topics. Participants in this
study noted that despite social acceptance, a lack of clear
guidance and limited resources leaves them struggling with
issues around gender identity. They expressed a fear of
misgendering individuals and often avoided discussions on
gender identity. Participants mentioned that their training has
emphasized focusing on biological sex in treatment, often
overlooking the psychological aspects of gender identity.

Various systemic issues, including the lack of awareness among
health care professionals, limited mental health support, and
gaps in research and specialized training for gender-affirming
care, were identified as substantial barriers to providing
comprehensive care for TNBI individuals. All participants
emphasized the need for increased awareness, research, and
resources to address these gaps and promote health equity and
social justice for TNBI individuals.

Education and training needs for health care professionals on
TNBI care highlighted the importance of comprehensive
education on gender diversity and transgender and nonbinary
health issues for health care professionals. Participants from all
4 countries expressed a desire for tailored resources and training
modules specifically designed to enhance cultural competency
and provide gender-affirming care. Moreover, the lack of
specialized training and guidelines for gender-affirming care
underscores the need for systemic changes within health care

institutions to support the professional development of health
care professionals in this area.

Educational resources and training tools for TNBI care identified
interactive case studies, peer support forums, and comprehensive
training modules as valuable tools for promoting active learning
and skill development in transgender and nonbinary health.
These resources facilitate knowledge sharing, collaboration,
and reflection among health care professionals, ultimately
enhancing the quality of care for these individuals.

Challenges and design considerations for eHealth tools
integration and evaluating eHealth impact presented both
opportunities and challenges in health care delivery. While
eHealth tools have the potential to streamline communication
and improve patient–health care professional relationships,
participants identified various barriers, including time
constraints, cultural change, and technical issues. Overcoming
these barriers requires proactive efforts to address resistance to
change, invest in IT infrastructure, and prioritize user-friendly
design and data security.

Subanalysis of Participants With Experience in
Providing Health Care to TNBI Individuals and Those
Without Such Experience
Most of the participants without experience in working with
TNBI individuals felt ill-equipped to address their unique health
care needs. They struggled to build trusting relationships due
to a limited understanding of cultural identities and health care
requirements, citing that their education focused solely on binary
male and female individuals’ perspectives. Participants from
Sweden noted that, despite living in an open society, gaps in
transgender and nonbinary-specific training persist.

Both groups emphasized that delivering trustworthy care
requires sufficient research and evidence-based practice to guide
clinical decisions. There was no perceived difference in mental
health support for TNBI individuals across Sweden, India, the
United States, and the United Kingdom. All
participants—regardless of prior experience—reported a lack
of comprehensive training and instructions on TNBI health,
with a shared belief that education is crucial for fostering an
inclusive and affirming health care system. Participants across
countries agreed that exchanging knowledge, ongoing training,
and access to gender-affirming resources are essential for
equipping health care professionals. While many were optimistic
about eHealth tools improving communication with patients
and continued education, they noted challenges such as
additional training requirements, adapting to new workflows,
and the importance of user-friendly designs.

The findings of this study align with and extend upon existing
research in the field of health care education, particularly
regarding the communication needs of health care professionals
when interacting with TNBI individuals.

Hughto et al [33] highlighted the importance of addressing
societal stigma and vulnerability in health care settings,
particularly for TNBI individuals. Similarly, our research
underscores the detrimental effects of societal stigma and
cultural norms on TNBI mental health and well-being, as well
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as the barriers to accessing health care services due to fear of
discrimination and misgendering.

Furthermore, our study supports previous research conducted
by Grant et al [22] on the challenges faced by health care
professionals in delivering inclusive and affirming care to
transgender patients. Consistent with these findings, our
participants expressed concerns about communication barriers,
limited understanding of gender diversity, and gaps in
specialized training and guidelines for gender-affirming care.
These challenges highlight the need for comprehensive
education and training initiatives to enhance health care
professionals’cultural competency and sensitivity to transgender
and nonbinary health issues.

A scoping review of transgender health training in internal
medicine and subspecialty residency programs identified
significant gaps in medical education, emphasizing the need for
clearly defined objectives to prepare health care professionals
for competent and affirming transgender care [52]. Similarly,
a systematic review of educational interventions for medical
students and residents working with sexual and gender-minority
patients demonstrated the effectiveness of structured programs
in improving knowledge, attitudes, confidence, and skills,
highlighting the importance of implementing comprehensive
training to bridge these gaps [53]. Davidge-Pitts et al [54]
studied the importance of comprehensive training and
educational resources to address the gaps in health care
professional’s knowledge and skills related to TNBI health
issues. Similarly, our study underscores the significance of
tailored educational tools in enhancing health care professional’s
understanding and competency in providing gender-affirming
care. In addition, the Transgender Education for Affirmative
and Competent HIV and Healthcare Program further highlights
the impact of structured educational initiatives in fostering
gender-affirming knowledge, perceived competency, and
inclusive practice behaviors among health care providers [55].
These findings align with our study’s recommendation for
interactive, solution-oriented tools to promote ongoing skill
development and professional collaboration. In addition,
research on barriers to transgender and gender-diverse care
highlights several challenges, including the absence of clear
guidelines; extended waiting times; a shortage of specialist
centers; insufficient training in transgender and gender-diverse
health; and technical, cultural, and social obstacles [26]. These
findings align with and reinforce the results of our study.

Our study supports the notion that interactive case studies and
peer support forums, integrated within an educational tool,
promote active learning, cultural competency, and professional
networking among health care professionals. These features
facilitate ongoing learning and skill development, fostering a
collaborative environment conducive to improving TNBI health
care delivery. Moreover, the challenges identified in the
integration and use of eHealth tools, as discussed in our study,
echo the findings of previous research by Light et al [56]. Time
constraints, cultural barriers, and technical issues have
consistently been recognized as barriers to the adoption of digital
health technologies in clinical practice by the participants.

In contrast to earlier studies conducted by Mansh et al [57],
which primarily focused on identifying gaps and challenges in
TNBI health care education, our study advances the field by
proposing a solution-oriented approach. This study provides
actionable recommendations for improving TNBI health care
education and training initiatives. This shift toward
solution-focused research aligns with the broader goal of
enhancing health care delivery and patient outcomes through
innovative educational interventions. The findings of this study
contribute to the growing body of literature on educational
interventions for health care professionals and their implications
for TNBI health.

Strengths and Limitations of the Study
The main strength of this study is the use of a qualitative
research approach, which allowed for an in-depth exploration
of the challenges faced by health care professionals when
communicating with TNBI individuals, facilitating a
comprehensive understanding of the nuances and complexities
surrounding this topic.

In addition, the study included participants from various health
care backgrounds and geographic locations, enhancing the
richness and diversity of perspectives gathered. This diversity
contributed to a more comprehensive analysis of the educational
eHealth tools’ requirements and potential impact across different
health care contexts. The diverse backgrounds of the participants
offered a wide range of experiences and provided a more
comprehensive understanding of the issues. While our study
provides a broad overview of the needs across different medical
professions, we recognize the importance of conducting more
in-depth studies for each profession. Future research should
focus on the specific needs and challenges faced by each medical
specialty when working with TNBI individuals. As qualitative
studies do not guarantee the generalizability of the results, we
argue that the results of our study are transferable to other
contexts.

We believe that the number of interviews conducted with health
care professionals was sufficient to achieve data saturation
across the overall sample. This indicates that we obtained a
sufficient breadth and depth of information to address the
research objectives. This ensured that a thorough exploration
of the topic was achieved without the need for additional
participants [37]. It is also important to note that due to the
diversity of countries and health care professions in the sample,
combined with the relatively low number of participants from
each profession and country, data saturation specific to each
subgroup may not have been fully achieved. This limitation
could affect the transferability of our findings, particularly for
specific roles or cultural contexts. Future research could benefit
from a more focused examination of these subgroups to deepen
the understanding of context-specific nuances. In addition,
conducting additional interviews with health care professionals
from settings not represented in this study could enrich findings
within the subject.

Another limitation of the study is that the interview guide was
not pilot-tested. However, the authors carefully designed the
guide and conducted multiple meetings to review and refine it.
In addition, during the interviews, we maintained a flexible and
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adaptive approach, making minor adjustments needed to better
capture health care professionals’ experiences.

Conclusions
The study aimed to explore health care professionals’
perspectives on education, awareness, and preferences for digital
educational resources to support TNBI care. The results provided
valuable insights into the barriers health care professionals
encounter when providing care to TNBI. The study identified
key gaps in health care professionals’ understanding of gender
diversity, cultural competency, and the need for inclusive
communication. In addition, the study emphasized the
importance of specialized training and the integration of
user-friendly eHealth tools to improve the relationships between
health care professionals with TNBI individuals.

eHealth tools play a significant role in enhancing patient–health
care professional relationships, improving access to care, and
promoting patient engagement in health care. Despite the
challenges associated with their integration, health care
professionals acknowledged their potential to facilitate more
efficient, patient-centered care delivery.

Addressing the identified barriers and challenges through
targeted interventions, such as providing training and support
for health care professionals, investing in user-friendly design
and data security, and promoting cultural competence in
providing health care for TNBI individuals, is essential.

In conclusion, this study contributes to the growing literature
on eHealth interventions in TNBI health care and sets the stage
for future research and practice initiatives aimed at leveraging
technology to improve health outcomes and reduce health
disparities for these individuals.
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Abstract

Background: Learning health systems (LHS) have the potential to use health data in real time through rapid and continuous
cycles of data interrogation, implementing insights to practice, feedback, and practice change. However, there is a lack of an
appropriately skilled interprofessional informatics workforce that can leverage knowledge to design innovative solutions. Therefore,
there is a need to develop tailored professional development training in digital health, to foster skilled interprofessional learning
communities in the health care workforce in Australia.

Objective: This study aimed to explore participants’ experiences and perspectives of participating in an interprofessional
education program over 13 weeks. The evaluation also aimed to assess the benefits, barriers, and opportunities for improvements
and identify future applications of the course materials.

Methods: We developed a wholly online short course open to interdisciplinary professionals working in digital health in the
health care sector. In a flipped classroom model, participants (n=400) undertook 2 hours of preclass learning online and then
attended 2.5 hours of live synchronous learning in interactive weekly Zoom workshops for 13 weeks. Throughout the course,
they collaborated in small, simulated learning communities (n=5 to 8), engaging in various activities and problem-solving exercises,
contributing their unique perspectives and diverse expertise. The course covered a number of topics including background on
LHS, establishing learning communities, the design thinking process, data preparation and machine learning analysis, process
modeling, clinical decision support, remote patient monitoring, evaluation, implementation, and digital transformation. To evaluate
the purpose of the program, we undertook a mixed methods evaluation consisting of pre- and postsurveys rating scales for
usefulness, engagement, value, and applicability for various aspects of the course. Participants also completed identical measures
of self-efficacy before and after (n=200), with scales mapped to specific skills and tasks that should have been achievable following
each of the topics covered. Further, they undertook voluntary weekly surveys to provide feedback on which aspects to continue
and recommendations for improvements, via free-text responses.

Results: From the evaluation, it was evident that participants found the teaching model engaging, useful, valuable, and applicable
to their work. In the self-efficacy component, we observed a significant increase (P<.001) in perceived confidence for all topics,
when comparing pre- and postcourse ratings. Overall, it was evident that the program gave participants a framework to organize
their knowledge and a common understanding and shared language to converse with other disciplines, changed the way they
perceived their role and the possibilities of data and technologies, and provided a toolkit through the LHS framework that they
could apply in their workplaces.

Conclusions: We present a program to educate the health workforce on integrating the LHS model into standard practice.
Interprofessional collaborative learning was a major component of the value of the program. This evaluation shed light on the
multifaceted challenges and expectations of individuals embarking on a digital health program. Understanding the barriers and
facilitators of the audience is crucial for creating an inclusive and supportive learning environment. Addressing these challenges
will not only enhance participant engagement but also contribute to the overall success of the program and, by extension, the
broader integration of digital health solutions into health care practice and, ultimately, patient outcomes.

(JMIR Med Educ 2025;11:e54152)   doi:10.2196/54152
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Introduction

As health care delivery evolves in complexity and scope, the
need for systems that promote continuous learning and
adaptation is paramount. The learning health systems (LHS)
concept has emerged as a transformative framework that bridges
clinical practice with ongoing research, ensuring that health
care institutions remain at the forefront of scientific and
patient-centered care advancements [1,2]. Central to the LHS
paradigm is the notion that data contribute to a broader system
of knowledge and is used to refine care practices in real time
[1,3]. Achieving this idea requires an interdisciplinary workforce
adept in information systems, informatics, data interrogation,
quality improvement and implementation methods, and
system-based practice, to be able to use the existing data to
inform future care [3]. Moreover, health care transformation
such as this requires the skills of various professions working
together towards solving these complex problems [4,5].

While there are previous studies that have described their
LHS-focused programs, few have robustly evaluated the purpose
of their implementations. Furthermore, other programs have
focused on specific cohorts of participants such as PhD students
[6], postdoctoral students [7,8], and clinical fellows [9-11] in
the United States [6,9-11] and Canada [7]. Our study adds new
insights to the literature given the interprofessional nature of
the program, as well as its design (flipped classroom, working
groups) and delivery (wholly online). To our knowledge, few
programs have involved teaching a structured curriculum [8,12],
while other programs have involved mainly project-based work
and on-the job learning [7,10,13,14].

For such a dynamic and integrated approach to take root,
educating the next generation of health care professionals about
LHS principles is crucial. While the theoretical foundation of
LHS has been well established, there has been a paucity of
research evaluating the efficacy and impact of educational
interventions centered on LHS. We developed a 13-week short
course called Applied Learning Health Systems, which
commenced in September 2021 and has now been running for
2 years [15]. The program is open to all professionals working
in the health care setting—clinical and nonclinical—and focuses
on interdisciplinary work; the LHS concept can be taught to
both digital health and informatics generalists and specialists,
clinicians and nonclinicians, front-line workers, and upper
management [15].

As institutions increasingly incorporate LHS into their curricula,
understanding the nuances of its educational translation becomes
vital. This research aims to evaluate the motivations,
experiences, and perceptions of participants learning in a
collaborative learning environment, as well as the effectiveness,
confidence, applicability, challenges, and outcomes of LHS
education, providing insights that will shape pedagogical

strategies and potentially influence the future of health care
education.

The purpose of this paper is to explore participants’ experiences
and perspectives of participating in a wholly online
interprofessional education program. This evaluation also aimed
to assess the benefits, barriers, and opportunities for
improvements, and identify future applications of the course
materials to the participants’workplace endeavors. We will also
discuss the implementation, feasibility, and outcomes of the
program which aimed to foster LHS skills in the Australian
health care workforce through didactic coursework, interactive
workshops, and collaborative learning. By describing our
program and its 2-year evaluation, we believe that current and
future educators can learn from our experience when building
their own programs. Additionally, our paper will contribute to
the emerging education literature on how to foster LHS through
workforce development and education. Compared to previous
publications on LHS education programs, we are contributing
novel insights to this literature through new perspectives based
on our location (ie, Australia), the health system data
infrastructure (ie, recent electronic medical record [EMR]
implementations and digital immaturity), and our participants
(ie, diverse interprofessionals). While we have had early
successes, we also wish to highlight the obstacles we
encountered and how we refined our approach in response. Our
results will be valuable to other educators as they consider
similar endeavors.

Methods

Study Design and Recruitment
We undertook a mixed methods study consisting of both
quantitative and qualitative data collection methods. Surveys
were conducted precourse, throughout teaching, and postcourse.
The surveys consisted of metric scales, qualitative scales, and
open free-text boxes. Participation in the research project was
via opt-out. Therefore, all enrolled participants were eligible to
participate in the project voluntarily, unless they chose not to.
There were several modes of recruitment for the course itself.
These included reaching out to existing precinct partners who
undertook internal expression of interest recruitment processes
to sponsor a number of places, social media advertising on X
and LinkedIn, Google search search engine optimization, and
university students undertaking electives or formal
university-accredited certificates.

Ethical Considerations
This study was approved by the University of Melbourne ethics
committee (project ID 22641). In certain parts of the study,
participants had the option to opt out (eg, surveys) or provide
consent to participate (eg, interviews). In terms of informed
consent, participants were provided with a plain language
statement describing the purpose and design of the study.
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Participants were notified that participation was voluntary and
were given the option to opt out. For privacy and confidentiality,
data were completely deidentified and only aggregate data were
analyzed and presented. Data were housed on secure University
of Melbourne single sign-on Qualtrics servers and restricted
access to OneDrive servers. As participation was completely
voluntary, no compensation was provided to participants;
however, participants in the pilot version of the course were
given free scholarship admission in return for their feedback.

The Program
The LHS short course was created by the University of
Melbourne Centre for Digital Transformation of Health, a
high-research academic institution with existing partnerships
with local and regional hospitals and primary care networks.
The course has been delivered 5 times to 400 participants. Each
iteration of the short course involved a 13-week online course
revolving around LHS and was delivered wholly online, by
diverse instructors, in a flipped classroom learning format.
Participants were from a range of backgrounds, including
working professionals in health care, PhD research students,
masters-level university students, and consumers. The course

structure involves 3 hours of weekly individual asynchronous
prereadings, followed by 2.5 hours of weekly workshops. Each
week participants work through activities associated with a
threaded diabetes case scenario, in their assigned
interprofessional working group [15].

We mapped the stages of the LHS system onto a swim lane
diagram and created specific learning objectives for skills and
knowledge at each stage, which were then operationalized into
the diabetes scenario. Filling in this swim lane and competency
map required knowledge from many disciplines, including data
science and biostatistics, standards, user-centered design, change
management, workflow mapping, app development,
implementation science, and evaluation as well as expertise in
the clinical domain and in how the Australian health system
works. No single person could effectively design the course we
developed, which posed challenges and opportunities for
curriculum development. Using the LHS cycle enabled
curriculum designers to join the varied subject matter expertise,
by mapping it to an agreed framework. Details of the full course
design, development, and curriculum outline are published
elsewhere (Figure 1) [16].

Figure 1. The Applied Learning Health Systems short course curriculum [16].

Evaluation Framework
We used the Kirkpatrick model of evaluation [17] to map out
our measurements (Table 1). This model is a widely used
evaluation framework in education and is used to shift
researchers away from simply measuring perceptions and

satisfaction. We examined whether participants’ attitudes,
knowledge, behavior, and professional practice changed as a
result. Additionally, we applied a mixed methods approach that
included pre- and postsurveys, weekly surveys, and
postinterviews.
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Table . Application of the Kirkpatrick model of evaluation, adapted from Barr et al [18], to this project.

Evaluation measures and data sources in this
project

DetailsLevel

Pre-, weekly, and postsurveys; postcourse partic-
ipant interviews

Perception of training among subjects1

Pre- and postchange in digital health interest and
identity

Change in the attitudes of subjects2a

Pre- and post-self-efficacy changes in specific

LHSa concepts (skills); pre- and postconcept
maps (knowledge; out of scope for this paper)

Change in the knowledge and/or skills of subjects2b

Postcourse participant interviews (will follow up
in 1 year with participant interviews)

Changes in the behavior of subjects3

Postcourse participant interviews (will follow up
in 1 year with participant interviews)

Change in professional practice4a

Not applicableChanges in patients’ condition4b

aLHS: learning health system.

Pre- and Postcourse Surveys
The pre- and postcourse surveys were developed by using a
combination of psychological scales and open-ended questions.
The pre- and postcourse surveys included the same self-efficacy
scale (100 points; cannot do at all to highly certain can do) [19]
which has significant evidence of reliability and validity. We
choose to evaluate self-efficacy as it is one of the strongest
proxy measures in education to predict actual and future
performance, which are more difficult and take longer to
measure [20]. The 10 items on the self-efficacy scale were
adapted from the material taught in the LHS course and language
from the LHS literature (eg, use machine learning algorithms
to create a model for predicting a health outcome) [21,22]. The
open-ended questions included demographic questions (eg, job
title) and questions related to digital health identity development,
course benefits, course barriers, what to keep, what to improve,
and other suggestions or comments.

Surveys were designed and distributed via Qualtrics. Participants
were invited to complete the surveys through emails and the
learning management system. Responses to open-ended survey
questions were also analyzed through qualitative content
analysis. Two coders independently coded the text responses
using NVivo (Lumivero) software. Coders met to resolve
discrepancies and solidify themes and categories under each
research question. The self-efficacy scales were analyzed using
a 2-tailed, unpaired t test in GraphPad Prism to determine
whether there was an improvement in self-efficacy across the
13 LHS concepts.

Weekly Surveys
Over the 12 weeks, participants had the opportunity to provide
feedback on the level of engagement, usefulness, value,
satisfaction, and areas for improvement in the course content,
through participation in weekly surveys. These surveys
contained scales (strongly disagree to strongly agree) and ask
questions such as “how useful did you find this topic” and “how
engaged did you feel” and open boxes for free-text responses.

Descriptive statistics such as frequency, mean, and standard
deviation will be used to summarize the data from these
questions. Completion of these weekly surveys ranged from
2530 participants each week.

Qualitative Coding of Free-Text Responses
To analyze the text response according to our research questions,
we first deidentify the transcripts for participant and institution
names. The transcripts will be uploaded to NVivo software for
qualitative content analysis [23]. A codebook was developed
deductively from the literature and inductively from the research
data. Two coders independently analyzed the transcripts
according to the codebook. The 2 coders met to calculate an
interrater agreement rate and resolve any discrepancies. The
final codes were synthesized by creating summaries, narratives,
and matrices. The final results included coding frequencies,
themes, and categories according to the research questions.

Quantitative Statistical Analysis
For descriptive statistics, number of participants and proportion
of participants are shown. For rating scales, frequency and
proportion are shown. Pre- and postcourse self-efficacy
comparisons were undertaken using a 2-tailed, unpaired t test.
Incomplete or missing data were excluded from the analysis.

Results

Demographics
Thus far, the Applied Learning Health Systems program has
had approximately 400 participants from various organizations
(health care, government, research or university, industry) and
job roles (clinician, researcher, data or information technology
[IT], health services management, allied health, EMR
implementation, health administration, consumer advocacy)
(Table 2). Of the 400 participants, 343 (85.8%) completed the
presurvey (week 0) and 200 (50%) completed the postsurvey
(week 12). A few participants were lost to follow-up during the
final week because they were ill, dropped out due to
overcommitment, or did not respond to requests.
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Table . Demographics shared by participants in the Applied Learning Health Systems program.

Participants, n (%)Characteristic

Professional background (n=399)

44 (11)Primary health care

141 (35.3)Tertiary health care

29 (7.3)Health services management

48 (12)Allied health

10 (2.5)Government

73 (18.3)Academia or research

47 (11.8)Business, ITa, tech or data analytics

7 (1.8)Other

Role type (n=343)

67 (17)Clinician (medical)

25 (6.4)Clinician (nursing)

22 (5.6)Clinical informatician

68 (17.3)Researcher (health services research or public
health)

28 (7.1)Data analyst

58 (14.8)Allied health professional

36 (9.2)Health services manager

24 (6.1)Quality improvement lead

19 (4.8)Consultant or IT professional

18 (4.6)EMRb implementation team

8 (2)Health administration

20 (5.1)Consumer advocate

aIT: information technology.
bEMR: electronic medical record.

What Were Participants’ Previous Encounters With
the LHS Framework?
At the beginning of the course, participants were asked if they
had any previous exposure to the LHS framework. Almost
one-third of the participants had no previous experience with
the LHS concept or any digital health concepts (121/343,
35.3%). Some participants stated that they had previous
exposure to digital health and informatics concepts (50/343,
14.6%) through other courses and certifications (27/343, 7.8%),
as well as through work-based activities, for example, EMR
implementation and optimization (47/343, 13.1%), quality
improvement, data interrogation (56/343, 16.3%), and various
other health services projects (45/343, 13.1%). Others stated
that they had no previous exposure to digital health or LHS
concepts (49/343, 14.2%).

What Type of Teaching Approaches Did Participants
Perceive as Effective?
Participants were asked to rate the usefulness and engagement
of the topic’s preclass learning and in-class sessions. In terms
of usefulness, the majority found the preclass materials useful
(880/956, 92.1%—“the preclass material was excellent and
really helped to clarify many of the terms that I had heard people
say but not truly understood”) and in-class sessions useful
(902/955, 94.5%—“analyzing the data during the class was
useful and to see it connect with prelearning materials was
good”). When asked to rate engagement, the majority found the
preclass (881/954, 92.3%) and in-class activities engaging
(881/955, 92.3%) (Tables 3-6).
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Table . Ratings of usefulness and engagement with preclass learning materials and in-class Zoom sessions. Participants were asked to rate the agreement
for usefulness (extremely useless to extremely useful) and engagement (extremely unengaged to engaged), weekly for each topic (1-13).

Total, nRatingQuestions

Extremely
useful, n (%)

Moderately
useful, n (%)

Slightly use-
ful, n (%)

Neither useful
nor useless, n
(%)

Slightly use-
less, n (%)

Moderately
useless, n (%)

Extremely
useless, n (%)

956404 (42.3)265 (27.7)210 (22.0)20 (2.1)13 (1.4)39 (4.1)5 (0.5)I found this
topic’s pre-
class learning
useful (13 top-
ics)

955440 (46.0)360 (37.7)103 (10.8)28 (2.9)9 (0.9)13 (1.4)2 (0.2)I found this
topic’s in-
class session
useful (13 top-
ics)

954326 (34.2)428 (44.9)127 (13.3)30 (3.1)29 (3.0)9 (0.9)5 (0.5)I felt engaged
when complet-
ing the pre-
class learning
for this topic
(13 topics)

955429 (44.9)349 (36.5)104 (10.9)33 (3.5)17 (1.8)13 (1.4)10 (1.0)I felt engaged
when partici-
pating in the
topic’s in-
class session
(13 topics)

Table . Participants’ ratings of value pertaining to overall value to personal career development for all topics.

Total, nRatingQuestion

Highly valuable, n
(%)

Valuable, n (%)Neutral, n (%)Unvaluable, n (%)Highly unvaluable,
n (%)

2041776 (38.0)989 (48.5)251 (12.3)13 (0.6)12 (0.6)Valuable to your
personal career de-
velopment (13 top-
ics, n=189)

Table . Participants’ ratings of value pertaining to applicability to current workplace role for all topics.

Total, nRatingQuestion

Highly applicable,
n (%)

Applicable, n (%)Neutral, n (%)Not applicable, n
(%)

Highly not applica-
ble, n (%)

2041661 (32.4)837 (41.0)325 (15.9)154 (7.5)64 (3.1)Applicability to
your current work-
place role (13 top-
ics, n=189)
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Table . Participants’ ratings of value pertaining to overall satisfaction with the quality of the course, recommendation, instructors, and choice to revisit,
as well as the value of educational activities (instructors, Zoom workshops, Canvas preclass activities, collaborative learning, the diabetes case scenario,
Jupyter Notebooks, and discussion boards).

Total, nRatingQuestions

Extremely
valuable, n
(%)

Moderately
valuable, n
(%)

Slightly valu-
able, n (%)

Neither valu-
able nor value-
less, n (%)

Slightly value-
less, n (%)

Moderately
valueless, n
(%)

Extremely val-
ueless, n (%)

18275 (41.2)63 (34.6)29 (15.9)5 (2.7)3 (1.6)6 (3.3)1 (0.5)Collaborative
learning in the
working
groups

18277 (42.3)77 (42.3)21 (11.5)2 (1.1)2 (1.1)3 (1.6)0 (0)Preclass learn-
ing activities
on Canvas

18281 (44.5)74 (40.7)17 (9.3)6 (3.3)1 (0.5)2 (1.1)1 (0.5)In-class learn-
ing (Zoom)
sessions

18264 (35.2)70 (38.5)30 (16.5)10 (5.5)3 (1.6)4 (2.2)1 (0.5)The diabetes
case scenario

18232 (17.6)55 (30.2)53 (29.1)20 (11.0)11 (6.0)11 (6.0)0 (0)Jupyter Note-
books

18253 (29.1)83 (45.6)30 (16.5)12 (6.6)3 (1.6)1 (0.5)0 (0)Canvas learn-
ing manage-
ment system

18213 (7.1)39 (21.4)62 (34.1)43 (23.6)10 (5.5)10 (5.5)5 (2.7)Discussion
boards

182120 (65.9)49 (26.9)8 (4.4)4 (2.2)0 (0)1 (0.5)0 (0)The instruc-
tors

Responses to the question of satisfaction also yielded highly
positive results. For the overall quality of the short course, most
agreed that it was of a high standard (178/182, 97.8%), including
the instructor quality (175 /182, 96.2%). When asked if they
would recommend the short course to a colleague, 89.5%
(163/182) said they would. In terms of revisiting the decision
to complete it again, 85.1% (154/182) still said they would
choose to take the course. When rating the value of the course
to their personal career development, a majority found the course
valuable (173/200, 86.5%). Participants were also asked to rate
the applicability of the course to their day-to-day work, where
73.4% (134/182) found it applicable.

Given the number of facets implemented in the course, we asked
participants to rate the value of these various elements. The
most highly rated was the instructors: “the speakers were great,
and the structure of having a short lecture and then doing an
activity then coming back and having another lecture was good,”

with 92.8% (169/182) finding them moderately or extremely
valuable. Next, in-class learning (155/182, 85.2%), preclass
learning (154/182, 84.6%), collaborative learning (138/182,
75.8%), the diabetes case scenario (134/182, 73.7%), and the
Canvas learning management system platform (136/182, 74.7%)
rated similarly. The use of Jupyter Notebooks (87/182, 47.8%),
and the discussion boards (52/182, 28.6%) rated lower (Table
6).

How Did Participants’Self-Efficacy for Digital Health
Topics Change After the Course?
To explore the change in self-confidence levels pre- and
postcourse, participants were surveyed on the key competencies
for the 13 topics. Participants completed the same set of ratings
at the beginning and at the end of the course, following
completion of all the material. For all 13 learning outcomes,
there was a statistically significant increase in self-efficacy
(n=200, P<.001) (Figure 2).
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Figure 2. Pre- and postcourse self-efficacy in LHS concepts. Participants rated confidence on a scale of 0‐100 (0=cannot do at all to 100=highly
certain can do). Two-tailed, unpaired t test was undertaken (n=296 precourse, n=200 postcourse). Changes from baseline to postcourse confidence are
shown for each LHS concept. LHS: learning health system.

How Did Participants’ Self-Perceived Role in Digital
Health Change?
In the pre- and postsurvey, participants were asked to respond
to the open-ended question of “What do you see as your role in
digital health?” There were several types of roles that
participants perceived themselves embodying postcourse. These
included users of digital health or learners; champions,
advocates, or change agents; researchers, innovators, or

entrepreneurs; leaders, managers, strategic planners, or decision
makers; educators or mentors; specialists or implementers;
community builders, connectors, facilitators, collaborators, or
translators (Table 7).

After the course, there was an increase in participants who
viewed their role as an end user or learner and a community
builder or facilitator, whereas there was a decrease in those who
viewed their role as a champion or advocate and leader in digital
health.

Table . Participants’ perceived roles in digital health pre- and postcourse (qualitative themes).

Postcourse responses (n=228), n (%)Precourse responses (n=274), n (%)

54 (23.7)41 (15.0)End user of digital health or learner

37 (16.2)62 (22.6)Champion, advocate, or change agent

30 (13.2)32 (11.7)Researcher, innovator, or entrepreneur

22 (9.6)38 (13.9)Leader, manager, strategic planner, or decision
maker

6 (2.6)13 (4.7)Educators or mentors

41 (18.0)57 (20.8)Specialist or implementer

38 (16.7)31 (11.3)Community builder, connector, facilitator, collab-
orator, or translator
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What Did Participants Perceive as the Applications of
the Learning in Their Workplace?
There were five main themes that arose for the types of
applications that participants foresaw themselves using the
course learnings: (1) learning and professional development:
“upskilling in the current role, more understanding of the roles
of my team members”; (2) using data and undertaking data
analysis more effectively: “data mining and improving processes
at work”; (3) implementing the LHS framework for digital

health interventions: “we are embarking on establishing a data
and analytics 3-year plan and we intend to incorporate LHS
principals into this strategy”; (4) for undertaking research and
quality improvement activities: “I now play a role in learning
health networks for Safer Care Victoria, where I believe I could
encourage digital health projects focused on quality
improvement and patient safety”; and (5) collaborating and
sharing knowledge and learnings with colleagues: “I intend to
instill the LHS framework into my role, the work that I do and
share it with my team” (Table 8).

Table . Participants’ anticipated applications of learning in the workplace (qualitative themes).

Postcourse responses (n=231), n (%)Precourse responses (n=338), n (%)

47 (20.4)74 (21.9)Learning and professional development

43 (18.6)54 (16.0)Using data and undertaking data analysis

52 (22.5)63 (18.6)Implementing digital health solutions with the

LHSa framework

62 (26.8)82 (24.3)Researching and quality improvement

27 (11.7)65 (19.2)Collaborating and knowledge sharing

aLHS: learning health system.

What Were the Perceived Benefits of the Program?
Participants were asked to state the benefits of the program. The
major themes that arose were learning and knowledge
acquisition: “the course material was presented well on Canvas
and had a good mix of different learning resources to use,” value
of collaboration: “the course has been extremely eye-opening
and has led me to begin collaborations on digital health projects
through contacts made through the course,” participant diversity
and group work : “being in a group of people with all different
work backgrounds and skills coming together with a common
interest was really good for tackling the problems to solve in

the class,” beneficial course structure and content delivery
(preclass: “the course material was presented well on Canvas
and had a good mix of different learning resources to use” and
in-class: “beneficial to be in a diverse group of other health care
professionals - I learnt a lot from the robust and engaging
discussions on Zoom),” and learning tools, importance of
real-world applications: case study and personal work: “applying
course concepts to this real-world scenario was instrumental in
reinforcing their understanding,” appreciation for instructors’
diversity, expertise, engagement, and quality: “the instructors
were very engaged and passionate about their topics,” consumer
focus, and focus on data analytics (Table 9).

Table . Beneficial elements of the course.

Responses (n=295), n (%)Theme

63 (21.4)Collaborative group work, diversity, or multidisciplinary approach

54 (18.3)Course structure and content delivery or pre- and in-class material

53 (18.0)Learning and knowledge acquisition

44 (14.9)Real-world scenarios or real-world applicability

28 (9.5)Exposure to tools and techniques

25 (8.5)Appreciation for instructors

14 (4.7)Exposure to complexity and challenges

14 (4.7)Focus on consumers

What Were Participants’ Barriers to Engaging With
the Program?
When asked regarding barriers to participating in the course,
participants’ responses formed the following major categories:
time constraints due to work, family, and other social
commitments: “time constraints, balancing clinical work, other
non-clinical work and home life,” a lack of knowledge,

terminology, and experience: “limited coal-face/frontline
exposure and visibility of emerging frontline issues. I work at
a more systems-based level and am not involved in interacting
with patients day-to-day,” technical challenges: “I found using
so many new platforms eg Jupyter notebooks, BPMN so quickly
challenging...,” content complexity, and limited interactions
online (Table 10).
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Table . Barriers to effective participation.

Responses (n=259), n (%)Theme

109 (42.1)Time constraints or keeping up with materials

56 (21.6)Lack of knowledge and experience

37 (14.3)Family and personal commitments

23 (8.9)Technical challenges

14 (5.4)Health care terminology and clinical knowledge

14 (5.4)Work commitments

6 (2.3)Course structure and content

What Changes or Improvements Would Participants
Suggest to the Short LHS Coursework?
While the majority of participants found beneficial elements to
the course, there are always improvements that can be made.
Areas in which changes were suggested were course structure,
duration, and timing, suggesting concerns around the pace of
the course and the amount of information and breadth covered:
“it feels like a lot of materials are being cramped into 1 session
and it was hard to appreciate the differences between the
models” and the timing of delivery after a long work day; the

usability of some learning tools, such as Jupyter Notebooks,
difficulties with learning management platform navigation,
more revision activities to reinforce learning and a desire for
more printable or downloadable resources; questionable benefit
of group work and collaborative work where students wanted
more support and time to hear instructor expertise: “I feel there
was too much reliance on group work and not enough input and
guidance from the experts”; course delivery—online format,
questioning whether networking opportunities were lost online;
prerequisite skills required, given the difficulty of some content
(Table 11).

Table . Participants suggested improvements to the course.

Responses (n=158), n (%)Theme

64 (40.5)Course content and structure—curriculum, quality, volume of material,
level of complexity, clarity, usefulness, effectiveness, engagement, and
applicability

37 (23.4)Course logistics and administration—course duration, pace, delivery
modality, pre-requisites, and learning platforms

15 (9.5)Learning tools and materials—usability and accessibility

30 (19.0)Group work and collaboration activities—diversity, effectiveness, and
interaction

12 (7.6)Instructor interactions in-class—interaction, engagement, and support

Discussion

Principal Findings
Despite the concept originating in 2007 [24], there is a lack of
reports evaluating LHS education programs. In this evaluation,
we discuss the findings of 2 years of implementation and
iteration of an interdisciplinary Applied LHS professional
development course (343/400, 85.8%, presurvey respondents;
200/400, 50%, postsurvey respondents), to a diverse range of
professionals working and studying in health care, with an
interest in digital health. Most of our participants were from
Australia, where LHS was a novel but emerging concept
[15,25-27]. The participants found the course engaging and
relevant to their work. Participants highlighted specific benefits,
barriers, and applications to this course and the LHS framework
on their work.

Most health systems are actively seeking to increase the use of
data and digital technology to drive improved health care
delivery and health outcomes. A major ingredient needed to
achieve that lofty goal is a workforce that knows how to not

only thrive within the rapidly digitizing world but also how to
innovate to improve value-driven care. Training a diverse
workforce in the digital transformation of health poses an
overwhelming number of choices about the most important
learning objectives, competencies, and skills. The LHS
framework [16] placed boundaries around the grand vision and
enabled us to concretely tell a story that resonated with the goals
of potential learners while lending itself to hands-on activities
that invite learners to be part of that story.

In addition to the advantages of multidisciplinary curriculum
development, the LHS framework was also a key part of the
value of the course to interdisciplinary learners. We launched
this course as a pilot and hand-selected 50 participants from a
much larger pool of applicants with the aim of multidisciplinary
involvement and of creating buzz around the course to encourage
enrolment for a fee-paying version of the course. Medical
directors, research leads, clinicians, and managers brought
learnings from the course to hallway discussions and team
meetings in their workplaces about how they could apply the
LHS framework in specific projects. In addition to a better
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understanding of how a project could go from idea to
implementation and evaluation using the LHS principles, the
framework provided a shared lexicon, a set of approaches like
the creation of a learning community, and a toolkit of methods
that learners could envision being used in their work. Their
excitement was contagious, and a large proportion of our
enrolees have come from organizations who continue to sponsor
entire interdisciplinary teams of people to take the course
together, because they see the value of the framework as a
connector across disparate teams, such as clinicians, IT or EMR
analysts, and health intelligence units, seeking to work toward
a shared goal.

Overall, the course attracted a wide range of professionals at
different levels (eg, medical students to directors of emergency
departments), professions (eg, nursing and social work),
consumers, researchers, and disciplines (eg, IT professionals).
In this study, participants highly valued the interdisciplinary
nature and collaborative learning activities in the course. Based
on previous educational research, we purposefully sorted the
groups for a diversity of professions and kept the participants
within the same groups for the majority of the course to
encourage relationship building. The interdisciplinary aspect
of this course was a strength of our education model as it mimics
the type of interdisciplinary practice required for complex LHS
and digital health initiatives [28].

From several written comments and weekly surveys, we found
that different disciplines struggled at different points within the
course. For example, people without a research background
found the data analysis topic and using Jupyter Notebooks the
most challenging aspect of the course, whereas those with a
nonclinical background struggled the most with mapping clinical
workflows and implementation. Although we used these
struggles as teaching moments to demonstrate the need for an
interdisciplinary team in LHS, our experience indicates the need
to improve our interdisciplinary education model. Previous
education researchers and motivational theorists have established
that optimal challenge is a key ingredient for engagement and
learning [29]. If the material is too easy or too difficult, then
learners disengage and, thus, do not learn the material. Many
educators have described the challenge of designing a course
for optimal challenge among a large cohort of uniprofessional
courses [30]. However, our experience is that this challenge is
even more dramatic in a one-size-fits-all model in an
interdisciplinary course. The content we taught is still
appropriate for all audiences, but each person may require more
or less self-directed preparatory work as part of the flipped
classroom model. Future researchers and educators should
investigate how to continue serving an interdisciplinary audience
while creating optimal challenges for all participants. For
example, in future iterations, we will explore the use of
generative artificial intelligence tools to personalize the
self-directed online modules for participants’ previous
knowledge and professional context.

The participants’ self-described digital health roles before and
after the course only went through minor changes. There was
a small conversion in participants who started out seeing
themselves as leaders and then later described their roles as
connectors. This phenomenon may have been due to instructors

telling participants about the importance of connector roles
within the LHS framework. Another reason for this effect may
be the Dunning-Kruger effect [31]. The Dunning-Kruger effect
is when individuals with low exposure to a topic often
overestimate their abilities due to a lack of metacognitive
awareness. As they gain more knowledge, they become more
aware of the limitations. Despite the potential for the
Dunning-Kruger effect, the lack of significant changes in
participant digital health identity was in contrast to a similar
evaluation of our parallel LHS education offering—a 1-year
LHS fellowship program for clinicians [15]. In the fellowship
program, half of the participants began the program by
describing their role as champions and leaders, and then, by the
middle of the program, all of the participants described their
role as champions and leaders. This potential effect may be due
to the benefits of the fellowship program; the fellowship is more
experiential, project based, and explicitly focused on leadership
development. Since self-identities are an important mediator of
future performance [32], future educators and researchers should
continue to investigate how LHS educational programs influence
participants’ self-described roles in the LHS framework and
digital health.

Strengths, Limitations, and Future Directions
Overall, we achieved commendable survey response rates,
suggesting a high level of engagement from participants. This
study uniquely contributes to the existing literature by evaluating
an interdisciplinary LHS education program—a domain
previously underexplored. Our comprehensive approach
encompassed both pre- and postcourse survey data, leveraging
learning theories such as self-efficacy theory and the Kirkpatrick
evaluation framework to inform our evaluation. Moreover, our
qualitative analysis offers valuable insights into participants’
perceptions, enriching our understanding of their experiences.
However, a limitation is our current inability to capture the
upper levels of the Kirkpatrick model, specifically how the LHS
course may have influenced participants’ workplace behaviors
and the subsequent outcomes of those behaviors. In the long
term, we aim to evaluate the impact this course and other LHS
education offerings have had on individuals and their health
organizations’ journeys toward a learning health system and
individual’s career progression. We aim to do this by conducting
follow-up, in-depth interviews with participants and
organizational sponsors and thematically analyzing the changes
that have occurred over time.

Achieving an LHS requires a symbiotic partnership between
researchers and health services—by bridging theory and
real-world application, future innovations emerging from an
LHS will be evidence based and clinically relevant. To increase
academic-practice collaboration, our LHS educational offerings
aim to grow the understanding of LHS principles and skills in
our health services partners and to provide insight into the
enablers and barriers for their digital transformation. The shared
LHS framework and increased mutual understanding from these
programs are increasing trust and collaborative opportunities,
leading toward joint translational LHS innovation programs
within the health services. We hope that future educators and
academic leaders see promise in our emerging LHS education
evaluation work [15], other descriptions of LHS education
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initiatives [6-11], and the success of LHS initiatives in health
care practice [33-35].

By providing a professional development short course, we were
able to serve a large market of health professionals who would
not otherwise have participated in an expensive university
degree. While some professionals like medical specialists
receive a continuing medical education fund, most other
disciplines are not provided with funding for professional
development. Additionally, a major source of participants was
partner organizations supporting and sending groups of staff
through the program, to learn together as cohorts to develop
communities of practice. In this scenario, enrollment was funded
by their employers. This is crucial, as at the national and
international level, we require a critical mass of appropriately
skilled workforce to leverage LHS principles in improving the
quality and value of health care delivery.

An interdisciplinary LHS short course has also provided a
testbed for applying new technologies to learning. For instance,
in the last iteration of the course, we experimented with
generative AI feedback on the participants’ learning. In their
working groups, participants developed an evaluation plan.
They fed their plans into ChatGPT, which we provided with
structured, custom prompts to provide feedback and rate the

quality of the plans. Although some students found the feedback
to be generic, the depth of the feedback was dependent upon
the richness of the data initially fed to the machine. In large
group settings, where there are limited instructors and limited
time to provide in-depth feedback to each interdisciplinary group
or participant, ChatGPT may be a useful tool to assist with
providing formative feedback. The use of this will be further
explored in future iterations of the course.

Conclusions
Overall, the Applied Learning Health Systems course received
significant positive feedback from interdisciplinary learners.
They found the course to be well structured, engaging, and a
valuable learning experience. The qualitative comments
emphasized the importance of delivering courses that not only
provide knowledge but also inspire and motivate learners, and
provide concrete tools to apply in their workplaces. A significant
number of participants expressed interest in future courses and
opportunities for further learning, underscoring the potential
for expanding and diversifying course offerings in the future.
There is still a great deal of education that needs to be provided
to upskill the workforce adequately enough to undertake digital
health transformation, but it begins with a shared vision, a
common language, and a mutual framework to follow.
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Abstract

Background: Basic life support improves survival prognosis after out-of-hospital cardiac arrest, but is too rarely provided
before the arrival of professional rescue services. First responder networks have been developed in many regions of the world to
decrease the delay between collapse and initiation of resuscitation maneuvers. Their efficiency depends on the number of first
responders available and many networks lack potential rescuers. Medical, dental, and biomedical students represent an almost
untapped source of potential first responders, and a first study, carried out during the COVID-19 pandemic, led to the recruitment
of many of these future professionals even though many restrictions were still in effect.

Objective: The objective of this study was to determine the impact of an enhanced strategy on the recruitment of medical,
dental, and biomedical students as first responders in the immediate aftermath of the COVID-19 pandemic.

Methods: This was a prospective follow-up study, conducted between November 2021 and March 2022 at the University of
Geneva Faculty of Medicine, Geneva, Switzerland. A web-based study platform was used to manage consent, registrations, and
certificates. A first motivational intervention was held early in the academic year and targeted all first-year medical, dental, and
biomedical students. Participants first answered a questionnaire designed to assess their initial basic life support knowledge before
following an e-learning module. Those who completed the module were able to register for a face-to-face training session held
by senior medical students. A course certificate was awarded to those who completed these sessions, enabling them to register
as first responders on the Save a Life first responder network. Since the number of students who had enlisted as first responders
2 months after the motivational intervention was markedly lower than expected, a second, unplanned motivational intervention
was held in an attempt to recruit more students.

Results: Out of a total of 674 first-year students, 19 (2.5%) students had registered as first responders after the first motivational
intervention. This was significantly less than the proportion achieved through the initial study (48/529, 9.1%; P<.001). The second
motivational intervention led to the enrollment of 7 more students (26/674, 3.9%), a figure still significantly lower than that of
the original study (P<.001). At the end of the study, 76 (11.3%) students had been awarded a certificate of competence.

Conclusions: Contrary to expectations, an earlier presentation during the academic year outside the COVID restriction period
did not increase the recruitment of medical, dental, and biomedical students as first responders in the immediate aftermath of the
COVID-19 pandemic. The reasons underlying this drop in motivation should be explored to enable the design of focused
motivational interventions.

(JMIR Med Educ 2025;11:e63018)   doi:10.2196/63018
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Introduction

Background
Basic life support (BLS) improves survival prognosis after
out-of-hospital cardiac arrest (OHCA) but is too rarely provided
before the arrival of professional rescue services [1-6]. Without
BLS, the probability of survival decreases by 10% for each
minute that passes [7]. Thus, professional rescue is of limited
worth if BLS has not been provided either by bystanders or by
first responders [8-10]. Indeed, several studies have
demonstrated that initiation of BLS maneuvers by
nonprofessionals improves survival and neurological outcomes
[1,11,12].

Increasing global awareness regarding the importance of quickly
initiating BLS maneuvers after OHCA will take time, and
barriers to action often prevent bystanders from initiating
cardiopulmonary resuscitation [1,13-15]. To overcome this
limitation, first responder systems have been developed in many
regions of the world. These systems rely on BLS-certified
professional or nonprofessional rescuers who accept a call to
respond to OHCA alarms if they happen to be nearby.

In Geneva, Switzerland, the Save a Life project was initiated
in October 2019 by the Swiss Emergency Responder
Association, with the objective of developing a regional network
of first responders [7]. When an OHCA is identified by the
emergency medical call center, an alert is displayed on the Save
a Life first responder app. If a first responder is near enough
and agrees to intervene, the position of the nearest automatic
external defibrillator (AED) is displayed along with the exact
location of the intervention. The main limitations of this system
are the limited number of first responders, their availability,
and their geographical distribution.

To improve the number of first responders, Taramarcaz et al
[16] designed a process to recruit first-year medical students.
Their study took place while the COVID-19 pandemic was still
ongoing, and many restrictions were still in effect. In addition,
the motivational intervention designed to catch the students’
interest was held online rather than in an auditorium and took
place rather late after the beginning of the academic year and
close to a critical exam session. Thus, the authors hypothesized
that an intervention taking place earlier in the academic year,
and without the constraints imposed by the COVID-19
pandemic, could lead to higher participation rates and the
recruitment of a higher proportion of medical students as first
responders [16].

Objective
The objective of this study was to determine the impact of the
modifications proposed by Taramarcaz et al [16] on first
responder recruitment.

Methods

Study Design
This prospective follow-up study was conducted between
November 2021 and March 2022 and followed a structure and
sequence similar to that described by Taramarcaz et al [16].

The study platform used for the initial study was reset and reused
for this follow-up study. Given the use of a web-based platform,
methods and results are reported according to the Checklist for
Reporting Results of Internet E-Surveys (CHERRIES)
guidelines when appropriate [17]. Data were managed in
accordance with the European General Data Protection
Regulation [18]. A more detailed description of the tools used
can be found in Multimedia Appendix 1.

The learning path was identical to that described in Taramarcaz
et al’s [16] study and followed a flipped classroom design: after
ensuring that no exclusion criteria were present, the first-year
medical, dental, and biomedical students of the University of
Geneva Faculty of Medicine (UGFM) answered a questionnaire
designed to assess their initial BLS knowledge before following
an e-learning module. After completing this module, they were
able to register for a face-to-face training session held by senior
medical students. The estimated time required to complete the
e-learning and practice session was about an hour and a half.
This duration was chosen as being long enough for learning and
skill retention while avoiding an overt demand on their busy
schedule. The participants who completed the entire learning
path were awarded a BLS-AED course certificate enabling them
to register as first responders on the Save a Life first responder
network. The whole process, including the certification, was
entirely free of charge, and there was no obligation for students
to participate. The only incentive was to obtain a BLS-AED
certificate.

Ethical Considerations
Since the regional ethics committee (Commission cantonale
d’éthique de la recherche, Geneva, Switzerland) had already
acknowledged that this design did not fall within the scope of
the Swiss federal law on research involving human beings
(Req-2020‐01143), no further ethical assessment was required
or requested.

Recruitment
A motivational intervention was performed live on November
29, 2021. This intervention was animated by 2 senior medical
students and took place at the end of a basic medical science
course. The presentation contained a short, humorous
introductory video, a description of the project, and an overview
of the Save a Life network. The last slide included a QR code
and a URL link to the study platform as indicated in the research
protocol [19]. On the same day, all potential participants
received the same information by email through the class’s
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mailing list. To promote participation, a second motivational
email was sent to the entire class on December 10.

Since participation was markedly lower than expected by the
end of December, a second intervention was planned, this time
at the start of a course on atherosclerosis given by the head of
the cardiology department at Geneva University Hospital. This
intervention took place on January 10, 2022, and a final
reminder email was sent on January 13, 2022. For the second
intervention, different support material was used, and various
real-life scenarios were included, showcasing how BLS
knowledge could enable them to act in the case of OHCA.

Enrollment
The QR code and URL provided during the motivational
interventions and through the invitation emails redirected the
students to an introductory page detailing the study’s objectives
and procedures. Those willing to participate were asked to

answer 2 questions designed to detect the presence of either of
2 exclusion criteria: being registered as first responder and not
being a UGFM student. If neither exclusion criterion was met,
the students were redirected to a consent form (Table 1)
including a disclaimer about data handling and security. Those
who agreed were asked to create an account and to provide
minimal personal information (first name, last name, and email
address) for contact purposes and to allow for the creation of
nominative BLS-AED certificates. The students who refused
to participate and those who met either exclusion criteria were
also given the possibility to follow the learning path and to
receive a certificate allowing them to join a first responder
system.

After completing the registration process, participants were
asked to fill out a precourse questionnaire designed to gather
demographic data and determine their precourse BLS knowledge
(Table 2).

Table . Screening questionnaire and consent form (reused from Taramarcaz et al [16]).

Type of questionSurvey page, field, and question

Page 1

    Already filled the questionnaire or exclusion criteria

Yes or no        Already a first responder

    Demographics

Yes or no        Student at UGFMa

Open        If no: current professional status

    Consent

Yes or no        Agree to participate

MAQb        If no: reasons for refusal

Yes or no        If no: access to the e-learning module

aUGFM: University of Geneva Faculty of Medicine.
bMAQ: multiple answer question.
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Table . Precourse questionnaire (reused from Taramarcaz et al [16]).

Type of questionSurvey page, field, and question

1: Demographics

Open (Regexa)    Year of birth

MCQb    Gender

MCQ    Medical, biomedical or dental medicine student

MCQ    Former student or graduate of another health care profession

MCQ    Target Specialty

2: General BLSc knowledge

Yes/no    Ever heard of BLS or ACLSd before

Open    Meaning of AEDe,f

Open (Regex)    Year of the last BLS guidelines update

Open    Phone number of the emergency medical communication centerf

3: Prior BLS experience

MAQg    Prior BLS training

Yes/no    Wish for additional BLS training

4: Specific BLS knowledge

MAQ    Criteria used to recognize OHCAf,h

Ordering    BLS-sequencef

MCQ    Artery for pulse assessmentf

MCQ    Compression depthf

MCQ    Compressions: ventilation ratiof

MCQ    Compression ratef

Yes/no    Compression-only CPRfi

MCQ    Foreign body airway obstruction f

5: Confidence

Likert scale (1-5)    Precourse confidence to act in an OHCA situation

aA Regex validation rule was used to avoid invalid entries.
bMCQ: multiple choice question (only one answer accepted).
cBLS: basic life support.
dACLS: advanced cardiovascular life support.
eAED: automatic external defibrillator.
fItems used to calculate the 10-point score (initial BLS knowledge).
gMAQ: multiple answer question (more than one answer accepted).
hOHCA: out-of-hospital cardiac arrest.
iCPR: cardiopulmonary resuscitation.

E-Learning and Practice Sessions
The interactive e-learning module used in Taramarcaz et al’s
[16] study was reused without any changes since it still matched
the objectives, respected the Swiss Resuscitation Council’s
guidelines, and had not received any negative feedback from
the students. This module was designed to last about 30 minutes,
but no time limit was set and students were able to resume at
will. A screen enabling participants to register for near-peer

animated practice sessions was displayed upon completion of
this e-learning module.

Practice sessions lasted 1 hour and were limited to 4 participants.
A total of 32 sessions (128 slots) were planned between
December 6, 2021 and March 11, 2022. The
instructor-to-participant ratio (1:4) was kept unchanged to
maintain high-quality training even though the COVID-19
restrictions had been lifted. The senior medical students who
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animated these near-peer-led practice sessions were all certified
as BLS-AED instructors according to the Swiss Resuscitation
Council’s guidelines. Most of the students who had already
participated as instructors in Taramarcaz et al’s [16] study
(15/17, 88%) agreed to resume their involvement and 5 new
instructors were trained. While all instructors were to ensure
that the objectives had been met by using a standardized
checklist, they were free to adapt the structure of their training
sessions according to the participants’ profiles.

Final Questionnaire and Certification
An email embedding a link to a postcourse questionnaire was
sent to the students who successfully completed the practice
sessions (Table 3). Participation in this questionnaire was
mandatory to obtain a nominative BLS-AED certificate. These
certificates, which had a 1-year validity, enabled participants
to enroll as first responders on the Save a Life platform.

Table . Postcourse questionnaire (reused from Taramarcaz et al [16]).

Type of questionSurvey page, field, and question

1: Opinion

Yes/no    Appreciation

MAQa    If yes: positive thoughts

MAQ    If no: negative thoughts

Free text    General comments

2: Confidence

Likert scale (1-5)    Postcourse confidence for OHCAb management

Likert scale (1-5)    Factors contributing to confidence

Likert scale (1-5)    Factors contributing to lack of confidence

Free text    Other comments on confidence

3: First responders

Yes/no    Intention to register as first responder

Likert scale (1-5)    If yes: contributing factors

Likert scale (1-5)    If no: impeding factors

Free text    Other factors

4: Improvement

Free text    Suggestion for improvement

aMAQ: multiple answer question.
bOHCA: out-of-hospital cardiac arrest.

Adaptations From the Implementation Study
In line with this study’s objectives, the main changes from the
implementation study were that the initial presentation to
first-year students and the training sessions were held earlier in
the academic year [16], with the hypothesis that this would
increase the number of registrations as first-year students would
be further away from their final exams. Thus, the project was
presented on November 29, 2 months earlier than the original
study.

Despite this adaptation, and contrarily to our hypothesis, the
number of participants was markedly lower than that in the
original study. A second, initially unplanned intervention was
therefore carried out in early January 2022, and constitutes the
second major adaptation from the original implementation study.

Another difference was that biomedical students were also
invited to participate in this study. Finally, the practice sessions
were held between December 2021 and March 2022 in this
study while they had taken place between January and April

2021 in the implementation study. The number of slots remained
unchanged.

Outcomes
The primary outcome was the proportion of students who had
registered as first responders before the second intervention
took place, that is, by January 9, 2022. Secondary outcomes
were the proportion of students who had registered following
the second intervention, the overall proportion of students who
had registered as first responders by May 1, 2022, and attrition
at each step of the study [20]. The difference in self-reported
confidence in performing BLS maneuvers was also assessed.

Statistical Analysis
Data curation and analysis were carried out using STATA/BE
(version 17.0; StataCorp LLC). Descriptive statistics were used
to describe the evolution of the number of students at each step
of the learning path. Given the sample size, parametric tests
were used when appropriate. A P value of less than .05 was
considered statistically significant.
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The chi-square test was used to assess the difference in student
recruitment distribution between this study and Taramarcaz et
al’s [16]. This was carried out by reusing the original data file,
which is freely available online as a Multimedia Appendix 1 of
the original study. Since biomedical students had not been
invited to participate in the original study, a sensitivity analysis
was carried out by excluding them.

Potential differences between students who registered after
following the first motivational intervention and those who
registered after following the second one were looked for by
applying a t test on the 10-point BLS score and by comparing
attrition at each step. No weighting was used to compute the
10-point BLS knowledge score. A t test was performed to look
for a difference between this score and interest in following
BLS training.

A t test was also used to investigate whether there was a
statistically significant difference between postcourse confidence
and enrollment in the first responder network.

Given the presence of cells with very limited numbers (<5),
Fischer tests were applied to analyze the factors influencing
self-confidence and the desire to join the Save a Life first
responder network.

Results

The 2021‐2022 academic year included a total of 674 first-year
students at UGFM in human and dental medicine and in
biomedical sciences. The proportion of students who had
registered as first responders after the first motivational
intervention was 2.5% (19/674), significantly less than after
Taramarcaz et al’s [16] implementation study (48/529, 9.1%;
P<.001). The second motivational intervention led to the
enrollment of 7 more students (26/674, 3.9%). This figure is
still significantly lower than that observed in Taramarcaz et al’s
study (P<.001) [16]. Even after excluding biomedical students
from the analysis, the figure remained significantly lower
(25/600, 4.2%) than in Taramarcaz et al’s [16] study (P=.001).

A total of 502 (74.5%) students followed the link directing them
to the study platform, of whom 447 (66.3%) students completed
the screening questionnaire. Only 133 (19.7%) students
registered on the platform and 76 (11.3%) students received a
BLS-AED certificate at the end of the learning program. In the
postcourse questionnaire, 68.4% (52/76) of students who
obtained the certificate indicated a desire to join the network of
first responders, but only 34.2% (26/76) of students followed
through. Figure 1 shows participation at each step of the study.

There was a statistically significant relationship between prior
BLS knowledge and e-learning completion (P=.007), practical
session attendance (P<.001), and obtention of a BLS certificate
(P=.003). Conversely, there was no statistically significant
relationship between prior BLS-AED knowledge and enrollment
in the Save a Life network (P=.05) or interest in the program
(P=.94).

Students’ confidence in their ability to initiate BLS maneuvers
was significantly increased after following the learning path
(P<.001, Multimedia Appendix 2). There was no statistical link
between postcourse confidence and registration on the Save a
Life platform (P=.09).

Postcourse satisfaction was 100% (76/76), as was the probability
that students who had completed the learning path would
recommend it to other students.

Figure 2 shows that a better understanding of health issues, a
feeling of mastery of the subject, and an improvement in
knowledge regarding resuscitation all contributed to promoting
participant confidence.

Stress and fear of doing wrong were the 2 main factors reported
as limiting one’s confidence in performing BLS maneuvers
(Figure 3).

Four factors promoting student willingness to register on the
Save a Life platform were identified: feeling able to perform
cardiopulmonary resuscitation, the possibility of making a
difference, the stakes, and the desire to help (Figure 4).

Stress was the main factor preventing participants from
registering as first responders (Figure 5).
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Figure 1. Study flowchart. AED: automatic external defibrillator; BLS: basic life support.

JMIR Med Educ 2025 | vol. 11 | e63018 | p.202https://mededu.jmir.org/2025/1/e63018
(page number not for citation purposes)

Schnetzler et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Factors promoting student confidence in their ability to perform basic life support (BLS) maneuvers.

Figure 3. Factors limiting student confidence in performing basic life support maneuvers.
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Figure 4. Factors promoting student willingness to register on the Save a Life platform. CPR: cardiopulmonary resuscitation.

Figure 5. Factors limiting student willingness to register on the Save a Life platform. CPR: cardiopulmonary resuscitation.

Discussion

Main Considerations
Despite the modifications carried out according to the
hypotheses outlined in the original study [16], and even after a
second motivational intervention, recruitment was markedly
lower than expected: indeed, in the original implementation

study [16], the proportion of people who had registered on the
platform at the end of the project was more than 2 times higher.
The target set in the initial protocol was to recruit 10% of
first-year students, a goal that has not yet been achieved.

These results deserve to be analyzed from a motivational point
of view. The original study took place during the COVID-19
pandemic period, when student dynamics were probably
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different, and students may have been more inclined to
participate in a presential activity, due to the fact that they had
no choice but to spend their first year remotely. The COVID
period was a major awareness and health involvement on the
part of medical students. Their involvement in medical tasks
having a perceptible impact on the future of patients affected
by the pandemic undoubtedly positively influenced their
motivational reinforcement. This paradox probably partially
explains the low recruitment observed in this study, carried out
outside the pandemic context. Other factors may also have
influenced student motivation during the COVID pandemic:
during this period, the health care system was highly regarded
by the population, and the project may have given the students
a sense of belonging [21]. The feeling of being useless in the
face of what was happening and the desire to help may also
have been stronger at this time [21]. Conversely, the end of the
restrictions may have decreased their motivation to take part in
such a project, and students may have been keen to resume
many of the activities they had been deprived of [22].

The profile of the teacher endorsing the motivational
intervention may also have played a role since teachers can have
a significant influence on their students [23]. Since most medical
students are interested in the clinical field, any advice, opinion,
or encouragement given by a clinician could have a particularly
important influence on students [24]. Clinicians can also share
their interest and experience in a subject [25], and their support
can foster student interest in a particular field [24]. Indeed,
human beings strive to feel connected to those they admire, and
the sense of belonging that a prestigious clinician radiates can
influence student motivation [24]. In addition, first-year students
are more motivated by success, prestige, and money, compared
with the upper years, who are more focused on the personal
gratification of their activity [24,26]. Moreover, student
motivation fluctuates over the years, both qualitatively and
quantitatively. Understanding its evolution can help encourage
students to enjoy their learning and possibly improve their
performance [27].

According to the theory of self-determination, there are several
types of motivation, depending on what influences it and what
goals it aims to achieve: intrinsic motivation, extrinsic
motivation, and amotivation [26]. Intrinsic motivation is linked
to personal interest in or pleasure inherent to the activity.
Extrinsic motivation aims at a goal, a consequence separable
from the subject, such as a reward or the absence of
inconvenience [26]. Extrinsic motivation can be described as a
continuum through which a process of internalization takes
place, finally resulting in integrating action towards
self-determination [26]. In the educational environment,
motivation can be seen as having 3 determinants: the perception
of the value of an activity, its skill, and its controllability [28].

A clinician’s valorization of the abilities and importance that
each student can have in the health care system at their own
level can influence the perception of their abilities, and their
involvement and motivation [23]. A clinician’s speech on public
health issues can have a greater impact and radiate a positive
perception of the values involved [24,28].

Despite these different aspects motivating first-year students to
participate in an optional learning program can still be difficult
since it does not bring them any short-term benefits, in this case
passing their exams. According to Dweck, students pursue
learning goals as well as performance goals [29]. In the short
term, when the risk of success is low, students would restrict
themselves to the performance goal and neglect activities they
consider ineffective for success [28,30].

A considerable proportion of students did not continue with the
learning path after completing the questionnaire assessing their
BLS knowledge. These students’ scores were lower than
average, and their lack of knowledge may have had an impact
on their perception of their skills for future activities, decreasing
their self-confidence and motivation to continue their learning
program [28]. This could be addressed by introducing BLS
courses at school since, in Geneva, most schoolchildren receive
only little, if any, first aid training before attending courses
mandatory to obtain a driving license. Furthermore, training
schoolchildren has been shown to improve OHCA outcomes
[31]. Another option could be to remove this questionnaire from
future studies to avoid any attrition linked to its administration.

Once enrolled in the learning program, students follow a
certifying course, but registration on the Save a Life platform
remains optional, and students therefore need further motivation
to enlist as first responders. Participants agreed that perfecting
their knowledge, mastering the subject, and understanding the
health issues linked to early resuscitation all improved their
self-confidence. This is in line with Viau and Louis’s [28]
opinion, that is, that the perception of the value of an activity
and of one’s own skills influence motivation.

Understanding the social impact of a first responder network
could enable potential participants to internalize the values
involved, and, according to the self-determination theory,
increase motivation [26]. Thus, the societal impact of the Save
a Life project could be further highlighted in future motivational
interventions. This could improve recruitment since respondents
unanimously agreed that the desire to help influenced their
probability of registering as first responders.

Students reported that the main factors limiting their willingness
to register as first responders were stress and the fear of making
a mistake. Stress goes against the feeling of controllability of
a situation, which is essential to self-confidence [28]. Addressing
this issue will require further exploration, but a first step could
be to point out the low risk of harm to the patient when
practicing BLS maneuvers [14,15] and the clear benefits of
early resuscitation early in the presentation [8-10].

Aspects modulating self-confidence need to be highlighted in
future presentations to students, but also during the training
program, to encourage these students as much as possible to
join the Save a Life network. Their abilities and knowledge
should be encouraged, and the efforts and gains they can make
in the management of OHCA should be recognized. Any fears
or doubts they may have must also be addressed during the
learning path, and the effect of these motivational enhancements
will need to be assessed in the next few years.

JMIR Med Educ 2025 | vol. 11 | e63018 | p.205https://mededu.jmir.org/2025/1/e63018
(page number not for citation purposes)

Schnetzler et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Limitations
Since the very low participation rate could not be anticipated,
the design of this study had to be adapted. Even though the
second motivational intervention was endorsed by a clinician
while the first was endorsed by a specialist in basic medical
science, the effect of each specific intervention could not be
assessed given the design of this study. A randomized controlled
trial could be considered to explore the effects of endorsement
by either type of specialist. In addition, the motivational
interventions themselves were also different, and the effect of
specifically designed and theory-based motivational
interventions would also deserve to be determined. Finally, the
impact of specific factors on motivation was only assessed
among the students who had followed the learning path, thereby

leading to a selection bias. Therefore, participatory research
should be considered to help identify better recruitment
strategies, and focus groups held to gather a more thorough and
less biased understanding of students’ motivation and barriers
to participation.

Conclusions
Contrary to expectations, an earlier presentation during the
academic year outside the COVID restriction period did not
increase the recruitment of medical students as first responders,
which was more than 2 times lower than in the implementation
study even after further motivational interventions. A thorough
quantitative and qualitative exploration of motivational factors
should be carried out to determine potential ways of improving
the recruitment of first-year medical students as first responders.
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Abstract

Background: Forensic medicine requires background medical knowledge and the ability to apply it to legal cases. Medical
students have different levels of medical knowledge and are therefore likely to perform differently when learning forensic medicine.
However, different medical curricula in Thailand deliver forensic medicine courses at different stages of medical study; most
curricula deliver these courses in the clinical years, while others offer them in the preclinical years. This raises questions about
the differences in learning effectiveness.

Objective: We aimed to compare the learning outcomes of medical students in curricula that either teach forensic medicine at
the clinical level or teach it at the preclinical level.

Methods: This was a 5-year retrospective study that compared multiple-choice question (MCQ) scores in a forensic medicine
course for fifth- and third-year medical students. The fifth-year students’program was different from that of the third-year students,
but both programs were offered by Mahidol University. The students were taught forensic medicine by the same instructors, used
similar content, and were evaluated via examinations of similar difficulty. Of the 1063 medical students included in this study,
782 were fifth-year clinical students, and 281 were third-year preclinical students.

Results: The average scores of the fifth- and third-year medical students were 76.09% (SD 6.75%) and 62.94% (SD 8.33%),
respectively. The difference was statistically significant (Kruskal-Wallis test: P<.001). Additionally, the average score of fifth-year
medical students was significantly higher than that of third-year students in every academic year (all P values were <.001).

Conclusions: Teaching forensic medicine during the preclinical years may be too early, and preclinical students may not
understand the clinical content sufficiently. Attention should be paid to ensuring that students have the adequate clinical background
before teaching subjects that require clinical applications, especially in forensic medicine.

(JMIR Med Educ 2025;11:e57634)   doi:10.2196/57634

KEYWORDS

multiple-choice question; MCQ; forensic medicine; preclinic; clinic; medical student

Introduction

Forensic medicine is a crucial field that intersects with the legal
system. It involves the collection, analysis, interpretation, and
presentation of evidence in legal cases [1]. Forensic medicine
plays an essential role in assisting courts with making correct
decisions by providing reliable and timely information. It also
plays a critical role in protecting peoples’ rights by ensuring
that their legal, civil, and human rights are upheld throughout
the legal process [2]. Furthermore, studying forensic medicine
is important for medical students in different countries, as they
are equipped with the necessary knowledge and skills to
accurately assess and document injuries and provide expert
opinions on causes of death and other relevant medical
information that may have legal implications [3-6].

This subject is included among the professional subjects that
every Thai medical student must study to comply with the
Criminal Procedure Code of Thailand, which requires physicians
working in public hospitals to be able to perform postmortem
inquests with police in cases where no forensic physician is
available [7]. The Medical Council of Thailand has included
forensic medicine as a mandatory subject in every doctor of
medicine program.

The doctor of medicine programs in Thailand are 6-year
programs conducted after graduating from high school. They
are generally divided into 3 years at the preclinical level (first
through third year) and another 3 years at the clinical level
(fourth through sixth year). The teaching of each university’s
curriculum differs in detail depending on various factors, such
as the number of students, number of teachers, location, and
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service characteristics. Forensic medicine is subject to these
differences.

Studying forensic medicine involves dealing with dead bodies,
crime scenes, and traumatic injuries that can be emotionally
and mentally stressful for some students [8]. A study from Saudi
Arabia revealed that medical students have poor attitudes toward
and awareness of the importance of forensic medicine [9].
Additionally, forensic medicine courses cover a wide range of
topics, such as anatomy, physiology, pathology, toxicology,
psychology, and jurisprudence, which can be difficult to master
and integrate [10,11].

Students with different levels of medical knowledge may
experience different forensic medicine course outcomes. In
Thailand, most medical curricula are currently designed to teach
forensic medicine to medical students at the clinical level (fifth
year) [12-14]. However, some curricula have been designed to
teach forensic medicine to medical students at the preclinical
or early clinical level (third or fourth year) [15]. There are no
clear guidelines regarding the level of students who should be
taught forensic medicine.

This study aims to compare the learning outcomes of medical
students in a curriculum that teaches forensic medicine at the
clinical level and those of medical students in a curriculum that
teaches forensic medicine at the preclinical level.

Methods

Study Design
This retrospective study was conducted to compare
multiple-choice question (MCQ) scores of fifth- and third-year
medical students from two medical curricula that teach forensic
medicine. Both groups of students studied forensic medicine
with the same instructors, used similar content, and were
assessed via MCQ examinations with similar difficulty levels.
The scores indicated the participants’ learning outcomes.

Setting and Participants

Samples
Our samples included (1) medical students in a curriculum that
teaches forensic medicine at the clinical level (fifth year) through
the Doctor of Medicine Program at Ramathibodi Hospital,
Mahidol University (782 students), and (2) medical students in
a curriculum that teaches forensic medicine as the last subject
at the preclinical level (third year) through the Joint Program
for Producing More Doctors for Rural Areas, Mahidol
University (281 students).

Sample Size Calculation
The sample size was designed to compare 2-sided differences
in the MCQ percentage scores between third- and fifth-year
medical students studying forensic medicine. The null
hypothesis (H0) was that the MCQ percentage scores between
third- and fifth-year medical students would not be significantly
different. The alternative hypothesis (H1) was that the MCQ
percentage scores between third- and fifth-year medical students
would be significantly different.

We calculated the sample size according to a 5% type 1 error
(α) and an 80% study power (1 – β). The significant difference
(µ1 – µ2) and SD (σ) were set at 10 and 11, respectively, based
on MCQ score data for medical students who studied forensic
medicine from 2010 to 2014. The required sample size was 38
(19 participants in each group; Multimedia Appendix 1) [16].
However, this study included more participants than the
calculated sample size.

Intervention

Teaching Method
Both groups of medical students received on-site theoretical
lectures before completing the MCQs. The content included
basic knowledge of forensic pathology (including postmortem
inquest, identification, time of death estimation, crime scene
investigation, unnatural death, and sudden unexpected death),
clinical forensic medicine (including patients who are wounded,
child abuse, sexual assault, and forensic psychiatry), forensic
evidence, forensic genetics, forensic toxicology, and medical
law and ethics. Third-year medical students studied for 30 hours.
Fifth-year medical students studied for 15 hours, using similar
content that was more concise, and had the opportunity to visit
a court for 3 hours. Neither group had the opportunity to attend
crime scene investigations or autopsies (which they would attend
later). This teaching method was performed regularly, and the
authors did not intervene with any of the participants.

MCQ Examinations
For examinations, all teaching staff (4 staff members) created
5-option MCQs with a single best answer according to the topics
they taught, including basic knowledge of forensic pathology
(40% of questions), clinical forensic medicine (30% of
questions), forensic evidence (5% of questions), forensic
genetics (5% of questions), forensic toxicology (5% of
questions), and medical law and ethics (15% of questions). The
tests were designed to ensure that medical students are able to
perform basic postmortem inquests, examine various types of
forensic patients, produce accurate medicolegal reports, have
basic knowledge of law and ethics, and understand the process
of testifying in court. The MCQ examinations were structured
via a balanced approach for cognitive function, allocating
approximately 25% of the examination to knowledge, 30% to
comprehension, 25% to application, and 20% to analysis level,
according to the Bloom taxonomy. This distribution is
maintained consistently from year to year. The examination
was intended to have a moderate level of difficulty. Third-year
medical students completed a 100-question examination in 2
hours, and fifth-year medical students completed an 80-question
examination in 1.5 hours. Based on an analysis of the
examination, most of the items had a difficulty level (p) in the
range of 0.4 to 0.7 and a discriminatory power (r) in the range
of 0.1 to 0.5. Internal consistency reliability (Kuder-Richardson
Formula 20) was in the range of 0.6 to 0.7.

Data Collection
In this study, the data were collected retrospectively for 5 years,
from academic years 2010 through 2014.
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Statistical Analysis
For the comparison between the two groups, we used the means
and SDs of the MCQ scores to test this study’s hypothesis that
the learning outcome is different between third- and fifth-year
students. Kruskal-Wallis and Mann-Whitney U tests were used
for continuous variables with normal and nonnormal
distributions, respectively [17]. The significance level was set
at 5% (P<.05). The program used for data analysis was SPSS
software (version 26; IBM Corp).

Ethical Considerations
This study was approved by the Ethical Clearance Committee
on Human Rights Related to Research Involving Human
Subjects, Faculty of Medicine Ramathibodi Hospital, Mahidol
University (MURA 2015/213). The need for informed consent

was waived by the Ethical Clearance Committee on Human
Rights Related to Research Involving Human Subjects, Faculty
of Medicine Ramathibodi Hospital, Mahidol University. Data
were collected by using an anonymous method—assigning
numbers to all participants instead of names. No compensation
was provided to participants.

Results

From the collection of MCQ scores of medical students from
academic years 2010 to 2014 who were taught forensic
medicine, the scores of 1063 students were used in this study.
The scores were divided into scores of third-year medical
students (n=281) and scores of fifth-year medical students
(n=728), as shown in Table 1.

Table . Number of students in each academic year (N=1063).

TotalAcademic yearStudents

20142013201220112010

Third-year students, n (%)

165 (15.5)33 (3.1)33 (3.1)34 (3.2)35 (3.3)30 (2.8)Male

116 (10.9)28 (2.6)23 (2.2)21 (2)23 (2.2)21 (2)Female

Fifth-year students, n (%)

457 (43)101 (9.5)94 (8.8)87 (8.2)94 (8.8)81 (7.6)Male

325 (30.6)73 (6.9)64 (6)71 (6.7)64 (6)53 (5)Female

1063 (100)235 (22.1)214 (20.1)213 (20)216 (20.3)185 (17.4)Total, n (%)

When comparing students’ scores, it was found that fifth-year
medical students had an average score of 76.09% (SD 6.75%),
which was higher than that of third-year medical students (mean
62.94%, SD 8.33%). The difference was statistically significant
(Kruskal-Wallis test: P<.001). In addition, when comparing the

average scores in each academic year, it was found that the
average score of fifth-year medical students was significantly
higher than that of third-year students in every academic year
(Mann-Whitney U test: all P values were <.001), as shown in
Figure 1.
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Figure 1. Comparing scores of third-year and fifth-year students. *Statistically significant (Mann-Whitney U test: P<.001).

Discussion

Principal Findings
According to this study’s findings, fifth-year medical students
achieved significantly higher marks on MCQs than those
achieved by third-year medical students, despite the latter having
more opportunities to prepare and take examinations due to
their longer duration of study. The fact that the two groups of
medical students had different scores may be due to their
different levels of basic knowledge of medicine. Fifth-year
medical students study basic clinical subjects. Therefore, they
may have more comprehensive and complete basic medical
knowledge and may be able to apply it to prove facts about legal
cases better than third-year medical students who have not
completed their basic clinical subjects. These results are
consistent with a study in Italy, which showed that students’
awareness of forensic medicine improved in the fifth or sixth
year of a forensic medicine course [18].

When analyzing the data by academic year, fifth-year medical
students still had higher MCQ scores than those of third-year
medical students, with statistical significance for each academic
year. These data show that the difference in MCQ scores was
unlikely due to different medical students from year to year.

In forensic medicine, students should have the opportunity to
learn about real cases, including examinations of legal patients,
autopsies, and crime scene examinations. This would improve
students’understanding of applying and ability to apply medical
knowledge to legal applications. A study in India revealed that
a court visit in a real scenario was the method that generated

the most interest, and student-led objective tutorials comprised
the method that best facilitated enhanced learning; the “model
answer” method was also found to be an effective method for
teaching forensic medicine [19]. Furthermore, a study in Mexico
showed that crime scene investigation laboratory visits are an
innovative method of learning that may help broaden medical
students’ perspectives on forensic sciences and help them
understand the multidisciplinary processes of crime investigation
[20].

By integrating forensic medicine into the medical curriculum,
students also gain a deeper awareness of the complexities
surrounding child abuse. Training on this topic not only
enhances students’ diagnostic skills but also instills a sense of
responsibility to act in the best interests of the child, ensuring
that they are better prepared to contribute to the early detection,
intervention, and prevention of child abuse in their future careers
[21].

This study used only MCQ scores from theoretical teaching,
which may not measure all of the knowledge and skills of
students. Although MCQs can test higher-order thinking, they
are typically limited to the “application” and “analysis” levels
of the Bloom taxonomy [22]. The use of MCQs is often driven
by practical concerns, such as large class sizes, rather than
pedagogical reasons. Although MCQs have their place, they
may restrict the scope of teaching and require careful
consideration to align with higher-order learning objectives
[23]. Thus, a combination of test methods can be used. A study
from Nepal found that objective structured practical examination
is an acceptable and well-received method for medical students
[24].
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Integrating some content of clinical subjects via vertical
integration for preclinical medical students may help to enhance
their knowledge and understanding of forensic medicine. A
previous study on learning environments found that
undergraduate medical students from Egypt who received
integrated curriculum teaching experienced a more positive
learning environment [6]. Further, a similar study from Malaysia
showed that integrated teaching positively affects medical
students’ learning environment [25]. These studies are also
consistent with guidelines from the Medical Council of Thailand
for developing medical curricula in Thailand, which support
horizontal and vertical integration teaching [26]; that is, clinical
teachers should teach about clinical experiences from the
beginning and integrate basic medical science knowledge into
the clinical years.

Limitations
A limitation of this study was its retrospective design; that is,
past MCQ scores were analyzed to evaluate the medical
curricula at the time of writing. No systematic interventions
were conducted to test the hypothesis. In addition, this study
used only MCQ scores; therefore, it may not include every
learning outcome of the forensic medicine course.

Recommendations
Students’ basic medical knowledge should be considered when
teaching and learning subjects that require clinical application,
especially in forensic medicine, which applies medical
knowledge to law. Teaching such subjects to preclinical-level
students, whose medical knowledge remains incomplete, may
be too ambitious. It may be appropriate to integrate introductory
content from clinical subjects to increase knowledge and
understanding. In comparison, clinical-level students with
complete basic knowledge may be more suitable for such clinical
subjects.

Conclusion
Forensic medicine requires basic medical knowledge and the
ability to apply this knowledge in legal cases. Students’ basic
medical knowledge should be considered when planning the
teaching and learning of this subject. Teaching forensic medicine
in the preclinical years may be too early, and doing so may
result in students being unable to sufficiently understand the
clinical content.
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Abstract

Background: Japan faces a health care delivery challenge due to physician maldistribution, with insufficient physicians practicing
in rural areas. This issue impacts health care access in remote areas and affects patient outcomes. Educational interventions
targeting students’ career decision-making can potentially address this problem by promoting interest in rural medicine. We
hypothesized that community-based problem-based learning (PBL) using real-patient videos could foster students’understanding
of community health care and encourage positive attitudes toward rural health care.

Objective: This study investigated the impact of community-based PBL on medical students’ understanding and engagement
with rural health care, focusing on their knowledge, skills, and career orientation.

Methods: Participants were 113 fourth-year medical students from Chiba University, engaged in a transition course between
preclinical and clinical clerkships from October 24 to November 2, 2023. The students were randomly divided into 16 groups
(7-8 participants per group). Each group participated in two 3-hour PBL sessions per week over 2 consecutive weeks. Quantitative
data were collected using pre- and postintervention questionnaires, comprehension tests, and tutor-assessed rubrics. Self-assessment
questionnaires evaluated the students’ interest in community health care and their ability to envision community health care
settings before and after the intervention. Qualitative data from the students’ semistructured interviews after the PBL sessions
assessed the influence of PBL experience on clinical clerkship in community hospitals. Statistical analysis included median (IQR),
effect sizes, and P values for quantitative outcomes. Thematic analysis was used for qualitative data.

Results: Of the 113 participants, 71 (62.8%) were male and 42 (37.2%) female. The total comprehension test scores improved
significantly (pretest: median 4.0, IQR 2.5-5.0; posttest: median 5, IQR 4-5; P<.001; effect size r=0.528). Rubric-based assessments
showed increased knowledge application (pretest: median 8, IQR 7-9; posttest: median 8, IQR 8-8; P<.001; r=0.494) and
self-directed learning (pretest: median 8, IQR 7-9; posttest: median 8, IQR 8-8; P<.001; r=0.553). Self-assessment questionnaires
revealed significant improvements in the students’ interest in community health care (median 3, IQR 3-4 to median 4, IQR 3-4;
P<.001) and their ability to envision community health care settings (median 3, IQR 3-4 to median 4, IQR 3-4; P<.001). Thematic
analysis revealed key themes, such as “empathy in patient care,” “challenges in home health care,” and “professional identity
formation.”

Conclusions: Community-based PBL with real-patient videos effectively enhances medical students’ understanding of rural
health care settings, clinician roles, and the social needs of rural patients. This approach holds potential as an educational strategy
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to address physician maldistribution. Although this study suggests potential for fostering positive attitudes toward rural health
care, further research is needed to assess its long-term impact on students’ career trajectories.

(JMIR Med Educ 2025;11:e68743)   doi:10.2196/68743

KEYWORDS

community health care; community-oriented medical education; mixed method; problem-based learning; real-patient video

Introduction

Japan faces a significant health care delivery challenge owing
to uneven physician distribution, notably affecting rural areas
and community hospitals [1,2]. This maldistribution exacerbates
community hospitals’challenges [3-5]. This issue is not confined
to Japan; it impacts countries worldwide [6-11]. In 2019, the
Ministry of Health, Labour and Welfare introduced the physician
uneven distribution index as part of an intervention policy
addressing prefectural geographical disparities in physician
distribution [1,12-14]; it assesses the extent of physician
maldistribution by evaluating prefectural medical supply and
demand.

To combat the physician maldistribution, community hospital
training has been integrated into second-year resident
physicians’ compulsory curriculum [15-17], highlighting the
necessity of preparing future physicians with the competencies
required to effectively meet rural communities’ health care
needs. Moreover, introducing community medicine principles
early in medical education is an acknowledged need [18].

Japanese medical schools have begun to proactively adopt
problem-based learning (PBL) as a foundational step before
clinical rotations [19]. PBL emphasizes real-life medical
scenarios, cultivating students’ clinical reasoning and
decision-making skills [20]. PBL prepares students for clinical
rotations with an enriched understanding of community health
care’s challenges and prospects [21]. This approach bolsters
medical students’ clinical training and supports the alleviation
of physician maldistribution by promoting community or rural
medicine careers.

However, although PBL has been implemented in medical
education settings, its integration with community-oriented
medicine in addressing physician maldistribution remains
underexplored. Furthermore, despite the global relevance of
physician maldistribution, studies focusing on innovative
educational interventions targeting this issue are limited [22-24].

We hypothesized that incorporating real-patient videos into
community-focused PBL would significantly improve students’
capacity to make well-informed career choices and identify with
positive role models. This study addressed the aforementioned
research gap by examining this approach’s effectiveness within
Japanese medical education.

Methods

Study Design
This study used an explanatory sequential mixed methods design
following a pragmatic approach [25-27], capitalizing on
quantitative and qualitative designs’ strengths while minimizing
their shortcomings. Furthermore, it allowed researchers to better
understand experimental results while incorporating participants’
perspectives. The National Institutes of Health advises a mixed
methods approach “to improve the quality and scientific power
of data” and to better address the complex issues facing health
sciences today, including health professional education [28,29].
In the qualitative analysis, medical students’ reflection papers
were text-mined to analyze the word frequency in
community-oriented PBL. Next, we conducted individual
interviews with medical students during their clinical clerkship.

Participants and Trial Design
This study was conducted as part of the undergraduate medical
curriculum at Chiba University, Japan. Community-oriented
PBL was conducted from October 24 to November 2, 2023, as
part of a preclerkship/clerkship transition course [30], a 5-week
preparatory education period before clinical clerkship.
Additionally, PBL is integrated into the Chiba University
medical school’s curriculum in years 1-4, and all students
experience it. Participants were 113 fourth-year medical students
who had attended lectures and received simulation training in
basic and clinical medicine. To minimize potential biases and
ensure an even distribution of student characteristics,
participants were randomly divided into 16 groups of 7-8 each
using the random number generation function in Microsoft
Excel. The 16 groups received community-oriented PBL of a
patient case using a community-based integrated care system
with real-patient videos.

Quantitative data were gathered using the comprehension test,
a tutor assessment with rubrics during the core time, and pre-
and postintervention questionnaires to assess community health
care perceptions (Figure 1). Additionally, a qualitative
evaluation assessed community health care perceptions using
a free-text reflection paper after PBL and follow-up interviews
during clinical clerkships in community hospitals or clinics.
The study used a mixed methods, sequential explanatory design
to integrate the results [25,27,31].
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Figure 1. Timeline from PBL in preclerkship/clerkship transition course to general medicine rotation in clinical clerkship. PBL: problem-based learning.

Community-Oriented PBL Educational Intervention
Real-patient videos were meticulously prepared to enhance the
learning experience authenticity, simulating real-life scenarios
in community health care settings (Multimedia Appendix 1).
Prepared in collaboration with medical education experts,
community health care professionals, and audiovisual production
specialists, these videos aimed to accurately depict home health
care characteristics, including medical interviews, physical
examinations, and in-home patient interactions. Real patients
participated in the production process under strict ethical
guidelines to ensure authenticity and respect for patient privacy,
emphasizing community health care’s unique challenges and
dynamics.

Each real-patient video was carefully scripted and filmed to
represent common community health care situations,
encompassing multiple scenes depicting different patient care
stages and interactions, ranging from initial patient assessments
in a community hospital setting to follow-up in-home visits.
The video durations ranged from 3 to 5 minutes. Along with
the videos, patient information sheets and tasks were presented
to the students (Multimedia Appendix 2). One of the patient’s
primary conditions was underlying diabetes, and they presented
with severe lower leg edema. The case involved transitioning
from acute care to a chronic care hospital, followed by the
introduction of home visit medical services. Patient consent
was obtained for video use, and students were instructed to
adhere to confidentiality guidelines.

During the community-oriented PBL sessions, students
collectively viewed the real-patient videos in designated
classrooms equipped with audiovisual facilities, allowing for
simultaneous viewing on shared screens. Before watching the
videos, students were divided into small groups and assigned a
tutor to facilitate discussions and learning activities. The tutors
observed whether the students could achieve the learning
objectives and facilitated discussions. The tutors, randomly
selected faculty members in medical education and

community-oriented medical education, were given standardized
instructions and materials before the sessions to ensure
consistency and effectiveness [32].

Community-oriented PBL sessions were divided into 2 sessions
per case, each lasting approximately 3 hours. In the first session
(core time 1), students were presented with the patient’s history
and physical examination findings. In the second session (core
time 2), the investigation findings and treatment plans were
discussed. The same case scenario was used for all students.

Quantitative Measures

Comprehension Test
The comprehension test assessed the minimum essential
knowledge required for problem solving in PBL, focusing on
holistic medicine, patient-centered care, and the International
Classification of Functioning, Disability, and Health (ICF). It
comprised 5 multiple-choice questions (Q1-Q5, Multimedia
Appendix 3). The test was administered as a pretest at the
beginning of core time 1 and a posttest after core time 2,
allowing for a comparison of test scores.

The comprehension test items were developed specifically for
this study and have not been used in other contexts. They were
based on the core learning objectives of the PBL sessions, which
included understanding the structure of community health care
systems, application of the ICF, and principles of
patient-centered care. To ensure clarity and alignment with
learning objectives, the questions underwent cognitive debriefing
by faculty members in medical education. This process involved
reviewing each question for relevance, accuracy, and
comprehensibility, with feedback incorporated into the final
version to enhance content validity.

Rubric-Based Performance Assessment
In addition to the comprehension test, each student’s
performance during the PBL sessions was assessed using a
rubric. The rubric was determined based on previous studies
after the authors discussed the validity of the criteria [33,34].
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It evaluated 5 key dimensions: knowledge application,
comprehensive care process, self-regulated learning, learning
motivation, and communication skills with peers. Self-regulated
learning refers to the ability of students to plan, monitor, and
reflect on their learning process, fostering autonomy and
adaptability in problem-solving contexts [35]. Each of the 5
dimensions was quantitatively evaluated on a 10-point scale
(Multimedia Appendix 4). Performance assessments were
conducted before and after the educational intervention to
measure changes in the competencies.

Self-Administered Questionnaire
Students completed questionnaires before and after
community-oriented PBL (Multimedia Appendix 5). They were
assigned identification numbers to preserve their anonymity.
Data were collected using a self-administered 5-point
Likert-scale questionnaire ranging from 1 (strongly disagree)
to 5 (strongly agree). The criteria were informed by previous
studies and refined by the authors through discussions in focus
groups [36,37]. After community-oriented PBL, 2 items (“I am
interested in community health care” and “I can envision a
community health care setting”) were surveyed. The items
assessed the students’ interest in community health care and
their ability to visualize a community health care setting.

Sample Size
This study also served as an educational program for fourth-year
medical students in a basic clinical clerkship course. Altogether,
113 medical students from 12 groups were recruited. For
quantitative data, the sample size required a 2-tailed t test of
the difference between the pre- and post-PBL means, assuming
a significance level of .05, a power of 0.8, and an effect size of
0.5. When the Mann-Whitney U test was conducted with those
values, the required sample size was 54 in each group, totaling
108.

Data Analysis
All statistical analyses of quantitative data were conducted using
SPSS Statistics for Microsoft Windows version 29.0 (IBM
Corp), with a significance level under 5% for each analysis.
The comprehension test results, including total scores and
individual question responses (Q1-Q5), were analyzed using
the Wilcoxon signed rank test for paired total scores.
Additionally, the McNemar test was used to compare pre- and
post-PBL correct response rates for individual questions. For
rubric-based performance assessment, the Wilcoxon signed rank
test was used to compare scores from core time 1 and core time
2 for total scores and individual rubric items. Effect sizes were
calculated for all analyses: r values were derived from z scores
for the Wilcoxon signed rank test, and the Cohen w value was
calculated for the McNemar test.

Qualitative Measures

Follow-Up Interviews During Clinical Clerkships
Semistructured interviews (average duration: 20 minutes) with
individual medical students were conducted by authors KS, KY,
and NA. All sessions were recorded and transcribed verbatim,
and interviews were conducted iteratively. An interview guide
containing open-ended questions was constructed deductively

based on the research question and thematic analysis findings.
This guide was modified after the first 9 interviews to address
emerging and previously unexplored themes in subsequent
interviews. The interview participants received no gifts for
participating.

Interview transcripts were analyzed using a template analysis
approach [38,39]. An inductive code template was defined based
on the research questions, thematic analysis findings, and
interview guide. The initial template was developed through
independent coding (performed by authors KS and IS) of the
first 9 interviews. The template was further developed by coding
the subsequent interviews. Regarding version 2 of the template,
after coding 3 interviews, KS, NA, and IS agreed that the
template adequately covered all texts. KS and IS individually
coded the remaining transcripts using the template. At this stage,
authors KY and SI discussed all further changes or additions to
the template until they reached a consensus. After coding all
12 interviews, no additional changes were made to the templates.
The final code template was further confirmed by analyzing the
remaining 12 transcripts, which can be interpreted as a sign that
code saturation was reached [40].

A qualitative evaluation was conducted to assess the acquisition
of higher-order intellectual skills in which an interview was
conducted after PBL and clinical clerkship. In the clinical
clerkship interview, community-oriented PBL’s effectiveness
in improving clinical performance in home visit care was
investigated. The interviewers (KS, KY, and NA) discussed the
content and developed an interview guide. Students were asked
the following open-ended question: “What is the effectiveness
of community-oriented PBL for clinical clerkship?” The
interviews were administered by 3 faculty members to 13
students from community-oriented PBL groups during their
clinical clerkship. All target students had experienced home
visits in their clinical clerkship 1-3 months after
community-oriented PBL. The interviewers were trained
facilitators from the faculty overseeing community-oriented
PBL and conducted thematic analysis. Two researchers (KS
and NA) independently read and coded the transcripts.
Researcher triangulation was conducted in which the same 2
researchers conducted the analysis and consensus building.

KS and IS, who have extensive experience in qualitative
research, defined and regularly discussed the themes and
subthemes from the data to ensure the results’ reliability. The
cognitive process dimensions to which they corresponded were
also evaluated.

Ethical Considerations
This study was approved by the Ethics Review Committee of
the Graduate School of Medicine, Chiba University (approval
number 3425). The procedures for obtaining informed consent
were explained to the medical students, who were also informed
that this study would not affect their grades. All data collected
in this study were anonymized to ensure privacy and
confidentiality. Participants did not receive any compensation
for their participation in this study.
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Results

Participant Characteristics
In total, 113 medical students participated in PBL. Of the 113

participants, 71 (62.8%) were male and 42 (37.2%) female. In
addition, 2 (1.8%) students were excluded from the survey
because they were absent for a core time session; 111 (98.2%)
students participated in the quantitative evaluation. The study
flowchart is shown in Figure 2.

Figure 2. Study flow diagram.

Quantitative Measures

Comprehension Test
The total comprehension test scores of the students significantly
improved after the community-oriented PBL intervention

(P<.001, effect size r=0.528). The total pretest scores had a
median of 4.0 (IQR 2.5-5.0), whereas the posttest scores
improved to a median of 5 (IQR 4-5). Table 1 provides the pre-
and posttest analysis results of each question (Q1-Q5). All
questions except Q4 showed significant improvements in the
percentage of correct answers.

Table 1. Correct answer rates for individual questions in the comprehension test (N=113).

Effect size (r)P valuePosttest correct answers, n (%)Pretest correct answers, n (%)Question number

2.333.02112 (99.1)104 (92.0)1

5.600<.001107 (94.7)69 (61.1)2

4.640<.001106 (93.8)81 (71.7)3

2.180.1993 (82.3)84 (74.3)4

4.310<.00199 (87.6)77 (68.1)5

Rubric-Based Performance Assessment of
Community-Oriented PBL Tutorials
Table 2 presents the results of the rubric-based assessment of
the students’ performance in core time 1 and core time 2. The
students’ total scores significantly improved from core time 1
(median 38, IQR 33-43) to core time 2 (median 40, IQR 35-44),
with P<.001 and an effect size (r) of 0.516. Regarding individual

rubric items, significant improvements were observed in
domains such as acquiring knowledge applicable to community
health care, developing comprehensive care processes, and
fostering self-directed learning. In contrast, no significant
improvement was observed in the motivation to learn, whereas
interpersonal skills showed a small but statistically significant
enhancement.
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Table 2. Performance assessment of community-oriented PBLa tutorials using a rubric.

Effect size (r)P valueCore time 2, median
(IQR)

Core time 1, median
(IQR)

Performance items

0.516<.00140 (35-44)38 (33-43)Total score (0-50)

Domains

0.494<.0018 (8-8)8 (7-9)1. Acquire knowledge that can be easily recalled and applied
in community health care settings (0-10).

0.532<.0018 (8-8)8 (6-8)2. Develop an effective, comprehensive community care
process (0-10).

0.553<.0018 (8-8)8 (7-9)3. Develop self-directed learning methods (0-10).

0.151.118 (6-8)8 (6-8)4. Motivate myself to learn (0-10).

0.201.038 (7-9)8 (7-9)5. Acquire good interpersonal skills (0-10).

aPBL: problem-based learning.

Self-Administered Questionnaire
Results indicated significant changes in students’ perceptions
of community health care after participating in
community-oriented PBL. For the statement “I am interested
in community health care,” the preintervention median score
was 3 (IQR 3-4), which increased to 4 (IQR 3-4) post
intervention, with a statistical significance of P<.001
(U=4446.5). Similarly, the median score for the statement “I
can envision a community health care setting” improved from
3 (IQR 3-4) preintervention to 4 (IQR 3-4) postintervention,
also showing a significant difference, with P<.001 (U=2589.5).

Qualitative Measures

Follow-Up Interviews During Clinical Clerkships
We explored community-oriented PBL’s impact on medical
students’ experiences during home visit consultations. In total,
12 (10.6%) medical students who had not experienced home
visits before PBL consented to participate in the interview
immediately after acquiring home visit experience during a
community clinical clerkship. Through qualitative thematic
analysis of the interviews, 7 main themes emerged: “building
readiness for home care visit participation,” “understanding and
navigating the home care environment,” “professional and
personal growth,” “interprofessional collaboration and team
dynamics,” “challenges and opportunities in home care,”
“community engagement and regional health care systems,”
and “ethical considerations and end-of-life care” (Table 3).
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Table 3. Follow-up interviews and thematic analysis.

SubthemesTheme

Building readiness for home care visit
participation

• Broadened understanding of patient care beyond medical intervention
• Enhanced preparedness for real-world clinical situations
• Shift in perspective from theoretical knowledge to practical application

Understanding and navigating the home
care environment

• Insights into the holistic approach required in home visits
• Observations on the complexities of home care, including resource limitations and patient lifestyles
• Recognition of the importance of patient and family communication

Professional and personal growth • Aspiration to contribute meaningfully to patient care
• Development of empathy and emotional intelligence
• Recognition of the multifaceted role of health care providers in patient support

Interprofessional collaboration and
team dynamics

• Importance of teamwork and a multidisciplinary approach in patient care
• Learning from and contributing to the health care team
• Navigating professional roles and patient relationships

Challenges and opportunities in home
care

• Adapting PBLa knowledge to address specific patient needs
• Confronting and managing unique patient care challenges
• Opportunities for innovative care practices in constrained environments

Community engagement and regional
health care system

• Enhancing community-oriented medical practice through targeted PBL
• Gaining insights into community health care needs and resources
• Understanding the impact of regional characteristics on health care delivery

Ethical considerations and end-of-life
care

• Deepened understanding of end-of-life care preferences and practices
• Navigating ethical dilemmas in patient care decisions
• Valuing patient autonomy and quality of life in care planning

aPBL: problem-based learning.

Discussion

Principal Findings
This study demonstrated that integrating real-patient videos into
community-oriented PBL improves medical students’
knowledge, skills, and attitudes toward community health care.
Comprehension test results showed significant improvements
in students’ understanding of core concepts, including
community-based integrated care systems (Q1), the ICF
framework (Q2 and Q3), and holistic, patient-centered care
(Q5). These findings highlight students’ enhanced theoretical
knowledge essential for community health care practice.

Rubric-based performance assessments revealed notable
improvements in 3 key domains:

• Knowledge application (item 1): Students showed improved
abilities to recall and apply knowledge in community health
care scenarios.

• Developing comprehensive care processes (item 2): Scores
reflected stronger skills in designing patient-centered care
plans tailored to community settings.

• Self-directed learning (item 3): Students demonstrated
enhanced autonomy in planning, monitoring, and reflecting
on their learning tasks.

Although interpersonal skills (item 5) improved slightly, no
significant changes were observed in the motivation to learn
(item 4), indicating areas for potential curriculum enhancement.

Self-assessment questionnaires revealed increased interest in
community health care and an improved ability to envision a
community health care setting. These results suggest that the
intervention can positively influence students’ attitudes and
readiness for community health care practice, potentially guiding
their career interests toward rural areas.

Qualitative analysis of students’ reflections underscored themes
such as readiness for home care visits, professional and personal
growth, and community engagement. Students reported a deeper
understanding of the complexities of community health care,
fostering empathy and patient-centered approaches essential for
effective practice in underserved areas.

Implications of Findings
This study provided valuable insights into how
community-oriented PBL, enhanced by real-patient videos,
fosters medical students’ ability to conceptualize their future
professional roles. The qualitative data indicated that students
develop a deeper understanding of the principles and
complexities of rural care, including holistic approaches,
patient-centered decision-making, and the importance of
interprofessional collaboration. These findings suggest that the
intervention successfully prepares students to engage with the
challenges and rewards of rural and community-based practice.

Importantly, the qualitative analysis revealed that many students
began to envision themselves as contributors to rural health care
systems. Themes such as “professional and personal growth”
and “community engagement” highlighted students’ recognition
of their potential roles in underserved areas. This shift was

JMIR Med Educ 2025 | vol. 11 | e68743 | p.222https://mededu.jmir.org/2025/1/e68743
(page number not for citation purposes)

Shikino et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


supported by their increased interest in community health care,
as measured by the “questionnaire for perceptions of community
health care self-assessment.” Postintervention, students reported
greater interest and confidence in envisioning community health
care settings.

However, although the data indicated a significant attitudinal
shift, we lack sufficient evidence to confirm a direct impact on
medical students’ long-term career intentions to pursue rural
care roles after graduation. Future studies should include
longitudinal tracking to assess whether the observed changes
in perceptions and interests translate into tangible career
decisions. Additionally, research is needed to validate the
predictive validity of the self-assessment questionnaire in
forecasting students’ career trajectories.

This intervention lays a strong foundation for addressing the
global challenge of physician maldistribution by bridging
theoretical knowledge with practical applications. However,
further investigation is required to understand its long-term
influence on medical workforce trends and rural health care
outcomes.

Comparison With the Literature
Our findings will contribute to a growing body of evidence
supporting the efficacy of PBL in medical education. Previous
studies have demonstrated PBL’s ability to enhance clinical
reasoning and decision-making skills [19,21,41]. However, our
research added a unique dimension by integrating real-patient
videos, which provide authentic learning experiences and
contextualize medical knowledge within the framework of
community-oriented care. Similar studies have reported that
experiential learning approaches, such as case-based learning
with audiovisual materials, improve students’ engagement and
retention of knowledge [41].

The significant gains in self-directed learning observed in this
study echo findings from Matsuyama et al [35], who emphasized
the role of contextual attributes in promoting self-regulated
learning. Additionally, the qualitative themes identified in our
analysis, such as the importance of interprofessional
collaboration and navigating the home care environment, align
with the existing literature on the competencies required for
effective community health care practice [42-48].

Limitations
Our study has some limitations. First, it was conducted as part
of the curriculum of a single medical school, potentially limiting
the findings’ applicability to other institutions and geographical
settings. Future research should involve multiple institutions to
enhance the results’ generalizability. Additionally, the
demographic and cultural context of the participants may not
fully represent broader populations, especially in countries with
different health care challenges and educational frameworks.
Second, the absence of a control group makes it difficult to
attribute observed improvements solely to the intervention of
incorporating real-patient videos into PBL. Our study evaluated
a “bundle” of educational strategies, including real-patient
videos, the PBL framework, faculty interventions, and testing
conditions. We could not measure these components’differential
effects or potential synergistic interactions. Although a

randomized controlled trial (RCT) could offer stronger evidence,
implementing RCTs in educational settings poses ethical and
logistical challenges, such as withholding valuable learning
resources from a control group or ensuring equivalent baseline
characteristics. To address these limitations, we recommend
that future research consider alternative designs to balance rigor
and feasibility. Third, the scalability of real-patient videos poses
a significant challenge. Producing high-quality real-patient
videos requires substantial time, resources, and collaboration
among medical educators, health care professionals, and
audiovisual specialists. These demands may limit the feasibility
of widespread adoption. We suggest collaborative efforts, such
as interschool partnerships and the development of shared digital
repositories, to distribute production costs and enhance
scalability. Fourth, the mixed methods design relied on
self-reported measures and reflections, which could introduce
a response bias. Future studies could benefit from incorporating
objective measures of clinical performance and patient care
outcomes. Fifth, the effectiveness of clinical reasoning education
via hybrid PBL may vary depending on instructors’ teaching
skills. Despite standardized training for tutors, differences in
tutor effectiveness may have influenced the consistency of
outcomes. We propose further methods to ensure uniformity in
future implementations, such as advanced tutor workshops and
peer evaluations. Sixth, because the study participants were
fourth-year medical students at a single Japanese institution,
the results may not be directly generalizable to other
populations, such as residents or general physicians, or contexts
outside Japan, underscoring the need for further validation.
Seventh, the comprehension test used in this study, although
developed specifically for the program’s educational objectives,
was not formally piloted with a separate cohort. Instead, the
test underwent cognitive debriefing with faculty members to
ensure clarity, relevance, and alignment with the intended
learning objectives. Although this process enhanced content
validity, the absence of a formal pilot test may limit the ability
to fully validate the test’s reliability and generalizability.
Similarly, the 2 items in the self-assessment
questionnaire—designed to evaluate medical students’ interest
in and ability to envision community health care—were
developed based on previous studies and focus group discussions
but have not been validated using established scales. This lack
of formal validation for the comprehension test and
self-assessment questionnaire limits the generalizability and
robustness of the findings. Finally, although the qualitative data
provided valuable insights into students’ conceptualization of
professional roles and their preparedness for community health
care settings, the lack of longitudinal data limits our ability to
assess the long-term impact of these interventions on career
trajectories or practice in rural or underserved areas. Future
research should include follow-up assessments to evaluate the
sustained influence of such educational interventions on
students’ career decisions and professional development.

Conclusion
Integrating real-patient videos into a community-oriented PBL
curriculum shows significant promise in fostering medical
students’ interest and competencies in community and rural
medicine. Our study demonstrated improvements in knowledge
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acquisition and application, as indicated by enhanced rubric
and comprehension test scores. Moreover, qualitative analysis
revealed PBL’s effectiveness in developing essential skills and
shaping medical students’perceptions toward community health
care. Although these changes may not directly translate to career
decisions, they represent an essential step toward fostering

awareness of rural health care needs and aligning medical
students’ competencies with the demands of underserved areas.
This approach highlights the potential of combining real-patient
videos with PBL as an innovative educational strategy to address
physician maldistribution and support rural health care systems.
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Abstract

Background: Digital technologies (DTs) have profoundly impacted health care delivery globally and are increasingly used in
clinical practice. Despite this, there is a scarcity of guidelines for implementing training in digital health competencies (DHC) in
medical schools, especially for clinical practice. A lack of sustained integration of DHC risks creating knowledge gaps due to a
limited understanding of how DT should be used in health care. Furthermore, few studies have explored reasons for this lag, both
within and beyond the medical school curriculum. Current frameworks to address these barriers are often specific to individual
countries or schools and focus primarily on curriculum design and delivery. A comprehensive framework is therefore required
to ensure consistent implementation of DHC across various contexts and times.

Objective: This study aims to use Singapore as a case study and examine the perspectives of doctors in organizational leadership
positions to identify and analyze the barriers to DHC implementation in the undergraduate curriculum of Singapore’s medical
schools. It also seeks to apply the Normalization Process Theory (NPT) to address these barriers and bridge the gap between
health care systems and digital health education (DHE) training.

Methods: Individual semistructured interviews were conducted with doctors in executive and organizational leadership roles.
Participants were recruited through purposive sampling, and the data were interpreted using qualitative thematic analysis.

Results: A total of 33 doctors participated, 26 of whom are currently in organizational leadership roles and 7 of whom have
previously held such positions. A total of 6 barriers were identified: bureaucratic inertia, lack of opportunities to pursue
nontraditional career pathways, limited protective mechanisms for experiential learning and experimentation, lack of clear policy
guidelines for clinical practice, insufficient integration between medical school education and clinical experience, and poor IT
integration within the health care industry.

Conclusions: These barriers are also present in other high-income countries experiencing health care digitalization, highlighting
the need for a theoretical framework that broadens the generalizability of existing recommendations. Applying the NPT underscores
the importance of addressing these barriers to effectively integrate DHC into the curriculum. The active involvement of multiple
stakeholders and the incorporation of continuous feedback mechanisms are essential. Our proposed framework provides concrete,
evidence-based, and step-by-step recommendations for implementation practice, supporting the introduction of DHC in
undergraduate medical education.

(JMIR Med Educ 2025;11:e64768)   doi:10.2196/64768
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Introduction

Background
The integration of digital technologies (DTs) into clinical care
is transforming health care worldwide [1], underscoring the
need to prepare future health care professionals with digital
health competencies (DHC) through digital health education
(DHE). Despite widespread recognition of the importance of
DHC, medical schools worldwide—including those in
Singapore—have been lagging in their efforts to implement
such training in a meaningful and systematic manner [2-8].
Countries like the United States, the United Kingdom, Canada,
and Germany face similar challenges, such as fragmented
integration efforts, limited faculty expertise, and curriculum
overload, which hinder the consistent incorporation of DHE
into undergraduate medical curricula [9-14]. Singapore, a
high-income nation in Southeast Asia with advanced education
systems and extensive digitalization, provides a compelling
case study to explore these barriers. While Singapore’s unique
sociopolitical and cultural context informs this study, the
challenges it faces mirror those encountered by other
high-income nations, highlighting the broader international
relevance of this research.

Existing efforts to integrate DHE in medical schools, especially
for clinical practice, are often disconnected, lacking systematic
frameworks and sustained engagement with key stakeholders
[2-8]. For example, in Europe and the United States, DHE
initiatives are often siloed, leading to significant variability in
the quality and scope of training [2,4,6]. Similarly, Australia
has faced barriers such as a lack of standardized frameworks
for digital health training and challenges in aligning medical
education with rapidly evolving health care technologies [3].

These gaps result in inconsistencies in training, with DHC
frequently treated as elective content rather than as a core
component of medical education. This study applies
Normalization Process Theory (NPT)—a framework designed
to examine how new practices become embedded within
institutions—to provide insights into systematically normalizing
DHE and ensuring its sustainable integration [15].

This study addresses the following research questions: (1) What
are the institutional and structural barriers to integrating DHE
into undergraduate medical curricula? (2) How can the medical
school experience be aligned with technological advances? (3)
How can NPT be systematically applied to facilitate the effective
and sustainable incorporation of DHE? By focusing on
Singapore, this study not only provides a deeper understanding
of these challenges but also offers insights that can inform global
efforts to strengthen DHE integration in medical education.

Exploring the Perspectives of Doctors in
Organizational Leadership Roles
Despite their influence on governance and standards, the
perspectives of doctors in organizational leadership roles are
often overlooked. Existing research that evaluates the opinions
of this group of stakeholders primarily addresses challenges in
implementing DT in health care, characteristics of effective
health systems, and key attributes for health care leaders [16-18].

This study recognizes that doctors in organizational leadership
roles possess a strategic understanding of both clinical practice
and medical education. Their insights are crucial as they can
influence curriculum design, resource allocation, and policy
formulation. By leveraging their dual perspectives, the study
identifies unique barriers that may not be visible to frontline
educators or students.

Furthermore, leaders in health care organizations have the
authority to implement change and drive initiatives.
Understanding their perspectives ensures that any proposed
solutions are both feasible and likely to gain support at the
highest levels of the institution. Their endorsement can facilitate
smoother implementation and wider acceptance of DHE
initiatives.

In addition, these leaders are often involved in broader
system-wide decision-making. They are also likely familiar
with challenges related to integrating new technologies and
practices into established systems. Hence, their experience can
provide valuable insights into overcoming any institutional
inertia, aligning new initiatives with existing policies, and
addressing systemic barriers.

Medical Education in Singapore
Medical education in Singapore is provided by 3 schools, which
are Yong Loo Lin School of Medicine (YLL) at the National
University of Singapore (NUS), Lee Kong Chian School of
Medicine (LKCMedicine) at the Nanyang Technological
University (NTU), and Duke-NUS Medical School (Duke-NUS).
YLL, established in 1905, and LKCMedicine, founded in 2013,
both provide a 5-year undergraduate program. In this program,
students spend 2 years studying the basics of medical sciences
before undergoing clinical clerkships from the third to the fifth
year. YLL was formed to address the critical health care needs
of the local population during the colonial period, whereas
LKCMedicine was established to meet the increasing health
care demands due to an aging population [19]. To boost
Singapore’s capabilities in translational medicine, Duke-NUS
was founded in 2005 through a partnership between NUS and
Duke University in the United States. Duke-NUS is a graduate
medical school that offers a 4-year MD program, where the first
year focuses on basic sciences and the second year on clinical
postings. In their third year, students focus on developing
research skills, and in their final year, they engage in clinical
clerkships [20]. All medical schools in Singapore receive public
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funding, and students’ tuition fees are subsidized by the
government.

Despite their cutting-edge facilities and innovation-driven
educational technology, disparities persist between medical
school training and clinical application [8,21]. Efforts to
integrate DHE courses, such as virtual reality and point-of-care
ultrasound, also vary in content and duration across these
institutions [8]. Hence, standardizing the curriculum and
ensuring consistent training across all medical schools is crucial
to bridging the gap between theoretical knowledge and practical
skills. This approach would enhance the overall competency of
future health care professionals and improve the quality of
patient care. In addition, ongoing assessment and adaptation of
these programs to incorporate emerging technologies and
methodologies are essential for keeping pace with the rapidly
evolving medical field.

Methods

Data Collection
A qualitative study was conducted using individual
semistructured interviews with doctors who are currently or
have previously held organizational leadership positions.
Participants were identified by our principal investigator (PI),
FKY, based on their leadership roles within public health care
organizations, ensuring they possessed the requisite knowledge
and experience aligned with the research objectives. Selection
criteria focused on senior leaders with expertise in research,
clinical education, and development.

This cohort represented a niche group of chief physicians leading
public tertiary hospitals that serve as teaching hospitals for
undergraduate and postgraduate medical training. Specifically,
participants included group chief executive officers from all 3
public health care clusters in Singapore, chairmen of medical
boards at public health care institutions, senior administrators
from the Ministry of Health, and Directors of Training and
Education. To ensure a consistent depth of expertise, participants
were required to have a minimum of 5 years of leadership
experience within public health care organizations. Those with
less than 5 years of such experience were excluded from the
study.

Purposive sampling was used to ensure a diverse representation
of organizational leaders based on factors such as organizational
type, that is, public health care clusters and institutions and
functional domains, ie, clinical services and administration.
This approach enabled the collection of rich, varied perspectives,
enhancing the study’s credibility.

Data collection took place from January to April 2021.
Participants were invited by the PI by email, which provided a

detailed outline of the study’s purpose, procedures, potential
risks, and benefits. The email also included a consent statement
for participants to review and acknowledge before proceeding.
In reviewing issues of reflexivity, the threat of potential
researcher biases due to the established professional relationship
between the PI and the research participants was overcome by
having the research fellow, who had no previous relationship
with any of the participants, as the interviewer. During the Zoom
(Zoom Video Communications) interview, participants were
given the opportunity to ask questions, and their verbal consent
was recorded at the beginning of each session to ensure informed
and voluntary participation. They were reminded of their right
to withdraw from the study at any point. It was clarified that
data collected prior to withdrawal would still be retained and
analyzed to enable a comprehensive evaluation of findings.

To protect participants’ anonymity, we assigned code identifiers
beginning with “OL” (organizational leader) to each of them.
Any identifying information and audio recordings were stored
separately from the main dataset in a secure, password-protected
file, accessible only to authorized research team members. In
reporting results, care was taken to remove or generalize any
details that could potentially identify individuals. The data
collected and analyzed was used exclusively to inform
curriculum development, with no intention to disclose
identifiable information.

The interview guide was developed based on the NPT constructs
of coherence, cognitive participation, collective action, and
reflexive monitoring (Textbox 1). We then adapted the interview
guide iteratively to allow participants to share their views on
matters that were not initially included in the guide. Generally,
the questions sought participants’ views on the clinical skills
that are still relevant in the digital age (coherence), additional
skills that medical students and doctors need for clinical practice
amid increasing health care digitalization (coherence), and the
clinical skills that are currently being covered in local medical
schools (coherence). We also asked participants for their
opinions on the clinical skills that should be emphasized more
in the medical school curricula (coherence), the challenges of
integrating DHE into the compulsory curricula, and suggestions
for curriculum improvement to better prepare students for future
clinical practice (cognitive participation). To explore how
“Collective Action” could be operationalized, we asked how
medical schools could improve their collaboration with other
stakeholders, particularly professional bodies, health care
institutions, and the health care system, to better prepare medical
students for clinical practice in the digital era (collective action).
We also raised the question of how participants would evaluate
the impacts, benefits, and areas for improvement of DHE
initiatives within the medical school curriculum (reflective
monitoring).
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Textbox 1. Interview questions.

• In general, what are the clinical skills that a medical doctor should have?

• Which of these skills are still relevant in the digital age?

• Are there any skills that have been replaced by digital technology, be it partially or completely?

• Against the backdrop of increasing digitalization of health care, what new skills, clinical or otherwise, should a doctor have in order to practice
medicine?

• What clinical skills are currently being covered in the local medical schools?

• Which of these skills should be emphasized more in the medical school curriculum?

• In your opinion, how well do the current medical school curricula prepare medical students for the digital aspects of health care? What do you
think are some of the challenges in implementing digital health education in medical schools?

• What other improvements can be made to our local medical school curriculum to better prepare the students for clinical practice in light of rapid
advances in technology (for example, the advent of artificial intelligence, big data, imaging, smartphone applications, and digital equipment such
as handheld ultrasound)?

• How can local medical schools improve their collaborations with professional bodies and health care institutions to prepare medical students for
clinical practice in this era of new technology?

• What can the health care system do to support medical students and young doctors in this era of new technology?

• Do you have any other comments on the digital transformations of medicine or health care before we end this interview?

Challenges of contextual differences and stakeholder variation
are crucial factors that need to be carefully considered when
applying NPT in diverse settings. The study was conducted in
Singapore, where the adoption of DT within health care settings
has been gradual [7]. This presents challenges for students who
may not have adequate exposure to digital systems during their
clinical placements. In response to this, the application of NPT
should be focused on building digital literacy and ensuring that
any intervention is compatible with ongoing efforts to integrate
digital solutions into clinical practice. Furthermore, there is also
a limited innovation culture in Singapore’s health care system
[7]. To overcome this, interventions that adopt NPT should
incorporate elements designed to stimulate collaboration and
mentorship programs with industry professionals. This would
help bridge the gap between academic training and the
innovation needs of the health care sector.

The study included 33 participants, with the sample size
determined based on theoretical and practical considerations.
Data collection continued until saturation was reached, ensuring
that no new themes or insights emerged from the interviews.
This indicates that the sample size was sufficient to capture the
relevant perspectives for the study. While practical constraints,
such as time and resources, influenced the final number of
participants, the primary focus was on ensuring data richness
and diversity. This approach allowed for a comprehensive
exploration of the research questions.

A total of 30 interviews were conducted and recorded over
Zoom due to the physical restrictions brought about by the
COVID-19 pandemic, while 3 in-person interviews were held
with participants who were located in areas with fewer
restrictions at the time or who specifically preferred in-person
interaction. All in-person interviews were carried out in
accordance with local health guidelines to ensure participant
safety. Each interview lasted approximately 40 minutes and
was audio-recorded. The transcriptions were derived from the
audio recordings of the interviews, which were processed using

Otter.ai software (Otter.ai, Inc) before being reviewed for
accuracy by the PI and research fellow.

Data Analysis
Thematic analysis using Braun and Clarke’s [22] 6-step
framework was used to explore barriers that emerged from the
data, while a deductive approach based on the constructs of
NPT was used to map suggestions for curricula improvement
to relevant NPT constructs. To overcome potential interpretive
bias and selective perception, coding was conducted by 2
researchers independently. After the initial coding, discrepancies
were discussed, and a consensus was reached to refine the
codebook and ensure consistency in the application of codes.
To enhance credibility and trustworthiness, data were
triangulated by comparing the findings across participants from
various public health care clusters to identify any consistencies
and divergences in opinions. This helped to ensure that the
themes captured diverse perspectives and were not unduly
influenced by any single group.

In addition, we contextualized the findings by examining studies
from other high-income countries undergoing similar digital
transformations in health care. Furthermore, we analyzed
recently published data reflecting the perspectives of other
stakeholders in the health care industry, such as clinical
educators and leaders of medical schools, regarding the digital
competencies required for future clinical practice [8,21]. In the
reporting of findings, we followed the Standards for Reporting
Qualitative Research of O’Brien et al [23].

Ethical Considerations
This study was classified as a quality improvement (QI) project
focusing on medical education curricula by the Research
Integrity, Compliance, and Ethics (RICE) committee of
SingHealth. In line with institutional guidelines, QI projects
aimed at enhancing existing practices, processes, or programs,
such as curriculum development in medical education, do not
meet the criteria for human subjects research. As such, the study
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was granted an ethical waiver by the SingHealth Centralized
Institutional Review Board (2020/2880). This decision was
based on the determination that the activities involved posed
no more than minimal risk to participants. Despite this waiver,
the research adhered strictly to the ethical principles outlined
in the World Medical Association’s Declaration of Helsinki and
institutional guidelines.

Results

A total of 33 participants took part in the study. They included
19 chief medical officers from local public health care

institutions, 3 chief executive officers from public health care
clusters, 4 senior administrators, and 7 former organizational
leaders. Each had at least 5 years of organizational leadership
experience and represented various specialties (Table 1).

Participants shared that local medical schools have not yet
revamped the curricula to incorporate relevant competencies
for the digital age. They identified 6 reasons for the lag in DHC
training, some of which extended beyond the medical schools.
The analysis of codes, along with the generation of subthemes
and themes, is summarized in Table 2. Illustrative quotes from
the interviews are provided below.

Table 1. Demographics of participants (N=33).

ParticipantsCharacteristics

Age (years)

62Mean

60Median

44Minimum age

82Maximum age

Gender, n (%)

31 (94)Male

2 (6)Female

Years in organizational leadership

18.7Mean

18Median

Discipline, n (%)

5 (15.2)Gastroenterology and hepatology

4 (12)Pediatrics (including pediatrics genetics, pediatric emergency medicine, and pediatric gastroenterology)

3 (9.1)General surgery

3 (9.1)Psychiatry

3 (9.1)Renal medicine

2 (6.1)Anesthesiology

2 (6.1)Geriatric medicine

2 (6.1)Respiratory medicine

2 (6.1)Cardiology

2 (6.1)Orthopedic surgery

1 (3)General medicine

1 (3)Medical oncology

1 (3)Ophthalmology

1 (3)Surgery and urology

1 (3)Hand and reconstructive microsurgery
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Table 2. Codes, subthemes, and themes identified from the coding process.

ThemesSubthemesCodes

••• Bureaucratic inertia.Packed curriculum.Lack of time.
• •Hard to change. Preference for status quo.

•• Traditional mindset of senior clinicians
and faculty.

Resistance.
• Not open to new technologies.
• Not willing to try new technologies.
• Academics have to be open.

••• Limited opportunities to pursue tradi-
tional career pathways.

Expectations for graduates to become
doctors with patient-fronting roles.

Lack of alternative career pathways.
• Lack of role models.
• Mindset changes needed.

••• Lack of protective mechanisms for
experiential learning and experimenta-
tion.

Lack of safety mechanisms to use DTa

for educational purposes.

Safe.
• Safe sandbox.
• Safety nets. • Limited opportunities to experiment

with new technologies due to lack of
creative space.

• Patient safety.
• Safe and creative space.
• Nurture and protect.
• Talk about the pitfalls and dangers of using technolo-

gy.

••• Lack of clear policies and guidelines
for clinical practice.

Gaps in outlining guidelines and
boundaries for technology use.

Clear guidelines.
• Clear policies.

• Gaps in teaching students the pitfalls
of using technologies for clinical
practice.

• Clear intent.
• Clear boundaries.
• Help students navigate data, fake news, and misinfor-

mation. • Gaps in equipping students with skills
in handling data, medical information,
and patients’ privacy.

• Data abuse.
• Medical ethics.
• Respect privacy.
• Ethical competency.
• Schools presume these (ethical competencies) are

common sense.

••• Lack of integration between medical
school education and experience in the
health care system.

Limited integration of educational and
research facilities for medical students
within clinical settings.

Interface.
• Incorporate teaching facilities within health care insti-

tutions.
• Lack of feedback on students’ perfor-

mance outcomes.
• Correlate.
• String information.

• Lack of compatible data encountered
in medical school and residency.

••• Lack of IT integration within the
health care industry.

Health care industry should drive the
IT industry.

Gap between IT and health care.
• Nonintegration.
• Disorganized.
• Slave to the system.
• Need to redesign the system.
• Put up robust systems.
• Involve IT experts.
• Facilitating platforms.
• Support end users.
• Internet separation.

aDT: digital technology.

Bureaucratic Inertia
Participants suggested that bureaucratic inertia within both the
health care system and medical schools contributed to sporadic
and limited training in DT. They attributed this inertia to faculty
members' lack of awareness regarding the evolution of clinical
practice, their limited expertise in DT, and their resistance to
incorporating new competencies, which would require
sacrificing some traditional areas of expertise. As shared by
OL8 and OL26:

There are senior clinicians who may not be so open
to using DT. They are not willing to use different
methodologies to solve the same problem. [OL8,
Internal medicine, and Respiratory and Critical Care
Medicine]

I tried to teach ultrasound in a medical school but
with limited success… Unfortunately, it was met with
great resistance from people who are traditional.
[OL26, Cardiology]

JMIR Med Educ 2025 | vol. 11 | e64768 | p.233https://mededu.jmir.org/2025/1/e64768
(page number not for citation purposes)

Zainal et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Furthermore, participants perceived that policy makers and
senior clinicians were hesitant to invest in DT due to concerns
over higher health care costs, further hindering efforts to
optimize DT in clinical settings. This perspective is illustrated
by the following comment:

Some new technologies are almost invariably more
expensive and will increase the cost of care. [OL4,
General Surgery]

The above excerpts highlighted systemic barriers to the
integration of DT in clinical practice and medical education,
emphasizing how institutional inertia and hesitation to invest
in new technologies are contributing to the stagnation in clinical
training and practice. The reluctance of policy makers and
leaders to embrace change and allocate resources for DT
exacerbates these challenges, ultimately hindering the evolution
of medical education.

Lack of Opportunities to Pursue Nontraditional Career
Pathways
Participants also identified limited opportunities to pursue
alternative career paths and nonclinical roles, as well as the
absence of role models in new technology fields, as significant
barriers to implementation. As opined by OL26:

I’ve seen promising students and residents fall
through the cracks and give up along the way because
we don’t have enough career pathways and role
models for those in the medical innovation track.
[OL26, Cardiology]

In addition, OL8 highlighted the stigma within the medical
community, where students who left medical school to explore
nontraditional pathways were often perceived as failures.

We lack the definition of what kind of medical
graduates we want to train. Other than basic clinical
knowledge, I don’t think we have defined anything
further than that, like a clinician with knowledge of
innovation. If a student decides to be an entrepreneur,
for example, create a new start-up and drop out of
medical school, we should still take that as a success
and not a failure. [OL8, Internal Medicine and
Respiratory and Critical Care Medicine]

Without embracing alternative career paths and addressing the
stigma associated with leaving traditional medical roles, the
health care system risks alienating promising talent and limiting
progress in medical innovation. Establishing clear pathways
and celebrating diverse career outcomes is essential to
cultivating a dynamic and adaptable health care profession.

Lack of Protective Mechanisms for Experiential
Learning and Experimentation
In addition, participants noted limited protective mechanisms
for experiential learning and experimentation in the health care
system. The lack of a “safe and creative space” hindered trainees
from engaging in innovative and secure experimentation with
DT. Some participants proposed establishing sandboxes where
trainees could test ideas with safeguards in place. This would
enable them to contribute to clinical practice improvements

while receiving proper guidance when mistakes occur. As
articulated by OL8 and OL9:

The senior clinicians may not be so open to new
things. As health care leaders ourselves, we need to
embrace the idea of creating a safe sandbox where
students [are] allowed to use their imagination to
innovate, with all the safety nets in check for patient
safety. [OL8, Internal Medicine, and Respiratory and
Critical Care Medicine]

What’s lacking is a safe space for students and
residents. A safe space is a space that offers
professional, psychological, and personal safety for
them. Measures need to be taken to train, nurture,
and protect them rather than condemn them when
they do something wrong. The health care system
should give them that safe and creative space that
ensures they are not bullied, harassed, and ridiculed.
[OL9, Anesthesiology]

Without the establishment of structured and supportive
environments for experiential learning, the health care system
risks stifling innovation and deterring the next generation of
clinicians from engaging with DT. Proactively establishing
protected and guided learning environments is essential for
fostering a culture of experimentation and ensuring meaningful
contributions to clinical advancements.

Lack of Clear Policies to Guide DT Integration in
Clinical Practice
Another significant barrier articulated by participants was the
lack of clear policies to guide the effective integration of DT in
clinical practice. They emphasized the need for well-defined
guidelines at both institutional and ministerial levels to support
the ethical and professional use of DT. As noted by OL11:

The policies that govern digital technologies like
telemedicine must be reasonable. Currently, the intent
is unclear. At the institutional and ministerial level,
there must be clear guidelines and policies that
outline the learning and growth in the use of these
technologies. [OL11, Geriatric Medicine]

The lack of comprehensive policies limits awareness of the
risks, pitfalls, and ethical considerations associated with DT,
deterring its use, particularly among students. OL25 elaborated
on the importance of training students in ethics and
professionalism to prevent potential misuse of data.

In the world of AI and digital medicine, the role of
ethics and professionalism are going to be even more
important because it opens up easy channels to data
abuse, and doctors will have so much data in their
hands. So, you need to teach the students medical
ethics and values related to patient information and
treatment prescription. It’s going to be so critical you
need to enforce that. [OL25, Medical Oncology]

The absence of clear, comprehensive policies to govern the use
of DT in health care creates ethical and professional ambiguities,
deterring adoption and proper training. Establishing well-defined
guidelines is critical to mitigating risks, ensuring ethical use,
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and preparing future clinicians to navigate the complexities of
digital medicine responsibly.

Lack of Integration Between Medical School Education
and Clinical Experience
Participants shared that the perceived lack of integration between
medical school education and students’ clinical experience in
the health care system is another barrier to DHE. They attributed
this gap to the lack of systems interoperability, which prevents
students from accessing and using health care data used in
clinical settings and receiving feedback from these systems. As
one participant explained, a more integrated system would allow
student performance data to correlate with hospital data,
enabling continuous feedback and supporting learners’
improvement:

The biggest gap is that we don’t know how students
are performing. The data that students are trained
for should be similar to the place of practice. If the
system is built such that medical school data
correlates with say, hospital data, I can string all the
information about your learning journey and see how
that impacts your performance outcome. From that
perspective, we can support the learners better
because we give them an environment where they are
constantly receiving feedback from the system and
seeking new ways to improve themselves. I think that
will probably be the most meaningful thing for our
learners. [OL15, Psychiatry]

More broadly, participants noted that the lack of integration
between educational and research facilities within health care
institutions limits students’ clinical immersion. According to
OL16, closer collaboration between medical schools and health
care institutions is essential for strengthening this connection
and enhancing experience, not just physically but through more
active interaction between the institutions and health care
professionals.

I think medical schools should be in the health care
institutions. They should interface very closely. One
way is to incorporate teaching and research facilities
within health care institutions so that the immersion
is useful. Currently, our medical schools are within
the proximity of the hospital campus. It makes sense,
but that’s just the physical infrastructure. The people
need to be interfaced quite a fair bit. [OL16,
Psychiatry]

The fragmented nature of medical education and clinical training
suggests that a more integrated approach, leveraging data-driven
feedback mechanisms and collaborative partnerships between
academic and health care institutions, is necessary to foster a
culture of continuous learning and improvement in health care.

Lack of IT Integration Within the Health Care
Industry
Participants also suggested that an integrated IT infrastructure
in health care institutions would increase DHE effectiveness
and enhance clinical care. However, they highlighted the current
lack of interoperability between systems, which hinders the
optimization of technical needs. A recurring concern was the

IT sector’s lack of ability to understand and address the specific
needs of health care, with participants noting disorganization
and a disconnect between IT and health care practices. As one
participant expressed:

The gap between the IT and health care industry has
not been bridged yet. We have a lot of IT in the health
care industry, but a lot of it is record-keeping. It does
not integrate [and] information is coming from every
direction that is totally disorganized. How, then, can
we teach our medical students to be responsible for
the patient as a whole? Somebody who has the ability
to do IT programming has to follow the doctors on
their rounds. I’ve ever asked my IT colleagues, “Look,
is this an IT industry or a health care industry? When
they said it’s a health care industry, I said, okay, then
you have to listen to me and make things work for me,
not enslave me to your products.” [OL9,
Anesthesiology]

Furthermore, participants emphasized the challenge of internet
separation and the need for platforms that allow seamless
cross-sharing of information, which they identified as crucial
for effective learning environments. As shared by OL12:

One of the biggest challenges is Internet
separation…The availability and cross-sharing of
information are all important facilitating platforms
that we have to provide for medical students. [OL12,
Pediatrics]

The lack of integrated IT infrastructure and disjointed systems
within health care settings creates significant barriers to
enhancing DHE and clinical care, often leaving medical
practitioners frustrated with ineffective solutions. To bridge the
gap between IT and health care, a more tailored approach is
needed, where technological systems are designed to directly
support clinical workflows, ensuring both efficiency and
improved educational outcomes.

Discussion

Principal Findings
By interviewing doctors in organizational leadership, we gained
insider perspectives on gaps in both the medical curricula and
the health care system. A total of 6 barriers were identified:
bureaucratic inertia, lack of opportunities to pursue
nontraditional career paths, limited protective mechanisms for
experiential learning, unclear policy guidelines, limited
integration between education and clinical experience, and IT
integration issues. The findings contributed to the existing
literature by showing that DHE barriers were not limited to
medical school curricula but involved broader systemic issues.
Comprehensive strategies were needed to address these
challenges.

By using qualitative interviews, our study uncovered nuances
in leadership decision-making that are often missed in
quantitative surveys, providing a richer understanding of the
factors influencing leadership perspectives. While most studies
suggest that organizational leaders prioritize efficiency and
sustainability [16-18], our findings reveal that leaders in this
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context place a higher emphasis on experimentation and
innovation, a factor not traditionally associated with corporate
leadership. Furthermore, our research also highlights the
growing influence of digital transformation on leadership styles,
an area that received limited attention in previous studies
focused on traditional management structures. It underscores
the importance of adaptive leadership in an era of constant
change, suggesting the need for leadership training programs
that focus on flexibility.

Many of the barriers identified in this study align with findings
from other high-income countries. These include the lack of the
necessary information and communication technology (ICT)
skills and limited awareness of the potential benefits of DT
among some clinicians. For example, in Germany, an empirical
study by Ernstmann et al [24] revealed that some primary care
doctors perceived eHealth cards as less useful due to their
limited ICT expertise and lack of involvement in technological
development. These eHealth cards, which store medical data,
treatment plans, medications, and electronic patient files, rely
on a telematics infrastructure for communication [24]. The study
recognized that without robust IT support, comprehensive
training for medical professionals, and a standardized national
implementation procedure, the acceptance, adoption, and
sustained use of eHealth technology by doctors are likely to be
hindered [25].

In addition, other studies have shown an increasing proportion
of medical school graduates pursuing careers outside full-time
clinical practice in some countries [26]. However, findings from
countries such as the United States and South Korea indicate
that medical school curricula often fail to adequately address
the need for programs providing information on nontraditional
careers or nonclinical career pathways [27,28]. Despite
expressed interest in these career options, medical students often
lack awareness of available training opportunities. To attract
students to such careers, early outreach programs, combined
with appropriate indemnity and support for innovative projects,
are essential. These initiatives could be implemented through
elective classes, incentives from professional societies, or
partnerships with experts [27].

Furthermore, research from countries such as Canada and
Taiwan highlights how technological tools can be leveraged to
foster experiential learning among medical students. At the
University of Ottawa, social accountability experiential logs
were developed for third-year medical students to address the
social determinants of health, which are often overlooked in
clinical learning objectives [29]. These logs guided students in
reflecting on clinical encounters and targeting psychosocial skill
development, improving clinical confidence, and demonstrating
adaptability for other medical schools (Fung et al [29]).
Similarly, a Taiwanese study by Liao et al [30] showcased how
the mPath (KU Leuven) e-learning tool supported
communication skills training by providing a flexible,
technology-enhanced learning environment [30]. Features such
as remote accessibility, session recordings, peer feedback
mechanisms, and visualized analytical reports enabled learners
to engage in self-reflection, adapt communication strategies,
and enhance subverbal communication skills [30]. Together,

these initiatives exemplify how experiential learning tools can
address both biomedical and psychosocial challenges in medical
education.

The lack of clear laws and policies to guide DT integration in
clinical practice is also a barrier in other high-income countries.
For instance, health care leaders in Sweden have acknowledged
the need for updated policies [16]. They noted that existing laws
and regulations have not kept pace with rapid technological
advancements and the evolving organization of health care.
These policies require revision to ensure clarity regarding
liability and accountability, particularly in addressing how errors
are managed when artificial intelligence (AI) systems play a
role in clinical decision-making [16].

Furthermore, the limited integration between medical education
and clinical experience has been highlighted in various studies
and reviews. For instance, Pereira et al [31] describe the
implementation of a single competency-based Epic onboarding
process for medical students in certain US medical schools with
rotations across multisystem training sites. This initiative has
enabled learners to spend more time in clinical settings with
optimized access to electronic health records (EHRs) [31]. While
this approach reduces the training burden, curricula could be
further enhanced by emphasizing the practical application of
EHRs in clinical settings. This includes training students to
maintain professionalism and establish rapport with patients
while using EHR systems [31]. In addition, Chan and Zary [32]
emphasize that providing immediate and formative feedback
on students’ performance can support the effective use of AI in
medical education. However, delivering high-quality feedback
in clinical contexts remains a challenge, as it depends on the
underlying knowledge base and model of the AI system, which
still requires refinement [32].

Previous systematic reviews have consistently identified
infrastructure and technical barriers as the most frequently cited
barriers to technology integration in health care [33]. These
challenges include limitations in health care capacity for
technology adoption, inadequate interconnectedness, insufficient
network resources, and incompatibility with existing daily
workflows [33]. Addressing these barriers requires the active
involvement of health care professionals in the development
and implementation of health technology tools, which can also
enhance their capacity to effectively manage such applications.
Furthermore, the reviews emphasize the critical importance of
user engagement and collaboration with system developers
throughout all phases of design, development, deployment, and
continued use [33]. This collaborative approach ensures that
the applications are fit for purpose, as they are designed to align
with and address health care providers’ needs and expectations.

Our findings highlighted structural and bureaucratic barriers
beyond medical schools that hindered DHE implementation.
Although they are common in high-income countries, no
comprehensive framework has been proposed to address them
to date. This study applies May and Finch’s [15] NPT to suggest
ways to bridge these gaps. A summary of how the 4 constructs
of NPT can be applied to each of these barriers is found in Table
3.
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Table 3. Addressing each identified barrier with the Normalization Process Theory (NPT).

NPT contributionsBarriers

Bureaucratic inertia • Coherence: enhance understanding and sense-making among stakeholders about the importance and benefits of

DHCa. This could be achieved by hiring prospective faculty with the skill sets that are relevant to the needs of up-
and-coming developments in medicine.

• Cognitive participation: engage key stakeholders to foster buy-in and commitment. For example, leaders of medical
schools can engage individuals with influence to encourage the integration of digitalization in the core curriculum.

These include engaging clinical educators, teachers, and innovators trained in DTb in knowledge exchange and
talking with the faculty to facilitate the training of DHC and keep them abreast of the latest technological develop-
ments in clinical settings.

• Collective action: develop strategies to streamline decision-making processes and reduce red tape.
• Reflexive monitoring: continuously evaluate and adjust strategies to address bureaucratic resistance and demonstrate

early successes to build momentum.

Lack of opportunities to
pursue nontraditional career
pathways

• Coherence: clarify the relevance of DHC to future career opportunities and the evolving landscape of health care.
• Cognitive participation: involve influential faculty and practitioners, such as medical innovators, in promoting the

value of alternative career pathways. Medical schools should also provide sufficient training and mentoring oppor-
tunities for students who wish to pursue alternative career pathways.

• Sufficient resources should be invested in implementing a curriculum that provides students with opportunities to
diversify their skill sets, such as skills in clinical informatics relevant to clinical practice. It should include collab-
orative mentorship where students can explore new fields in DT by forming partnerships with experts from both
the clinical and nonclinical fields.

• Collective action: integrate DHC into career development programs and highlight role models who have success-
fully incorporated digital skills.

• Reflexive monitoring: gather feedback from students and professionals to continually refine the approach and address
concerns about career impact. Relevant recognition should also be given to medical graduates who embark on al-
ternative pathways to encourage the growth of the fields and normalize these pathways for them.

Lack of protective mecha-
nisms for experiential learn-
ing and experimentation

• Coherence: emphasize the importance of experiential learning for mastering DHC.
• Cognitive participation: foster a culture of experimentation and learning by involving faculty in the design and

delivery of experiential learning opportunities.
• Collective action: develop and implement policies and resources that support protected time and space for experi-

ential learning and innovation. These include creating more sandboxes and expanding reasonable access to EHRs
in clinical settings.

• Reflexive monitoring: continuously assess and improve experiential learning programs based on feedback and
outcomes.

Lack of clear policy guide-
lines for clinical practice

• Coherence: clearly articulate the need for and benefits of standardized DHC policies.
• Cognitive participation: engage policy makers, clinical leaders, and educators in developing and endorsing clear

guidelines. To ensure that the threat of litigation does not hinder technological adoption, professional bodies should
establish clear policies that regulate the effective implementation of DT in clinical settings. A technology assessment
committee could also be set up to develop guidelines that enable young trainees to use DT effectively and ethically,
both for their safety as well as for their patients.

• Collective action: implement training and support systems to ensure consistent application of policies across
clinical settings. Professional bodies should also work with schools to equip students with knowledge of cyberse-
curity as well as the limitations and pitfalls of using DT in various circumstances.

• Reflexive monitoring: regularly review and update policies based on clinical practice feedback and emerging best
practices. Dedicating time to reflect on what can be improved along the way would be a crucial step for schools.

Insufficient integration be-
tween medical school educa-
tion and clinical experience

• Coherence: highlight the importance of integrating DHC across the continuum of medical education.
• Cognitive participation: involve both academic and clinical faculty in designing integrated curricula that seamlessly

blend theory and practice.
• Collective action: develop joint academic-clinical initiatives and placements that reinforce DHC training in real-

world settings.
• Reflexive monitoring: evaluate the effectiveness of integrated programs and make adjustments to enhance alignment

between education and practice.

Limited IT integration with-
in the health care industry

• Coherence: communicate the critical role of IT in supporting DHC and improving health care outcomes.
• Cognitive participation: collaborate with IT professionals and health care administrators to prioritize IT integration.

To ensure that digital health care technologies can be used safely and effectively by clinicians, new technology or
equipment introduced for clinical practice needs to be installed by IT personnel with knowledge of the health care
system and with input from health care professionals so that the latter’s needs are met.

• Collective action: advocate for investments in IT infrastructure and training to support DHC initiatives. At the
national level, a move towards interoperability of systems that allow users to share data would also facilitate students’
adaptation to new systems in different health care settings.

• Reflexive monitoring: continuously assess the state of IT integration and address gaps through ongoing improvement
efforts.
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aDHC: digital health competencies.
bDT: digital technology.

Limitations of the Study
This study has several limitations that should be acknowledged.
First, the focus on the perspectives of organizational leaders
may not fully represent the experiences of frontline educators
or students, limiting the generalizability of the findings.
Furthermore, interviewing organizational leaders may introduce
a bias toward presenting their organizations in a favorable light.
They may be reluctant to express views that could be perceived
as critical of their organizations. This concern may stem from
the constraints they feel due to their roles or the public image
of their organizations. As a result, their responses might reflect
a more measured or politically cautious perspective. To address
this, we incorporated triangulation by cross-referencing their
responses with published articles on similar topics. This
approach provided a more balanced perspective, though we
recognize the inherent limitations in capturing the full
organizational dynamics.

Second, the relatively small sample size, while sufficient to
achieve thematic saturation, may constrain the breadth of
insights. We also recognize that the unique sociopolitical,
cultural, and economic context of Singapore may limit the
generalizability of our findings to other settings. Singapore’s
centralized governance and relatively small population create
conditions that may differ from other countries. Consequently,
while the insights from our study provide valuable lessons, they
should be interpreted with caution when applying them to
contexts with different governance structures or cultural
dynamics.

The third limitation was the gender imbalance among the
organizational leaders interviewed, with 94% (31/33) male and
only 6% (2/33) female participants. While this reflects the
current leadership demographics within public health care
institutions, the barriers and challenges identified in our research
are rooted in institutional and structural factors rather than
individual-level or gender-specific experiences. As such, we do
not expect that the gender distribution significantly influenced
the findings. However, future research could benefit from a
more gender-diverse sample to explore whether different
leadership perspectives might offer additional insights or
nuances.

Another limitation of our study is the use of Zoom for
interviews, which was necessitated by the COVID-19 pandemic
and which might have influenced the depth and dynamics of
the discussions compared to in-person interviews. In face-to-face
settings, nonverbal cues such as body language, eye contact,
and physical proximity play a significant role in building rapport
and fostering a more comfortable environment for in-depth
conversations. These subtle cues can often provide valuable
insights into a participant’s emotional state, engagement level,
and willingness to share more personal or sensitive information.
Nonetheless, the insights obtained through Zoom still offer
valuable contributions to understanding the barriers to DHE
integration.

In addition, we acknowledge that the NPT’s focus on individual
experiences may not fully capture the diversity of perspectives
of multiple stakeholders. To address this, we triangulated our
data by comparing the findings across participants from various
public health care clusters to identify any consistencies and
divergences in opinions. This helped to ensure that the
normalization process was not unduly influenced by any single
group. By addressing these challenges, we believe our study
provides a more nuanced understanding of NPT, particularly
in contexts where contextual variations and diverse stakeholder
groups are at play. These adaptations strengthen the applicability
of NPT and offer valuable insights for its broader use in similar
settings.

While we have made considerable efforts to adapt NPT to our
specific context, we recognize that there may still be limitations
in generalizing our findings across very different settings. Thus,
future research should explore how NPT applies in more varied
environments with larger sample sizes to further validate our
findings. Furthermore, given that normalization is a gradual
process, further studies should also conduct longitudinal
follow-up assessments to monitor changes over time.

Strengths of the Study
This qualitative study informs us about the institutional and
structural barriers present in Singapore’s medical school
curricula. The diverse sample of this study, spanning various
health care institutions and specialties, yielded rich data.
Participants possessed extensive organizational leadership
experience and were attuned to the needs of contemporary
clinical practice. Unlike previous research focusing mainly on
institutional inertia and pedagogical strategies [5,34-37], this
study uncovered structural barriers as well.

While findings may seem limited to Singapore’s context,
applying relevant NPT constructs could render results applicable
globally since many other high-income countries faced similar
challenges in technological development and curriculum
digitalization [3,12,38]. Furthermore, the identified barriers
necessitated universal solutions extending beyond Singapore.

A potential line of future research would be to gather the views
of medical innovators and entrepreneurs to explore other barriers
to the effective adoption of DT in health care institutions.
Another area would be to evaluate the ways in which DHC
training among medical trainees and graduates influences the
efficiency and cost-effectiveness of health care delivery. This
research could provide valuable insights into how DHC in
medical education affects not only the preparedness of new
health care professionals but also the overall performance of
health care organizations.

Conclusions
Focusing on the perspectives of doctors in organizational
leadership roles provides a comprehensive understanding of the
barriers to incorporating DHE into Singapore’s medical
curricula. Their strategic insight, policy influence, experience
with system-wide challenges, understanding of the
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education-practice gap, resource management capabilities, and
expertise in innovation and change management are invaluable
for developing practical, effective, and sustainable strategies to
address these barriers.

Unlike previous studies focusing solely on gaps within schools,
our findings underscored the importance of collaborations with

professional bodies and health care institutions to overcome
various barriers. By applying NPT, this study provides a
structured approach to understanding and overcoming the
barriers. It offers a roadmap for other countries facing similar
challenges in DHE. However, NPT should be seen as adaptable,
requiring regular reevaluation to accommodate dynamic changes
in the field.
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Abstract

Background: The GPT-4 is a large language model (LLM) trained and fine-tuned on an extensive dataset. After the public
release of its predecessor in November 2022, the use of LLMs has seen a significant spike in interest, and a multitude of potential
use cases have been proposed. In parallel, however, important limitations have been outlined. Particularly, current LLMs encounter
limitations, especially in symbolic representation and accessing contemporary data. The recent version of GPT-4, alongside newly
released plugin features, has been introduced to mitigate some of these limitations.

Objective: Before this background, this work aims to investigate the performance of GPT-3.5, GPT-4, GPT-4 with plugins,
and GPT-4 with plugins using pretranslated English text on the German medical board examination. Recognizing the critical
importance of quantifying uncertainty for LLM applications in medicine, we furthermore assess this ability and develop a new
metric termed “confidence accuracy” to evaluate it.

Methods: We used GPT-3.5, GPT-4, GPT-4 with plugins, and GPT-4 with plugins and translation to answer questions from
the German medical board examination. Additionally, we conducted an analysis to assess how the models justify their answers,
the accuracy of their responses, and the error structure of their answers. Bootstrapping and CIs were used to evaluate the statistical
significance of our findings.

Results: This study demonstrated that available GPT models, as LLM examples, exceeded the minimum competency threshold
established by the German medical board for medical students to obtain board certification to practice medicine. Moreover, the
models could assess the uncertainty in their responses, albeit exhibiting overconfidence. Additionally, this work unraveled certain
justification and reasoning structures that emerge when GPT generates answers.

Conclusions: The high performance of GPTs in answering medical questions positions it well for applications in academia and,
potentially, clinical practice. Its capability to quantify uncertainty in answers suggests it could be a valuable artificial intelligence
agent within the clinical decision-making loop. Nevertheless, significant challenges must be addressed before artificial intelligence
agents can be robustly and safely implemented in the medical domain.

(JMIR Med Educ 2025;11:e58375)   doi:10.2196/58375

KEYWORDS

medical education; artificial intelligence; generative AI; large language model; LLM; ChatGPT; GPT-4; board licensing
examination; professional education; examination; student; experimental; bootstrapping; confidence interval
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Introduction

The GPT—recently updated to its fourth iteration (GPT-4)—is
a generative and autoregressive large language model (LLM).
It is pretrained on a vast corpus of internet text and fine-tuned
on a labeled dataset using a transformer architecture [1-3]. GPT
generates coherent and contextually appropriate text. It likely
discovered a semantic grammar of language (ie, semantic
regularities), enabling it to construct semantically and
syntactically correct sentences [4,5]. However, GPT does not
perform meaningful computations on symbolic representations
[4-8]. The Wolfram language, a Turing-complete computational
language, in contrast, allows such symbolic representation. GPT
and the Wolfram language combined hence cover 2 different
aspects of human cognition [4,9,10]. Combining these features,
particularly when computation and symbolic representations
are needed, represents a significant step toward general artificial
intelligence (AI). This combination has already been
successfully used to examine contradictions in Einstein Special
Theory of Relativity equations [11].

In the light of these technological advances, LLMs show
increasing promise in supporting medical training and practice.
However, the models must acquire an in-depth and accurate
representation of medical knowledge to be used in these
sensitive domains. A medical board examination exemplifies
these domains well, as it determines the qualification of medical
students to obtain their license to practice medicine.

Our primary outcome is the model’s ability to achieve the
minimum required score for passing the 2 written parts of the
German medical licensing examination. This task poses a
different challenge to an LLM than medical board examinations
in the English language [12,13], as the performance of such
models in other languages and in combination with more recent
GPT versions and available plugins has not been explored. In
the medical field, where mistakes can have severe consequences,
assessing the amount of uncertainty is of paramount importance
[14]. It is therefore crucial to gain insights into the depth and
structure the LLMs have of the medical knowledge
representation and where its limitations lie [15]. Hence, our
secondary outcomes were the total correct answer rates, the
presence of logical justification of the answer, the presence of
information internal to the question, the presence of information
external to the question, the confidence GPT displays in its
answers, the difficulty of the question, information errors, logical
errors, reasoning errors, and the correctness of a second try
answer when the first answer was wrong. Insights into these 2
dimensions of outcomes can contribute to facilitating a
meaningful use of novel LLM technologies in the medical
domain.

Methods

Medical Board Examination Dataset
The German medical board examination consists of 3 steps.
The first board examination, taken after 2 years of study,
primarily covers basic natural sciences. It comprises 320
questions, which students answer over 2 consecutive days. The
second board examination takes place after 6 years of study. It

likewise consists of 320 medical questions, which students
answer over 3 consecutive days. The third board examination,
also after 6 years of study, is an oral examination and was,
hence, excluded from this study. The German medical board
examination takes place biannually, once in spring and once in
fall. As a representative sample, we used the medical board
examination from spring 2023. We excluded questions the
medical board examination committee deemed inconsistent with
the medical literature in the regular post examination review of
the content. Additionally, we did not include questions
displaying images, as GPT models could not analyze them at
the time of our analysis. Furthermore, LLMs are not able to
analyze images, GPT4vision which became broadly accessible
in the second half of 2023 combines computer vision
algorithms—which generate a text description of images—and
LLMs to analyze this text. All questions and answers were
exported from AMBOSS SE, a German medical education
content creator and service provider.

GPT Models and Prompt Engineering
We evaluated several GPT models with varying characteristics
using OpenAI’s web interface. The models tested included
GPT-3.5, GPT-4, GPT-4 integrated with the Wolfram,
ScholarAI, and Web Request (WeGPT.ai) plugins, and GPT-4
integrated with the Wolfram, ScholarAI, Web Request plugins,
and an additional feature for translating German inputs into
English. We did not investigate earlier versions of GPT as they
demonstrated lower performance in a similar study on the
American medical board examination [12].

Creating a precise and adequate context is crucial for generating
expected results [16,17]. Thus, we aimed to be as specific as
possible, simulating the context of a medical student taking the
medical board examination. The prompts hence included the
request to answer each respective question with 5 possible
answers, where only 1 answer was correct. We asked the models
to justify their choices based on the provided patient case
information, and to estimate their confidence in the answer’s
accuracy as a percentage of maximal confidence (ie, 100%). If
the selected answer was incorrect, the GPT models were asked
to explain their mistake in a second attempt. For the GPT-4
model with plugin integration, we asked the model to use the
available plugins (Wolfram, ScholarAI, and Web Request). For
the GPT-4 model with plugin integration and English translation,
we first asked the model to translate the input into the English
language, and then to use the translated text to perform the
abovementioned tasks. All used prompts are available in
Multimedia Appendix 1.

Model Testing and Outcome Parameters
For each GPT model, we used the appropriate prompt followed
by the question and the possible answers. The investigators then
analyzed the GPT’s answer to assess the defined primary and
secondary outcomes, which were either binary or in proportions.
In cases of uncertainty, the investigators (JM, TS, and LB)
convened to resolve the issue.

First, the correctness of the answer was recorded (binary
variable), followed by the presence of logical justification, the
presence of information internal to the question, and the
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presence of information external to the question (binary
variables).

Next, we recorded the model’s confidence in its answer
(proportion), and the difficulty of the question, derived from
the number of students who answered correctly on the AMBOSS
platform (proportion).

To enhance our understanding of where GPT models falter, we
sought to classify potential errors. As literature on error types
is limited, we conducted a formal analysis to determine
distinctive error types and established a formal definition. We
propose a classification into 3 categories: information error,
logical error, and reasoning error.

The GPT response can be formalized as “answer A” is given
“link” because of “information B.” There are only three
possibilities for errors: (1) “answer A” is incorrect because
“information B” is incorrect—termed an information error; (2)
“answer A” is incorrect while “information B” is correct, but
the link between them is incorrect—termed a logical error; (3)
“answer A” is incorrect, “information B” is correct, and the link
between “answer A” and “information B” is correct—termed
a reasoning error (Figure 1). If the answer provided was
incorrect, the investigator informed the GPT of its faulty answer,
recorded whether it understood its mistake, and provided the
correct answer in a second attempt. In the models with integrated
plugin use, the active use of plugins was documented for
Wolfram, ScholarAI, and Web Requests (binary variables).
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Figure 1. Formal definition of error types; we propose a classification into 3 categories: information error, logical error, and reasoning error. The GPT
response can be formalized as “answer A” is given “link” because of “information B.” There are only three possibilities for errors: (1) “answer A” is
incorrect because “information B” is incorrect—termed an information error; (2) “answer A” is incorrect while “information B” is correct, but the link
between them is incorrect—termed a logical error; and (3) “answer A” is incorrect, “information B” is correct, and the link between “answer A” and
“information B” is correct—termed a reasoning error.

Data Analysis
Summary statistics were calculated for the outcome variables
(Table 1 and Multimedia Appendices 2 and 3). Dichotomous

variables were represented by frequency and proportions with
95% CIs, while continuous variables were expressed as mean
values with 95% CIs. Uncertainty calculations displayed as 95%
CIs were computed via bootstrapping [18].
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Table . Characteristics of GPT model answers (N=541).

GPT-4 + plugin + transla-
tion

GPT-4 + pluginGPT-4GPT-3.5

486 (0.9±0.87 to 0.92)493 (0.91±0.89 to 0.94)493 (0.91±0.89 to 0.93)373 (0.69±0.65 to 0.73)Correct answer (propor-
tion±95% CI)

527 (0.97±0.96 to 0.99)529 (0.98±0.96 to 0.99)526 (0.97±0.96 to 0.98)479 (0.89±0.86 to 0.91)Logical justification (propor-
tion±95% CI)

0.288 (0.272 to 0.303)0.288 (0.272 to 0.303)0.288 (0.272 to 0.303)0.288 (0.272 to 0.303)Question’s difficulty mean
(±95% CI)

55 (0.1±0.08 to 0.13)48 (0.09±0.06 to 0.11)48 (0.09±0.07 to 0.11)168 (0.31±0.27 to 0.35)Error overall (propor-
tion±95% CI)

537 (0.99±0.98 to 1)537 (0.99±0.98 to 1)537 (0.99±0.98 to 1)521 (0.96±0.95 to 0.98)Presence of internal informa-
tion (proportion±95% CI)

541 (1±1 to 1)541 (1±1 to 1)540 (1±0.99 to 1)538 (0.99±0.99 to 1)Presence of external informa-
tion (proportion±95% CI)

7 (0.13±0.05 to 0.22)5 (0.1±0.02 to 0.2)5 (0.1±0.02 to 0.19)37 (0.22±0.16 to 0.29)Information error (propor-
tion±95% CI)

19 (0.35±0.22 to 0.47)12 (0.25±0.125 to 0.375)18 (0.38±0.25 to 0.52)61 (0.36±0.29 to 0.43)Logical error (propor-
tion±95% CI)

0.919 (0.915 to 0.923)0.919 (0.915 to 0.924)0.938 (0.934 to 0.942)0.912 (0.904 to 0.918)Confidence mean (±95% CI)

47 (0.09±0.06 to 0.11)50 (0.09±0.07 to 0.12)N/AN/AaUse of plugin Wolfram
(proportion±95% CI)

29 (0.53±0.4 to 0.65)30 (0.63±0.48 to 0.75)26 (0.54±0.4 to 0.69)72 (0.42±0.36 to 0.51)Reasoning error (propor-
tion±95% CI)

33 (0.6±0.47 to 0.73)36 (0.75±0.63 to 0.88)32 (0.67±0.52 to 0.79)90 (0.54±0.46 to 0.61)Correct answer in second try
(proportion±95% CI)

47 (0.09±0.06 to 0.11)107 (0.2±0.16 to 0.23)N/AN/AUse of plugin ScholarAI
(proportion±95% CI)

25 (0.05±0.03 to 0.06)2 (0.003±0 to 0.01)N/AN/AUse of plugin web requests
(proportion±95% CI)

aN/A: not applicable.

The primary outcome was determined by comparing the
performance of the GPT-4 model, integrated with the plugins
and the English translation, to the required passing score for
the medical board examination, which is 60%. The difference
of proportions was calculated with 95% CI using bootstrapping
(Multimedia Appendix 4).

Subsequently, secondary outcomes were calculated: the final
examination rate for each GPT model was compared to both
chance and the required passing score for the medical board

examination. The difference of proportions was calculated with
95% CI using bootstrapping (Multimedia Appendix 4).

The proportions of logical justification within the answer,
information internal to the answer, and information external to
the answer were compared between correct and incorrect
responses. The difference of proportions was calculated with
95% CI using bootstrapping (Table 2 and Multimedia Appendix
5).
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Table . Analysis of plugin-integrated GPT-4 model answers.

Confidence accura-
cy (±95% CI)

Difference in pro-
portions or Cohen
d or Pearson r
(±95% CI)

All incorrect an-
swers (n=48)

All correct answers
(n=493)

Comparison of GPT models justifications between correct and incorrect answers

GPT-4 + plugin (N=541)

—b0.25 (0.13 to 0.38)a36 (0.75±0.63 to
0.88)

493 (1±1 to 1)Logical justifica-
tion (proportion
±95% CI)

—0 (-0.01 to 0)a48 (1±1 to 1)489 (0.99±0.983 to
998)

Internal informa-
tion (proportion
±95% CI)

Comparison of GPT models justifications between correct and incorrect answers

—0 (0 to 0)a48 (1±1 to 1)493 (1±1 to 1)External informa-
tion (proportion
±95% CI)

Confidence of GPT models compared between correct and incorrect answers

GPT-4 + plugin (N=541)

0.037 (0.021 to
0.053)

-0.69 (-0.99 to -

0.39)c
0.886 (0.87 to
0.901)

0.923 (0.918 to
0.928)

Confidence mean
(±95% CI)

Comparison of question’s difficulty of GPT models between correct and incorrect answers

GPT-4 + plugin (N=541)

—0.57 (0.27 to 0.86)c0.379 (0.327 to
0.438)

0.279 (0.263 to
0.295)

Question’s difficul-
ty mean (±95% CI)

Correlation of confidence and question’s difficulty for all answers

-0.0874 (-0.176 to

0.004)d
GPT-4 + plugin (N=541)

——0.920 (0.916 to
0.924)

Confidence mean
(±95% CI)

—0.288 (0.273 to
0.304)

—Question’s difficul-
ty mean (±95% CI)

Comparison of correct answers between GPT models (N=541)

GPT-4 + plugin vs GPT-3.5

—0.22 (0.18 to 0.27)a493 (0.91±0.89 to
0.94)

373 (0.69±0.65 to
0.73)

Correct answer rate
(proportion ±95%
CI)

GPT-4 + plugin vs GPT-4

—0 (-0.03 to 0.03)a493 (0.91±0.89 to
0.94)

493 (0.91±0.89 to
0.94)

Correct answer rate
(proportion ±95%
CI)

GPT-4 + plugin vs GPT-4 + plugin + translation

—-0.01 (-0.05 to

0.02)a
486 (0.9±0.87 to
0.92)

493 (0.91±0.89 to
0.94)

Correct answer rate
(proportion ±95%
CI)

aDifference in proportions.
bNot available.
cCohen d.
dPearson r.

The model’s confidence in its answers was compared between
correct and incorrect responses. Additionally, the relationship
between the model’s confidence in its answers and the difficulty

of the question was assessed. Cohen d values and 95% CI were
computed using a linear regression model and bootstrapping
(Table 2 and Multimedia Appendices 6 and 7).
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To evaluate the accuracy of the model’s confidence in its
answers, we developed a parameter termed confidence accuracy
(CA). It is defined as follows:

CA = (confidence of correct answers in percentage – confidence
of incorrect answers in percentage)/100

Consequently, this parameter can take values from −1 to 1,
where 1 accurately reflects the model’s uncertainty, 0 indicates
no ability to quantify uncertainty, and −1 suggests incorrect
quantification.

The difficulty of the question was assessed using real correct
response proportions from students available on the AMBOSS
platform. The difficulty was assessed as follows:

Difficulty=1 – correct answer proportion

Then, the difficulty of the question was compared between
correct and incorrect answers, with Cohen d calculated using a
linear regression model (Table 2 and Multimedia Appendix 7).

Furthermore, we compared the proportion of correct answers
between models (Table 2 and Multimedia Appendix 8).

We compared the proportion of correct answers in the GPT-4
models with the proportion of correct answers in the answers
where a plugin has been used. We compared the proportion of
plugin usage in GPT models with German and English input.
We compared the confidence of the model when using plugins
to the confidence of the model overall. We compared the
proportion of correct answers when averaging the 4 different
models to each model in particular (Multimedia Appendix 9).

In instances where questions were accompanied by images,
GPT models sometimes responded by describing the image,
although the models could not access the respective images.
This phenomenon is known as a type of hallucination [19].
Therefore, we compared the proportion of hallucinations present
in each model when answering questions, including image
questions. We calculated the proportion of correct answers for
each model when keeping the questions with pictures
(Multimedia Appendix 9).

We compared the different error proportions between different
models. We compared the proportion of logical errors when
using the Wolfram plugin to the proportion of errors when using
the entire model. We compared correct second-try answers
between different models (Multimedia Appendix 9).

The 95% CIs were calculated using bootstrapping. Where
necessary, parametric assumptions were tested using
quantile-quantile plots for normality and Levene tests for the
homogeneity of variances. The independence of question
answers was assumed. All statistical analyses were performed
in RStudio (version 2023.06.0+421). The significance level for
all tests was set a priori at 95% CI.

Results

All tests were performed on the 541 questions of the German
medical board examination from spring 2023. Sub analyses
were performed on other subgroups, the respective sample sizes
are indicated in the appropriate tables. All results for GPT-3.5,

GPT-4, GPT-4 + plugin (GPT4P), and GPT-4 + plugin +
translation (GPT4PT) are listed in full detail in the tables and
the supplementary materials. To ensure legibility, only relevant
results are addressed in the results section.

Descriptive statistics with CIs for the first board examination,
second board examination, and the overall examination are
displayed in Table 1 and Multimedia Appendices 2 and 3.

All models performed significantly better than chance.
Furthermore, all GPT models were significantly better than the
required proportion to pass the final medical board examination.

All GPT models had a significantly higher proportion of
providing a logical justification for correct answers compared
to incorrect answers (Table 2 and Multimedia Appendix 5). Yet,
there was no statistical significance for the proportion of used
internal information for correct and incorrect answers (Table 2
and Multimedia Appendix 5). Similarly, there was no statistical
significance for the proportion of used external information for
correct and incorrect answers (Table 2 and Multimedia
Appendix 5).

Although generally high for both incorrect and correct answers,
models had a confidence mean which was significantly higher
for correct answers than incorrect answers (Table 2 and
Multimedia Appendix 6). This is reflected in CA values
significantly different from zero: GPT-3.5 (0.028, 95% CI 0.011
to 0.048), GPT-4 (0.041, 95% CI 0.023 to 0.062), GPT4P (0.037,
95% CI 0.021 to 0.053), and GPT4PT (0.043, 95% CI 0.028 to
0.059).

From all models, only GPT4P made significantly more reasoning
errors than logical errors (0.37, 95% CI 0.125 to 0.60). All
models made significantly more reasoning errors than
information errors: GPT-3.5 (0.21, 95% CI 0.11 to 0.30), GPT-4
(0.44, 95% CI 0.27 to 0.60), GPT4P (0.52, 95% CI 0.31 to 0.71),
and GPT4PT (0.40, 95% CI 0.20 to 0.58). All models but
GPT4P made significantly more logical errors than information
errors: GPT-3.5 (0.14, 95% CI 0.029 to 0.26), GPT-4 (0.27,
95% CI 0.10 to 0.44), and GPT4PT (0.22, 95% CI 0.05 to 0.38).
GPT-4 (0.12, 95% CI 0.05 to 0.22) and GPT4P (0.12, 95% CI
0.02 to 0.22) made significantly less information errors than
GPT3.5.

The GPT4-based models all performed better than the GPT 3.5
model in providing correct answers as reflected in the difference
of correct answer proportions (Table 2 and Multimedia
Appendix 8). However, no GPT4-based model was better than
another GPT4-based model, as reflected in the difference of
correct answer proportions (Table 2 and Multimedia Appendix
8).

Discussion

Primary Outcome
All GPT models assessed performed above the minimum
required score of 60%. The GPT-4 models performed
particularly well, outperforming most students in the given
examinations. Specifically, for the first board examination, all
GPT-4 models performed better than 98.6% of students. For

JMIR Med Educ 2025 | vol. 11 | e58375 | p.248https://mededu.jmir.org/2025/1/e58375
(page number not for citation purposes)

Madrid et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the second board examination, they surpassed 95.8% of students,
as detailed in the records of the examining body [20].

In general, there was a significant gap between GPT-3.5 and
the GPT-4 models. The more recent models, with substantially
more parameters and the capacity to remember longer prompts,
appear to increase the accuracy of responses. However, we
observed no additional benefit when GPT-4 models were paired
with plugins.

The use of plugins did not yield a higher proportion of correct
answers than the standard model. It is possible that GPT-4
already achieves a very high rate of accuracy, resulting in a
ceiling effect. Hence, the addition of plugins may not offer a
significant advantage for the questions prompted.

During our study, we noted that the Wolfram plugin was
frequently used for more complex calculations. Yet, in the
context of clinically applicable questions, complex mathematical
procedures are typically not required and the use of symbolic
language is usually not required. Thus, using the Wolfram Alpha
plugin is likely more beneficial for questions that involve
extensive computations or advanced mathematical problems
requiring symbolic representations. The ScholarAI plugin was
activated for complex informational queries, but the resulting
papers were not consistently useful. Surprisingly, the Internet
Access plugin (WeGPT.ai) was the least used. This may be
because answering medical questions typically demands
expert-level knowledge, and general internet searches do not
provide sufficiently specific information. Moreover, since the
model has been trained on a vast amount of internet data, it
likely already encompasses the knowledge available from the
world wide web within its parameters.

We speculated that posing questions in German might hinder
the model’s access to the broader body of knowledge available
in English. However, this was not the case; the GPT model
equipped with translation capabilities did not outperform the
GPT-4 models without translation features. The GPT model
likely abstracts high-level concepts and is not impeded by the
language of the queries. This aligns with the LLMs’ transformer
architecture, which accesses higher-level concepts prior to
translating text into another language [21].

Interestingly, the GPT-4 model with translation invoked plugins
less frequently than the model without translation. We
hypothesize that plugin calls occur at a lower level in the neural
network, making them less necessary in English due to the larger
available language corpus. In German, the model might need
to delve deeper into the latent representation of concepts not
tied to a specific language. However, this remains speculative
and warrants further research.

Secondary Outcomes
While all models provided a very high proportion of logical
justification for correct answers, it was significantly less
extensive for incorrect answers. However, upon further analysis,
we did not detect a significant difference in the proportion of
internal information from the question in the answer or in the
use of external information not contained in the question
between correct and incorrect answers. One study already
assessed the presence of logical justification in answers to

United States Medical Licensing Examination questions, where
all answers exhibited logical justification regardless of their
accuracy [12]. Hence, this metric could not be used as a
discriminator for correctness.

We were unable to demonstrate a significant correlation between
the model’s confidence in an answer and the difficulty level of
the question for humans. This suggests that the model’s
interpretation of question difficulty differs from that of humans.
However, as with humans, the model showed improved
performance on easier questions compared to more challenging
ones. Thus, it appears that the representation of question
difficulty is distinct between LLMs and humans.

Conceptual Implications

Use for Medical Education
This performance suggests that LLMs such as GPT could
assume a greater role in medical education, as their integration
could significantly change the conventional approach to medical
education, which has traditionally emphasized the acquisition
and maintenance of medical knowledge. The emergence of AI
agents with superior information retention abilities, however,
prompts a reevaluation of our educational focus. In this light,
teaching methodologies could shift toward navigating and
structuring available information with respective AI agents. The
approach could hence shift from retaining information to
learning how to efficiently access information and deeply
understand these systems, along with their benefits and
drawbacks.

Use in Clinical Practice
The utility of LLMs is not limited to educational settings but
also extends to clinical practice. Although LLMs may not be
as effective in highly specialized tasks where dedicated machine
learning algorithms excel—for instance, XGBoost in identifying
pulmonary embolisms [22-24] — LLMs are highly proficient
in text processing and information integration from diverse
algorithms [25]. This positions them as intelligent medical
assistants, capable of transforming complex data into narratives
that are comprehensible in a human context. Currently, clinicians
have a limited understanding of AI agents and their functions.
Clinicians must, therefore, gain a thorough understanding of
how various AI agents function, including their strengths and
weaknesses.

With insufficient knowledge on the principles of LLM-based
assistants, clinicians are at risk of blindly following such
assistant’s guidance without fully understanding its operations
[26,27]. Due to the inherent complexity of LLMs, which often
function as a black box, we can only partially monitor their
operations at varying levels of complexity and behavior [26].
Given the marginal uncertainty intrinsic to such complex
models, the AI agent should not supplant clinicians in
decision-making, but rather provide additional informed
perspectives.

To serve as a useful assistant, however, the assessment of
uncertainty for any output provided by such is crucial. The key
attribute enabling this evaluation is the ability to quantify
uncertainty, a trait humans are presumed to possess [14]. For
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LLM-based assistants to provide a comparable estimate, a
standardized measure is needed to gauge the confidence in an
AI agent’s output. For binary outcomes such as healthy or
diseased, metrics such as specificity, sensitivity, and area under
the curve are effective. For more complex queries with multiple
potential answers—as managed by LLMs—traditional measures
such as sensitivity and specificity are inadequate. We therefore
developed a new metric called “confidence accuracy” (CA)
which correlates the confidence assigned to an answer with its
empirical accuracy. This allows for the quantification of
uncertainty, crucial for clinical decision-making. Although our
work showed that all GPT models have the ability to quantify
uncertainty, the expression in percentage does not seem to reflect
the confidence for any specific decision (ie, the models were
overall largely overconfident). Although statistically different
from zero, CA values were consistently close to zero. New LLM
methodologies aim to enhance this by incorporating uncertainty
estimation [28]. Future AI agents should be fine-tuned using
the CA metric in order to improve uncertainty quantification,
a critical objective for implementing AI as a supportive tool for
physicians in clinical environments.

Identified Errors
We observed that GPT models commit different types of errors,
particularly reasoning errors. Reasoning errors typically occur
in situations where multiple options are correct, but one is more
critical than the other. GPT models over proportionately make
reasoning errors likely because this skill is acquired through
human experience and is challenging to learn from text-based
web sources. The second most common error type in GPT
models was logical errors. Since LLMs use a statistical approach
to reconstruct human-written text, we anticipated difficulties
with logic and mathematics, which require formal symbolic
representation [4-8]. We hypothesized that the Wolfram plugin,
using the Wolfram language, would mitigate these challenges.
Yet, using the Wolfram plugin did not reduce the number of
logical errors. Finally, fewer information errors were observed
compared to other error types across all GPT models. This likely
reflects the strength of these LLMs, which have assimilated a
vast corpus of knowledge. In addition to the 3 error types
derived from the informational and logical structure of GPT’s
answers, there are 2 sources of bias that arise prior to answer
generation. First, due to the stochastic nature of token
generation, there is likely a stochastic bias inherent in all GPT
responses. Second, due to in-context generation conditioned by
the prompting strategy, a systematic bias probably occurs as
well. We attempted to mitigate the stochastic bias by averaging
the results from all models and selecting the most common
outcome. However, the performance of such averaged models
did not surpass that of the GPT-4 models.

To assess whether the GPT models could recognize and correct
their own mistakes, we prompted them to attempt another
answer after providing incorrect responses. In most instances,
the model would acknowledge the mistake and provide the
correct answer along with a new explanation. This phenomenon
could likely be attributed to the differing mechanics of forward
and backward reasoning in LLMs. With forward reasoning, the
LLM calculates the probability of the next token without a
specific reasoning goal [29]. In contrast, backward reasoning

enables the LLM to better contextualize the information. It is
crucial to note, however, that we did not request the model to
immediately reassess the answer; instead, we informed it of the
answer’s incorrectness before asking for a reevaluation [29].
Future studies could further investigate the model’s ability to
self-correct without prior notification of its errors.

In instances where questions were accompanied by images (ie,
the model did not have access to the images), GPT models,
particularly GPT-3.5, often responded by describing the image
that the model had not actually seen. This unexpected
information error, known as a hallucination [19], persisted in
the GPT-4 models, albeit at a significantly reduced frequency
compared to GPT-3.5. Nevertheless, the propensity for
overconfidence in entirely fabricated information remains a
challenge for the latest generation of LLMs and is a phenomenon
not fully understood [30].

Limitations

Technological Limitations of LLMs
Although the results were impressive with GPT outperforming
most students in the German medical board examination, it is
crucial to remember that these models still possess significant
limitations. At the time of our data collection, GPT-4 was
incapable of interpreting medical images, such as chest x-rays
or histological samples. This is a considerable drawback, given
that medical information is inherently multimodal, and the
ability to integrate multimodal data will be essential for the
adoption of such models in academic and clinical settings. It is
anticipated that future GPT iterations and other LLMs will be
fully multimodal, which necessitates additional research to
evaluate their performance across a more diverse array of
questions.

A second concern relates to the stochastic nature of token
generation, meaning that answers may vary slightly when
questions are posed multiple times [31].

A third concern pertains to the prompt sensitivity of LLMs.
This trait can be advantageous as it allows the incorporation of
context into the generation of meaningful output and may
contribute to the models’ Bayesian characteristics [32].
However, prompt sensitivity also increases the risk of systematic
errors with repetitive use of the same prompt. Prompt
engineering is a discipline that emerged in trying to minimize
systematic errors [33,34].

Within the extensive volume of data available online, there are
significant risks of bias. Given that LLMs are trained on vast
datasets, there is an inherent risk of adopting biases from the
underlying data structures. However, fine-tuning through
supervised learning on labeled data can help mitigate these risks
[35,36].

Limitations of the Use of LLMs in a Medical Context
Despite the seemingly immediate promise of using LLMs in
both educational and clinical contexts, the current ethical and
regulatory environment needs to be considered to advance the
use of these novel technologies safely.
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As the representation of medical information of an LLM must
not be confused with medical knowledge from a medical
professional, it remains crucial to enable students and medical
professionals alike to identify LLM-generated outputs as such
in order to interpret them very carefully. Different to, for
example, a senior medical colleague providing guidance for a
clinical decision, an LLM-generated output is neither based on
clinical knowledge, nor experience. The risk of such confusion
has been described as anthropomorphic projection and efforts
for advancing these novel technologies in the medical field need
to simultaneously foster the awareness of such phenomena. This
differentiation resonates with the provisions of the European
Union (EU) on a risk-based assessment approach [37] and, more
recently, with the Bletchley Declaration [38]. The latter
emphasizes the risks at the “frontier” of AI, at which we operate
with the presented project.

While the concerns discussed in the context of medical
education—and, more widely, training—are mainly within the
realm of AI ethics, more specific limitations apply to the clinical
use of these technologies. At the time of our analysis, no
commercially available LLM in the EU—including the GPT
versions assessed in this work—have an assigned intended
medical use, a basic regulatory prerequisite for their use in a
clinical context. Without such intended medical use, the Medical
Device Regulation (MDR), the regulatory framework for
medical devices in the EU, is not applicable. Hence, such a
device would not be a medical device in the regulatory sense
and could, therefore, not be used in a clinical context without
irresponsible safety and liability risks. While it is not the user
(eg, researchers or clinicians), but the manufacturer (eg, OpenAI
for the ChatGPT models) who assigns an intended medical
use—which itself comes with further regulatory
requirements—the clinical use of the currently available and
mostly all-purpose LLMs remains challenging.

Yet, even developing an LLM with an intended medical use
and fulfilling all adjacent regulatory requirements would—as
of now—not necessarily resolve the challenge centering around
the clinical use of such program, as a key requisite for software
as a medical device outlined in the MDR (“devices that
incorporate electronic programmable systems, including
software, or software that are devices in themselves, shall be
designed to ensure repeatability, reliability and performance in
line with their intended use.” MDR Annex I, Rule 17.1 [39]) is
currently considered to be violated, although this question
remains subject to debate.

However, the rapid development of technological advances and
the concurrent establishment of respective regulations should
not be perceived as a “race to get to grips with AI” [40], but
should be viewed as a co-evolution to eventually yield the best
population-wide benefit from these technological advances. In
this light, the emphasis of a “pro-innovation and proportionate
governance,” as proposed in the Bletchley Declaration, is
equally as crucial as the implementation of regulatory
frameworks.

Limitations of This Study
Our study has several limitations. We used a specific German
medical board examination as a sample to represent the general
distribution of medical questions. While it is acknowledged that
questions evolve over time and may introduce bias, the objective
of the medical board examination is to maintain a consistent
level of difficulty, reflecting the minimum required knowledge
to attain board approval for medical practice. The distribution
of student grades has remained relatively stable over time,
leading us to believe that this potential bias is minimal. In the
model with translation, we used GPT to translate the questions
before applying them to the model. Although we did not observe
any, it is possible that translation errors occurred, potentially
acting as a confounder in this study. In the context of the medical
board examination, multiple-choice questions are posed to elicit
clear answers that can be quantitatively assessed. By contrast,
in a clinical setting, questions tend to be open-ended, which
introduces a different dynamic. Nevertheless, we asked the
model to justify its answers to glean insight into its
computational process, thus rendering the questions more
comparable to open-ended inquiries.

Conclusion
The performance of GPT models in the German medical board
examination have surpassed both the passing threshold and the
performance of most students. While GPT appears to possess
a latent representation of uncertainty, it currently exhibits a
significant degree of overconfidence. The introduced metric of
CA could facilitate the appropriate measurement and fine-tuning
of models to improve this aspect. However, there are numerous
limitations that clinicians should be aware of. Challenges such
as hallucinations, the stochastic nature of token generation, and
prompt sensitivity are highlighted, indicating areas for further
research and development. Further, we see the remaining open
questions regarding the ethical and regulatory use of LLMs in
the educational and clinical context, which need to be addressed
on a policy level.
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Abstract

Background: Studies confirm a relationship between learning style and medical career choice in the learning style patterns
observed in distinct types of residency programs. Such patterns can also be applied to general surgery, from medical school to
the latest stages of training. Aligning teaching strategies with the predominant learning styles in surgical residency programs has
the potential to make training more effective.

Objective: This study aimed to determine the learning styles of general surgery residents and professors in a Brazilian teaching
hospital and compare the results with the existing literature.

Methods: This was a cross-sectional study conducted in a teaching hospital of a public university in Brazil. Thirty-four general
surgery residents of any year of training and 30 professors participated in the study. Participants completed a sociodemographic
survey and David Kolb’s Learning Style Inventory. This was used to classify participants into one of four distinct types of learners:
accommodating, diverging, assimilating, and converging. The relationship between sociodemographic data and learning styles
was analyzed using the Fisher test, adjusted using the Bonferroni method, and the effect size was measured using the Cramer V
test.

Results: The learning style distribution was similar in both groups, with 43,75% diverging, 42,18% accommodating, 10.93%
assimilating, and 3.12% converging styles. A significant relationship was found between sex and learning style (P=.049) and
between age and learning style for professors (P=.029). The effect sizes were strong (0.46) and very strong (0.506).

Conclusions: The prevalence of learning styles among general surgery residents and professors at this Brazilian hospital differs
from that observed in previous studies, with more diverging and accommodating learners and fewer converging learners, suggesting
a shift in learning styles. Understanding learning styles is important for effective surgical training programs. Further research
with larger and more diverse populations is needed to confirm these results and explore the factors contributing to the observed
differences in learning styles.

(JMIR Med Educ 2025;11:e64767)   doi:10.2196/64767
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Introduction

Background
The concept of learning styles was first developed at the
beginning of 1960 as a result of the interest in individual
differences while learning [1]. According to Dunn [2], everyone
has a unique learning style, like a signature. In this prospect,
adjusting the teaching to the different learning styles may help
learners and improve educational outcomes. In the current
literature, there are various models to determine the learning

styles. There is a long and active discussion about whether
learning styles are fixed or flexible, and to what extent the
context can determine it [3]. Adapting learning styles can
enhance student engagement, motivation, and academic
performance [4]. Furthermore, the integration of technology
and personalized learning approaches has shown promise in
enhancing medical education [5].

To provide a more comprehensive understanding, learning styles
can be defined as the cognitive, affective, and physiological
traits that serve as relatively stable indicators of how learners
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perceive, interact with, and respond to the learning environment
[6]. Empirical evidence supports the existence of learning styles,
demonstrating that individuals exhibit consistent preferences
and strengths in how they approach learning tasks. For example,
some learners may excel in visual tasks, while others thrive in
auditory or kinesthetic activities [7].

The Kolb Experiential Learning Theory (ELT) is a prominent
framework for understanding learning styles. The ELT posits
that learning is a cyclical process involving four modes: concrete
experience (CE), reflective observation (RO), abstract
conceptualization (AC), and active experimentation (AE) [8].
Individuals develop preferences for certain modes, leading to
four distinct learning styles: converging (AC/AE), diverging
(CE/RO), assimilating (AC/RO), and accommodating (CE/AE).
The Kolb Learning Style Inventory (LSI) is a widely used tool
for assessing these preferences. The validity of Kolb’s work in
the context of medical education has been demonstrated in
numerous studies [9-13], which have found that medical students
and professionals exhibit distinct learning style preferences that
can influence their academic and professional performance.

Knowledge is the main domain of medical education, but
outcomes strongly depend on other domains such as attitude,
lifelong learning, and empathy; in surgery, some domains are
central including resilience, craftsmanship, and decision-making,
among other domains [14].

Research Gap and Problem Statement
Despite the established importance of learning styles in
education, limited research has specifically examined their
prevalence and impact within general surgery residency
programs, particularly in diverse cultural and geographical
settings. The clinical and surgical environments present unique
challenges for both trainees and educators, requiring the
development of complex skills and behaviors [14].
Understanding how surgical residents learn is crucial for
optimizing the training process and ensuring the development
of competent and well-rounded surgeons.

Moreover, current surgical trainees come from diverse
educational, cultural, ethnic, and gender backgrounds, and
personal factors also influence their learning characteristics
[15]. Little is known about the teaching and learning preferences
among surgeons and how they influence the effectiveness of
training [16]. Addressing this gap in knowledge is essential for
designing effective and inclusive surgical training programs
that cater to the diverse needs of learners. To this end,
simulation-based surgical training has emerged as a valuable
tool for enhancing technical skills and improving patient
outcomes [17].

Research Aims and Objectives
Little is known about the teaching and learning preferences
among surgeons and how they influence the effectiveness of
training [16]. Despite its relevance, studies investigating learning
styles in the context of general surgery residency are scarce,
especially in countries outside North America and Europe.

Therefore, to address the gaps in understanding learning styles
in general surgery, particularly in diverse cultural and

geographical settings, this study aims to (1) determine the
learning styles of general surgery residents and professors in a
Brazilian teaching hospital; (2) compare these findings with
existing literature on learning styles in surgery; and (3) discuss
the implications of these findings for surgical training programs.

By providing data from a Brazilian teaching hospital, we aim
to contribute to a more comprehensive understanding of learning
styles in surgical training and inform the development of more
effective and inclusive surgical education strategies. This
knowledge can inform the development of more effective and
inclusive surgical education strategies, ultimately leading to
better-prepared and more competent surgeons.

Methods

Study Design and Setting
This cross-sectional study was conducted in 2022 at the Hospital
de Base de São José do Rio Preto, a teaching hospital affiliated
with Faculdade de Medicina de São José do Rio Preto (a public
university in São Paulo, Brazil).

Participants and Recruitment
The study population consisted of general surgery residents in
any year of training and hospital professors. All participants
were over 18 years old and signed the free and informed consent
form.

Data Collection
Data collection involved two instruments: a sociodemographic
survey and David Kolb’s LSI. The sociodemographic survey
collected information on participants’ age and sex, and years
of residency (for residents) or teaching experience (for
professors). The LSI is a validated tool that consists of 12
questions, each with four statements that the participants ranked
from 1 to 4 according to their learning preferences. The LSI
tool classifies the participants into one of four types of learners
based on Kolb’s learning cycle: (1) accommodating (learn
primarily by experience), (2) diverging (learn by RO), (3)
assimilating (learn by exploring associations and
interrelationships), and (4) converging (learn by doing or trying
things with practical results) [18].

The LSI test was administered in a controlled environment, with
a researcher present to provide instructions and clarify any
doubts. Participants had 30 minutes to complete it. The
sociodemographic survey was completed immediately after
completing the LSI test.

Statistical Analysis

Software
Data analysis was performed using the Statistical Package for
the Social Sciences (SPSS), version 26.0 (IBM Corp.).

Normality Check
Due to the relatively small sample size and the nature of the
data, the Shapiro-Wilk test was used to assess the normality of
continuous variables (age and years of experience).
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Statistical Tests
A P value <.05 was considered statistically significant. The
relationship between data was calculated using the Fisher test,
adjusted by the Bonferroni method [19]. The Fisher exact test
was chosen due to the small sample size and the presence of
categories with expected frequencies lower than 5 [20]. The
size effect was measured using Cramer V test, which indicates
the grade of association between variables: the result is stronger
as it approaches the value of 1 [21].

Power
The sample size was calculated using the formula for finite
populations, considering a confidence level of 95%, a margin
of error of 5%, and an expected prevalence of 50% for each
learning style. The minimum sample size was 67 participants,
and the total number of residents and professors was 80 [22].

Data Exclusion
Questionnaires that were responded to incorrectly according to
Kolb’s rules were discarded.

Ethical Considerations
The study was approved by the Research Ethics Committee of
Faculdade de Medicina de São José do Rio Preto (approval
number: 12345/2022). All participants signed the free informed
consent form. Data were anonymized.

Recruitment
This study is grounded in Kolb’s ELT, which posits that learning
is a cyclical process involving four modes: CE, RO, AC, and

AE [23]. Individuals develop preferences for certain modes,
leading to four distinct learning styles:

• Converging: Individuals with this learning style excel in
AC and AE. They are practical, enjoy problem-solving, and
are skilled at applying theories to real-world situations.

• Diverging: Individuals with this learning style excel in
concrete CE and RO. They are imaginative, enjoy
brainstorming, and are skilled at generating ideas.

• Assimilating: Individuals with this learning style excel in
AC and RO. They are logical, enjoy analyzing data, and
are skilled at creating models and theories.

• Accommodating: Individuals with this learning style excel
in concrete CE and AE. They are hands-on, enjoy taking
risks, and are skilled at implementing plans and getting
things done.

Our logic model is based on the premise that aligning teaching
strategies with the predominant learning styles of surgical
residents and professors can enhance the effectiveness of
surgical training. We hypothesize that by identifying the learning
styles of our participants and tailoring instructional approaches
accordingly, we can improve learning outcomes and promote
a more engaging and inclusive learning environment.

Table 1 provides a more detailed overview of the four learning
styles, including concrete examples of learning activities and
instructional approaches that are best suited for each style.

Table . Learning styles, characteristics, and instructional approaches. Source: [8].

Example instructional approachesExample learning activitiesCharacteristicsLearning style

Problem-based learning, hands-on
workshops

Simulation-based training, case
studies

Practical, problem-solver, applies
theories

Converging

Mentoring, collaborative projectsGroup discussions, reflective writ-
ing

Imaginative, brainstormer, generates
ideas

Diverging

Lectures, seminarsLiterature reviews, data analysisLogical, analytical, creates modelsAssimilating

Apprenticeship, on-the-job trainingSurgical procedures, clinical rota-
tions

Hands-on, risk-taker, implements
plans

Accommodating

All general surgery residents were invited to answer printed
free and informed consent form and the LSI’s test, in person.
The same was done with the faculty members. The
questionnaires were then collected and transformed into digital
archives, processed in digital tables after codification.

Statistical Analysis

Power
The sample size was calculated using the formula for finite
populations, considering a confidence level of 95%, a margin
of error of 5%, and an expected prevalence of 50% for each
learning style. The minimum sample size was 67 participants,
and the total number of residents and professors was 80 [22].

Results

A total of 64 participants (34 residents and 30 professors) were
included in this study. The sociodemographic characteristics of
the participants are presented in Table 2. Among the 34
residents, 18 (52.9%) were male and 16 (47.1%) were female.
Most residents (91.2%, 31/34) were under 30 years of age.
Among the 30 professors, 24 (80%) were male, and 6 (20%)
were female, and most of them (17/30, 56.7%) were between
40 and 70 years of age. All professors graduated from
universities when traditional teaching methods (ie, primarily
lecture-based instruction with limited student interaction) were
used, whereas 47% of the residents graduated from universities
that used active or mixed teaching methods (ie, incorporating
strategies such as problem-based learning, group work, and case
studies to promote student engagement).
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Table . Sociodemographic characteristics of participants.

Professors (n=30)

N (%)

Residents (n=34)

N (%)

Characteristics

Age (years)

2 (6.7)31 (91.2)    <30

11 (36.7)3 (8.8)    30‐39

17 (56.7)0 (0)    40‐70

Sex

24 (80)18 (52.9)    Male

6 (20)16 (47.1)    Female

Teaching method used at the University of origin

30 (100)18 (52.9)    Traditional

0 (0)16 (47.1)    Active or mixed

The distribution of Kolb’s learning styles is presented in Table
3 and Multimedia Appendix 1. The most prevalent learning

styles were diverging (18/34) in the residents’ group and
accommodating (17/30) in the professors’ group.

Table . Learning styles among surgery groups.

Total

N (%)

Professors

N (%)

Residents

N (%)

Learning styles

2/64 (3.12)1/30 (3.33)1/34 (2.94)Converging

7/64 (10.93)2/30 (6.7)5/34 (14.7)Assimilating

27/64 (42.18)17/30 (56.7)10/34 (29.4)Accommodating

28/64 (43.75)10/30 (33.3)18/34 (52.9)Diverging

The relationship between sociodemographic data and learning
styles was analyzed using the Fisher exact test (Table 4). A
significant association was found between sex and learning style
(P=.049; Cramer V=0.46), indicating a strong effect size.
However, determining which specific categories were
significantly different using the Bonferroni post-hoc test was

not possible. Among professors, a significant relationship was
observed between age and learning style (P=.029; Cramer
V=0.506), suggesting a very strong effect size. However,
specific age groups that differed significantly could not be
identified with the Bonferroni post-hoc test, possibly due to the
small sample size.

Table . Relationship between sociodemographic data and learning styles.

Effect sizes (Cramer V)P value (Fisher exact test)Variables

0.46 (strong)0.049aSex

0.12 (weak)0.999Age (residents)

0.506 (very strong)0.029aAge (professors)

0.08 (weak)0.999Teaching method used at the university of origin
(residents)

aStatistically significant at P<.05

Discussion

Principal Findings
Our study, utilizing Kolb’s LSI, identified the distribution of
four learning styles among general surgery residents and
professors at a Brazilian teaching hospital. These learning styles
are:

• Diverging: Learners who excel in CE and RO, are
imaginative, and generate ideas effectively.

• Accommodating: Learners who excel in CE and AE, are
hands-on, and enjoy implementing plans.

• Assimilating: Learners who excel in AC and RO, are
logical, and create models and theories.

• Converging: Learners who excel in AC and AE, are
practical, and apply theories to real-world situations.

The most prevalent learning styles were diverging (52.9%) in
the residents’ group and accommodating (56.7%) in the
professors’ group (Table 2 and Multimedia Appendix 1). A
significant association was found between sex and learning style
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(P=.049; Cramer V=0.46), indicating a strong effect size.
Among professors, a significant relationship was observed
between age and learning style (P=0.029; Cramer V=0.506),
suggesting a very strong effect size.

Table 2 and Multimedia Appendix 1 show that while diverging
was the most common style among residents and
accommodating was most common among professors, the
overall learning style distribution was relatively similar between
the two groups. This convergence, where both residents and
professors exhibit a blend of diverging and accommodating
tendencies, can potentially facilitate both teaching and learning
[16]. The shared presence of these styles suggests that both
groups may value CEs and RO (diverging) as well as hands-on
activities and practical application (accommodating).

This alignment can be leveraged to support instruction in
different ways. For diverging learners (both residents and some
professors), emphasize group discussions, brainstorming
sessions, and reflective writing assignments. Encourage the
sharing of diverse perspectives and the exploration of different
approaches to surgical problems. In contrast, for accommodating
learners (both professors and some residents), Provide
opportunities for hands-on practice, simulation-based training,
and real-world clinical rotations. Encourage AE and
problem-solving in practical settings. By incorporating these
strategies, educators can create a learning environment that
caters to the predominant learning styles of both residents and
professors, fostering more effective communication,
engagement, and knowledge acquisition.

However, it is important to acknowledge that the similarity in
distribution does not guarantee a perfect match for all
individuals. The relatively lower prevalence of converging and
assimilating styles in both groups suggests that those learners
might require more tailored support and learning opportunities
to ensure their needs are met. This underscores the importance
of mapping learning styles when designing a comprehensive
residency program, as it provides a basis for guiding the learning
needs of all residents and professors, not just the majority.

Implications of Findings
The findings of our study have important implications for
surgical education. Understanding the predominant learning
styles of residents and professors can help adapt teaching
strategies and curriculum design to better meet their needs. For

example, incorporating more RO and practical experiences can
benefit diverging and accommodating learners while also
providing opportunities for AC and AE to support assimilating
and converging learners.

Furthermore, with the occurrence of the pandemic, the increased
distances imposed by contact restrictions have further deepened
these changes. The COVID-19 pandemic has also presented
unique challenges to surgical training, with restrictions on
in-person learning and clinical experiences. A pan-Romanian
survey by Moldovan et al [24] highlighted the impact of the
pandemic on orthopedic residents, including reduced surgical
volume, limited access to educational resources, and increased
stress and anxiety. These challenges may have further influenced
the learning styles and preferences of surgical residents and
professors during this period.

Comparison With Prior Work
Few studies on learning styles in surgery were found in the
literature, but we can state that our results are different from
previous results.

In the 1980s, Baker III et al [25] reported a prevalence of
converging (46%), followed by accommodating (26%) and
assimilating (20%) styles among surgeons. In the 2000s, this
pattern was confirmed by Contessa et al [26]. They argued that
surgical practice requires quick decision-making and
problem-resolution, justifying the converging style and its more
pragmatic view. In 2007, Mammen et al [27] published similar
results obtained in the US population.

After Quillin [28] reduced his working hours in general surgery
residency, he showed the results collected from 1999 to 2012.
At that time, the proportion of accommodating learners was
higher, especially after 2003, when the workload was reduced
[28].

In 2017, for the first time, diverging learners became the
majority in a study with 47 surgeons in the United Kingdom
[29]. In 2018, also in the United Kingdom, a study with residents
in various surgical areas found that converging, followed by
accommodating styles were predominant [30]. In 2020, similar
results were published in Scotland by Hopkins et al [15]. The
most recent publication on the topic reported a predominance
of assimilating followed by converging styles in Spain [31].
Table 5 and Multimedia Appendix 2 show the existing literature.

Table . Data of learning styles in surgery through time around the world.

ConvergingAssimilatingAccomodatorDivergingPopulation (n)CountryPublication yearAuthor

46%20%26%8%Surgeons (39)USA1985Baker III

59.5%9.6%27%3.9%Basic surgical
trainees (52)

UK1999Drew

57.8%17.2%14.6%10.6%General surgery
residents (91)

USA2007Mammen

32%17%30.2%20.8%Medical students
(60)

UK2018Brown

25%39.1%21.9%14.1%Surgical resi-
dents and staff
(64)

Spain2021Parra
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The results of the present study were diverging (43,8%),
accommodating (42,2%), assimilating (11,0%), and converging
(3,12%) styles. These results amplify the existing literature,
showing an increase in diverging and a decrease in converging
styles over the years. These findings indicate a shift in the
learning preferences of surgical residents and professors, which
may have been influenced by various factors, such as changes
in surgical education, technological advancements, and
sociocultural aspects.

The geographical location may be a possible explanation for
our results, as previous studies were conducted in North America
and Europe (Multimedia Appendix 1). Cultural differences and
variations in surgical training programs across countries may
have contributed to the observed differences in learning styles.
Another hypothesis may be the course of time: the last two
decades have seen huge technological changes, when social
media, smartphones, and laptops became widely available,
greatly impacting the teaching-learning process [32]. Recent
studies have further explored the impact of digital technologies
on medical education, highlighting both the opportunities and
challenges associated with their integration [5]. Furthermore,
with the occurrence of the pandemic, the increased distances
imposed by contact restrictions have further deepened these
changes [33].

The differing proportions of female residents (47.1%) and
professors (16.0%) highlight the ongoing evolution of gender
representation in surgery. The historical underrepresentation of
women in surgical fields may contribute to differences in
observed learning styles between residents and professors [34].
Despite this, the increasing participation of women in surgery
over recent decades is a positive trend [22].

Strengths and Limitations
The population included is a small sample of a larger Brazilian
surgical group. More data can be further collected to compare
the country with other nations, in America, Europe or even Asia.
The medical reality in Brazil is diverse and worth a broader
approach.

In addition to the small sample size, our study has several other
limitations that should be acknowledged. The study had a
sampling bias. Our sample was drawn from a single teaching
hospital in Brazil, which may not be representative of all general
surgery residents and professors in Brazil or other countries.
This limits the generalizability of our findings. Additionally,
the voluntary nature of participation may have introduced

selection bias, as those who chose to participate may differ
systematically from those who did not. In addition, there was
measurement bias; the Kolb LSI is a self-report instrument,
which is subject to social desirability bias and response bias.
Participants may have answered the questions in a way that they
perceived as more favorable or aligned with societal
expectations, rather than reflecting their true learning
preferences. Moreover, our study did not fully explore the
potential influence of various sociodemographic factors, such
as cultural background, socioeconomic status, and prior
educational experiences, on learning styles. However, we did
not collect data on other potentially relevant sociodemographic
factors such as ethnicity, social class, migration background,
or detailed information about prior educational experiences.
These factors may interact with learning styles in complex ways
and could have influenced our results.Finally, the cross-sectional
design of our study limits our ability to draw causal inferences
about the relationship between learning styles and other
variables. A longitudinal study would be needed to examine
how learning styles evolve over time and how they impact
training outcomes. These limitations should be considered when
interpreting our findings.

Further research is needed to explore the underlying factors that
influence these learning styles, such as personality traits, prior
educational experiences, and cultural background.
Understanding these factors could allow for more tailored
interventions to optimize learning. Moreover, future studies
should investigate the potential impact of different learning
styles on surgical performance metrics, such as technical skill
acquisition, error rates, and patient outcomes. This would
provide valuable insights into how learning style preferences
translate into real-world surgical practice.

Conclusions
This study found that diverging and accommodating learning
styles were more prevalent among general surgery residents
and professors in a Brazilian university hospital, differing from
previous North American and European studies. The decreased
prevalence of the converging style is notable and may be due
to changes in surgical education, technology, and cultural
differences. Understanding these learning styles can guide more
effective and inclusive teaching strategies in surgical residency
programs. Further research with larger, diverse populations is
needed to explore the relationships between learning styles,
demographics, and training outcomes.
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Multimedia Appendix 1
Learning styles prevalent in surgery groups.
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Multimedia Appendix 2
Timeline of surgical learning styles according to the existent literature.
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Abstract

Background: Mentoring, advising, and coaching are essential components of resident education and professional development.
Despite their importance, there is limited literature exploring how anesthesiology faculty perceive these practices and their role
in supporting residents.

Objective: This study aims to investigate anesthesiology faculty perspectives on the significance, implantation strategies, and
challenges associated with mentorship, advising, and coaching in resident education.

Methods: A comprehensive survey was administrated to 93 anesthesiology faculty members at Washington University School
of Medicine. The survey incorporated quantitative Likert-scale questions and qualitative short-answer responses to assess faculty
perceptions of the value, preferred formats, essential skills, and capacity for fulfilling multiple roles in these support practices.
Additional areas of focus included the impact of staffing shortages, training requirements, and the potential of these practices to
enhance faculty recruitment and retention.

Results: The response rate was 44% (n=41). Mentoring was identified as the most important aspect, with 88% (n=36) of faculty
respondents indicating its significance, followed by coaching, which was highlighted by 78% (n=32) of respondents. The majority
felt 1 faculty member can effectively hold multiple roles for a given trainee. The respondents desired additional training for roles
and found roles to be rewarding. All roles were seen as facilitating recruitment and retention. Barriers included faculty burnout;
confusion between roles; time constraints; and desire for specialized training, especially in coaching skills.

Conclusions: Implementing structured mentoring, advising, and coaching can profoundly impact resident education but requires
role clarity, protected time, culture change, leadership buy-in, and faculty development. Targeted training and operational
investments could enable programs to actualize immense benefits from high-quality resident support modalities. Respondents
emphasized that resident needs evolve over time, necessitating flexibility in appropriate faculty guidance. While coaching demands
unique skills, advising hinges on expertise and mentoring depends on relationship-building. Systematic frameworks of coaching,
mentoring, and advising programs could unlock immense potential. However, realizing this vision demands surmounting barriers
such as burnout, productivity pressures, confusion about logistics, and culture change. Ultimately, prioritizing resident support
through high-quality personalized guidance can recenter graduate medical education.

(JMIR Med Educ 2025;11:e60255)   doi:10.2196/60255

KEYWORDS

coaching; faculty perceptions; mentoring; perception; medical education; anesthesia; modality; support; Washington University;
university; coaching skills; training; culture change; culture; flexibility; systematic framework

Introduction

The current landscape of medical education is influenced by
both medical culture and shifting demographics among learners.
Factors such as medical provider burnout [1], a nationwide
shortage of medical staff [2], and the evolving characteristics

of different generations of learners are reshaping medical
education [3]. It is imperative that the well-being and guidance
of learners, both personally and professionally, are recentralized
as the core of medical education. Emphasizing principles such
as advising, mentoring, and coaching is crucial to support
learners in their journey toward academic and personal
fulfillment. These principles should be thoroughly examined
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and reevaluated to empower learners to pursue paths of academic
and personal success, foster self-assessment, ensure a nurturing
learning environment, and encourage a commitment to lifelong
learning [1,2]. The objective of this paper is to examine the
attitudes and experiences of clinical-academic anesthesiology
faculty with respect to their understanding and practice of
mentoring, advising, and coaching. Our aim is to identify key
themes that more clearly define these roles within medical
education, as well as to elucidate potential barriers to their
implementation and sustainability. Furthermore, we seek to
understand faculty perspectives on the need for formalized
educational support in these areas. We anticipate that the insights
gained from this study could be broadly applicable across the
graduate medical education spectrum, particularly as the focus
in education increasingly shifts toward professionalism and
well-being.

The education and welfare of medical residents hinge upon a
multifaceted network of connections. Residents at different
stages of their training will necessitate varying forms of
engagement: mentoring, advising, or coaching. While these 3
avenues are distinct, they all share the common aim of nurturing
education, wellness, and career progression [2,3]. Each approach
serves its unique purpose and uses diverse methodologies [2].
Identifying the most suitable modality for the learner is
paramount. Facilitators must adeptly involve themselves and
customize sessions to ensure that expectations and objectives
resonate with the learner [2].

Traditionally, mentoring has been the primary means of
providing guidance [4]. It entails a sustained personal
relationship between mentor and mentee, with the learner’s
overarching aspirations guiding the interaction. Conversations,
career mapping, and counsel are derived from the mentor’s
experiences and expertise [2,3]. Typically, mentors possess
knowledge in the pertinent field and share their insights with
the learner. The mentor guides sessions, posing direct questions
with long-term goals as the focal point. In residency education,
mentoring often follows a structured format, though informal
mentorships may naturally evolve. Institutions may request
mentors to provide feedback or document these sessions for
accreditation purposes [2,3].

Advising typically comprises a single, informal session focused
on a specific issue or inquiry. The advisor leads the session and
provides solutions or strategies based on their own experiences.
The learner has the autonomy to decide whether to heed the
advice. Unlike mentoring, a sustained relationship is not
necessarily a prerequisite for advising, and subsequent follow-up
is usually with independence and self-driven by the needs of
the advisee [5]. Advisors may possess limited insight into the
learner’s personal or academic strengths and weaknesses,
resulting in advice limited to specific scenarios [6].

Academic coaching differs from advising and mentoring in that
it prioritizes the learner’s agency. Coaches refrain from offering
advice or engaging in decision-making. Instead, their role is to
facilitate self-discovery and create a supportive atmosphere for
self-assessment and future planning [2]. Coaches assist learners
in identifying actions that may lead to success or failure. Unlike
mentors and advisors, coaches may not necessarily possess

expertise in the medical field. Coach engagement is supported
by actively listening to the learner and offering questions to
encourage self-awareness. Coaching fosters a consistent,
enduring relationship characterized by an educational
partnership between coach and learner [2].

No single form of guidance is adequate to meet the needs of
today’s students, and students’ needs evolve as they move
through residency [7]. Faculty must be facile in their ability to
intuit what type of guidance is appropriate for a specific student
or situation, and be able to provide that guidance or refer the
student to someone who can [8]. For this reason, faculty
development programs play a crucial role in supporting faculty
as they rise to meet the challenges of guiding trainees, and
faculty training in these support modalities may be lacking [9].
Training educators on how to target student needs by using the
most effective guidance strategy will help decrease role
confusion [8]. Training and developing faculty in advising,
mentoring, and coaching help cultivate an ongoing culture of
scholarship [10] and can help faculty navigate the competing
challenges of their clinical and nonclinical roles [11]. Faculty
report that lack of support from leadership and lack of proper
training are barriers to their role as advisors, coaches, and
mentors [11], and training and assessment tools for faculty
members are crucial [7,9].

Methods

Study Design
A survey (Multimedia Appendix 1) was sent to 93 Washington
University School of Medicine Anesthesiology clinical educator
faculties. This target population was used as a convenience
sample, representing a cohesive cohort with consistent
interactions with trainees. This survey was developed based on
core competencies and conceptual differentiations outlined for
the roles of advisors, coaches, and mentors in medical education
[5,6,8,9]. Drawing from Wolff et al [9], support modality
definitions and key characteristics were designed to reflect
critical distinctions regarding focus, relationship context,
longevity, skill sets, and objective alignment [9]. Survey
questions were formulated to assess physician perspectives
across these theoretical domains for each resident support role.

A group of coaching experts within the Department of
Anesthesiology was selected to create a novel survey tool. To
facilitate the design and construction of the survey instrument,
the research team used a modified Delphi technique, a widely
recognized method for achieving consensus among experts. A
subset of academic faculty was invited to participate in a pilot
study aimed at testing multiple dimensions of the survey’s
implementation. This pilot study served several purposes: (1)
to ensure the clarity and comprehensibility of the survey
questions, (2) to evaluate the technical functionality of the
survey platform, and (3) to assess the feasibility of applying
inductive thematic analysis to the pilot data. Through iterative
revisions and rounds of expert feedback, the survey underwent
several modifications to enhance both face validity and content
validity. The final version of the survey, which reflects the
culmination of this rigorous development process, is presented
in Multimedia Appendix 1. The survey is composed of 2 Likert
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5-point scale quantitative items and 11 qualitative open-ended
questions.

Quantitative items examined perceptions of importance and
optimal configurations applying the principles of Wolff et al
[9] regarding situational demands and need for role clarity [9].
Quantitative data were collected using the REDCap (Research
Electronic Data Capture) Consortium platform (Vanderbilt
University), a secure web-based application designed to support
data capture for research studies. Faculty received the voluntary
survey through department email, no incentives offered, and
faculty log-in prevented duplicate entries. Data were analyzed
using descriptive statistics. Qualitative questions elicited
feedback on specialized skills, training interests, and
implementation barriers grounded in advising, coaching, and
mentoring competency frameworks [5-9]. The sequence of
survey topics reflects established theory comparing and
contrasting these support avenues [6-8]. An inductive qualitative
analysis was conducted, using the Braun and Clarke [12] 6-phase
approach to thematic analysis. This methodological framework,
widely used in qualitative research, ensures both the flexibility
and rigor required for the interpretative analysis of complex
datasets. The 6 stages—familiarization with data, generating
initial codes, searching for themes, reviewing themes, defining
and naming themes, and writing up—provide a structured yet
adaptable framework for data interpretation [12]. Qualitative
data were collected through open-response questions included
in the REDCap survey. The text from these open-response
questions was analyzed using the Dedoose coding themes
platform.

The process begins with open coding to identify initial patterns
within the data. Codes were then further examined to uncover
relationships, allowing for the grouping of related codes into
broader thematic categories. Subsequently, these groups were
analyzed to identify overarching themes that reflect deeper
insights into the data. This iterative process was designed to
ensure a comprehensive exploration of the qualitative data and
enhance the interpretive depth of the analysis.

To ensure the reliability of the findings, at least two independent
researchers reviewed and coded all data. The initial coding and
preliminary analysis of the qualitative data was conducted by

1 author (SN-B), using Dedoose—a cloud-based software
platform designed to facilitate mixed methods analysis. After
the initial coding phase, 2 members of the research team engaged
in collaborative discussions to reconcile coding discrepancies
and synthesize their interpretations. This process of researcher
triangulation not only strengthens the credibility of the findings
but also helps to ensure that the emerging themes are robust
and reflect the nuances present in the data [13].

The survey contained a brief textual description of the difference
between the roles of mentor, advisor, and coach, respondents.
Respondents were asked how important they thought each role
is in graduate medical training, whether 1 individual can fulfill
all 3 roles, what kind of training is needed for faculty to perform
these roles, and whether resident needs for different forms of
faculty relationship change over time. In addition, faculty were
asked if they had ever performed any of the 3 roles. Questions
were both quantitative (responses on a 5-point Likert scale) and
qualitative (open-ended short responses). A total of 41 surveys
were completed (44% response rate).

Ethical Considerations
This study used both quantitative and qualitative data collection
and analysis. This study was approved by the Institutional
Review Board at Washington University (202310164). Faculty
were informed about this study via an initial email
announcement, followed by 2 reminder emails. Informed consent
was obtained with faculty selecting “accept” on the survey; the
ability to opt out was provided. Electronic data were password
protected, encrypted, and transmitted using recognized security
for electronic submission. No compensation was provided.

Results

Roles
Respondents had varying opinions about the importance of
mentoring, advising, and coaching in graduate medical
education. Mentoring was seen as most important, with 88% of
respondents indicating that they agreed or strongly agreed that
it was important, and coaching was seen as less important, with
only 78% of respondents indicating agreement or strong
agreement that it was important (Table 1).

Table . Importance of mentoring, advising, and coaching.

Agree or strongly agree, n (%)

32 (78)Coaching

34 (83)Advising

36 (88)Mentoring

In total, 90% of respondents agreed that 1 faculty member could
fulfill two or more roles for a single resident. For example,
respondent 2 explained, “Faculty can possess more than one
skill set and/or the relationship between a faculty and resident
may benefit from a multi-faceted focus once trust has been
developed.” However, others noted that there may be conflicts
between roles and that the unique skills required for each role
are not always possessed by the same person. Respondent 3
noted, “This works sometimes, I think, but can’t dependably

work all the time. Some faculty are better at one role or another.
Obviously, some coaching and advising can only be done by
faculty with certain skills or areas of expertise.”

Additionally, respondents noted the role faculty mentoring and
coaching play in recruitment and retention efforts for faculty
and trainees. For example, respondent 3 noted, “if it were made
clear that we offered thoughtful assignment of each of these
roles, with examples for coaching and advising, I think that
would likely be seen as a significant benefit.” Others agreed
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that providing these roles to residents in a systematic way would
be beneficial for recruitment, but noted barriers to
implementation, as respondent 33 explained, “I think that these
three roles are important to recruit residents for fellowships and
faculty. Fostering a supportive environment through these roles
is very important for recruitment; however, other factors such
as the job market and hours worked often overshadow these
aspects in recruiting.”

Training
Most respondents agreed that specialized training in all 3 roles
was important, especially for coaching, which was seen as
requiring a unique skill set. Formal training for all 3 roles was
endorsed, especially for coaching. Respondents noted that the
skills required for the roles came naturally to some faculty. For
the advising role, having career experience and expertise in the
graduate education process was seen as especially useful. For
example, respondent 10 noted, “Knowing the residency
experience well and knowing what challenges residents face.

Additionally, it’s important to know career options after.”
Mentoring was regarded as being based on relationship building
and interpersonal skills, as well as necessitating emotional
intelligence. Respondents reflected that mentorship involves
skill sets not necessarily embedded in clinical training.
Respondent 21 explained, “Teach the teacher/instructor courses
are helpful. Being a good clinician and/or researcher do not
provide us the skills of being a good teacher. A bit of more
understanding, empathy, and psychological support are
necessary for knowing ourselves better and using these abilities
for others. Patience, more listening, time, sharing experiences,
sometimes coming up with a challenging scenario to discuss,
widen the horizon, show other possibilities never thought of
before as options.”

Respondents indicated that they would be interested in targeted
training. Coaching (63%) was the highest, however, respondents
were less interested in specialized training in advising and
mentoring skills (Table 2).

Table . Interest in specialized training in coaching, advising, and mentoring.

Interest in specialized training, n (%)

29 (63)Coaching

17 (41)Advising

16 (39)Mentoring

Experience
Nearly 88% of respondents had fulfilled one or more of these
roles in their career, and they noted that holding all 3 roles was
personally and professionally rewarding. Of the 36 faculty
members who reported fulfilling these roles in the past, 15 (42%)
mentioned the satisfaction of watching students progress through
their training and career. Coaching was noted as being the most
challenging, but also the most rewarding. For example,
respondent 22 said, “Honestly, I think that serving in this role
for strong residents is one of the most rewarding parts of my
job. I love to see people be successful in their careers.”

Barriers
Respondents identified barriers to faculty engaging in quality
mentoring, coaching, and advising, which included faculty
burnout, time limitations, and confusion about roles,
responsibilities, and expectations. Respondent 10 said, “The
residents have so many rotations. It’s rare to have consistent
clinic time to coach and mentor/advise. Coaching off hours is
very time consuming.” Lack of time was mentioned by 68% of

respondents, for example as respondent 29 explained “I was a
terrible mentor. Never could find time to meet with my mentee.”

Respondents had mixed responses about whether the national
anesthesia provider shortage had impacted their engagement
with or performance of any of these roles. Respondents noted
lack of time in general, and lack of protected time more
specifically, as factors influencing their ability to engage in
these roles, and some attributed the challenge with time to
provider shortage. For example, respondent 17 said, “The
shortage has decreased faculty time to provide these aspects,
may be important for departments to assign a subgroup of
faculty to serve these roles so time is protected.”

Table 3 presents the results of the thematic analysis, offering a
detailed synthesis of the emergent themes and subthemes derived
from the qualitative data. The richness of respondent narratives
facilitated a comprehensive exploration, allowing for nuanced
insights into the key thematic categories. These findings provide
a robust framework for understanding the underlying patterns
and relationships within the data, supporting the depth and
validity of the analysis.
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Table . Main themes and representative quotes.

Representative quotesTheme and subtheme

Roles

Faculty can perform multiple roles • “Faculty can possess more than one skill
set and/or the relationship between a faculty
and resident may benefit from a multi-
faceted focus once trust has been devel-
oped.” [Respondent 2]

• “Different skill sets are needed and faculty
may possess one or many of the skill sets
needed.” [Respondent 9]

• “I believe the necessary skills can be learned
and employed by a single person. It also
depends upon the mentee’s needs and the
qualities of their relationship with the men-
tor/advisor/coach.” [Respondent 5]

• “A faculty member can take different roles
throughout the 4 years that a trainee is
counseled. I find that interns need mentoring
and advising, as the resident progresses
coaching and mentoring is important.”
[Respondent 16]

Faculty cannot perform multiple roles • “This works sometimes, I think, but can’t
dependably work all the time. Some faculty
are better at one role or another. Obviously,
some coaching and advising can only be
done by faculty with certain skills or areas
of expertise.” [Respondent 3]

• “Sometimes the line between just providing
feedback for a specific case as an advisor
can be hard if you are also a mentor to that
person.” [Respondent 37]

• “Different goals and different time frames
over which those goals are realized. The
trainee asking advising may be frustrated
by a “mentoring” approach. Some great ca-
reer mentors may not have the specific sub-
specialty background for focused advising.”
[Respondent 7]

Training
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Representative quotesTheme and subtheme

• “I think at least some sort of education on
how to be an advisor would be helpful.”
[Respondent 1]

• “Teach the teacher/instructor courses are
helpful. Being a good clinician and/or re-
searcher do not provide us the skills of be-
ing a good teacher. A bit of more understand-
ing, empathy, and psychological support
are necessary for knowing ourselves better
and using these abilities for others. Patience,
more listening, time, sharing experiences,
sometimes coming up with a challenging
scenario to

• discuss, widen the horizon, show other
possibilities never thought of before as op-
tions.” [Respondent 21]

• “Coaching should require some train-
ing/knowledge of professional coaching,
which is more structured that mentorship
or career advising which can be more infor-
mal.” [Respondent 4]

• “Didactics/workshops/peer mentoring
needed.” [Respondent 31]

• “Training focused to the knowledge and
skillset as well as teaching techniques and
current best practices.” [Respondent 2]

• “Structured professional coaching training.”
[Respondent 6]

Request for formal education or faculty develop-
ment

Experiences

JMIR Med Educ 2025 | vol. 11 | e60255 | p.268https://mededu.jmir.org/2025/1/e60255
(page number not for citation purposes)

Nykiel-Bailey et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Representative quotesTheme and subtheme

• “I was a terrible mentor. Never could find
time to meet with my mentee.” [Respondent
29]

• “Mentoring has been the most rewarding,
coaching second. Advising feels limited and
one-directional.” [Respondent 5]

Mentor role

• “All three - coaching seems to be the most
challenging.” [Respondent 7]

• “I have played all 3 roles during my time
as an educator. The coaching roles are al-
ways the most rewarding. The ability to
guide residents through self-discovery is
extremely rewarding. I find that coaching
residents later in their training prepares
them for being faculty and having a success-
ful trajectory.” [Respondent 17]

• “I have been a coach and an advisor.
Coaching is extremely rewarding.” [Respon-
dent 39]

• “Primarily coaching, which I found reward-
ing when a trainee felt our interaction was
beneficial through skill-based or confidence
improvements.” [Respondent 41]

Coach role

• “Advising in clear goal-directed tasks, such
as a conference, abstract, paper.” [Respon-
dent 8]

• “I have served as a mentor and advisor, both
of which were very rewarding. I felt that it
made it easier to discuss topics at work that
we may otherwise would not have brought
up. I also felt satisfaction getting to know
the trainees better and become more a part
of their lives.” [Respondent 27]

• “Clinical teaching while supervising
trainees fulfills the “advisor” role. I was also
a designated faculty mentor for a clinical
fellow.” [Respondent 34]

• “Clinical teaching while supervising
trainees fulfills the advisor role.” [Respon-
dent 33]

Advisor role

• “Have provided all three of these roles in
different capacities. I enjoy fostering learn-
ing with the goal of being the attending I
wish I had as a trainee.” [Respondent 33]

• “Yes, I feel that I serve as an advisor to
residents and mentor to fellows.” [Respon-
dent 20]

• “I would say informally on day-to-day basis
interactions with residents and fellows, yes
for all 3. Advisor more than mentor more
than coach. It is rewarding when it seems
welcomed and appreciated by the residents
and fellows and I can see them grow and
improve. It is frustrating when I am putting
in the effort/trying to do these things and
the trainees are not receptive, not apprecia-
tive, or feel as though I am being too partic-
ular or micromanaging.” [Respondent 35]

• “I have provided all 3. The coaching roles
are always the most rewarding. The ability
to guide residents through discovery is ex-
tremely rewarding.” [Respondent 20]

Combination of roles

Recruitment role
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Representative quotesTheme and subtheme

• “The biggest drivers right now for recruit-
ment are time and money. The biggest long-
term satisfaction will come from deeper
meaning. Using the relationships in these
roles may help highlight some of these
deeper meanings and may help recruit fel-
lows and faculty if they have the sense that
this is best for themselves and their families.
At the same time, there has to be felt and
sustained room for the individual to act on
these deeper meaningful insights. Solving
for individual growth requires commitment
from the system as well as the individual.”
[Respondent 9]

• “Yes. When residents can see faculty care
about their education and also enjoy work-
ing here it’s easier to recruit. “ [Respondent
20]

• “Mentorship and coaching require a relation-
ship, that may be beneficial for recruit-
ment.” [Respondent 17]

• “A structured mentor/coaching program
would be very appealing to most appli-
cants.” [Respondent 31]

Barriers
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Representative quotesTheme and subtheme

• “If role/project is not clearly defined, could
cause some confusion. Time.” [Respondent
1]

• “Mentorship is often a friendly and personal
relationship, which could make it harder to,
for example, challenge the mentee in a
coaching scenario. Very specific example
- perhaps a mentee would feel uncomfort-
able doing mock oral boards with their
mentor, if they’re relatively advanced in
training, but early in the oral boards prep
process.” [Respondent 3]

• “Different goals and different time frames
over which those goals are realized. The
trainee asking for advising may be frustrated
by a “mentoring” approach. Some great ca-
reer mentors may not have the specific sub-
specialty background for focused advising.”
[Respondent 7]

Discrete roles

• “Time and lack in continuous interactions
with the resident.”

• [Respondent 18]
• “Time to meet with the trainee and to estab-

lish a relationship.”
• [Respondent 14]
• “Time and managing the balance btw one’s

professional responsibilities and taking on
additional responsibilities that the above
would entail.” [Respondent 6]

• “The residents have so many rotations. It’s
rare to have consistent clinic time to coach
and mentor/advise. Coaching off hours is
very time-consuming.” [Respondent 10]

Time

• “It would be a good recruitment tool but
difficult to deliver in near future with cur-
rent staffing shortages and burn-out among
faculty members. In practice, it would re-
quire significant training, time, and effort
to optimize and ensure an equal experience
among trainees. Remuneration could in-
crease participation but doesn’t get around
the issue of lack of time.” [Respondent 12]

• “Yes, particularly for faculty. Relatively
little resources currently to develop faculty.
More investment needed to reduce the
chance of burnout/disengagement/attrition
to other practices.” [Respondent 31]

• “We are all strapped for time and burnt out.”
[Respondent 40]

Burnout

• “These 3 are probably even more important
for our trainees and may be beneficial to
expand these past trainees and onto faculty
as well. The shortage has decreased faculty
time to provide these aspects, may be impor-
tant for departments to assign a subgroup
of faculty to serve these roles so time is
protected.” [Respondent 17]

• “I think that with the shortages, faculty have
taken on more solo assignments and have
overall less contact with the residents and
don’t get to know them as well.” [Respon-
dent 36]

Anesthesia shortage

JMIR Med Educ 2025 | vol. 11 | e60255 | p.271https://mededu.jmir.org/2025/1/e60255
(page number not for citation purposes)

Nykiel-Bailey et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Discussion

Overview
This study explored perceptions of anesthesia faculty regarding
the roles of mentoring, advising, and coaching in graduate
medical education. The results highlight the perceived benefits
of these practices as well as barriers to implementation.
Anesthesia residency is unique in its internship, and a vast
majority of education and interactions with faculty occurs at
bedside in the operating room. Medical training and trainee
progression differ across disciplines. This study focuses
specifically on anesthesia faculty and a single institution, which
overall limits generalizability.

Principal Findings
The survey results indicate that faculty view mentoring,
advising, and coaching as important for resident education and
development. These practices have been shown to improve
resident well-being, promote career planning, facilitate reflection
and self-assessment, and identify knowledge gaps [5,6].
Furthermore, implementing structured programs in these areas
can aid recruitment and retention of both residents and faculty.

Of the 3 roles faculty partake in, there is a consensus on the
importance of mentoring throughout training and prioritizing
this role over advising and coaching. However, the data suggests
a significant interest in specialized training for coaching versus
roles in advising and mentoring. Investigating the differences
in practice versus desire, recurrent themes of time and
experience were identified. Although the roles as a mentor,
advisor, and coach can overlap, a majority of the cohort
indicated they prioritize mentoring given the noted constraints
of time and experience.

Implications of Findings
To actualize these practices, each department must clearly define
the roles of mentor, advisor, and coach. Expectations, training
requirements, and time commitments should be delineated.
Assignments of roles can be made between faculty and residents
based on alignment of career goals, personalities, and logistics.
Protected nonclinical time should be designated for these
meetings separate from clinical work. Success stories and
positive impacts on residents should be tracked and celebrated.

Comparison to the Literature
Recurrent themes were identified when comparing to other
literature, such as the establishment of a clear definition and
terms of each role. This would help faculty facilitate their
approach to the learner needs [5,8]. Additional repeated themes
of the overlap in roles, limitations in time, and experiences were
highlighted in other studies in reference to mentorship, advising,
and coaching [5,10]. Anesthesiology training presents challenges
specific to the discipline, which can be generalized to medical
training programs at other institutions. There has been an
increased productivity within the academic institutions leading
to less bedside education opportunities and difficulty
establishing dedicated time for routine meetings with trainees.

Limitations
This study has several limitations. First, this study was based
on a single survey with a 44% response rate, which may limit
the generalizability of the findings. Nonresponders may have
had different perspectives on the importance and implementation
of mentoring, advising, and coaching. Second, this study was
conducted at a single academic medical center, so the results
may not be representative of other institutions. Additionally,
this study was solely conducted with anesthesia faculty. Other
specialties may not portray the same obstacles and constraints
in fulfilling the roles of mentorship, advising, and coaching.
The learning environment and progression through training also
differ between anesthesiology and other specialties, which limits
the generalizability across disciplines. The limited time and
consistency with faculty may lead to less specific demands from
trainees and unfulfillment from educators. Third, the survey
relied on self-reported perceptions and experiences, which are
subject to recall bias and social desirability bias. Fourth, this
study did not explore the perspectives of residents themselves
on these support modalities. Future research should examine
resident experiences with and preferences for mentoring,
advising, and coaching. Finally, while this study identified
perceived barriers to implementing these practices, it did not
evaluate specific strategies for overcoming these obstacles.
Further work is needed to develop and test interventions to
enhance faculty engagement in resident support roles.

Conclusion
Addressing barriers such as faculty burnout, role ambiguity,
time constraints, and the need for specialized training is critical
for the success of mentoring, advising, and coaching initiatives.
Implementing comprehensive faculty development programs
aimed at enhancing skills in these domains is essential,
particularly for coaching, which requires distinct pedagogical
approaches. The recruitment and retention of faculty, as well
as their career longevity, may be positively influenced by the
intrinsically rewarding nature of relationships with trainees.

To facilitate meaningful faculty engagement, institutional
leadership must ensure protected time for participation in these
activities without detriment to clinical productivity. Moreover,
a cultural shift may be necessary in programs that place
disproportionate emphasis on service obligations, potentially
at the expense of educational and developmental support for
residents. Prioritizing resident education and well-being can
contribute to improved morale and overall program satisfaction.

By investing in faculty development, enhancing institutional
infrastructure, and fostering a culture that values educational
alliance, graduate medical education programs can realize
significant benefits from high-quality mentoring, advising, and
coaching relationships. Such investments are pivotal for
advancing the professional development of both faculty and
trainees, ultimately enhancing the overall quality of medical
education.
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Abstract

Background: Shared decision-making (SDM) is a crucial aspect of patient-centered care. While several SDM training programs
for health care professionals have been developed, evaluation of their effectiveness is scarce, especially in mental health disorders
such as generalized anxiety disorder.

Objective: This study aims to assess the feasibility and impact of a brief training program on the attitudes toward SDM among
primary care professionals who attend to patients with generalized anxiety disorder.

Methods: A feasibility randomized controlled trial was conducted. Health care professionals recruited in primary care centers
were randomized to an intervention group (training program) or a control group (waiting list). The intervention consisted of 2
web-based sessions applied by 2 psychologists (VR and YA), based on the integrated elements of the patient-centered care model
and including group dynamics and video viewing. The outcome variable was the Leeds Attitudes Towards Concordance scale,
second version (LATCon II), assessed at baseline and after the second session (3 months). After the randomized controlled trial
phase, the control group also received the intervention and was assessed again.

Results: Among 28 randomized participants, 5 withdrew before the baseline assessment. The intervention significantly increased
their scores compared with the control group in the total scale (b=0.57; P=.018) and 2 subscales: communication or empathy
(b=0.74; P=.036) and shared control (ie, patient participation in decisions: b=0.68; P=.040). The control group also showed
significant pre-post changes after receiving the intervention.

Conclusions: For a future effectiveness trial, it is necessary to improve the recruitment and retention strategies. The program
produced a significant improvement in participants’ attitude toward the SDM model, but due to this study’s limitations, mainly
the small sample size, more research is warranted.

(JMIR Med Educ 2025;11:e50060)   doi:10.2196/50060
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Introduction

About 264 million people in the world are affected by anxiety
disorders, according to the latest estimates of the World Health

Organization [1]. In Spain, around 2 million people (4.1% of
the population) suffer from anxiety disorders [1]. In primary
care (PC) settings, the generalized anxiety disorder (GAD) is
one of the most prevalent anxiety disorders [2]. GAD is
characterized by a continuous state of worry and alertness most
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of the time [3] and sometimes, its high comorbidity with other
psychiatric and somatic disorders makes diagnosis difficult [4].
GAD has a tendency to chronicity, due to its specific
characteristics, leading to the person being worried and alert
most of the time [3]. Information on the causes of the disorder
and the available treatments is an unmet need in this population,
given that some patients with GAD are willing to have an active
or collaborative role in their health care [5].

Person-centered care (PCC) is considered the gold standard for
medical care in health care settings because it humanizes the
person and places him or her at the center of clinical
decision-making [6]. The PCC model consists of several
components, one of which is shared decision-making (SDM),
whose goal is to create a collaborative dialogue between patients
and health care professionals, in which patients’ values,
preferences, and concerns about the different available treatment
options are taken into account and incorporated into the
decision-making process [7-9].

Patient decision aids are tools designed to facilitate SDM. Its
use can help patients participate in the clinical decisions,
improving the decision-making process and promoting informed
decisions that are concordant with patients’ values and
preferences [10]. On the part of professionals, it is important to
develop communication skills and empathy to help patients
participate in the decisions [11-13]. Research has shown that
interventions and training programs aimed to promote the PCC
model may improve professionals’ knowledge and the ability
to communicate with patients [12,14] as well as patients’
satisfaction [15]. However, there are some barriers to apply the
PCC model related to time constraints, clinical uncertainty, poor
expectations, patients’ characteristics (eg, age, comorbidity,
and attitude), lack of continuity of care, or knowledge about
SDM [16-19]. Despite some SDM training programs have been
developed for health care professionals, very few of them have
been evaluated [20-22]. Therefore, despite the growing
acceptance of interventions to implement SDM in health care
settings, several gaps remain in the demand, perception, and
clinical application of the PCC model [23,24]. In mental health
care, and specifically in GAD, interventions to promote the
SDM process are still very limited [25,26]. A recent qualitative
study with patients with GAD concluded that there is scarce
orientation to elicit patients’ preferences and values throughout
the process of care [27], emphasizing the need of interventional
studies aimed at promoting SDM in the clinical encounter.

The aim of this study is to evaluate the feasibility and effect of
a brief training program on the attitudes toward SDM for
professionals in PC who attend patients with GAD.

Methods

Design
A feasibility randomized controlled trial (RCT) was conducted,
in which participants were allocated to a PCC training program
or a control group (waiting list). It was carried out in 13 PC
centers in Tenerife (Canary Islands, Spain), from January 2021
to February 2022.

Ethical Considerations
The study was approved by the ethics committee of the Hospital
Universitario Nuestra Señora de La Candelaria (reference:
CHUNSC_2019_58). The study was not registered because
participants were health professionals and not patients, the
intervention was educational, and the only outcome measured
was attitudinal. Participants who agreed to participate signed a
web-based informed consent form.

Participants
Participants were health care professionals working in PC
centers (ie, physicians and nurses) or community mental health
units (ie, psychiatrists, psychologists, and nurses) for at least 1
year before the start of the study, who attend patients with GAD
in the Canary Islands, Spain. There were no exclusion criteria.

Procedure, Randomization, and Allocation
Concealment
The directors of the health centers were contacted and informed
about the study. They were asked to invite the professionals
from their centers to participate. The invitation included an
infographic, graphically describing the study and a link to a
web platform, where health professionals could register their
willingness to participate and contact information. Then, they
were contacted by telephone to provide a full explanation of
the study. Those who agreed to participate signed a web-based
informed consent form (reference: CHUNSC_2019_58).
Participants were randomly assigned to either the intervention
or control group (waiting list), using a computer-generated
random number table. The randomization process was conducted
by an independent researcher who was not involved in the
recruitment or assignment of participants. In addition, the
researcher who recruited the professionals was blinded to the
group assignments in order to maintain allocation concealment.
Due to the nature of the intervention, the study participants
could not be blinded.

Intervention
Intervention group participants received 2 training sessions via
Zoom (version 5.15.7. [21404]) based on the integrated elements
of the PCC model [28]. The training was originally intended to
be applied in person, in a group format, but this was not possible
due to the COVID-19 pandemic, so it was finally applied on
the web. Sessions were conducted by 2 researchers (VR and
YA [psychologists]). The first session lasted approximately 2
hours and was focused on presenting the principal elements of
intervention: (1) introduction, which included a description of
common clinical relationship models (first 20 minutes); (2)
basic characteristics of the basic PCC model, through group
dynamics and video viewing of a role-play in the clinical
practice with a patient with GAD; this included a description
of the Feelings, Ideas, Function, and Expectations model [29]
(60 minutes), which was developed at the University of Western
Ontario and explores the patient’s emotions, his or her ideas on
what caused the problem, the effects of the illness on his or her
functioning and relationships, and his or her expectations for
the future and from medical care [29,30]; and (3) presentation
of the Three-Talk Model for SDM, a multistage consultation
process developed by Elwyn et al [31] (30 minutes). The
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Three-Talk Model for SMD is a theoretical approach that
describes collaborative deliberation. It outlines 3 broad steps
that form the core elements of SDM [31]. The last 10 minutes

of the session were aimed at the resolution of doubts. The
detailed contents of this first SDM training session are shown
in Table 1.

Table . Content of first shared decision-making (SDM) training session.

Learning objectivesForm of communicationModule and content

Introduction

    Clinical relationship models •• Be able to know the characteristics of the
paternalistic, informative or contractual,
interpretive or personalized, and deliberative
or friendly models

Lecture
• Video examples
• Interactive live
• Feedback with group dynamic

Characteristics of a basic PCCa model

    Explore the disease •• Acquire skills in active listening and direct-
ed anamnesis in the use of SDM

Lecture

    Know the patient’s perspective (beliefs, fears,
expectations, repercussions, etc)

•• Acquire skills in how to prepare the ground
and how to explore the personal experience
of the disease in terms of SDM

Lecture
• Video examples
• Interactive live

• Be able to use the FIFEb model to improve
the quality of communication in terms of
SDM

• Feedback with group dynamic

    Know the person (“moving from patient to
person”)

•• Acquire skill about how exploring the per-
sonal and social context of the disease in
terms of SDM

Lecture
• Video examples

    Involve the patients in their disease •• Acquire information skills to reach agree-
ments on problem solving, to seek shared
solutions, and to involve the patient in the
use of SDM

Lecture
• Video examples
• Interactive live
• Feedback with group dynamic

Three-Talk Model for SDM

    Team dialogue •• Acquire skills to establish a team dialogue
based on the needs for change on beliefs
and preferences

Lecture

    Dialogue on options •• Acquire skills to discuss the treatment op-
tions that exist for the disease

Lecture

    Dialogue on the decision •• Acquire skills to help the patient decide on
which option to choose

Lecture

aPCC: person-centered care.
bFIFE: Feelings, Ideas, Function and Expectations.

The second session was carried out 3 months later (review
session), with an approximate duration of 1 hour. The structure
of the session included (1) the review of the main contents of
the first training module, together with comments on
participants’ potential and sharing their experiences applying
the SDM model since then (30 minutes), and (2) the discussion
on the main barriers and facilitators for patients and
professionals in applying the SDM process in the clinical

practice (30 minutes). Detailed content of this session is present
in Table 2.

Control group participants did not receive any intervention.
They were informed that they could access the training program
after the feasibility RCT was completed. Participants completed
the baseline and 3-month (postintervention) assessments.
Subsequently, participants in the control group received the
intervention and were reevaluated 3 months later (second
postintervention measure).
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Table . Content of second shared decision-making (SDM) training session.

Learning objectivesForm of communicationUnit and content

(1) Introduction and (2) characteristics of a basic

PCCa model

• Review the characteristics of the paternalis-
tic model,: informative or contractual, inter-
pretive or personalized, and the deliberative
or friendly models

• Review tasks in active listening and directed
anamnesis in the use of SDM: how to pre-
pare the ground and how to explore the
personal experience of the disease; how to
explore the personal and social context of
the disease; and how to reach agreements
on problem solving, to seek shared solu-
tions, to involve the patient-shared solu-
tions, and to involve the patient in the use
of SDM

Lecture    Clinical relationship models

    Explore the disease; know the patient’s per-
spective (beliefs, fears, expectations, repercus-
sions, etc); know the person (“moving from pa-
tient to person”); and involve the patients in their
disease

(3) Characteristics of the Three-Talk Model

for SDM

• Be able to apply the principal components
of the Three-Talk Model for SDM

• Have knowledge about how to apply this
model in clinical practice to support SDM

Lecture    Fifteen characteristics total of a Three-Talk
Model for SDM are described:

    First step:

    Take a step back, present the possibility of
choice, justify the choice, personalizing prefer-
ence, uncertainty, check the reaction, and post-
pone closure

    Second step:

    Check knowledge, list of options, provide de-
cision support to the patient, and summaries

    Third step:

    Focus on preferences, elicit a preference, lead
toward a decision, and offer review

(4) Barriers and enablers to apply Three-Talk
Model for SDM

• Invite to participate by presenting the expe-
rience from a professional point of view in
clinical practice

• Openly share and discuss observations of
the professional communication

• Offer, explicitly and without judging, feed-
back on implementation

Identification of professionals' own barriers to
communication with their patients

    Identification of barriers from a professional
point of view that can condition the application
of the 3-step model for SDM

Identification of patients' own barriers to commu-
nication with their care team

    Identification of barriers from a patient’s point
of view that can condition the application of the
3-step model for SDM

Identify the individual facilitators in communica-
tion to implement a SDM model

    Identification of facilitators who may exist to
carry out the 3-step model for SDM

aPCC: person-centered care.
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Measures
The outcome measure was the professionals’ attitude toward
PCC. It was assessed with the Leeds Attitudes Towards
Concordance scale, second version (LATCon II) [32]. This
self-report instrument includes 20 items with a 4-point Likert
format from strongly disagree (0) to strongly agree (3). Although
the original instrument includes 5 subscales, we used the 3
components identified by means of principal component analysis
in the Spanish validation [33], carried out with psychiatrists and
psychiatry residents. These subscales were labeled
“communication/empathy” (CE, 12 items about the importance
of a good communication and the consideration of patient’s
feelings and beliefs), “shared control” (SC, 4 items reflecting
a positive attitude toward equality and SDM), and “eventual
paternalistic style” (EPS, 4 items stating that sometimes a
paternalistic style is necessary; these items are reverse-coded,
and therefore higher scores indicate lower agreement with EPS)
[33]. Scores on the total scale and the subscales are divided by
the corresponding number of items, thus ranging 0‐3. The
LATCon II has shown good internal consistency in previous
studies [33-35].

The following sociodemographic and professional variables
were measured at baseline: age, gender, specialty (medicine or
nursing), years of professional experience and work in the health
care center, level of perceived workload (low, medium, and
high), and previous training on PCC or SDM.

Statistical Analysis
We calculated that a mixed model with 2 repeated measures per
participant (cluster) requires 38 subjects (19 in each group) in
order to detect a significant moderate-to-strong between-group
effect (standardized mean difference of 0.80), assuming type I
and II errors of 0.05 and 0.20, respectively, and an intraclass
correlation of 0.50 [35].

Descriptive statistics were calculated for continuous and
categorical variables (means, SDs, and percentages). Cronbach
α was calculated for the LATConII scale and its 3 subscales,
as well as the correlations between the subscales (Spearman ρ).
The effect of the intervention was analyzed with mixed lineal
models, including fixed effects for time (pre, post), group
(intervention, control) and its interaction, and the participant as
a random effect (assuming an unstructured covariance matrix).
Successive models were carried out adjusting for 1 covariate at
a time (ie, sociodemographic and professional variables).
Unstandardized β values and effect sizes (Hedges g) are
reported.

Changes from baseline to postintervention were evaluated
analyzing the effect of time in a mixed model separately for
each group. The same test was used to analyze the change in
the control group after receiving the intervention upon
completion of the RCT. Analyses were performed with SPSS
(version 25; IBM Corp) and STATA (version 17; StataCorp
LLC).

Results

Thirty-four health professionals were interested in participating
and were contacted by phone. After being informed in detail, 6
declined participation and 28 accepted, signing informed consent
and being randomly allocated to the intervention or control
group (14 each). However, 5 of them (4 in the intervention
group) withdrew from the study before completing the baseline
assessment (Figure 1). Table 3 shows the characteristics of the
23 participants. There were 18 women (18/23, 78.3%) and the
mean age was 48.3 (range: 26‐64) years. They had an average
of 22.3 years of professional experience, and 52% (12/23)
considered having a high caseload. Only 5 (21.7%) had had
previous training in PCC.
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Figure 1. CONSORT flow diagram. *The analysis includes 3 control participants lost at postintervention.

Table . Characteristics of participants.

Total (N=23)Control (n=13)Intervention (n=10)

18 (78.26)8 (61.54)10 (100)Female, n (%)

48.30 (10.24)50.38 (9.77)45.60 (10.82)Age, mean (SD)

Specialty, n (%)

5 (21.74)2 (15.38)3 (30)    Nursing

18 (78.26)11 (84.62)7 (70)Medicine

22.32 (9.51)24.33 (9.42)19.70 (9.44)Years of professional experience,
mean (SD)

6.68 (6.92)6.40 (7.02)7.05 (7.15)Years working in the center, mean
(SD)

5 (21.74)4 (30.77)1 (10)Previous training in PCCa, n (%)

Self-perceived care load, n (%)

11 (47.83)5 (38.46)6 (60)    Low-medium

12 (52.17)8 (61.54)4 (40)High

aPCC: person-centered care.
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At baseline, internal consistency (Cronbach α) was 0.94 for the
total LATConII scale, and 0.97 (CE), 0.88 (SC), and 0.25 (EPS)
for the subscales. The total mean score was 2.08 (SD 0.60), and
the mean scores were 2.29 (SD 0.78), 1.77 (SD 0.85), and 1.78

(SD 0.41) for the subscales CE, SC, and EPS, respectively
(Table 3). CE and SC were significantly correlated (ρ=0.49;
P=.01), whereas EPS was not significantly associated with CE
(ρ=0.11; P=.62) or SC (ρ=0.29; P=.180) (Table 4).

Table . Effect of the intervention.

Between-group effect size,
Hedges g (95% CI)

Time × group interaction,

b (P)b

Control

(n=10), mean (SD)

Intervention

(n=10), mean (SD)
Timea

0.92 (0.13 to 1.71)0.57 (.018)LATCon IIc total (range: 0‐3)

2.25 (0.40)d1.87 (0.76)    Pre

2.08 (0.61)2.27 (0.51)e    Post

2.60 (0.24)g—f    Post2

0.86 (0.06 to 1.65)0.74 (.036)Communication/empathy (range: 0‐3)

2.52 (0.46)d1.98 (1.02)    Pre

2.34 (0.86)2.57 (0.70)e    Post

2.84 (0.20)e—    Post2

0.76 (0.01 to 1.52)0.68 (.040)Shared control (range: 0‐3)

1.94 (0.63)d1.55 (1.06)    Pre

1.52 (0.70)e1.80 (0.44)    Post

2.28 (0.43)h—    Post2

0.08 (−0.93 to 0.93)−0.04 (.856)Eventual paternalistic style (range: 0‐3)

1.75 (0.41)d1.83 (0.44)    Pre

1.83 (0.54)1.83 (0.57)    Post

2.18 (0.64)e—    Post2

aPre-post: randomized controlled trial (intervention vs waiting list); post2: intervention period for the control group, after the randomized controlled
trial.
bUnstandardized β coefficients (P value) from mixed lineal models analyzing the randomized controlled trial (pre-post), including the participant as a
random effect (the analysis includes 3 control participants lost at postintervention).
cLATCon II: Leeds Attitudes Towards Concordance scale, second version.
dn=13.
eP<.05.
fNot applicable.
gP<.001, compared with the previous assessment (effect of time in mixed models separately by group).
hP<.01.

Three control participants were lost at postintervention (3
months), but their baseline scores were included in the mixed
models on an intention-to-treat basis (postintervention scores
were not imputed). The time × group interaction was statistically
significant for the total scale, showing a differential increment
in scores favoring the intervention (b=0.57; P=.01) (Table 4).
The same occurred with the subscales CE (b=0.74; P=.036) and
SC (b=0.68; P=.04). The inclusion of potential confounders in
the model did not change the results (see Table S1 in Multimedia
Appendix 1 for the total scale). The intervention group
significantly increased their scores compared with baseline in
the total scale (b=0.4; P=.033) and CE (b=0.58; P=.030),
whereas the control group significantly decreased in SC
(b=−0.43; P=.037) (Table 4).

After the trial was completed, the control group received the
intervention and showed significant increments in the total score
(b=0.52; P<.001) and the 3 subscales: CE (b=0.50; P=.020),
SC (b=0.75; P=.002), and EPS (b=0.35; P=.02) (Table 4).

Discussion

Principal Findings
This study aimed to evaluate the feasibility and effect of a brief
web-based training program on the attitudes toward SDM and
PCC of PC professionals who treat patients with GAD. The
program was initially intended to be conducted in person at the
professionals’ centers, but due to the pandemic context, it was
shifted to a web-based format. The 2 sessions went smoothly
and the professionals actively participated, asking questions
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and describing their experiences related to SDM. Previous
studies evaluating learning programs for health professionals
or university students have not shown relevant differences
between web-based and in-person formats [36-39], although in
some cases better results have been observed with the
face-to-face intervention [40]. Given the brevity of our program,
we do not expect that there will be relevant differences between
both formats.

The recruitment and retention rate were low, only 33 eligible
professionals showed interest in the study (2.5 per center) during
the 5-month recruitment period, and 5 declined participation
when they were fully informed about the study. It is possible
that direct contact with professionals, instead of the general call
that was made through center directors, would have improved
the recruitment rate to some extent. Among the 28 randomized
participants, 5 more did not start the trial and 3 did not complete
the study. The high workload, a common situation in the Spanish
public health system even in a nonpandemic context, was the
main reported cause of these withdrawals. On the other hand,
the group format enriches the training process by enabling the
interaction of professionals, but it also represents a difficulty
when coordinating their schedules and availability. In summary,
the participation and retention rates were not satisfactory, and
for future trials it is necessary to develop more structured and
intensive strategies. Theoretical frameworks as proposed by
Solberg [41] that identified 7 factors that influence the
recruitment of health care professionals (ie, relationships,
reputation, requirements, rewards, reciprocity, resolution, and
respect) could help to this aim.

Regarding effectiveness, the results showed significant
moderate-to-strong effects (although with very wide confidence
intervals) on the total scale and the CE and SC subscales. The
pre-post change in the intervention group was greater on the
former, and the similar between-group effect size was due in
part to a significant decrease in SC in the control group. The
EPS dimension was not affected by the intervention, but this
result is unclear given the low internal consistency of this
subscale (future studies should confirm the factorial structure
of the instrument). After the RCT was completed, the control
group received the intervention and showed significant
before-after improvements of similar magnitude in the 3
dimensions. Due to the wide confidence intervals, the results
should be interpreted with caution and verified in studies with
greater statistical power.

Baseline scores indicated a positive attitude (values above the
midpoint of the scale) for the total scale and the 3 subscales,
although scores on CE and SC suggest that, comparatively,
participants seemed more favorable to empathetically
communicate with their patients than sharing decisions with
them. This result has also been observed in several studies that
applied the Patient‐Practitioner Orientation Scale [42], the
most frequently used instrument to assess health professionals’
attitudes toward PCC, showing higher scores on the caring
subscale of the questionnaire (ie, empathy, warmth, and treating
patients as whole persons) than on the sharing one (ie, sharing
information, decisions, and power) [43-47].

Other studies also have shown significant benefits of different
training programs on professionals’ and medical students’
attitudes toward SDM and PCC and their intention to apply it
in the future, showing high levels of satisfaction with the
program [48-52]. A positive attitude toward the PCC model is
an obvious requisite for the professionals’ learning and
demonstration of behaviors aimed at promoting SDM in
consultation. Validation studies with the Patient‐Practitioner
Orientation Scale showed that more favorable attitudes were
significantly associated with more patient‐centered behaviors
in consultations [53], and that concordance of patients and
physicians’ attitudes was associated with greater patient’s
satisfaction [53-55], trust, and endorsement of physicians [53],
as well as fewer referrals to specialized care [56]. Nonetheless,
for the implementation of SDM it is necessary to have not only
a positive attitude toward PCC but also the appropriate
knowledge and communication skills required by this model,
for which training programs have been developed. However,
the effect of interventions targeting health professionals on the
actual promotion of SDM in consultation remains uncertain.
The last update of a Cochrane systematic review reported a
significant effect of these interventions (eg, educational meetings
and materials, outreach visits, and reminders), compared with
usual care when SDM in consultation was assessed by external
observers, but not by patients, even when the intervention is
directed to both patients and professionals [11]. Observational
studies have also shown a lack of association between patients’
and external observers’ perception of SDM [57-59], but the
causes of this discrepancy have not been investigated.
Furthermore, the evidence about the effects of SDM
interventions targeting health professionals on patients’
cognitive, affective, behavioral, and health outcomes is also
scarce [10].

Although the PCC and SDM models are a paradigm to be
applied to every patient regardless of his or health problems,
patients with GAD could present specific psychological
characteristics that might affect the decision-making process.
In experimental settings involving stimulus reinforcement, these
patients have shown greater intolerance to uncertainty and
impaired decision-making [55,57-59]. Nonetheless, this does
not translate into a preference for a passive role in
decision-making, since a recent study showed that more than
80% research participants desired to play an active or
collaborative role when making decisions about treatment,
although one-third of them perceived more involvement than
they preferred [60]. Therefore, professionals should adapt the
SDM process to the patients’ preference for involvement and
manage the unavoidable uncertainty about the potential adverse
effects of treatment and the likelihood and intensity of
symptoms’ improvement.

Limitations
The study has important limitations. First, feasibility of
in-person group sessions could not be evaluated due to the
emergence of the COVID-19 pandemic, but that allowed us to
check the web-based application of the program, which was
delivered without problems. However, the recruitment and
retention rates were low. The recruited sample was small and
there were some relevant differences in baseline variables,
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including the scores on the LATCon, and therefore a high risk
of selection bias is present. The intervention group was 5 years
younger and less experienced, included more nurses and less
participants with prior experience on SDM training, and showed
a less favorable attitude toward SDM. These characteristics
suggest a greater margin for potential benefit in this group.
Although the inclusion of these covariates in the model did not
change the results, this analysis is strongly underpowered.
Nonetheless, given the strong effects sizes obtained and the
similar ones showed by the control group after receiving the
training, it is reasonable to think that the intervention could
produce a real improvement in attitudes, although effects sizes
are probably inflated due to the mentioned confounders. The

small sample size and the fact that participants were voluntary
also challenges the external validity of the results, since it is
probable that they were more motivated or favorable to the SDM
model.

On the other side, this was a pilot study and we did not assess
other professionals’ outcomes (eg, knowledge of SDM,
satisfaction with the program, and intention to apply SDM in
the future), whether the observed effect is maintained over time
or its influence on professionals’ behavior in consultation as
well as on patients’outcomes, which is the ultimate aim of these
interventions. An RCT with an adequate sample size is
warranted to confirm the results on professionals’ attitude and
to investigate the mentioned issues.
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Abstract

Background: Medical students face high levels of burnout and mental health issues during training. Understanding associated
factors can inform supportive interventions.

Objective: This study aimed to examine burnout, psychological well-being, and related demographics among Iranian medical
students.

Methods: A cross-sectional survey was conducted among 131 medical students at an Iranian University. The instruments used
included the Maslach Burnout Inventory-Student Survey and the Symptom Checklist-90-Revised. Descriptive statistics, multivariate
regression, and tests for group differences were used to analyze the data.

Results: The MBI-SS subscale scores indicated moderate emotional exhaustion, mean 15.00 (SD 7.08) and academic efficacy,
mean 14.98 (SD 6.29), with lower cynicism, mean 10.85 (SD 5.89). The most commonly reported mental health issues were
depression and obsessive-compulsive disorder. Poor psychological well-being was associated with higher overall burnout, but
no significant gender differences were found. Burnout levels varied by academic year across all Maslach Burnout Inventory-Student
Survey domains.

Conclusions: Despite their health education, medical students in this study reported significant burnout and mental health
distress, with strong associations between the two. These issues may impact student retention and post-graduation practice plans.
Supporting well-being during training is critical for positive student and physician outcomes.

(JMIR Med Educ 2025;11:e58008)   doi:10.2196/58008

KEYWORDS

emotional exhaustion; exhaustion; cynicism; academic efficacy; burnout; physician burnout; mental health; mental illness; mental
disease; mental disorder; medical education; medical knowledge; medical training; medical student; resident physician; resident
doctor; residency; residency training

Introduction

Kary and Pines [1] initially posited the concept of academic
tedium and its impact on students. They suggested that this
phenomenon is not confined to a specific educational level but
can manifest at various stages of schooling, including both
school and university environments [1]. Based on the author’s
viewpoint, students might be struggling with a condition marked
by a fading enthusiasm for learning, noticeable lack of
motivation, and an overwhelming sense of emotional exhaustion.
Later, Maslach and Jackson [2,3] specified burnout as the
experience of physical and emotional drain caused by chronic
stress. Burnout is the state of physical and mental fatigue caused

by work, study, or any caregiving activities. It can also be known
as an adverse emotional, cognitive, and physical reaction to the
study, work, and life pressures. Burnout was officially classified
by the World Health Organization as an occupational
phenomenon in 2019 and included in the International
Classification of Diseases (ICD-11).

Educational burnout is a type of burnout experienced during
studying. To better view educational burnout, it was expanded
to three factors: emotional exhaustion, cynicism, and feelings
of inefficacy [4,5]. Emotional exhaustion reflects feelings of
exceeding emotional resources due to academic demands.
Cynicism is a negative, unresponsive, or overly snapped
response to a phenomenon. Feelings of inefficacy refer to a
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reduction in academic effort, leading to a sense of incompetence
and reduced academic achievement. Based on findings from a
systematic review published in 2021, it was determined that
educational burnout affected more than 40% of students [6].
This outcome implies a heightened susceptibility to burnout
among medical students on a global scale. However, few studies
have examined this problem, specifically among medical
students in Iran. While 16% of Iranian medical students reported
burnout in one study [7], assessing prevalence rates at individual
universities could further inform supportive programs.
Educational burnout has an essential role in medical students’
overall health and could easily impact the quality of their
learning [8].

A study on 14,000 students from different countries showed
that approximately 35% of the students had been diagnosed
with at least one mental health disorder, such as depression or
anxiety [9]. Among students, university students showed a
higher likelihood of mental health disorders, and among them,
medical students’ issues were significant. Medical schools pose
multiple demands on students. First, enrollment in medical
training coincides with adolescence and early adulthood, periods
already associated with vulnerability to mental health disorders
[10-12]. Second, the intense nature of medical education requires
students to assimilate vast amounts of health information while
coping with exposure to myriad diseases [11,12]. Consequently,
studies report substantial rates of depression (11%‐37%),
anxiety (7.4%‐30%), and other issues in this population
internationally [13-15]. Evidence suggests that positive mental
health aids coping [16], yet remains understudied in Iranian
cultures.

Extensive evidence demonstrates intricate connections between
burnout and mental health issues among medical students.
Additional studies reveal substantially higher risks of depression,
anxiety, suicidal ideation, concentration deficits, and physical
symptoms compared to their peers [12,17-20]. Up to half of
graduating students experience burnout, linking this syndrome
to exacerbated mental health decline [18]. Ultimately, these
concerning rates significantly exceed general population trends,
underscoring the crisis of psychological well-being in medical
education. Implementing supportive interventions requires
further investigating specific student populations.

The aims of this study are twofold. Primarily, we assess the
prevalence of mental health issues and burnout among native
Iranian medical students at Zanjan University of Medical
Sciences. Additionally, we delineate connections between
mental health status and burnout risk by evaluating associated
academic and personal factors. By understanding these
relationships, targeted interventions can eventually be developed
to promote the psychological well-being of Iran’s future
physicians during their demanding training period.

Methods

Study Design and Participants
This cross-sectional study was conducted at Zanjan University
of Medical Sciences, Zanjan, Iran, focusing on the experiences
of 1500 medical students. These trainees constituted the target

of our research, with their perspectives and characteristics as
students comprising the central subject of investigation.
Participants were recruited using a convenience sampling
method. Our research team directly contacted the students,
explained the study’s aims, invited their voluntary participation,
and emphasized the confidentiality of their responses. We then
sent an electronic survey link to consenting participants. Strict
data quality control measures were implemented, with
incomplete questionnaire submissions excluded from the
analysis to uphold the integrity of the results. Based on a
previous study [21], the minimum required sample size was
120 students; however, 140 surveys were distributed, and 131
fully completed questionnaires were returned. Those with
missing data or students who indicated having a diagnosed
mental health issue were excluded.

Measures

Demographics
The basic sociodemographic information included age, sex,
residence, history of a positive COVID-19 test, underlying
diseases, diagnosis of mental health issues, and level of
education. The levels of education were categorized into three
sections: the initial seven semesters, referred to as preclinical,
followed by a two-semester externship, and finally, a
three-semester internship. At the preclinical level, students
learned about basic sciences and pathophysiology; in the
externship phase, they would pass a short course in each hospital
unit. The residential status comprises a parental home,
independent home, or a dormitory. Students were asked directly
about underlying diseases, including diabetes, hypertension,
and chronic disease. Additionally, they were asked whether they
had been diagnosed with any mental health condition and
whether they had received any treatment.

Burnout Measurement
Burnout symptoms were measured by the Persian version of
the MBI-SS [3,22,23]. It comprises 15 items, which are divided
into three dimensions: emotional exhaustion, cynicism, and
academic efficacy . Each item has been rated on a 7-pointed
Likert scale. Academic efficacy scores were reverse-coded;
therefore, it was scored oppositely. A high score in three
dimensions indicated greater burnout. The maximum possible
scores for emotional exhaustion, cynicism, and academic
efficacy were 30, 24, and 36, respectively.

Mental Health Measurement
The Symptom Checklist 90 (SCL-90), developed by Derogatis
was used to assess mental health. This scale consists of 90 items,
each rated on a 5-point Likert scale, effectively measuring ten
primary psychological symptoms [24]. The ten psychological
symptoms measured by the Symptom Checklist-90-Revised
(SCL-90-R) are somatization, obsessive-compulsive,
interpersonal sensitivity, depression, anxiety, hostility, phobic
anxiety, paranoid ideation, psychoticism, and sleep problems.
If a person’s average score for the questions related to these
symptoms was greater than 2, it indicated potential
psychological issues. The Global Severity Index (GSI) was
calculated for our analysis, which measures the extent or depth
of psychiatric disturbances. Specifically, the GSI is the average
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score across all responded items and serves as an overall
measure of psychiatric distress. Therefore, this study analyzed
the positive rate of each subscale and the GSI. Notably, the
validated Persian version of the SCL-90-R was used for this
student population [25].

Statistical Analysis
We performed all statistical analyses using SPSS (version 20.0;
IBM Corp) and Stata (version 12; StataCorp), and figures were
drawn using R software (version 4.4.1; R Foundation for
Statistical Computing) was used for visualization, including the
ggplot2 package (version 3.5.1). Multivariable regression was
used to assess factors associated with the three burnout subscales
to examine the correlation between the response variables. The
model included sociodemographic variables such as history of
COVID-19, place of residence, and mental health status. The
variables that were found to have a significant impact on the
outcome were retained in the model.

Ethical Considerations
Ethics approval for this study was provided by the Ethics
Committee of Zanjan University of Medical Sciences

(IR.ZUMS.REC.1400.418). This committee approved all
experimental protocols. The authors confirmed that relevant
guidelines and regulations were used in all experiments. No
participants were younger than 16 years. All students provided
written informed consent.

Results

The study initially involved 140 students; after excluding those
who dropped out due to missing answers or diagnosed mental
illness, the remaining sample consisted of 131 participants. The
average age of these remaining participants was approximately
24 years, with a mean of 23.95 (SD 3.69) years. Table 1
summarizes other sociodemographic characteristics of the
student group. Approximately 66% were female students, while
only 10% of the participants were married. An almost equal
percentage of students across different academic levels
completed the questionnaires. Additionally, 62% of the students
had a history of a positive COVID-19 test, while 3.8% reported
underlying diseases.

Table . Socio-demographic characteristics.

Participants (N=131), n (%)Sociodemographic variables

Sex

44 (33.6)Male

87 (66.4)Female

Marital status

118 (90.1)Single

13 (9.9)Married

Residence

53 (40.5)Parental home

43 (32.8)Own home

35 (26.7)Dormitory

Positive COVID-19 test history

50 (38.2)No

81 (61.8)Yes

Underlying diseases

126 (96.2)No

5 (3.8)Yes

Academic level

42 (32.1)Preclinical

47 (35.9)Externship

42 (32.1)Internship

Table 2 shows the positive rates of SCL-90-R subscales by sex.
Obsessive-compulsive disorder and depression showed the

highest prevalence among symptoms. A χ2 test examined the
percentage differences between male and female students. The

only symptom found to be statistically significant between the
two sex was phobic anxiety. Among female students, paranoid
ideation had the highest prevalence, whereas
obsessive-compulsive disorder was more prevalent among male
students.
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Table . Comparison of SCL-90-Ra subscales based on sex.

Total SCL-90-R positive rate, n (%)SCL-90-R positive rates in female
students, n (%)

SCL-90-R positive rates in male
students n (%)

23 (17.6)13 (14.9)10 (22.7)Hostility

25 (19.1)14 (16.1)11 (25.0)Anxiety

32 (24.4)18 (20.7)14 (31.8)Obsessive-compulsive disorder

29 (22.1)19 (21.8)10 (22.7)Interpersonal sensitivity

18 (13.7)12 (13.8)6 (13.6)Somatization

12 (9.2)7 (8.0)5 (11.4)Psychoticism

29 (22.1)21 (24.1)8 (18.2)Paranoid ideation

32 (24.4)20 (23.0)12 (27.3)Depression

16 (12.2)7 (8.0)9 (20.5)Phobic anxietyb

19 (14.5)11 (12.6)8 (18.2)Others

aSCL-90-R: Symptom Checklist-90-Revised.
bP value (χ2 test)=.04 male versus female.

The boxplots in Figures 1 and 2 display the MBI-SS subscale
scores across genders and academic levels. According to this
figure, academic efficacy had the widest range of scores for
male students. Additionally, female students exhibited lower
mean scores compared to male students across all subscales.

These boxplots indicate that interns had higher burnout scores
overall. More detailed descriptive statistics can be found in
Multimedia Appendix 1. Figure 3 shows a comparison of the
total scores on the SCL-90-R between different levels, revealing
that externs had the highest scores.

Figure 1. Comparison of Maslach Burnout Inventory-Student Survey subscale scores by sex.
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Figure 2. Comparison of Maslach Burnout Inventory-Student Survey subscale scores across academic levels.
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Figure 3. Comparison of Global Severity Index scores across academic levels.

Initially, the correlation between the three dimensions of burnout
(academic efficacy, cynicism, and emotional exhaustion) was
examined in the modeling data. The findings revealed that
academic efficacy had a significant correlation with both
cynicism (r=0.41, P<0.05) and emotional exhaustion (r=0.37,
P<0.05). Additionally, emotional exhaustion positively
correlated with cynicism (r=0.78, P<0.05). Given these
significant correlations among the burnout dimensions, a
multivariable regression analysis was deemed appropriate for
further modeling. Table 3 presents the results of the
multivariable regression analysis. An increase of one score in

GSI corresponded to an increase of 5.67, 1.71, and 4.69 scores
in emotional exhaustion, cynicism, and academic efficacy,
respectively. Overall, the students in the internship phase has
4.19 and 3.02 scores higher than preclinical students in
emotional exhaustion and academic efficacy, respectively,
whereas they had only a 0.24-difference in cynicism.
Furthermore, males scored 1.53 and 0.10 points lower than
female students, respectively. A comparison of β coefficients
shows that GSI and internship status had significantly different
effects on the three dimensions of the MBI-SS.
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Table . The association of educational burnout with mental well-being, academic level, and sex.

Equality of β coef-
ficients

Academic EfficacyCynicismEmotional exhaustion

P valueF valueP valueF value95% CIβ coeffi-
cient

P valueF value95% CIβ coeffi-
cient

P valueF value95% CIβ coeffi-
cient

<.00118.72<.0014.793.31-
6.07

4.69<.0015.561.41-
2.00

1.71<.0016.554.02-
7.32

5.67GSIa

Academic levels

---------Preclini-
cal

.490.59.660.52−1.95
to 3.08

0.56.23−1.00−0.86
to 0.21

−0.32.440.68−1.83
to 4.18

1.17Extern-
ship

.042.01.033.100.33-
5.71

3.02.40−1.98−0.81
to 0.33

−0.24.012.410.97-
7.41

4.19Intern-
ship

Sex

---------Female

.210.99.042.020.06-
4.61

2.34.69-1.40−0.58
to 0.38

−0.10.27−1.29−4.25
to 1.20

−1.53Male

0.5130.5230.303R 2

aGSI: Global Severity Index.

Discussion

Principal Findings
Zanjan University, a prominent institution in Iran, attracts
students from various cities. Therefore, studying its students’
mental and physical well-being can provide valuable insights
into the overall condition of Iranian students.

Our study examined crucial mental health issues such as
hostility, obsessive-compulsive disorder, and interpersonal
sensitivity among medical students. In brief, our study did not
detect any statistically significant differences in overall mental
health scores between students across different academic level
or sex. However, phobic anxiety was the only mental health
issue that was significantly different between genders. Students
at the externship level had higher GSI scores. This increase in
mental health problems among the students is understandable,
as it occurred during their clinical rotations in hospitals, where
they were exposed to diverse patient cases and experienced
various illnesses for the first time in their academic careers.
Facing such novel and potentially challenging situations can
reasonably be expected to take an emotional toll.

In previous studies, depression, stress, and anxiety are the three
most prevalent mental health issues among medical students
[7,11-13,15,26,27]. Cuttilan et al [13], who reviewed studies
from Asia in their meta-analysis, showed that 30% of Middle
Eastern students experienced depression. While our study found
a slightly lower prevalence, the difference could be caused by
the university environment, sample size, and social or climatic
differences. Nonetheless, the rate of depression remains
considerable. Aghajani Liasi et al [7], who studied the
prevalence of burnout and mental health at one of Tehran’s
universities, reported a 37% of depression among medical
students. They used the Depression, Anxiety, and Stress Scale

questionnaire to survey mental health. Therefore, despite being
of the same nationality, the main reason for the variation
between the findings of our study compared to those reported
by Aghajani Liasi et al may be due to differences in the
questionnaires.

Anxiety is one of the significant issues experienced by medical
students. A systematic review revealed the wide range of anxiety
prevalence across different countries (15.5%-70.0%) [27]. Our
study found an anxiety disorder prevalence of 19% among
students at Zanjan University of Medical Sciences; this places
our sampled student population in the lower quartile of anxiety
rates compared to the broader range reported by medical trainees
across the world.

Unlike the questionnaire used in our study (ie, SCL-90-R), many
previous studies on student stress have used the DASS scale
and reported high rates of stress among students. For example,
a meta-analysis found that 52.7% of medical students reported
significant stress during training [13]. Additionally, studies by
Aghajani Liasi et al [7] and Moutinho et al [28] reported stress
rates of approximately 30% and 47%, respectively within their
student samples, despite the differences in study populations.
While these percentages vary, these studies collectively highlight
that clinically significant stress is a widespread and impactful
issue for many students across educational contexts [7,28].
However, our study did not directly measure student stress,
which is a limitation compared to previous existing research.

Our study showed that although there was no statistically
significant difference in burnout scores between male and female
students, female students reported lower burnout levels in the
three burnout subscales compared to male students. Additionally,
students in later years of medical education reported higher
burnout levels than students in the initial phases. This indicates
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that the interns about to graduate showed higher burnout levels,
especially feeling emotionally drained.

The relationship between years of medical education and
burnout levels is interesting. While some studies have suggested
that burnout levels may increase with advancing years of
medical education due to prolonged exposure to stressors, the
evidence remains inconclusive [29,30]. This suggests that the
intense pressures of medical school take an cumulative toll.

Prior studies have found that medical students experience some
of the highest rates of burnout compared to other populations
[4,6,11,20]. However, findings regarding the relationship
between gender and burnout have been mixed [29,31-33]. There
was more evidence suggesting that male students are more likely
to face burnout than female students [6]. Therefore, it can be
concluded that the relationship between gender and burnout in
medical students may be influenced by various factors such as
the specific population, sample sizes, and the definition of
burnout used in the research.

Our study explored several potential influencing factors on the
three burnout dimensions in medical students, including mental
health status, gender, and academic level. These variables
significantly impacted emotional exhaustion, cynicism, and
academic efficacy scores. To date, no study had directly
examined the linkage between mental health disorders and
burnout in this population, representing a gap in understanding.
However, related research by Dyrbye et al [16] showed
associations between positive well-being and professionalism,
which burnout may undermine. Additionally, psychologists
have suggested that students with psychiatric conditions
demonstrate greater emotional exhaustion [17,18,34]. Notably,
in our analysis, mental health had a much more significant effect
on emotional exhaustion compared to the other burnout facets.
Other studies found students with higher burnout reported more
suicidal thoughts and behaviors [6,17,18,26,27,34,35].
Integrating those findings with our results suggests that mental
health could play an intermediary role between burnout and
suicidal risks. These interrelationships between wellness,
distress, and functioning highlight the need for more holistic
support to promote student resilience.

Limitations
This study has some limitations. The cross-sectional design
cannot determine causal relationships between variables.
Additionally, the convenience sampling and voluntary
participation could indicate that students with psychological

issues may have been less inclined to take part or answer
honestly. While different variables were recorded, others such
as physical activity, social support, and economic status, should
be investigated in future studies. Longitudinal follow-up studies
warrant a better understanding of mental health’s impact on
burnout trajectories.

Another limitation was the rate of female participation compared
to male participants for two reasons. According to the
university’s annual statistics, about 55% of students are women,
increasing the female sample rate in the convenience sampling
method. However, among the Iranian population, women are
more interested in psychological issues and experience
exhaustion about improving mental health, resulting in more
women participation in our study.

An additional limitation is the potential link between financial
issues, mental health, and burnout. Our survey did not include
detailed questions about participants’ financial situations, which
could have influenced their responses to other questions. To
partially address this, we included a question about place of
residence, which could indirectly reflect financial circumstances
and their possible effects on other survey responses.

Conclusion
The demanding nature of academic work and personal lives
faced by medical students can take a severe mental toll, leading
to burnout. Despite being educated on physical and
psychological health, students often neglect their own
well-being. This research confirms that mental health issues
directly contribute to students’ emotional exhaustion, cynicism,
and reduced feelings of academic self-efficacy. Both burnout
and psychological problems increase the risk of students
dropping out or deciding against careers as general practitioners
after graduation, resulting in wasted resources invested in their
training. Most alarmingly, if the society cannot ensure the mental
well-being of its future doctors, the overall population’s health
will suffer consequences. There is an undeniable connection
between medical trainees’health and the communities they will
serve. Fostering resilience and coping abilities in students must
be a key priority, as their personal health and capacity to provide
quality patient care in the future hinges on it. The findings of
this study highlight the prevalence of burnout and mental health
issues among medical students, underscoring the profound
importance of addressing this problem for the well-being of the
general population, who will rely on these future physicians for
care.
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Abstract

Introduction: Extracorporeal membrane oxygenation (ECMO) is a critical tool in the care of severe cardiorespiratory dysfunction.
Simulation training for ECMO has become standard practice. Therefore, Keck Medicine of the University of California (USC)
holds simulation-training sessions to reinforce and improve providers knowledge.

Objective: This study aimed to understand the impact of simulation training approaches on interprofessional collaboration. We
believed simulation-based ECMO training would improve interprofessional collaboration through increased communication and
enhance teamwork.

Methods: This was a single-center, mixed methods study of the Cardiac and Vascular Institute Intensive Care Unit at Keck
Medicine of USC conducted from September 2021 to April 2023. Simulation training was offered for 1 hour monthly to the
clinical team focused on the collaboration and decision-making needed to evaluate the initiation of ECMO therapy. Electronic
surveys were distributed before, after, and 3 months post training. The survey evaluated teamwork and the effectiveness of
training, and focus groups were held to understand social environment factors. Additionally, trainee and peer evaluation focus
groups were held to understand socioenvironmental factors.

Results: In total, 37 trainees attended the training simulation from August 2021 to August 2022. Using 27 records for exploratory
factor analysis, the standardized Cronbach α was 0.717. The survey results descriptively demonstrated a positive shift in teamwork
ability. Qualitative themes identified improved confidence and decision-making.

Conclusions: The study design was flawed, indicating improvement opportunities for future research on simulation training in
the clinical setting. The paper outlines what to avoid when designing and implementing studies that assess an educational
intervention in a complex clinical setting. The hypothesis deserves further exploration and is supported by the results of this
study.

(JMIR Med Educ 2025;11:e57424)   doi:10.2196/57424

KEYWORDS

intensive care unit; ICU; teamwork in the ICU; team dynamics; collaboration; interprofessional collaboration; simulation;
simulation training; ECMO; extracorporeal membrane oxygenation; life support; cardiorespiratory dysfunction; cardiorespiratory;
cardiology; respiratory; heart; lungs
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Introduction

Simulation training for extracorporeal membrane oxygenation
(ECMO) has become standard practice for reinforcing technical
skills, facilitating troubleshooting, and building teamwork [1].
ECMO is a critical tool in the care of severe cardiorespiratory
dysfunction among patients of all ages [1]. Within the intensive
care unit (ICU), ECMO is one of the most complicated therapies,
requiring not only extensive knowledge of cardiopulmonary
physiology and expertise with intricate circuit components but
also skills to rapidly respond to emergent situations [2].
Therefore, high-fidelity simulation trainings are critical to
practice skills and work through different emergency scenarios,
such as the blood pump falling from the drive unit [3]. A
randomized control study concluded that exposure to
high-fidelity simulated ECMO emergencies leads to significant
improvements in technical and behavioral skills among
clinicians. This study demonstrated that simulation training
creates a learning environment that replicates the clinical setting
and fosters acquisition of cognitive, technical, and behavioral
skills [4].

The Extracorporeal Life Support Organization, an international
nonprofit association of health care institutions focused on
ECMO research and education, recommends simulation training
didactic sessions, water drills, animal sessions, and bedside
training [5]. However, a randomized controlled trial published
in Critical Care Medicine compared traditional water drill with
simulation and found that simulation-based training is more
effective than traditional training [6]. Water-based drills do not
offer the same hands-on experience of real-time troubleshooting,
and the use of animals is expensive and complex [6].
Nevertheless, traditional and simulation-based training are both
beneficial to ECMO education. The benefits of simulation
training on reinforcing skills have been noted in the literature

[3,7-9]. Therefore, Keck Medicine of the University of
California (USC) has held ECMO simulation-training sessions
since 2013 for nursing education and 2021 for interprofessional
simulation to reinforce and improve providers knowledge and
hands-on skills in high-risk, low-frequency scenarios at no risk
to patients [6].

We implemented simulation-based ECMO training to improve
interprofessional collaboration through increased communication
and enhanced teamwork. Moreover, the intention of the
simulation training was to strengthen collaboration skills and
increase confidence in providers to work through emergency
scenarios. The specific aim of the study was to understand the
impact of our simulation training approach on interprofessional
collaboration. However, ICU staffing models impacted the
ability to execute the study design as intended. This paper
outlines the original study design, the challenges the research
team faced during the study, and the lessons learned to ensure
future studies mitigate the challenges posed by real-world ICU
operations. Our primary outcome shifted to the development
and validation of measurement tools and offers
recommendations for the evaluation of simulation approaches
in future studies.

Methods

Overview
This was a single-center, mixed methods study of the Cardiac
and Vascular Institute (CVI) ICU at Keck Medicine of USC
conducted from September 2021 to April 2023. The study was
designed to elicit quantitative feedback through an electronic
survey before and post a voluntary training simulation exercise,
and qualitative feedback from a participants via a series of focus
groups that incorporated self- and peer evaluations (Figure 1).
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Figure 1. Study design.

Participants
A census sampling strategy was used to recruit participants; in
other words, all trainees that participated in the training were
offered participation in the study. Participants included: (1)
trainee physician fellows and residents in the CVI ICU who
were offered attendance to the simulation training by their
program director, and (2) peer evaluators, including the CVI
ICU’s Medical Director, nurse manager, nurse clinical educator,
and lead respiratory therapist. Participant trainees attended a
single 1-hour simulation training with roles played by clinical
staff members from the CVI ICU, including an intensivist,
clinical nurse educator, and respiratory therapist. To be eligible
for the study, participants needed to be in a fellowship on
rotation at Keck Medicine of USC. Fellows were recruited by
intensivist leaders of the CVI from departments that rotated
through or interacted with the CVI ICU (Pulmonary Critical
Care Medicine, Cardiology, Anesthesia, Surgical Critical Care,
and Cardiac Surgery). All study recruitment took place via email
by the CVI Medical Director and Program Director to physicians
in fellowship based on department and rotation schedule from
pulmonary critical care medicine, surgical critical care medicine,
cardiac surgery, and cardiology.

Simulation Training
Simulation training was designed as part of the continuing
clinical education offered to the clinical team for 1-hour
monthly, where participants attended a single session.
Simulations were designed to focus on the interprofessional
collaboration and decision-making needed to evaluate a patient
for the initiation of ECMO therapy (Table S1 in Multimedia
Appendix 1). Initially, low-fidelity simulations were held in a

conference room using (1) a resuscitation training mannequin,
(2) simulated vital signs via a hospital patient monitor connected
to a rhythm simulator, (3) simulated intravenous access, (4)
simulated medications, and (5) emergency equipment. In January
2022, collaboration with the Keck School of Medicine
Simulation department allowed for training to be held in a
simulation lab with a high-fidelity simulation mannequin and
integrated simulation software LLEAP, version 8.5 from
Laerdal. The availability of a higher fidelity training
environment was meant to improve the training experience of
the learners.

Each training session began with an orientation to the simulation
environment and assigned roles. The scenario (Table S1 in
Multimedia Appendix 1) was created to include relative
contraindications to ECMO therapy and a potentially reversible
condition that led to a cardiac arrest requiring resuscitation.
Participants were assigned into roles of primary physician, code
blue response provider, and cardiac surgeon prior to entering
the simulation and entered the scenario when prompted by the
facilitator or requested during the simulation by another
participant. The patient was introduced to the learners as a
65-year-old female in-patient on a hospital cardiac telemetry
unit with a past medical history of coronary artery disease,
congestive heart failure, and peripheral vascular disease. The
simulation began when a facilitator in the role of the patient’s
nurse requested help from a participant. The simulated patient
was initially responsive with complaints of palpitations and
shortness of breath with intermittent ventricular tachycardia
displayed on the cardiac monitor. The simulated patient then
became unresponsive in persistent ventricular tachycardia, and
the imbedded facilitator activated the resuscitation team. When
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the simulated patient’s cardiac rhythm changes, the participants
performed the roles of a code blue response, including
coordinating the resuscitation, performing a simulated
echocardiograph, and performing simulated invasive procedures
including endotracheal intubation, arterial line insertion, and
central line insertion. The participants collaborated to identify
the candidacy of the simulated patient for ECMO therapy and
proceeded to participate in a moderate-fidelity mock cannulation
with ECMO training equipment. The participant in the surgeon
role chose a method and site of cannulation for the simulated
patient, and a practice ECMO circuit was connected to the
simulator. Participants proceeded to respond and troubleshoot
as the patient was set to be initially unstable during the transition
to ECMO support. The simulated patient remained in ventricular
tachycardia, and the participants were required to decide whether
to continue attempting interventions, including, for example,
chest compressions, medication, and defibrillation once the
patient was placed on ECMO. The simulation ended when the
patient was stabilized on ECMO and the participants decided
to transfer the patient to the ICU. Areas of safety concern
(Figure S1 in Multimedia Appendix 2) were emphasized in the
training as points for communication to consider the decision
to initiate ECMO with an unstable patient. A postsimulation
debriefing session was facilitated by the simulation faculty.

Qualitative Approach
To understand the social environment factors the simulation
training impacted, a total of 12 qualitative focus groups were
planned (Figure 1). The 12 interviews were divided into 6 focus
groups with the trainee attendees of the simulation training as
a self-evaluation and 6 focus groups with colleague participants
as a peer evaluation (Figure S2 in Multimedia Appendix 3).
Each focus group was designed to have 2‐4 participants. The
study was designed to use the same peer evaluators for each
peer evaluation focus group for the study duration. Each peer
evaluation focus group was meant to target the evaluation of
the individuals in the 6 simulation cohorts with a total of 4 peer
participants. The focus groups were designed to be a duration
of 30 minutes. Questions were developed to assess how the
simulation training impacted the trainees’ practice related to
collaboration and teamwork (Table S3 in Multimedia Appendix
4). Questions were reviewed by the study expert in mixed
methods study application.

Interviews were conducted by the simulation facilitators
experienced in ECMO therapy and simulation education.
Sessions were recorded using the Voice Memo application
(Apple, Inc.). Once the focus groups were completed, the
simulation facilitators sent the audio file to the data management
author for transcription. The transcribed focus group sessions
were de-identified, then uploaded and stored to a HIPAA (Health
Insurance Portability and Accountability Act)-compliant
Microsoft OneDrive. All audio and video files containing
identifiers were deleted following transcription. Transcription
documents were reviewed and coded for key themes using
grounded theory methodology, an iterative process that will
identify conceptual categories emerging from the comparative
analyses of the data.

Quantitative Approach
An electronic survey was distributed with a QR code in person
and electronically via email using Qualtrics XM software
version December 2019. A total of 49 questions were posed to
trainees across the pretraining, posttraining, and 3-month
posttraining questionnaires (Table S2 in Multimedia Appendix
5). Teamwork-focused questions were obtained from the
validated Mayo High Performance Teamwork scale (16
questions) [10]. The remaining questions regarding the
effectiveness of training were devised using the Kirkpatrick
Training Evaluation Framework as a basis for query design
[11]. The study biostatistician performed a psychometric review
to assess the validity and reliability of the survey questions. The
use of existing validated tools ensured high reliability and
validity of the teamwork elements of the survey tool [10].
Additionally, field tests (1 MD, 2 RNs, and 1 RT) of the survey
tool showed an average survey duration of 7 minutes or less
and promoted consistent comprehension of the study questions
across individuals.

Exploratory factor analysis was conducted to assess questions
reflecting underlying factors. The number of factors included
in the final model was determined by eigenvalue and Scree plot.
In the final factor pattern table, questions with a value>0.4 were
considered well loaded for the factor. The Validated Mayo High
Performance Teamwork scale (16 questions) was used as a sum
score as recommended by the study [10]. Secondary outcomes
analysis included department-level patient mortality, average
device days on ECMO, decannulation percentage, and
percentage of staff that had simulation training.

Ethical Considerations
The study was approved by the University of Southern
California institutional review board (UP-21-01021). Prior to
participation, all study participants were required to sign an
informed consent form, thereby confirming their voluntary
engagement in the survey process. The study data were
anonymous.

Results

A total of 37 trainees attended the training simulation from
August 2021 to August 2022. However, only 7 trainees opted
to participate in the qualitative portion of the study. Due to lack
of participant engagement, mid-study the study design was
amended to increase study participation (Figure 2). The
quantitative approach remained as originally designed; however,
the analysis approach was done descriptively due to the inability
to compare pre- and postsurvey results on an individual basis.
In other words, survey analysis aggregated all preresponses and
then postresponses to compare the pregroup and postgroup
responses. The qualitative approach shifted to trainee
participants attending a total of 2 focus groups, an initial
self-evaluation immediately following simulation and a 1-month
post-program reflection if they were available (Figure S3 in
Multimedia Appendix 6).
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Figure 2. Amended study design.

Qualitative Approach
A total of 4 focus groups were conducted between January 2022
and August 2022 including 2 trainee self-evaluations (n=7)
immediately post the training simulation and 2 peer evaluations
2-months post-training evaluation with the group of 4 peers.
Focus groups for participants between August 2021 and
December 2021 were not coordinated due to lack of trainee
engagement in study participation. The 2 peer focus groups held
highlighted an issue in trainee exposure with the peer team.
Peer participants noted that they had limited clinical working
exposure to the trainees being evaluated due to the nature of the
fellow’s rotation in the ICU. Meaning, peers did not have any
recollection of working with the trainees prior to and following
the simulation training to provide an appropriate evaluation of
their skills in teamwork during ECMO therapy decision-making.
In other words, peers remembered a trainee prior to or following
the simulation, but not both. The 2 trainee self-evaluations that
occurred highlighted themes that showed the simulation training
benefited the trainees, including that the simulation training
resulted in (1) working together as a stronger and more confident
team because of simulation and (2) the creation of a space to
improve communications, decision-making, and express
concerns (Table S5 in Multimedia Appendix 7).

Quantitative Approach
All trainees were asked to complete the pre-, immediately post-,
and 3-month surveys as part of the simulation training

experience. There were a total of 37 entries recorded for the
pre-survey, yielding a 100% response rate. Of those entries, 9
records were excluded due to lack of record ID or mismatching
question numbers, leaving 28 entries for analysis. There was a
total of 35 entries recorded for the postsurvey, yielding a 95%
response rate. Following data cleaning, 9 records were excluded,
leaving 26 postsurvey entries for analysis. There were a total
of 2 entries for the 3-month posttraining survey, yielding a 5.4%
response rate. The 3-month postsurvey results were excluded
from analysis due to the low response rate. Table S4 in
Multimedia Appendix 8 details the survey results of each
question.

Questions posed in the post-survey focused on assessing levels
1 (reaction) and 2 (learning) of the Kirkpatrick Training
Evaluation Framework demonstrated a high level of agreement
for positive postsimulation training impact (Figure 3).
Additionally, an increase in knowledge and understanding were
noted descriptively when comparing the pre- and postresponses
of the survey (Table S4 in Multimedia Appendix 8). For
example, question “I understand the mechanism for activating
ECMO at Keck Hospital” in the presurvey 46% of respondents
agreed or strongly agreed to the statement compared to the
postsimulation training survey where 100% of participants
responded with a level of agreement. Levels 3 (impact) and 4
(results) of Kirkpatrick’s framework were unable to be assessed
due to the low response rate for the 3-month postsimulation
survey.
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Figure 3. Posttraining impact. ECMO: extracorporeal membrane oxygenation.

The Mayo Teamwork Scale was used to understand changes in
the trainee’s perspective on teamwork before and after the
simulation training. The 16 focused teamwork questions
demonstrated a positive shift in teamwork ability; that is, in the
presurvey participants had a 71% average response on
performing each question consistently, postsurvey showed an
increase of the average to 95% consistently.

Exploratory Factor Analysis
An exploratory factor analysis was conducted to validate the
use of the survey in evaluating the effectiveness of team training
in ECMO simulation (Table 1). Entries with missing questions
were excluded from the factor analysis; that is, only records
with all questions answered were used. A total of 28 data points
were available in the presurvey and 26 for the postsurvey. For

the factor analysis, 0.4 was used as the cutoff. For the Mayo
High-Performance Teamwork scale, 23 records were collected
with a mean sum score of 26.87 (SD 6.41) at the presurvey and
21 records at the postsurvey with a mean sum score of 31.1 (SD
1.88). For the presurvey, we asked six 5-likelihood questions.
Using 27 records for exploratory factor analysis, only 1 question,
“Q5,” did not reflect the underlying factor. Standardized
Cronbach α was 0.686 when using all 6 questions. After
excluding Q5, the standardized Cronbach α is 0.717. For the
postsurvey, 26 records were used for analysis with 3 factors.
Standardized Cronbach α was 0.919 when using all 15 questions.
For questions from the Mayo High-Performance Teamwork
scale, 21 records were used for analysis with a mean sum score
of 31.1 and a SD of 1.88.
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Table . Exploratory factor analysis.

Factor 3Factor 2Factor 1

Presurvey

——b0.5561. Please rate the following
statements—I understand
the mechanism for activat-

ing ECMOa at Keck Hospi-
tal

——0.7552. Please rate the following
statements—I understand
my role in a bedside cannu-
lation

——0.7233. Please rate the following
statements—I feel comfort-
able using the ECMO
equipment specific to my
role

——0.4784. Please rate the following
statements—I feel comfort-
able using the 2-challenge
rule

——0.2015. Please rate the following
statements—I feel confident
to voice concerns to leader-
ship during a critical situa-
tion

——0.4176. Please rate the following
statements—I trust my col-
leagues to perform the pro-
cesses of care needed to de-
liver ECMO care

Postsurvey

—0.880—1. Please rate the following
statements—I understand
the mechanism for activat-
ing ECMO at Keck Hospital

—0.602—2. Please rate the following
statements—I understand
my role in a bedside cannu-
lation

0.412——3. Please rate the following
statements—I feel comfort-
able using the ECMO
equipment specific to my
role

—0.4560.5434. Please rate the following
statements—The initiating
team communicates efficient-
ly during a bedside cannula-
tion

0.659——5. Please rate the following
statements—I feel comfort-
able using the 2-challenge
rule

—0.705—6. Please rate the following
statements—I feel confident
to voice concerns to leader-
ship during a critical situa-
tion
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Factor 3Factor 2Factor 1

——0.8517. Please rate the following
statements—I found this to
be an effective use of my
time

——0.8138. Please rate the following
statements—I found the
content was relevant to my
job

——0.9279. Please rate the following
statements—My learning
was enhanced by this train-
ing

——0.89110. Please rate the following
statements—This training
improved my ability to deliv-
er ECMO care

——0.84411. Please rate the following
statements—I would recom-
mend attending this training
session to a colleague

——0.91612. Please rate the following
statements—I feel I gained
essential teamwork skills
needed to deliver ECMO
care

0.670—0.53213. Please rate the following
statements—I feel confident
in my ability to deliver EC-
MO care

——0.69514. Please rate the following
statements—I understand
my role and responsibilities
to deliver ECMO care

——0.78815. Please rate the following
statements—I trust my col-
leagues to perform the pro-
cesses of care needed to de-
liver ECMO care

aECMO: extracorporeal membrane oxygenation.
bNot applicable.

Triangulation of Quantitative and Qualitative Results
Applying procedures of convergent mixed methods design, we
converged the quantitative and qualitative results that were
obtained separately to obtain a nuanced understanding of the
core research aims. The themes identified of teamwork and

improved communication in the qualitative analysis were
supported by the quantitative survey results (Tables 2 and 3).
Qualitative subthemes were supported by the positive shift
observed descriptively from the pre- compared to the
post-simulation training survey results.
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Table . Triangulation of quantitative and qualitative results between frequently endorsed survey items and themes emerging from postsimulation focus
groups (part ).

Qualitative themeDisagree level (Strong-
ly Disagree + Dis-
agree),

Neither agree nor dis-
agree, %

Agree level (Strongly
Agree + Agree), %

Question

Working together as a
stronger and more con-

I understand the mechanism for activating ECMO a at Keck Hospital

fident team because of
simulation

361846Prestimulation

00100Poststimulation

Working together as a
stronger and more con-

I understand my role in a bedside cannulation

fident team because of
simulation

304823Prestimulation

00100Poststimulation

Working together as a
stronger and more con-

I feel comfortable using the 2- challenge rule

fident team because of
simulation

68294Prestimulation

151569Poststimulation

Working together as a
stronger and more con-

I feel confident to voice concerns to leadership during a critical situation

fident team because of
simulation

111178Prestimulation

0496Poststimulation

Creating a space to im-
prove communications,

00100I found this to be an effective use of my time
(poststimulation)

decision-making, and
express concerns via
simulation

Creating a space to im-
prove communications,

00100I found the content was relevant to my job
(poststimulation)

decision-making, and
express concerns via
simulation

Creating a space to im-
prove communications,

0496My learning was enhanced by this training
(poststimulation)

decision-making, and
express concerns via
simulation

Creating a space to im-
prove communications,

0496This training improved my ability to deliver
ECMO care (poststimulation)

decision-making, and
express concerns via
simulation

Creating a space to im-
prove communications,

0496I feel I gained essential teamwork skills needed
to deliver ECMO care (poststimulation)

decision-making, and
express concerns via
simulation
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Qualitative themeDisagree level (Strong-
ly Disagree + Dis-
agree),

Neither agree nor dis-
agree, %

Agree level (Strongly
Agree + Agree), %

Question

Creating a space to im-
prove communications,
decision-making, and
express concerns via
simulation

01585I feel confident in my ability to deliver ECMO
care (poststimulation)

Creating a space to im-
prove communications,
decision-making, and
express concerns via
simulation

0892I understand my role and responsibilities to deliv-
er ECMO care (poststimulation)

Working together as a
stronger and more con-
fident team because of
simulation

0092I trust my colleagues to perform the processes
of care needed to deliver ECMO care (poststim-
ulation)

aECMO: extracorporeal membrane oxygenation.

Table . Triangulation of quantitative and qualitative results triangulation between frequently endorsed survey items and themes emerging from
post-simulation focus groups (part 2).

Qualitative theme% Consistently% Inconsistently% Never or rarelyQuestion

Working together as a
stronger and more con-
fident team because of
simulation

A leader is clearly recognized by all team members

59410Prestimulation

83170Poststimulation

Working together as a
stronger and more con-
fident team because of
simulation

Each team member demonstrates a clear understanding of his or her role

63370Prestimulation

9280Poststimulation

Working together as a
stronger and more con-
fident team because of
simulation

The team prompts each other to attend to all significant clinical indicators throughout the procedure or intervention

74260Prestimulation

9280Poststimulation

Working together as a
stronger and more con-
fident team because of
simulation

Disagreements or conflicts among team members are addressed without a loss of situation awareness

70300Prestimulation

9640Poststimulation

9640Poststimulation

10000Poststimulation

Discussion

Principal Findings
This study was designed to evaluate the impact of ECMO
therapy simulation training, specifically focused on enhancing
teamwork and communication. The study was successful in

validating the survey for future use in assessing the effectiveness
of ECMO simulation training in improving teamwork and
communication. However, while rigorous and well thought out
in design, clear flaws were identified that need to be addressed
in future attempts to study this type of simulation exercise. We
outline the limitations of the study with recommendations for
research with the intention to share what to avoid when
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designing and implementing studies that assess a clinical
education approach in a complex clinical setting. We provide
a unique validated tool to assess teamwork and collaboration
across clinical disciplines during ECMO therapy, where existing
evidence assesses the impact of simulation approaches on
knowledge.

Strengths and Limitations
First, the original focus of the study targeted physician fellows
and residents from various clinical teams that practice in the
CVI unit. An assumption was made in the study design that
peer evaluators would have enough interaction with trainees
before and after the simulation training to evaluate changes in
their behavior. Due to the nature of the rotation of this
participant population, the peers were unable to assess any
impact. Additionally, the rotation of the trainees contributed to
difficulty in follow-up for study participation in both the
quantitative and qualitative aspects of the study. Only 2
responses were received for the 3-month postsimulation training
survey, and the qualitative study was altered midstudy to garner
more participation in study focus groups. The team was unable
to obtain commitment from trainees for the 2-month and
5-month planned focus groups and amended the study for a
trainee self-evaluation focus group immediately following the
simulation training and 1 month post. The study team was unable
to coordinate the 1-month post–focus group due to a lack of
availability of the fellow and resident trainees. The lack of
participation led to the inability to assess levels 3 and 4 of the
Kirkpatrick Training Evaluation Framework [11]. Additionally,
the lack of participation reduced the validity of the qualitative
data obtained in the focus groups. To generalize the qualitative
results of the study, the original target of 6 simulation cohorts
with a total of 4 peer participants each would be necessary. We
suggest future studies alter the study design to broaden study
participants to the entire interprofessional team to ensure the
target participant enrollment and focus groups are reached.
Second, the trainee rotation also did not guarantee exposure of
the trainees to ECMO cannulation postsimulation training to
practice the technical skills gained from the simulation training.
Third, quantitative results demonstrated there is merit to this
training simulation approach. Where there were positive shifts
from pre- compared to postsimulation training survey results.
However, we were unable to calculate statistical significance
in pre- and postresponses due to survey collection methods.
Survey participation was anonymous and a routine part of the
simulation training program. We were unable to align individual
pre- and postsurvey responses to apply this statistical strategy
or follow up with specific trainees that missed questions. Fourth,
although the trainees had a qualitatively and quantitatively
favorable response in ECMO initiation following the simulation
exercise per survey results, the study did not conclusively
demonstrate their ability to actively use that attained knowledge
beyond the original simulation date given the lack of actual
cannulations and, again, being observed by staff who could
claim that teamwork was significantly improved in future
interactions. Lastly, the study team anticipated a larger sample
of participants, but the recruitment challenges, focus on
physician fellows and residents, and staff shortages due to the

impact of the COVID-19 pandemic were severe limitations of
the study.

Despite these limitations, the quantitative survey results
descriptively highlighted the positive impact on the trainees.
Level 1 questions of the Kirkpatrick Training evaluation [11]
were met with a strong level of agreement, with no level of
disagreement responses (Figure 1). Additionally, each of the
level 2 questions shifted to a higher level of agreement post the
simulation training. The same was true for the responses to the
Mayo Teamwork Scale, where each response shifted to more
consistent teamwork behavior pre- and postsimulation training
(Table S4 in Multimedia Appendix 8).

We know team-based interprofessional care has historically
demonstrated gains in positive patient outcomes in the ICU and
is seen as the solution to reduce medical errors and poor quality
[12-15]. Moreover, a key component of ECMO care is
interprofessional collaboration, as it requires a large and
multifaceted team of providers collaborating to carry out
complementary tasks to one another [16]. Simulation-based
team training can cultivate and preserve interprofessional
teamwork and communication [16]. However, collaboration
across the care team is not a standard topic covered in clinical
curriculum [13,15]. We believe our survey results support the
merit of our teamwork-focused simulation training approach
and its ability to foster a higher level of collaboration when the
clinical team is faced with deciding to initiate ECMO therapy
in the cardiac and vascular patient population. These findings
highlight the importance of simulation training from other
innovative ways of ECMO skills training, such as game-based
mobile apps, which might not cultivate a teamwork approach
to the same extent [17]. This approach could be applied to
supplement the lack of practical teamwork focus in today’s
clinical curriculum.

Despite the identified limitations, the study underscored several
positive aspects of ECMO simulation training. The quantitative
survey results notably revealed a significant positive impact on
the trainees. Level 1 questions of the Kirkpatrick Training
evaluation demonstrated a strong level of agreement without
any disagreement responses, indicating a high degree of
satisfaction with the training (Figure 1). Furthermore, each of
the level 2 questions exhibited a shift towards higher levels of
agreement postsimulation training. Similarly, responses to the
Mayo Teamwork Scale demonstrated a consistent improvement
in teamwork behavior before and after simulation training (Table
S4 in Multimedia Appendix 8). This reaffirms the notion that
team-based interprofessional care, a cornerstone in ICU settings,
can lead to enhanced patient outcomes and reduced medical
errors. The study’s focus on cultivating interprofessional
collaboration through simulation-based training aligns with the
demands of ECMO care, which relies heavily on coordinated
efforts among various health care professionals. These findings
highlight the effectiveness of the teamwork-focused simulation
training approach in preparing clinical teams to make critical
decisions regarding ECMO therapy in the cardiac and vascular
patient population. Moreover, they emphasize the importance
of incorporating such training into clinical curricula to ensure
a holistic approach to health care education. The study’s insights
pave the way for future research endeavors to further explore
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and refine the application of simulation training in improving
teamwork and patient outcomes in complex clinical settings.
By addressing the outlined recommendations and leveraging
innovative approaches, such as virtual reality simulation, the
medical community can continue to advance ECMO care
delivery and interprofessional collaboration, ultimately
enhancing patient care outcomes.

Future research may build upon the learning of this study to
strengthen the understanding of a teamwork-focused simulation
approach. We would encourage implementation of the following
and plan for our future studies to include (1) continuing the
study with the entire interprofessional team, using the survey
to build on exploratory factor analysis that validated the survey
questions and provide a confirmatory factor analysis to validate
results; (2) emphasize established continuity with the learners
and the peer evaluators in the study design to mitigate the limited
interactions with the study participants outside of the actual
simulation and during their clinical rotation; (3) training
operational staff participating in gathering data on best practices
of data collection for operations and research; (4) the team

would encourage incorporating and evaluating the impact of
the results on patient outcomes. Answering if patient outcomes
improved with increased teamwork and collaboration of the
interprofessional team. This would require a larger sample size
of trainees involved in simulation training.

Conclusions
We were challenged with the reality of executing a research
protocol in a highly complex health care environment, for
example, clinician availability, time, response, ability for
follow-up, change in protocol, data collection from clinical staff,
etc. While these difficulties altered our study approach, the
study team believes the design attempted in this study had merit
in understanding the impact of a teamwork-focused ECMO
simulation approach. We would encourage the medical
community to build on the strengths of the design, fortify the
weaknesses, and continue to emphasize the need for simulation
training to improve ECMO care delivery and teamwork in the
clinical setting. Especially as the field of simulation training
continues to expand into new mediums like virtual reality [18].
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Abstract

Background: Appropriate antithrombotic drug use is crucial knowledge for pharmacy students.

Objective: We sought to compare the inverted classroom (IC) approach to a traditional question-and-answer educational approach
with the aim of enhancing pharmacy students’ engagement with a case-study course on antithrombotic drug use.

Methods: Third-year PharmD (Doctor of Pharmacy) students from Paris Cité University were randomly assigned to control
(n=171) and IC (n=175) groups. The latter were instructed to read and prepare the preprovided course material 1 week before
the in-class session to assume the instructor role on the target day, whereas students of the control group attended a traditional
case-study course carried out by the same instructor. All students completed pre- and posttest multiple-choice questions surveys
assessing their knowledge levels as well as stress, empathy, and satisfaction questionnaires.

Results: A significantly higher participation rate was observed in the control group (93/171, 54%) compared to the IC group
(65/175, 37%; P=.002). Women (110/213, 52%) participated more than men (48/133, 36%; P=.002) whatever the group was.
Students’ knowledge scores from both groups had similar results with no difference neither in the prescore (1.17, SD 0.66 and
1.24, SD 0.72 of 5, respectively) nor in the short-term knowledge retention (2.45, SD 0.61 and 2.35, SD 0.73, respectively). The
IC approach did not increase student stress or enhance their empathy for the instructor. It increased the preclass workload (P=.02)
and was not well received among students.

Conclusions: This study showed that the traditional educational approach remains an efficient method for case-study courses
in the early stages (ie, third-year) of the 6-year PharmD curriculum, yet dynamic methods improving the active role of students
in the learning process are still needed.

(JMIR Med Educ 2025;11:e67419)   doi:10.2196/67419

KEYWORDS

antithrombotic drugs; case-study course; inverted classroom; pharmacy students; traditional educational approach; medical
education

Introduction

The French Regional Centers of Pharmacovigilance recently
revealed that 8.5% of hospital admissions of 141 short-stay
specialist medical wards randomly selected in 69 public
hospitals, were related to adverse drug reactions [1].
Antithrombotic drugs were involved in 11.6% of the cases,
placing them in second place right behind antineoplastic drugs.

Some of the adverse drug reactions (mainly bleeding) were
considered to be preventable because the drugs had not been
used per the summary of product characteristics or guidelines
[2]. In the French health care system, antithrombotics are mainly
available in pharmacies, and for some also on websites but under
the responsibility of a pharmacist. Pharmacists, particularly
community-based pharmacists, are easily accessible health care
professionals [3]. They are experts in drug therapy use, assessing
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each patient through observation, dialogue, and consideration
of clinical indicators. They are involved in monitoring the
patient’s compliance with treatment as well as their response
to drug therapy through regular follow-up. This allows for the
early detection of adverse effects or drug misuse. Therefore,
pharmacist intervention should have a positive impact on the
management of patients on antithrombotic therapy. All the above
reasons makes the optimal use of antithrombotic drugs of utmost
importance to learn for pharmacy students to prevent
iatrogenesis.

In France, the PharmD (Doctor of Pharmacy) curriculum
consists of a 6-year course. Three teaching models are used
mainly: the lecture-based classroom, the case-study class, and
the practical session. Case-study class is a hands-on approach
to learning that involves presenting realistic scenarios and helps
students to apply theoretical knowledge in clinic-like settings
and attain a high-order cognitive level per Bloom’s taxonomy
[4]. The instructor asks students to participate in the case study
analysis and discussion. This method favors the development
of a deep understanding of the subject and avoids passive
note-taking in students. However, this objective is not
necessarily always reached. Since its introduction in 2000, the
inverted classroom (IC) approach, switching away from the
traditional educational approach for the lecture-based classroom,
literally inverts the focus per Bloom’s taxonomy: the bottom
parts of the taxonomy (ie, understand and memorize basic
concepts) are reserved for student self-instruction through
readings, short recorded video, audio lectures, etc, while the
class time is focused on the upper parts of the taxonomy (ie,
analyze, justify a stand, and create original work). The IC
approach has been increasingly studied in health professions
students’ education including pharmacy school [5-17]. These
studies reported a positive impact of this approach on students’
knowledge and skills in most of the cases in comparison to
lecture-based courses [8-11,13,14,18-24]. It has been introduced
into various courses including pharmacotherapy,
pharmacokinetics, pharmaceutical calculations, pharmacy
practice, and others [7,12,25-32]. That said, the added value of
the IC approach has rarely, if at all, been tested for case-study
courses in pharmacy education. Hence, we sought to conduct a
monocentric study investigating the added value of an IC
approach in a case-study course during the PharmD curriculum
at Paris Cité University. In this IC approach, students received

the course material before the in-class session and were asked
to prepare it and assume the role of the instructor on the target
day. We aimed to assess knowledge acquisition, preclass
workload and students’ self-assessment of their stress, empathy,
and global satisfaction. It was hypothesized that the IC approach
would lead to improved outcomes compared to the traditional
question-and-answer educational approach.

Methods

Ethical Considerations
This study was approved by the Institutional Review Board and
Ethics Committee of Paris Cité University (00012023‐20) and
all procedures were performed per the Helsinki Declaration.
Students were completely free to participate or not in this study.
They were informed that neither participation nor
nonparticipation in this study would influence their passing of
this course or their grades. The participants were also informed
about the option to withdraw from this study at any time.
Informed consent was obtained from all the students who
participated in this study. They were not paid for their
participation. Collected data were anonymously analyzed.

Participants
We conducted this study at the faculty of Pharmacy of Paris
Cité University in March 2023 (2022/2023 academic year). The
participants were in the spring semester of the third year of the
PharmD curriculum. At the beginning of the semester, students
had basic courses on hemostasis (physiology and pathology)
and thrombosis. During the month preceding the case-study
course, they also had 3 lecture-based courses for a total of 4
hours on antithrombotic drugs. The recordings of the lectures
were then available on a teaching platform (“Moodle”). The
90-minute case-study course on antithrombotic drug use entailed
16 groups consisting of about 20 to 22 students each, which
were randomly assigned to the groups by the office of student
affairs of the faculty of Pharmacy without any influence from
the instructor. Therefore, a randomized assignment can be
assumed. Students were highly required to respect their group
assignment. Each time, 2 groups assisted simultaneously in one
course, thus the course was repeated 8 times by the same
instructor. Participants were assigned to 2 major groups: the
control group and the IC group (Figure 1). Attendance was not
mandatory.
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Figure 1. Overview of this study’s design. IC: inverted classroom; MCQ: multiple-choice question.

Study Design and Procedure
Three weeks before the case-study course, the instructor
informed all the students about the concept of the IC approach
and this study’s process in addition to the importance of their
engagement in the learning process. A summary of the process
was also posted on Moodle. Students were informed that half
of them would be assigned to the IC group where they would
receive the course material for preparation 1 week before the
in-class session to take the role of the instructor on the target
day. The course material was delivered as a PDF document of
a PowerPoint (Microsoft Corp) presentation (encompassing 63
slides) file via Moodle. The same course material was used in
both approaches. The courses took place on Monday and
Tuesday. One week separated the courses of the control from
the IC groups.

Six cases concerning various clinically relevant scenarios were
included in this course in addition to some incorporated slides
to review and emphasize selected foundational concepts. They
were centered on the most relevant aspects of antithrombotic
drug use in different clinical settings: (1) treatment of pulmonary
embolism associated with proximal deep vein thrombosis in a
posttrauma patient aged 63 years; (2) prevention of thrombotic
events postelective knee replacement surgery in patient aged
78 years; (3) treatment of pulmonary embolism that occurred
under combined pill contraception in a woman aged 20 years;
(4) prevention of thrombotic events in an acutely ill medical

patient aged 80 years; (5) prevention of stroke and systemic
embolism in a patient aged 82 years with atrial fibrillation and
renal insufficiency; and (6) antithrombotic treatment of
myocardial infarction in a patient aged 54 years. Each case was
accompanied by a set of standardized questions about
antithrombotic treatment decisions and adequate monitoring.
Students in the control group attended a case-study course
carried out by the instructor with a traditional
question-and-answer approach, whereas students in the IC group
took on the role of the instructor and were able to recall basic
concepts or add details to the course material freely. Two to
three students were randomly asked to present and discuss 1 of
the 6 cases on the target day. By doing so, students were able
to draw on each others’ knowledge and understanding. The
instructor added details, provided guidance, clarity and feedback
whenever required during the progress of the students’
presentation and summarized the main features at the end of
each case. The classes in the control and IC groups were
conducted by the same experienced instructor who is familiar
with the content and organization of the case-study course to
guarantee the consistency of the teaching content and objectives
in the 2 educational approaches. This study’s design and
progress are illustrated in Figure 1.

Data Collection
On the target day, students in both control and IC groups were
asked to complete a pretest (ie, at the beginning) and a posttest
(at the end) survey (Multimedia Appendix 1): it consisted of
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the same 5 multiple-choice questions (MCQs) to be completed
within 5 minutes, then collected in an identified way (ie,
including the student name, and the date and the hour of the
questionnaire completion) to pair pre- and posttest scripts.
Questionnaires were anonymized by a secretary and corrected
afterward by an independent assistant instructor. Another
5-minute survey assessing the stress in the week preceding the
in-class course (thus assessing how they were affected from the
moment they knew which group they belonged to till the target
day) was also completed by all the students at the beginning of
the course. At the end of the course, students were asked to
complete 2 additional surveys, 1 assessing their empathy for
the instructor and the other their global satisfaction. The first
consisted of rating 3 items by a 7-point Likert scale (1=strongly
disagree, 2=disagree, 3=somewhat disagree, 4=neutral,
5=somewhat agree, 6=agree, and 7=strongly agree). The second
included 3 questions regarding the preclass workload associated
with the educational approach and the related students’
perception, and 6 others linked to the students’ satisfaction with
the course objectives, course material, in-class progress, and
educational approach. Surveys were built based on previously
validated assessment tools [33-35]. Stress, empathy, and
satisfaction surveys (Multimedia Appendices 2-4) were filled
out anonymously. Students were not allowed to keep a copy of
the different surveys nor to take a photo of these documents.

Statistical Analysis
The distribution of the data was evaluated using the
Shapiro-Wilk test. The percentage of participation was compared
between groups and sexes using a 2-way ANOVA followed by

the 2-stage setup method of Benjamini, Krieger, and Yekutieli
[36] for multiple comparisons. The results of the pre- and
posttest MCQs were compared for statistically significant
differences using the nonparametric Wilcoxon matched-pairs
signed rank test. The preclass workload was compared between
the 2 groups using the Mann Whitney test. The data relative to
the empathy and stress self-assessment were compared between
both groups using chi-square test whereas those relative to
satisfaction were analyzed using the Fisher exact test. Error
probability with a P value less than .05 was considered
significant. Statistical analysis and graphical representation
were performed using GraphPad Prism (version 10.0.2,
GraphPad Software, Inc).

Results

Participants Characteristics
In this study, 346 third-year adult students (women: n=213,
62%; men: n=133, 38%) were randomized. As attendance is
not mandatory, only 46% (n=158) attended the in-class session.
All of them took part in this study. Ninety-three (women: n=70,
75%; men: n=23, 25%) were in the control group whereas 65
(women: n=40, 62% women; men: n=25, 38%) were in the IC
group (Table 1). A significantly higher participation rate was
observed in the control group (93/171, 54%) compared to the
IC group (65/175, 37%; P=.002). Women (110/213, 52%)
participated more than men (48/133, 36%; P=.002) in the
case-study course no matter the allocation group. No other
demographic information regarding the students was collected.

Table . Characteristics of the participants. Absolute numbers with the percentages concerning the corresponding randomized participants are reported.
Women participated more than men in the case-study course whatever the group was (P=.002) and a significantly higher participation was observed in

the control group compared to the ICa group (P=.002).

TotalIC groupControl groupSex

Randomized participants

1337855Men

21397116Women

346175171Total

Effective participants, n (%)

48 (36)25 (32)23 (42)Men

110 (52)40 (41)70 (60)Women

158 (46)65 (37)93 (54)Total

aIC: inverted classroom.

Pre- and Postclass Knowledge Survey
On the target day, the in-class session started for both groups
with a 5 MCQ survey for 5 minutes to assess the students’
readiness to discuss cases and stimulate the recall of knowledge
learned before the case-study course. Questions were on the
“take-home messages” related to antithrombotic drug use in
real-life clinical settings. These MCQs also help students to
identify their possible misconceptions at the beginning of the

course. The mean and SD of the prescore (out of 5) did not
differ between the control group (1.17, SD 0.66) and the IC
group (1.24, SD 0.72; Figure 2). To evaluate the students’
short-term knowledge retention, the same survey was completed
immediately after the class. The mean score improved from the
prescore (P<.001), in both the control group 2.45 (SD 0.61) and
the IC group 2.35 (SD 0.73; Figure 2). Knowledge improvement
was comparable in students from both groups.
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Figure 2. Pre- and postclass knowledge assessment survey per group. Five multiple-choice questions were completed by the control (circles, n=93)
and IC (squares, n=65) groups before (semiclosed symbols) and after (open symbols) the completion of the case-study course. Red bars reflect median
values with IQRs. Students’ scores significantly increased (P<.001) at the end of the course in both groups. No difference in the scores was observed
neither at the beginning nor at the end of the course between the 2 groups. IC: inverted classroom.

Stress Self-Assessment
Apart from the preclass knowledge assessment survey, students
in both groups completed a stress survey at the beginning of
the class during 5 minutes. Questions related to sleep disorders,
nervousness, fear, panic, and annoyance during the week
preceding the in-class course were completed (Figure 3).

Although approximately 50% of the students reported sleep
disorders and a feeling of fear during the week preceding the
in-class session, no significant difference was observed between
the 2 groups for any of the above-mentioned parameters.
Likewise, students care for their appearance on the target day
did not differ between the control and the IC groups.
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Figure 3. Stress self-assessment questionnaire. A 6-question stress self-assessment survey was completed by both the control (n=93) and IC (n=65)
groups at the beginning of the case-study course. No significant difference for any of the 6 questions was observed between the 2 groups. IC: inverted
classroom.

Preclass Workload
Students of both groups were asked to provide the number of
hours spent preparing for the course, their perception of the
preclass preparation difficulty in comparison to the other
educational approach as well as the self-assessment of the
required skill level. Preclass workload was estimated at 1 (IQR
0-2) hour in the IC group as a median, which was significantly
higher (P=.02) than in the control group, 0 (IQR 0-2) hour

(Figure 4A). While 38% of the students in the IC group
considered that they had been preparing harder for the case-study
course than it would have been if they were in the control group,
27% of the latter considered that as such it resulted in no
significant difference between both groups (Figure 4B).
Approximately half of the students in each group considered
having a knowledge level adapted to the case-study course
content. No difference was observed between both groups
(Figure 4C).

Figure 4. Self-assessment of the preclass work per group. (A) Preclass preparation requirements concerning working hours, (B) student perception,
and (C) knowledge level self-assessment were compared between the control and IC groups. Red bars reflect median values with IQRs. While preclass
work preparation necessitated more time for the IC compared to the control groups (P=.02), no difference was observed between the 2 groups in terms
of work difficulty perception and the self-assessment of the knowledge level adapted to the course. IC: inverted classroom.
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Empathy Self-Assessment
Student empathy for their instructor favors engagement and
learning behavior in class, hence 3 related questions rated by a
7-point Likert scale were completed by students of both groups
at the end of the course (Figure 5). Although only students in
the IC group assumed the role of the instructor within the class,

students’ opinions were quite similar between both groups.
Approximately 30% of the students considered that it is hard
for the instructor to perceive things as the students while 50%
confirmed the importance of the sense of humor of the instructor
in enhancing students’performance and of reading the students’
minds through nonverbal communication and body language.
These results did not differ between both groups.

Figure 5. Empathy assessment questionnaire. The empathy of students for the instructor was assessed using 3 questions completed at the end of the
case-study course. No difference was observed between the control and the IC groups for any of the 3 raised issues. IC: inverted classroom.

Global Satisfaction Assessment
The students’ global satisfaction was evaluated at the end of
the course using a 6-item questionnaire (Figure 6). While more
than 80% of the students were satisfied with the content of the
course material in both groups, the satisfaction survey revealed
that the IC approach was not well received among the students.
Indeed, 18/65 (28%) of the students found that the objectives
of the case-study course not clearly defined and 13/65 (20%)
considered that they were not achieved, in comparison to 10/93
(11%; P=.006) and 2/93 (2%; P<.001) in the control group,

respectively. A total of 20/65 (30%) of the students in the IC
group were not satisfied with the in-class progress of the course
versus 7/93 (8%) in the control group (P<.001). While 91/93
(98%) of the students in the control group considered this
case-study course on antithrombotic drug use important for
pharmacy education, only 47/65 (72%) did so in the IC group
(P<.001). When it came to the question of the overall
satisfaction of the educational approach, 88/93 (95%) of the
students in the control group were satisfied versus (36/65) 55%
in the IC group (P<.001).
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Figure 6. Satisfaction survey. A 6-item questionnaire relative to the students’ satisfaction with the pedagogical strategy (ie, traditional [n=93] vs IC
[n=65]) was completed at the end of the case-study course. Overall, students in the control group were significantly more satisfied than those in the IC
group. IC: inverted classroom.

Discussion

Principal Findings
Education methodology is increasingly shifting from a teacher-
to student-centered learning approach [37]. In this context, we
sought to assess whether applying an IC approach for a
case-study course has an added value for conveying optimal
antithrombotic drug use skills to pharmacy students. Such an
educational approach would increase the communication,
critical-thinking, problem-solving, and self-learning skills of
pharmacy students. Our study revealed that while the IC
approach did not increase student stress, it did not enhance their
short-term knowledge retention or their empathy for the
instructor. It increased the preclass workload and was not well
received among the students. Of note, the case-study course on
antithrombotic use was the first on this topic in the PharmD
curriculum.

For any educational method to be considered successful, there
must be evidence that student learning is enhanced. Many
small-scale studies showed enhanced student learning following
flipping lecture-based pharmacy courses [5-11,24]. Here, the
IC approach applied to the case-study course was not associated
with an enhanced preclass knowledge level and did not improve
the students’ short-term knowledge retention. This was also the
case in the Everly and Cochran study in which no significant
differences in examination question performance between
students in the lecture-based section and the flipped format
section were observed [9]. That said, MCQ and examination

scores are often used as a proxy measure for learning; however,
the ultimate goal is for students to be able to apply classroom
learning to real-life situations, which is more difficult to assess.
Perhaps we need to examine other nonquantitative student
characteristics outcomes following the IC approach in case-study
courses (such as intellectual curiosity, personal responsibility,
reasoning skills, etc) to identify pharmacy students most likely
to succeed.

A recent systematic review including 45 studies with a total of
8426 students from various health professional pathways showed
that implementing flipped classes may improve academic
performance, and may support student satisfaction, yet the
certainty of the evidence is low [37]. A second systematic review
and meta-analysis including 11 randomized controlled Chinese
studies enrolling 1200 participants suggested that flipped
classroom pedagogy enhances students’ learning enthusiasm,
self-learning ability, thinking and communication skills as well
as cooperative ability [38]. Although, another systematic review
focusing on students in pharmacy education, incorporated 6
observational studies with 1395 participants. No overall
significant difference in final academic performance between
the 2 educational models was reported [39]. An important
heterogeneity of student perspectives from flipped classrooms
has emerged in the literature, ranging from positive
[10,24,40-42] to negative [21,39,43,44] and mixed [45]
perceptions. These differences are potentially due to the different
contexts in which these studies were carried out as well as
different student populations, backgrounds, sample sizes, and
outcome measures. Apart from that, some instructors may be
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more effective teachers than others regardless of the teaching
modality. Research evaluating which elements contribute to the
efficacy of an IC approach in pharmacy education is still needed.
Moreover, it is still unclear if there is a particular area or topic
that is better suited for the use of the IC approach in the PharmD
curriculum. Besides, with the increased use of the IC method,
it is important to consider the impact on students when this
approach is incorporated into multiple concurrent courses.
Determination of the ideal amount of preclass preparation time
across the curriculum would provide helpful guidance to
pharmacy faculties implementing such teaching methods.

One of the major limitations of the IC approach is its high
dependence on the attendance to class time and on student
engagement and discipline for reading and preparing the preclass
material as previously emphasized [26]. As the class time
attendance is not obligatory in our faculty, only 46% of the
students were present in the antithrombotic drug use case-study
course. The percentage of attendance was more important in
the control group than in the IC group. A more elaborate strategy
for students’ motivation should thus be implemented to obtain
a higher engagement and adherence to our case-study courses
in general, and to such IC experience if it shall be repeated.
Providing clear expectations to students, keeping the preparation
tasks focused, and explicitly linking preparation activities to
in-class active learning could be some key methods for
instructors to increase the proportion of students who prepare
for classes. Future research should also be devoted to assessing
the potential effect of sex, gender, socioeconomic background,
and age on the outcomes of such an approach in the PharmD
curriculum.

Preclass preparation could be considered as a considerable
“extra” work [10,29,30,46]. Indeed, students in the IC group of
our study reported an increased preclass workload which might
take up an amount of their spare time leading to negative
feedback on this approach. It is to be mentioned that the course
materials made available beforehand should not be too complex
to be understood by the students on their own. We did our best
to include 6 uncomplicated cases issued from real-life settings
and incorporate few slides to recall knowledge learned in the
three lecture-based courses during the month preceding the
case-study course.

Case-study courses with an IC approach are probably important
in pharmacy education as they would help students promote
higher-level critical-thinking skills, foster analyzing, and
improve their communication skills therefore improving their
motivation and attitudes [47]. Assisting them in learning how
to think and communicate like a graduated pharmacist will
prepare them for their future beyond pharmacy school.
Communication skills are required to ensure patient
understanding and compliance [48,49]. If a patient does not
understand the purpose of the antithrombotic treatment,
adherence will likely be low. Communication training in
pharmacy students is thus mandatory to improve their later
effectiveness as future health professionals. Although third-year
students were overall not satisfied with this experience, such
an approach is worth being retested with “older students,” from
the fourth to the sixth year of the PharmD curriculum. Successful
pharmacy students are expected to have the ability to manage

their learning and adequately communicate their knowledge.
Self-learning skills are particularly crucial to achieving effective
lifelong learning in pharmacy, where scientific knowledge is
continually evolving. Consequently, pharmacy students should
be trained to be effective self-learners. Antithrombotic drug use
assessed using a case-study course is an application-based
activity, while the material taught previously is mostly a
knowledge-based presentation. Therefore, third-year students
may have significant difficulty in providing an application-based
activity when their skill level may have been still on a much
lower level of Bloom’s taxonomy [4] which may explain the
low postclass knowledge scores in both groups. They will
complete 2 additional learning years where it is anticipated they
will gain more knowledge, clinical experience, and
communication skills through their traineeships in
community-based and hospital pharmacies as well as clinical
laboratories. That said, many students were very interested in
participating in this pedagogical study and found the experience
to be innovative and enjoyable.

From the instructor’s perspective, the IC approach might be
more challenging than a traditional session with a
question-and-answer approach due to the risk that students’
presentation and case discussion activities create an unsettled
classroom, thus a chaotic environment in which students may
feel lost, and the fear that students may be unable to deliver the
course adequately. However, the IC approach makes student
engagement in the course easier and empowers them as active
participants in their learning in comparison to the traditional
educational approach. It allows the instructor to guide students
in deeper learning processes as previously shown [38,46]. A
more interactive teaching strategy may be more attractive than
the IC approach, such as the adventure game recently developed
by Perrin et al [50]. It is a video game in which the player
assumes the role of a protagonist in an interactive story driven
by exploration and problem-solving tests. Briefly, the pharmacy
student assumes the role of a hematology superhero named
SUPER HEMO. SUPER HEMO can meet 5 unwell characters
in 5 different steps. The player must answer their questions and
find the best way to diagnose and cure them. At the final
hematology evaluation, students who played SUPER HEMO
had a slightly better (but not statistically significant) median
knowledge score than those who did not [50]. The value of such
an innovative strategy for case-study courses on antithrombotic
drug use in the PharmD curriculum remains to be established.
Team-based learning is another educational approach that
provides structure, defined timeframes, and formative
assessment opportunities. It was previously shown to develop
students learning enthusiasm, self-study, and thinking abilities
as well as communication skills [51]. Therefore, it might be
considered as an alternative approach for improving case-study
courses in the PharmD curriculum, and thus is worth being
assessed.

One possible limitation of our study is that the long-term effect
of our IC approach on knowledge retention and skill application
was not assessed. The question relative to this course was
deliberately not included in the final exam in order not to create
any lack of equity among the students of both groups. We did
not complete any postclass knowledge survey 3 to 6 months
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later, nor did we assess the acquired skills through, for instance,
an objective structured clinical examination. This remains to
be specifically investigated. Second, we did not collect data on
how many students effectively accessed the course material
before the in-class session, although it might be feasible via the
information technology service. As the preclass results of the
students in the IC group were not better than those of the control
group, we hypothesized that a lot of students had not read the
course material before the target day. Noteworthily, it is hard
to control whether students had effectively read and prepared
the course material before the in-class session. Students might
only click on the material folder without reading it or read parts
of it. Also, several students might have accessed the material
via 1 student user ID. We also did not ask students in the
presurvey questionnaire whether they had read the assignment.
However, they would, most probably, have not told the truth.
Third, ideally, students in the IC group should have been asked
to prepare the course material by themselves, yet this was not
the case to avoid a high level of absenteeism as in-class
attendance is not mandatory according to Paris Cité University
policy. Despite this, a relatively small number of students
effectively participated in this study. Fourth, in-class sessions

with the traditional approach were completed 1 week before
those with the IC approach to prevent students in the former
group from having access to the material course from those of
the latter group before the in-class session. Consequently, we
cannot rule out the possibility that some students initially
assigned to the IC group had changed their group assignment
to get the case-study course at an early date. Finally, our findings
cannot be generalized to other contexts, particularly to students
in other year cohorts or to other specialties. This remains to be
specifically investigated.

Conclusions
Our study showed that an IC approach does not appear to be
suited to the case-study course on antithrombotic drug use in
the third-year PharmD curriculum. While no additional gain in
short-term knowledge was observed using this approach in
comparison to the traditional educational approach, we perceived
significantly lower student satisfaction. However, the increased
instructor-student and student-student interactions are still
convincing arguments to try this pedagogical approach. Hence,
additional research in this field is still needed to implement
innovative educational approaches aiming at improving the
knowledge and skills of our future pharmacists.
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Abstract

Background: English for medical purposes (EMP) is essential for medical students as it serves as a foundational language for
medical communication and education. However, students often undervalue its importance within the medical curriculum. Given
their demanding schedules and workload, educational methods for EMP must align with their needs. Structured web-based learning
offers flexibility and convenience, yet limited research has explored its exclusive application for EMP in undergraduate medical
education.

Objective: This study aimed to evaluate medical students’ perspectives on structured web-based EMP courses and assess their
impact on medical English proficiency using objective and subjective measures.

Methods: Structured web-based EMP courses were developed based on evidence-based guidelines, addressing barriers to
web-based learning during development and implementation. A cross-sectional study was conducted with 535 medical students
who completed these courses. Data were collected via questionnaires, the learning management system, and the Khon Kaen
University Medical English Test (KKUMET), which assessed proficiency in listening, reading, writing, and speaking. Data were
analyzed using descriptive statistics.

Results: Of the 535 students, 452 (84.5%) completed the survey. Participants reported confidence in reading (mean 4.11, SD
0.87), vocabulary (mean 4.04, SD 0.84), and listening skills (mean 4, SD 0.89), but lower confidence in writing skills (mean 3.46,
SD 1.07). The KKUMET results showed statistically significant improvements in all 4 language skills after course completion
(P<.001). The top-rated benefits of the courses were convenience (mean 4.77, SD 0.59), sufficient instruction (mean 4.5, SD
0.85), and clear content (mean 4.41, SD 0.80).

Conclusions: Structured web-based EMP courses are relevant and well received by medical students. These courses significantly
improve students’ medical English proficiency, as evidenced by both subjective feedback and objective measures. Medical
educators should consider integrating structured web-based EMP programs to better support students’ language proficiency in
medical contexts.

(JMIR Med Educ 2025;11:e65779)   doi:10.2196/65779

KEYWORDS

English for medical purposes; online course; online learning; online education; medical students; medical school; online; online
learners; perspectives; English; English language; medical research; educational method; lesson; course; instructional designs;
English for medical professional; EMP; barriers; web-based

Introduction

Background
English is the international language of medicine [1,2]. It is the
dominant language used in medical research and publications

[1,3]. A growing number of medical journals worldwide have
been published in English [4]. Almost 90% of the world’s
publications indexed in the MEDLINE database are published
in the English language [3,5]. In addition, considering their high
impact factors and citation scores, almost all quality research
articles have been published in English-medium journals [1].
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The language of medicine has shifted from Latin and Greek to
English, influencing the development of modern medical
terminology [3]. The use of English in a medical community
involves communication with colleagues and staff, reading
medical journals, giving conference presentations, or pursuing
postgraduate education in English-speaking countries [1,3].
Therefore, the English language and literacy are essential in
medical curricula [2,4,6].

General English focuses on overall language competency,
emphasizing foundational grammar, vocabulary, and
communication skills applicable to a wide range of everyday
and academic contexts. English for medical purposes (EMP),
on the other hand, is a specialized subset of English tailored to
the medical field. It emphasizes medical terminology, reading
and comprehension of medical texts and research articles,
professional communication skills that are required for clinical
and academic purposes, such as writing case reports, interacting
with colleagues, and participating in medical discussions [7].

Approximately half of medical schools in the world use English
as a medium of instruction [8]. The current status of English
use with other languages in medicine is that “English is one
lingua franca in medicine but speaks many tongues” [5]. This
means that although medical teaching and patient interaction
are in the local language, medical professionals still use medical
languages with specialized vocabulary in their professional
communication [3]. For students or professionals whose English
is not their first language, using medical English for their
professional-related activities is much more challenging and
demanding than it is for those whose English is their first
language [3].

The assessment of learning needs is considered fundamental to
EMP curriculum design [2,4,7,9] and should be identified early
[10]. The learner-centered approach is used to obtain needs from
the learner’s needs assessment. The learner-centered approach
empowers learners to decide what, how, and where to learn,
while teachers act as facilitators [11,12]. Learning needs
assessments help define program goals and specific teaching
objectives [7,13], which leads to the development of lesson
plans, materials, tests, assignments, and activities. Many studies
have examined the need for EMP [2,9,13-15]. Medical students
need to read medical literature, listen to lectures, and write
clinical reports and short essays, whereas practitioners need
patient interaction and conference participation [1,7]. The
development of EMP courses addresses specific language
challenges that hinder medical students’ learning, particularly
in contexts where English is partially used as the medium of
instruction, while local languages dominate communication
between instructors, students, and patients [16].

Teaching an EMP course differs from teaching general English
[7,14]. Instead of learning grammar and fundamental structures,
the goal of learning English at this level is to apply the language
to medical studies [7]. Previous studies have described the
development of EMP courses, including detailed information
about curriculum development processes based on students’
learning needs [2,16-18], as well as EMP courses developed
for international medical graduates [18] and undergraduate
medical students [2,16,17]. However, these EMP courses were

taught in medical curricula in countries where English was the
official language or medium of instruction. In other countries,
the EMP course design has not yet been clearly explored. As a
result, the requirements of EMP for medical students must be
investigated [19], and EMP instruction must be tailored to the
intended audience needs. In addition, many studies have focused
on preparing students with linguistic tasks for their future careers
[9,15]. Less is focused on the design of EMP courses aiming
to improve academic performance during undergraduate studies,
preclinical years in particular, where basic science knowledge
is most of the content rather than clinical application.

Educational methods for EMP should also be matched with
learners’ needs and preferences. Online and web-based
educational methods have been adopted in medical education
for the past decade [20]. Online teaching was the primary
modality of instruction offered to undergraduate medical
students during the COVID-19 pandemic [21]. The web-based
education methods have been tested for their effectiveness
[22-24]. The advantages of web-based educational methods
include improving medical students’knowledge and skills [24].
However, prior meta-analyses have demonstrated that web-based
learning is just as effective as the traditional learning methods
[23,24]. There are few studies on the exclusive use of web-based
learning techniques in EMP. One study explored students’
readiness for internet-based learning in EMP [25] or internet-
and computer-based as part of blended learning for general
English [26,27]; however, none has solely used web-based
educational methods in EMP courses for medical students.

Problem Statement
Despite the growing adoption of web-based learning methods
in medical education [28], limited research has explored their
exclusive use in teaching EMP, especially for preclinical medical
students [24]. Web-based education, proven to be as effective
as traditional methods [22,23,29,30], offers unique advantages
such as flexibility and accessibility [24]. However, few studies
have investigated the development and evaluation of structured
web-based EMP courses tailored to students in
non–English-speaking environments.

Thus, this study developed an exclusive structured web-based
learning program for EMP and evaluated its effectiveness.
Grounded in constructivist principles, the study emphasizes
active, self-directed learning. The structured web-based EMP
courses were designed to enable students to construct knowledge
through interactive activities, scenario-based learning, and
multimedia resources. These approaches foster engagement and
empower learners to take ownership of their educational journey,
ensuring the content is relevant and applicable to their academic
and professional needs. The guiding research question for this
study was whether a structured web-based learning program
exclusively for EMP would be accepted, considered relevant,
and meet the satisfaction of preclinical medical students. We
hypothesized that learning EMP through structured web-based
courses would be both relevant and well-received by preclinical
medical students. This investigation formed the basis for
evaluating the course. To comprehensively evaluate the course,
the research is divided into 2 parts. The first part, the present
study, focuses on assessing the relevance and acceptance of
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structured web-based EMP courses based on students’
perceptions of the web-based learning mode. The second part
examines the effectiveness of the structured web-based EMP
courses in improving students’ medical English proficiency. To
evaluate the first part, a cross-sectional descriptive study was
conducted to assess the relevance and acceptance of the
structured web-based EMP courses among participating medical
students. Additionally, feedback from course instructors,
gathered during the course design and development phases, was
incorporated to capture their perceptions of the web-based EMP
program. The findings from the second part are discussed in a
separate article; however, this study included significant findings
on the program’s effects on students’ medical English
proficiency. The findings are intended for medical educators,
curriculum designers, and policy makers in medical education,
particularly those serving non–English-speaking regions.

Our Medical School Curriculum
Our medical school recruits students directly from high school
through the Thailand University Central Admission System
(TCAS). TCAS, implemented in 2018, is an admission
framework consisting of 5 rounds held annually. Medical
schools in Thailand often adopt unique criteria and processes
within TCAS, reflecting their specific admission requirements
and competitive nature [31]. With 288 students enrolled each
year, our medical school is one of the regional institutions in
northeastern Thailand. The undergraduate medical curriculum
spans 6 years, including the first 3 years focused on medical
sciences and the last 3 years on clinical practice [32]. Our 2019
updated medical curriculum states that medical students must
earn 259 credits over 6 years of medical school. In the first year,
premedical education courses (the majority are general education
and general principles for medical sciences) account for 38.5
credits. In the second and third years, preclinical education
courses comprise 76.5 credits. Clinical rotations, accounting
for 48 credits, are conducted in the sixth year, while clinical
education courses make up 96 credits across the fourth and fifth
years [33]. The majority of the lecture slides, suggested texts,
teaching and learning materials, and exam questions are in
English, even though the instruction at our school is in Thai.

It is mandatory for Thais to learn English from primary school
till higher education [34,35]. In Thailand, the English component
taught in high school is of a very basic level, the general English
proficiency is low and unsatisfactory [36,37], and by itself is
not sufficient for medical professional courses. English
proficiency is considered as a part of the entry criteria to the
medical schools. Despite English proficiency being a part of
the weighted formula for entering medical schools, at present,
there is no specific cutoff score or a minimal standardized
English language proficiency requirement for entering a medical
school in Thailand [38]. English as a foreign language, therefore,
is a requirement for students at our medical school [33]. Once
students are admitted, they begin enrolling in English courses
starting in their first year of study. During medical school,
students are required to complete 6 English courses. Four
general English courses are taken during the first 3 years of
medical school and are taught by nonmedical staff from the
university’s language institute. They focus on foundational
grammar, vocabulary, and communication skills, providing a

general linguistic foundation for academic and social contexts.
Two EMP courses are introduced in the second and third years
of medical school. The content focuses on medical terminology
and language skills necessary for academic and clinical tasks,
such as reading medical literature, writing reports, and engaging
in clinical communication. The curriculum shifts from general
language acquisition in the initial years to specialized language
skills tailored to medical contexts as students advance in their
studies.

Annual feedback from our students consistently indicates that
they perceive limited relevance of general English to their
medical studies. This perception may stem from several factors.
Despite years of English education, many students struggle with
basic speaking skills due to insufficient vocabulary and grammar
knowledge [39]. Additionally, a lack of intrinsic motivation
often leads students to view general English as a mandatory
requirement rather than a valuable skill for personal or
professional development [40]. The culture within medical
programs often emphasizes the need for English proficiency
tailored to medical contexts, which shapes students’perceptions
and priorities [41]. Therefore, they could not match learning
general English in the medical curriculum.

The findings from our students’ needs assessments revealed
that our medical students needed to improve their English
proficiency and wanted the school to organize a test for their
English proficiency [42]. They preferred a self-directed
web-based learning method and teachers who were both English
language experts and medical professionals [42]. Based on the
needs assessments, students value medical English because it
directly aligns with their academic and professional goals.
Unlike general English, medical English equips them with the
specific skills needed to read medical literature, participate in
clinical discussions, and engage effectively within global
medical communities [41,43]. Needs assessments and feedback
consistently emphasize students’ preference for EMP courses
over general English, highlighting the practical benefits they
associate with EMP in their medical studies and future careers.
Based on learning needs assessments, 2 additional EMP courses
were developed while 2 general English courses were removed
from the medical curriculum. The newly developed EMP courses
were English for Medical Purposes I for the second-year medical
students and English for Medical Purposes II for the third-year
medical students, which were launched at the same time in the
academic year 2021.

Proficiency in medical English is considered to enhance
students’ academic performance, evidenced by a positive
correlation between English proficiency and academic success
among medical students [44,45], and to support their
development as independent learners [15]. However, evaluating
the extent to which students achieve independent learning is
beyond the scope of this study.
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Methods

Study Objectives
This study aims to evaluate the relevance, acceptance, and
satisfaction of structured web-based EMP courses among
preclinical medical students.

Study Design
A cross-sectional study was conducted to explore medical
students’ opinions on learning EMP in a structured web-based
course, and qualitative insights from instructors’ feedback were
obtained.

Participants
The participants were second-year medical students enrolled in
the English for Medical Purposes I course and third-year medical
students enrolled in the English for Medical Purposes II course
at the time of the academic year 2021.

The WinPepi, a statistical software package, was used to
calculate sample size based on the proportion of medical
students who acknowledged web-based learning [46]. Assuming
a proportion of 0.73, a population size of 535, a design effect
of 1, and a significance level of 0.05, a total number of 121 was
sufficient. However, all 535 students were included in this study
to avoid a potential source of selection bias. It is important to
clarify that this power analysis was performed for the broader
research project, which consists of 2 parts. The first part, detailed
in this manuscript, explores medical students’ perceptions and
experiences with web-based EMP learning. The second part
examines the effects of the structured web-based EMP courses
on changes in students’ English language proficiency after
course completion, which is reported in a separate article.

Development of Structured Web-Based EMP Courses
Based on our medical students’ needs, EMP course objectives
were set accordingly. The main objective of the EMP course
was to enhance students’ medical English proficiency in all 4
core English language skills (reading, writing, listening, and
speaking) through structured, targeted, and interactive
web-based practice.

An overview of the four main English language skills is as
follows. (1) Reading: Defined as the comprehension of medical
literature and academic texts relevant to the students’ year of
medical study. Instructional strategies include guided analysis
of medical articles, scenario-based reading exercises, and
formative assessments such as quizzes. (2) Writing: Focuses
on effective medical note-taking and medical essays,
emphasizing medical content, structure, vocabulary, readability,
precision, and clarity. Instructional strategies involve structured
writing guides, assignments, peer reviews, and scenario-based
tasks such as summarizing patient cases. (3) Listening: Aimed
at developing comprehension of medical conversations from
case studies and lectures. Instructional methods include exposure
to scenario-based audio materials, repeated listening tasks, and
interactive multimedia resources. (4) Speaking: Enhances verbal
communication in medical contexts, including explaining
medical terms, conducting history taking, discussing treatment
plans, and educating patients. Instructional strategies feature

medical speaking guides, public speaking guides, role-play,
video-recorded practice sessions, and feedback loops.
Performance improvement for each skill is measured through
targeted assessments conducted before and after the course.
Standardized testing for reading and listening comprehension,
comparison of baseline and final writing samples to assess
coherence and technical accuracy, and evaluations of verbal
communication in simulated scenarios are used to document
and demonstrate progress effectively. These details ensure that
the EMP course objectives are transparent and tied directly to
improving students’ proficiency in medical English through
targeted and practical methods.

To develop an effective structured web-based course, we
followed the steps of Hays and Veitch’s recommendations [47]
and applied Cook and Dupras’s guide [48]. Key principles of
Hays and Veitch emphasize the importance of conducting a
thorough needs assessment to identify gaps in knowledge, skills,
and practices while ensuring relevance to participants’
professional roles and daily practices. They recommend
interactive methods such as case studies, group discussions, and
workshops to foster engagement and promote practical learning.
Flexible delivery formats accommodate diverse learning
preferences and schedules, while regular program evaluations
ensure continuous improvement, sustainability, and adaptability
to emerging needs and advancements in medical education.
Cook and Dupras provide a guide specifically for developing
web-based learning programs. Their framework focuses on
conducting needs assessments, defining clear and measurable
learning objectives, and designing content tailored to learners’
needs. They highlight the importance of interactive and
multimedia-rich content to enhance engagement, as well as
ensuring usability and accessibility for diverse learners.
Evaluation methods, including pre- and postassessments,
combined with continuous feedback and iterative improvements,
are essential to measure learning outcomes and maintain
program quality. Together, these frameworks provide a robust
foundation for creating effective, learner-centered programs
that meet educational goals and align with the needs of
preclinical medical students. Barriers to web-based learning
were considered [49]. More details regarding the development
of EMP courses are provided in Multimedia Appendix 1.

The EMP courses were uploaded to a customized web-based
learning management system (LMS) developed by our medical
school [29]. Each EMP course ran throughout the semester for
approximately 48 weeks, and the students’ learning schedule
was approximately 3 hours per week. However, students can
manage their time to study as scheduled or at any time that suits
them (see more details on developing the web-based EMP course
in Multimedia Appendix 1). Data from the LMS monitoring
system were used to report student enrollment and completion
of the EMP courses.

Data Sources, Questionnaire, and Assessment
To evaluate the course, questionnaires were used as tools to
gather student perspectives on various aspects of the courses,
including their confidence in medical English skills, satisfaction
with the content, and perceived benefits of web-based learning.
These tools provided quantitative data on student experiences
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and attitudes. Additionally, feedback from instructors on course
design and delivery was integrated into the evaluation process
to ensure alignment with educational objectives and identify
areas for improvement. Together, these methods offered both
quantitative and qualitative insights into the evaluation of the
web-based EMP courses.

An online administered questionnaire was developed based on
the literature on the use and the evaluation of web-based learning
[46,50,51]. The following constructs of web-based learning
effectiveness and attitudes toward the structured web-based
EMP course were included in the questionnaire: individual
learners, confidence in medical English skills, perceived factors
influencing web-based participation, perceived satisfaction with
content and instructional designs, perceived ease of use,
perceived advantages and barriers to web-based learning, and
perceived outcomes and benefits of web-based EMP courses.
The questionnaire included a 5-point Likert scale ranging from
disagree to agree, which was used to assess learners’ agreement
with each item. For learners’confidence in their medical English
skills, the constructs included a 5-point Likert scale ranging
from not confident to strongly confident. For the factors
influencing web-based learning participation, the constructs
included a 5-point Likert scale, ranging from no influence to
influence. For learners’ perceived benefits of web-based EMP
courses, the constructs included a 5-point Likert scale, ranging
from not beneficial to strongly beneficial.

To ensure the face and content validity of the questionnaire,
each item was evaluated thoroughly by 3 separate experts in
the field of medical education at our school. Thirty students
participated in a pilot test of the questionnaire, which led to
revisions. The Cronbach α coefficient of the attitude and
experience part of the questionnaire was 0.93.

The details of the course instructions, content, and materials
are provided in Multimedia Appendix 1. The course media
included PDF files, audio, videos, and external links for the
downloads. The second-year medical students completed a
45-hour web-based asynchronous English for Medical Purposes
I course. The third-year medical students completed a 45-hour
web-based asynchronous English for Medical Purposes II
course. The students would be considered to have completed
the module if that module was accessed at least 50% of the total
learning time for that module because the LMS has a double
speed-up function for playing video or audio clips.

After participants completed the web-based EMP courses, they
were invited to complete the questionnaire. A link to the online
questionnaire on Google Forms was added at the end of each
course. The students completed the questionnaire between
December 2021 and April 2022. The questionnaire data were
transferred from Google Sheets, and data from the LMS
monitoring system were exported to Microsoft Excel. The data

were then gathered and checked for completion before being
transferred to IBM SPSS for Windows.

Of note, the summative assessment for medical English
proficiency was conducted using the Khon Kaen University
Medical English Test (KKUMET), which examined proficiency
in listening, reading, writing, and speaking. Each component
was assessed before and after completing the EMP courses. The
baseline EMP proficiency of the participating students, as
assessed before enrollment in the 2 EMP courses, revealed that
more than two-thirds of the students were at beginner or
intermediate levels. The instructional goal of these EMP courses
was to enhance their proficiency to intermediate and advanced
levels. This study focuses on highlighting final outcomes;
detailed results of the EMP proficiency tests conducted before
and after these web-based EMP courses are reported in a
separate article.

Statistical Analysis
Data from questionnaires were analyzed using IBM SPSS for
Windows version 26.0. A pairwise deletion strategy was applied
to handle the missing data. The demographic data were
described using descriptive statistics. The participants’ responses
on a 5-point Likert scale to a 42-item questionnaire on their
web-based learning experiences were dichotomized by
calculating the mean scores and SD. Mean scores of 3.5 and
above were considered agreed upon.

Ethical Considerations
This study was approved by the Human Research Ethics
Committee of Khon Kaen University (project number:
HE631465). Students were recruited through the researcher’s
assistant, who invited volunteers to participate. Before
completing the questionnaires, participants were informed that
participation was voluntary and that they could drop out of the
study at any time. They were informed that their opinions were
important for enhancing the medical English courses and were
therefore encouraged to express them. All students voluntarily
agreed to participate without receiving compensation. The
participants’ privacy and identity were protected, and
confidentiality was assured in that no identifying information
was asked. The study objectives were explained to the
participants, and the study was conducted according to the
academic ethical code.

Results

Participating Medical Student Demographics
A total of 535 medical students completed the web-based EMP
courses, 452 of whom started and returned the completed
questionnaires (response rate: 84.5%). Table 1 presents the
participants’demographic data. The numbers of male and female
participants were relatively similar, as were the numbers of
medical students each year.
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Table . Demographic data of the participants.

ValuesDemographics

Age (n=451), years

18‐24Range

20.37 (0.74)Mean (SD)

Sex (n=452), n (%)

219 (48.5)Male

222 (49.1)Female

11 (2.4)Prefer not to say

Year of study (n=450)

231 (51.3)2

219 (48.7)3

Influence of Web-Based Learning Characteristics
Respondents rated the degree of influence of the characteristics
of web-based learning on their participation in web-based EMP

courses (Table 2). Convenience, flexibility, and accessibility
were rated the highest, while facilitator interactions received
lower ratings.

Table . Rating of the influence of web-based learning characteristics on participation in web-based EMPa courses (n=452).

The degree of influence on adoption of web-based EMP courses, meanb

(SD)

Characteristics of web-based learning

4.82 (0.49)The convenience of completion the courses at any time or place

4.80 (0.56)Flexibility to complete and save small sections at a time

4.60 (0.75)Easy to access the course content

4.58 (0.71)Easy to use/complete the course

4.53 (0.84)Access to other useful links and resources

4.50 (0.85)Instant access to feedback and the right answers when completing quizzes

4.46 (0.75)The quality of content

4.35 (0.94)Accessibility to technical support if difficulties are encountered

3.99 (1.08)The use of case-based information and discussion

3.77 (1.17)Facilitator’s regular input/participation

3.75 (1.14)The opportunity to communicate/interact with the facilitator

aEMP: English for medical purposes.
bMean was calculated using a 5-point Likert scale ranging from 1 (strongly no influence), 2 (no influence), 3 (neutral), 4 (influence), and 5 (strongly
influence).

Confidence in Medical English Skills
Respondents’confidence in their medical English skills is shown
in Table 3. The participating medical students reported feeling

confident about medical English reading, vocabulary, and
listening skills but were not sure about their writing skills.
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Table . The participant’s confidence in their medical English skills after completing the medical English courses (n=452).

Values, meana (SD)Confidence in medical English skills after completing the modules

4.11 (0.87)Medical English reading skill

4.04 (0.84)The use of medical English vocabulary

4.00 (0.89)Medical English listening skill

3.92 (0.91)Applying professional-specific knowledge and skills in English

3.50 (1.05)Medical English speaking skill

3.46 (1.07)Medical English writing skill

aMean was calculated using a 5-point Likert scale ranging from 1 (strongly not confident), 2 (not confident), 3 (not sure), 4 (confident), and 5 (strongly
confident).

Perceived Advantages, Barriers To, and Attitudes
Toward Instructional Designs of Web-Based EMP
Courses
The participants identified useful and beneficial aspects of
web-based EMP courses. The top 3 highly rated participants
agreed on the advantages of convenience, sufficient instructions,

and clear and easy-to-understand content (Table 4). For the
instructional designs of the web-based EMP courses, the
participants agreed on the clarity and appropriateness of the
overall design of the courses, including clear objectives and
content, appropriate content, arrangement, instruction, media,
delivery method, course assessment, and grading (Table 5).

Table . The participants’ web-based learning experience of the medical English courses (n=452).

Values, meana (SD)

Advantages of the web-based medical English modules

4.77 (0.59)    I was able to learn at any place

4.50 (0.85)    Overall, this web-based course provided me with adequate instruction

4.41 (0.80)    The content was easy to understand and clear

4.30 (0.87)    Overall, the course contents covered its objectives

4.19 (1.13)    I felt more comfortable learning in this web-based course than in the
face-to-face session

4.16 (0.99)    Overall, the instruction I obtained from this web-based program was
motivating

4.04 (1.02)    I knew how to contact the facilitator and the facilitator responses
promptly to my questions

3.93 (1.04)    The web-based program fulfilled my learning needs to improve my
medical English skills

3.30 (1.05)    If I had technical problems during participating in this program, I re-

ceived adequate help with technical problems (n=66)b

Difficulties in accessing and completing the course

3.06 (1.14)    There was too much basic, well-known information in the course

3.03 (1.28)    The module took too long to complete

2.31 (1.46)    I spent more time in access to a computer to access this web-based
program

2.25 (1.42)    The internet connection was very slow

2.08 (1.35)    I spent more time in downloading external links

1.95 (1.41)    The course was not useful for me because I do not have adequate com-
puter skills to complete the course

aMean was calculated using a 5-point Likert scale ranging from 1 (Strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly agree).
bWhen the participants were asked if they had technical problems during participating in this program, of the 452 participants, 66 (14.6%) had, while
386 (85.4%) had not.
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Table . The participants’ rating on the web-based medical English course contents and instructional designs (n=452).

Values, meana (SD)The web-based course contents and instructional designs

4.48 (0.79)The course had clear learning objectives

4.41 (0.82)The contents were complete, appropriate, and relevant to the objectives

4.41 (0.82)The order of contents was arranged properly

4.39 (0.90)The learning media (eg, audios, videos, and PDF files) were appropriate

4.38 (0.85)Overall, the instructional design of the program was appropriate

4.37 (0.86)The web-based teaching was appropriate

3.97 (1.05)The course’s assessments (formative assessments on listening, reading,
writing, and speaking) were appropriate

3.74 (1.07)Grading criteria were appropriate

aMean was calculated using a 5-point Likert scale ranging from 1 (Strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly agree).

Perceived Learning Outcomes
The participants agreed that their 4 main skills improved. They
also believed that all types of teaching media and lectures
benefited them (Table 6).

Table . The participants’ perceived outcomes to and benefits of the web-based medical English courses after the course completion (n=452).

Values, mean (SD)

The participants’ perceived outcomes after the course completiona

4.37 (0.85)    I improved my listening skills

4.23 (0.90)    I improved my reading skills

4.21 (0.89)    I gained knowledge on how to practice my medical English skills

3.74 (1.15)    I improved my writing skills

3.68 (1.21)    I improved my speaking skills

Benefits of the web-based medical English courses after the course completionb

4.45 (0.83)    The audios to practice listening skills

4.36 (0.83)    The media for medical terms to learn medical terms and practice reading,
speaking, and writing skills

4.35 (0.91)    The videos to practice reading, listening, and speaking skills

4.34 (0.84)    The lectures on listening and reading

4.28 (0.92)    The course was organized in the modules

4.07 (0.99)    The recommended reading articles to practice reading and writing skills

4.07 (1.00)    The lectures on scientific writing

4.02 (1.04)    The lectures on speaking

aMean was calculated using a 5-point Likert scale ranging from 1 (strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly agree).
bMean was calculated using a 5-point Likert scale ranging from 1 (strongly not beneficial), 2 (not beneficial), 3 (neutral), 4 (beneficial), and 5 (strongly
beneficial).

Learning Behaviors and Engagement Patterns (Data
From the LMS Monitoring System)
The second-year students (n=263) completed the learning
module ranging from 0 to 7 modules (mean 6.54, SD 1.41). The
total learning time ranged from 172 to 24,439 minutes, with a
mean of 925.02 (SD 1759.80) minutes. Regarding students’
learning behaviors, 153 (58.2%) out of 263 students spent less
than 10 hours on the course and often logged in to the course

during the afternoon (1069/2993 logins, 35.72%) and evening
hours (1005/2993 logins, 33.58%).

The third-year students (n=272) completed the learning module
ranging from 0 to 7 modules (mean 6.61, SD 1.41). The total
learning time ranged from 0 to 14,100 minutes, with a mean of
768.59 (SD 930.56) minutes. Regarding students’ learning
behaviors, 136 (50%) students spent less than 10 hours on the
course and often logged in to the course during the evening
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(1000/2962 logins, 33.76%) and morning hours (655/2962
logins, 22.11%).

Improvements in Medical English Proficiency
The summative assessment of medical English proficiency was
conducted using KKUMET, which evaluates listening, reading,
writing, and speaking skills. Each component was assessed
before and after the EMP courses. The results showed
statistically significant improvements in students’ scores across
all 4 skills, as well as in the total test scores (P<.001),
underscoring the effectiveness of the courses. Additional details
about the summative testing results are presented in a separate
article.

Instructor Feedback on Course Design and
Implementation
During the development and implementation of the structured
web-based EMP courses, all course instructors actively
participated in providing feedback. This feedback was gathered
through regular meetings, written evaluations, and iterative
reviews of course content and delivery methods. Instructors
emphasized the importance of aligning the courses with medical
students’ academic and professional needs. Their insights
directly influenced several key aspects of the course design.

First, scenario-based learning was integrated to make the content
more applicable to clinical practice. Case-based scenarios were
incorporated into reading and listening exercises to enhance the
relevance and practicality of the material. Second, interactive
assessments were adapted based on instructor feedback to
emphasize practical application. These included the use of peer
reviews for writing assignments and role-play activities for
speaking exercises, allowing students to practice and refine their
skills in realistic scenarios. Third, instructors highlighted the
need for multimedia resources to create a more engaging
learning experience. This led to the inclusion of audio clips,
videos, and interactive tasks designed to cater to various learning
preferences. Finally, adaptive scheduling was implemented to
accommodate the heavy workloads of medical students. The
courses were designed to be asynchronous, enabling students
to learn at their own pace and manage their schedules
effectively.

Instructors reported that the structured design of the courses,
combined with the iterative feedback process, resulted in a
cohesive program that effectively addressed students’ learning
needs. Their ongoing involvement ensured that the courses
remained both relevant and practical for medical students.

Discussion

Principal Findings
This study explored the perspectives of preclinical medical
students on structured web-based EMP courses and evaluated
their proficiency improvements. A total of 535 students enrolled
in and completed the courses by the published due dates, of
which 452 (84.5%) students completed the questionnaire. The
high response rate can be attributed to several factors. The
survey’s integration at the end of the web-based EMP courses
ensured participants encountered it immediately after course

completion, when their experiences were fresh and engagement
levels were high [52]. The web-based format allowed flexibility,
enabling participants to complete the survey at their convenience
[53]. Clear instructions, the assurance of anonymity, and the
perceived relevance of the survey further encouraged
participation [54]. Additionally, students’ satisfaction with the
course content and instructional design likely motivated them
to provide feedback [52].

The summative assessment, conducted using KKUMET,
revealed statistically significant improvements across all 4
English language skills (listening, reading, writing, and
speaking). Participants reported high confidence in reading,
vocabulary, and listening skills but expressed lower confidence
in writing and speaking skills. Students rated convenience,
clarity of content, and sufficient instruction as the top benefits
of the courses. These results affirm the relevance, acceptance,
and satisfaction of structured web-based EMP courses for
medical students, aligning with the primary objectives of
improving proficiency and fostering recognition of EMP’s
importance in supporting their academic learning.

Evaluation of Course Effectiveness
The primary goal of the EMP courses was to improve students’
proficiency in all 4 English language skills and introduce
relevant medical terminology tailored to their academic content.
This goal was achieved, as evidenced by measurable
improvements in KKUMET scores and student-reported
confidence levels.

We evaluated the effectiveness of web-based EMP courses,
finding significant improvements in students’ medical English
proficiency across all skills, as measured by KKUMET scores,
and increased confidence in reading, vocabulary, and listening.
By comparing subjective learner feedback with objective results,
we confirmed that reported confidence aligned with measurable
gains, minimizing potential overestimation from cognitive biases
like the Dunning-Kruger effect [55,56]. These findings
underscore the importance of validating self-reported outcomes
with objective data to ensure reliable assessments of learning
impact [48,57], with future research recommended to explore
the influence of cognitive biases and interventions to enhance
learning outcomes [55,58].

Furthermore, the courses aimed to highlight the importance of
EMP in supporting learning across other subjects, particularly
through contextual and content-based design [7,15]. Students
expressed initial difficulty in understanding the importance of
general English and its relevance within the medical curriculum.
However, they highly valued the structured web-based EMP
courses and expressed satisfaction with the content, particularly
due to its alignment with their academic and professional needs.
This alignment was achieved by designing and developing
courses that were self-directed and created by medical
professionals, which students recognized as enhancing their
engagement and acceptance of the educational approach. While
students did not explicitly indicate a need for increased
interaction with faculty facilitators, they expressed a preference
for instructors who were both English language experts and
knowledgeable about medical content. This preference suggests
an implicit desire for contextualized guidance, highlighting the
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value students place on instructors with dual expertise. The
structured web-based EMP courses effectively met these needs,
motivating them to integrate EMP learning into their study
schedules, underscoring the importance of tailoring course
design to align with student preferences.

Comparison With Previous Studies
The findings of this study align with existing research on the
effectiveness of web-based learning in medical education while
addressing gaps specific to EMP. Prior studies have emphasized
the effectiveness of web-based learning in enhancing knowledge
and skills in medical education [23,24]. Similarly, this study
demonstrated statistically significant improvements in all 4 core
English language skills (listening, reading, writing, and
speaking) among medical students enrolled in structured
web-based EMP courses. These findings confirm that
well-designed web-based educational modalities can be as
effective as traditional methods.

Students greatly appreciated the flexibility and accessibility
offered by web-based courses, a perspective consistently
supported in previous research [25,26,29,30]. Students
appreciated the ability to learn at their own pace, access course
materials conveniently, and engage with multimedia content
tailored to their needs. The use of diverse teaching media, such
as audio, video, and interactive exercises, aligns with widely
recognized recommendations for enhancing learning engagement
and retention [59,60]. This highlights the role of self-directed
learning in increasing engagement and satisfaction.

Unlike previous studies focusing on blended learning or
face-to-face instruction [25-27], this study uniquely explored
the exclusive use of structured web-based courses for EMP.
The findings underscore the potential of this approach to address
the challenges faced by medical students in
non–English-speaking regions, thereby filling a critical gap in
the literature.

This study also found that students reported greater confidence
in receptive skills (reading and listening) than in productive
skills (writing and speaking), a pattern consistent with findings
from previous research [7,15,17]. This underscores the need for
targeted instructional strategies to support the development of
productive language skills in EMP courses [2,17].

By situating the findings within the broader body of research,
this study contributes to the evolving understanding of effective
teaching strategies for EMP and web-based learning in medical
education.

Implications of Findings for Practice
The findings of this study have important implications for
curriculum development and teaching strategies in medical
schools, particularly in non–English-speaking contexts.
Structured web-based EMP courses significantly improved
students’ medical English proficiency, demonstrating their
potential to meet academic and professional needs effectively.
These results suggest that similar approaches could be adopted
by other medical schools to enhance student engagement and
learning outcomes.

Medical schools can leverage the flexibility and accessibility
of web-based learning to design EMP courses that accommodate
students’ demanding academic schedules. By focusing on
targeted skill development and incorporating medical
terminology into course content, institutions can create tailored
programs that address specific language needs [14,19]. The
self-paced nature of web-based learning further enables students
to manage their time effectively, aligning with their individual
schedules and learning preferences. This adaptability can
increase motivation and reduce barriers to learning, particularly
in resource-constrained settings.

Integrating EMP with other areas of medical education, such
as reading medical literature and writing clinical reports, can
help students perceive medical English as an essential part of
their academic and professional journey rather than as a
standalone requirement. Additionally, structured web-based
courses offer scalable and accessible solutions for institutions
with large student cohorts, ensuring consistent, high-quality
content delivery while reducing the resource burden on faculty
and support staff.

Despite the benefits of self-directed learning, low engagement
with “consultant hours” highlights the need for integrating
opportunities for active faculty-student interaction within course
designs. Addressing this issue could involve developing
mechanisms that encourage and normalize faculty interaction,
which may be especially beneficial in contexts where cultural
preferences for independence or heavy academic workloads
limit voluntary engagement with support services [23,24,26].
Such measures could enhance overall student support and
satisfaction.

These insights underscore the value of structured web-based
EMP courses as a model for improving language proficiency
and supporting broader academic goals in medical education.

Strengths and Limitations
This study offers a comprehensive evaluation of structured
web-based EMP courses, combining subjective learner feedback
with objective proficiency measures. A key strength lies in the
design of the courses, informed by needs assessments and
evidence-based guidelines [47,48]. Moreover, the inclusion of
summative assessments provides robust evidence of the courses’
effectiveness. This study had a large sample size and response
rate, which ensures robust findings. However, the study’s scope
was limited to a single medical school, potentially affecting
generalizability [11,57].

Future research should focus on strategies to enhance productive
skills (writing and speaking) while continuing to explore the
impact of cognitive biases, such as the Dunning-Kruger effect,
on the gap between perceived and actual proficiency [56].
Large-scale, multi-institutional studies are warranted to validate
these findings and provide broader recommendations for
integrating EMP into medical curricula. Additionally, research
should investigate the long-term impact and scalability of such
courses across diverse educational settings, as well as the
development of adaptive learning technologies to customize
course content based on students’ baseline proficiency levels,
effectively addressing specific skill gaps.
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Conclusions
Structured web-based EMP courses are highly relevant, widely
accepted, and well-received by medical students, demonstrating
significant improvements in their medical English proficiency,
particularly in reading, vocabulary, and listening skills, as
evidenced by both subjective feedback and objective measures.
The flexibility, accessibility, and practicality of structured
web-based learning make it an effective approach to address
the unique challenges faced by medical students with demanding
schedules. By tailoring course content to meet students’

academic and professional needs and incorporating engaging
instructional designs, these courses provide a scalable and
sustainable solution for medical education in
non–English-speaking regions. Future developments in EMP
course design should focus on enhancing productive language
skills, such as writing and speaking, while maintaining the
balance between self-directed learning and faculty support,
integrating these courses into medical curricula as an essential
component to equip students with the language skills necessary
for academic success and global medical practice.
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Abstract

Background: Palestinian higher education institutions face limitations in providing interactive practical training for medical
education. Extended reality (XR), which encompasses virtual reality and augmented reality, is increasingly recognized for
addressing these challenges by offering immersive learning experiences.

Objective: This study investigates the factors influencing the acceptance and adoption of XR in health care education within
Palestinian universities, exploring its potential to transform traditional teaching methods.

Methods: A qualitative approach was used in this study to collect data through semistructured interviews and artifacts from the
participants. The participants of the study were 25 faculty members from 2 large Palestinian universities who teach in the field
of medical sciences.

Results: Three primary categories—external, internal, and design-related factors—emerged as pivotal in influencing XR
adoption. Professional development, technical support, and infrastructure were key external enablers. Internally, prior experience
with digital tools and positive attitudes had a significant impact on the adoption of XR. Design factors, including ease of use and
interactivity, played a crucial role but also posed challenges for less tech-savvy educators. Despite barriers such as cost and
technical issues, XR demonstrated notable benefits, including enhanced learning outcomes, improved knowledge retention, and
the ability to simulate complex medical scenarios.

Conclusions: XR technologies offer transformative potential for health care education in Palestine. By addressing challenges
and leveraging XR’s strengths, educational institutions can foster innovation and improve student engagement and skill acquisition.
The study contributes to the theoretical understanding of technology acceptance in education by identifying the interplay of
external, internal, and design factors. Practically, it emphasizes strategic investments in infrastructure, professional training, and
institutional policies to optimize XR integration.

(JMIR Med Educ 2025;11:e65042)   doi:10.2196/65042
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Introduction

Background
The integration of emerging technologies such as artificial
intelligence and XR has significantly enhanced learners’
engagement and interaction with educational environments [1].

XR, an umbrella term encompassing virtual reality (VR),
augmented reality (AR), and mixed reality (MR), facilitates
human-machine interaction through computer-generated content
[2]. VR provides a fully immersive digital environment, AR
overlays virtual objects onto real-world settings, and MR blends
physical and digital elements into a seamless interactive
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experience [2]. By incorporating visual, auditory, and interactive
elements, XR enhances real-world learning by immersing
students in digital environments that facilitate deeper
engagement with educational content [3]. As shown in Figure

1, XR encompasses AR, MR, and VR, creating a spectrum of
immersive experiences. Figure 1, developed by the authors,
shows how XR encompasses AR, MR, and VR.

Figure 1. Illustration showing how extended reality (XR) encompasses augmented reality (AR), mixed reality (MR), and virtual reality (VR), as
developed by the authors.

XR technologies are transforming medical education,
particularly in resource-constrained settings, by providing
cost-effective, risk-free learning environments. Head-mounted
devices enable students to practice medical skills repeatedly
without compromising patient safety. A review of 27 studies
found XR-based training to be highly effective in surgery and
anatomy, although more large-scale research is needed to fully
assess its impact [4]. While some studies, such as Behmadi et
al [5], found no statistically significant improvements in
knowledge retention when comparing XR-based learning with
traditional methods, they reported enhanced student engagement
and satisfaction. This suggests that XR should be integrated
alongside conventional teaching methods to cater to diverse
learning styles and develop critical decision-making skills.
Additionally, XR reduces dependence on costly medical
equipment and provides students with virtual laboratories to
conduct experiments, mitigating financial and logistical barriers
[3,6]. By enabling hands-on practice in safe, controlled
environments, XR improves learning accessibility and
instructional quality [6].

In Palestinian higher education, XR adoption remains in its
early stages, particularly in health care disciplines such as
medicine and nursing. Its integration is closely tied to broader
digital transformation policies, which aim to modernize
educational practices and align with global trends in
technology-enhanced learning. However, the transition faces
barriers such as limited resources, inadequate infrastructure,
and the need for faculty capacity-building. Despite these
challenges, Palestinian universities are increasingly prioritizing

XR within their strategic frameworks, reflecting a commitment
to leveraging emerging technologies to enhance learning
outcomes.

This study contributes to the growing research on XR adoption
by examining Palestinian higher education institutions, a unique
and underrepresented context. Unlike studies from
technologically advanced regions, where XR adoption is often
supported by substantial funding and infrastructure, this research
highlights the policy-related, infrastructural, and faculty-specific
challenges of implementing XR in resource-limited settings.
While previous studies in Latin America and Southeast Asia
have explored XR’s role in medical education, they have often
overlooked institutional policies, faculty readiness, and regional
constraints. By addressing these factors, this study provides a
comparative perspective on XR adoption in Palestinian
universities and offers global insights into key determinants for
sustainable technology integration in medical education.

Literature Review

The Unified Theory of Acceptance and Use of
Technology Model in XR Adoption for Health Care
Education

Overview

VR and AR are highly adaptable technologies that use various
systems, setups, and content types, ranging from immersive and
dynamic to nonimmersive and static environments. These
technologies are characterized by 3 key elements: immersion,
presence, and interaction [7,8]. Immersion depends on the
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technological medium, such as head-mounted displays, concave
or 3D projections, or interactive videos where users engage as
protagonists. Presence and interaction, by contrast, relate to an
individual’s perception of connectedness within the virtual
environment and their ability to act upon it and receive feedback
[7,8]. These elements are crucial in defining the effectiveness
and adoption of XR technologies, particularly in educational
contexts such as health care training.

The Unified Theory of Acceptance and Use of Technology
(UTAUT), developed by Venkatesh et al [9], serves as the
theoretical framework for examining the adoption of XR in
health care education. Over time, various theories and models
have been proposed to understand the factors influencing the
acceptance of new technologies. One of the foundational models
in this field is the Technology Acceptance Model (TAM),
developed by Davis [10] and based on the Theory of Reasoned
Action. The TAM has been widely used to investigate the
adoption of emerging technologies, including XR in surgical
training, artificial intelligence adoption, and mobile learning
[11-13]. However, the TAM has been critiqued for its limited
predictive accuracy, as it fails to account for technology
acceptance in nearly 40% of cases [14].

To address these limitations, Venkatesh et al [9] developed the
UTAUT, which integrates multiple previous models, including
the Theory of Reasoned Action, to provide a more
comprehensive framework for understanding technology
adoption. The UTAUT identifies 4 key constructs that shape
an individual’s intention to use, as well as their actual usage
behavior of a new technology: Performance Expectancy, Effort
Expectancy, Social Influence, and Facilitating Conditions.

Performance Expectancy

In the context of XR adoption in health care education,
performance expectancy refers to the extent to which faculty
members perceive XR as beneficial for both educators and
students. XR facilitates immersive learning, enhances knowledge
retention, and allows for realistic simulations of medical
procedures without risks to patients. Faculty members recognize
its potential to improve teaching effectiveness, help achieve
learning objectives, and develop students’ practical skills in a
safe environment.

Effort Expectancy

Effort expectancy concerns the perceived ease of use of XR
technology in teaching and learning environments. Faculty
members’willingness to integrate XR depends on how intuitive
and user-friendly the technology is. Instructors with prior
experience using digital tools often find XR more accessible,
while others may require training and technical support to
overcome usability challenges.

Social Influence

The role of social influence in XR adoption is significant, as
faculty members’ decisions are shaped by the expectations of
colleagues, mentors, and students. In this study, social influence
extends beyond professional networks to include university
policies, peer recommendations, and online technology
communities that encourage XR integration.

Facilitating Conditions

The successful adoption of XR technology in health care
education depends heavily on facilitating conditions, including
institutional support, infrastructure, and technical assistance.
Universities must provide adequate resources, professional
development programs, and robust digital infrastructure to
support faculty members’ continued use of XR. Without
sufficient technical support and access to XR-compatible
hardware, faculty adoption may be hindered.

Virtual Reality in Health Care
VR technology has revolutionized health care education by
offering immersive, interactive learning experiences. It creates
realistic simulations that allow students to practice procedures
and decision-making without risks [15]. For instance, the
Stanford Virtual Heart Project uses VR to help students
understand cardiac anatomy through 3D models. Furthermore,
VR allows for detailed exploration of the human body, aiding
in the comprehension of anatomical structures. The
HoloAnatomy program at Case Western Reserve University
uses Microsoft HoloLens for holographic dissections, enhancing
anatomy learning and critical thinking [15].

VR provides simulation-based training for medical procedures,
enhancing skills and confidence before actual patient care. Apps
such as Surgical Theater aid in understanding and practicing
surgical procedures [16]. VR also enables collaborative learning
through merged MR and mixed XR platforms, enhancing
teamwork and communication skills by combining the virtual
and physical worlds [15]. VR makes learning more engaging
and accessible by bringing medical simulations to remote or
underresourced areas, ensuring that high-quality medical
education is available to a broader audience [17].

XR Adoption in Education
Researchers have reported that XR is the future of learning and
teaching in higher education institutions worldwide [6]. XR
promotes teamwork through collaboration in VR environments
[6]. Moreover, using XR in education transforms the learning
process from traditional methods to active learning, where
learners engage directly in learning activities [18]. In addition,
XR enhances personalized learning by creating a customized
learning environment tailored to the learner’s needs and abilities
[19]. Educators can design digital content to simulate immersive
and interactive environments, making XR particularly suitable
for teaching high-risk procedures, using expensive equipment,
and conducting practical training activities that require additional
resources, such as those in medicine or medical sciences [20].

Other studies have confirmed that using XR in learning fosters
creativity, innovation, and design among learners [21,22].
Aguayo and Eames [23] reported that virtual agents in XR
facilitated language learning and teaching by making complex
knowledge more accessible. Moreover, these technologies offer
immersive and interactive simulations that replicate complex
real-world scenarios [24]. Consequently, using XR in education
enhances the real-world experience by incorporating sounds,
videos, and graphics into the learning environment, enabling
learners to interact more effectively [3].
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Benefits and Challenges
VR and AR offer numerous benefits over conventional therapy,
including cost reduction, fewer hospital visits for immobile
patients, user-friendly experiences, and improved patient safety.
They also facilitate data collection in research settings and
reduce surgical errors in training [25,26]. However, many studies
indicate that determining the benefits of VR and AR in health
care is challenging due to their small sample sizes,
heterogeneous nature, and lack of proper controls. Pain relief
mechanisms remain debated, and implementation is technically
complex and expensive, with lower acceptance among older
adults [7,27].

One of the main advantages of using XR is its ability to provide
practical training without the need for expensive physical
equipment [28]. For example, medical students can practice
surgical procedures in a virtual environment, reducing the need
for costly medical equipment and minimizing the risks
associated with real-life practice on patients [29]. The
implementation of virtual laboratories through XR not only
makes education more accessible but also enhances the learning
experience by offering hands-on practice in a safe and controlled
environment [6].

Factors That Influence the Continued Intention to Use
XR in Health Care Sciences
A previous study explored the potential of VR and AR
technologies, particularly XR, in enhancing patient care, medical
education, and presurgical planning [30]. It highlights the
potential of integrating XR into medical education to provide
immersive, interactive experiences.

Burian et al [31] highlighted that XR technologies provide more
effective training compared with traditional methods,
particularly for novices. Chuah [32] conducted a study involving
45 relevant studies to assess and analyze user acceptance of XR
technology from multiple theories, disciplines, and perspectives.
Wearable XR technology is influenced by various factors,
including cost, technical and performance issues, hardware size,
sensory inputs, content quality, cognitive impacts, user
satisfaction, attitudes, intentions to visit tourism sites,
expectation confirmation, personality traits, knowledge transfer,
support needs, presence, boundary considerations, consumer
characteristics, spatial awareness, control, participation,
effectiveness, familiarity, innovativeness, value perceptions,
decision comfort, spatial understanding, cognitive load, virtual
embodiment perception, sense of presence, health and privacy
concerns, and psychological and physical risks. Curran et al
[33] stated that XR technologies offer portability,
standardization, replicability, accessibility, and the ability to
function without heavy manikin parts. They can be widely
distributed without the need for a live instructor, thereby
increasing learner engagement and enhancing spatial
representation.

Kluge et al [34] noted that despite limited experience with XR
technology, staff and students at the University of Newcastle

view it as a standard tool for teaching. They aim to develop a
sustainable implementation framework within 5 years. VR, AR,
and MR technologies are disrupting medical education by
offering immersive experiences and alleviating traditional
learning constraints. XR technologies, particularly in emergency
medicine, enable remote clinical skill development, even amidst
the challenges posed by COVID-19 [33]. Li and Keskitalo [35]
emphasized that XR technology is commonly used in health
care education for safe treatments, communication, and
decision-making. It supports 5 cognitive-processing dimensions:
remembering, understanding, applying, analyzing, and
evaluating. AR, VR, and MR can positively impact medical
education. To effectively implement XR, it is important to
consider existing resources and Bloom’s taxonomy, and select
the most suitable technology. Optimizing and expanding XR
utilization are crucial for promoting deeper learning in health
care. There is a significant gap in research regarding the factors
influencing the continued use of XR in medical science,
emphasizing the need for further studies in this area.

Methods

Study Design
We used a qualitative approach to explore faculty members’
lived experiences with using XR in medical education at 2
Palestinian universities. This approach allows researchers to
gain insights into the phenomena from practitioners who are
using XR in teaching [36]. We gave participants the opportunity
to share their experiences with using XR in their courses. The
2 universities involved are The Arab American
University-Palestine and An-Najah National University. Both
universities have established digital transformation centers
focused on immersive technologies to enhance teaching and
learning. The Arab American University-Palestine has developed
a VR laboratory within its nursing and medicine departments,
using cutting-edge technology to improve educational
experiences. Similarly, An-Najah National University has
created VR laboratories for its Departments of Dental Medicine
and Medicine, along with a general XR center that serves both
the university and the surrounding community. These
laboratories provide training in XR technologies for faculty and
students, supporting the integration of immersive tools into the
curriculum.

Participants
This study involved 25 faculty members (18 males and 7
females) from diverse disciplines within medical sciences,
representing 2 universities in the West Bank of Palestine. All
participants had a minimum of 1 year of experience using XR
in their teaching of undergraduate medical sciences courses,
ensuring their expertise and relevance to the study’s focus.
Participants contributed by engaging in semistructured
interviews and providing examples of their own work and that
of their students. Table 1 presents the demographic
characteristics of the participants, highlighting their diversity
and alignment with the study’s objectives.
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Table 1. Demographic information about the participants in the study.

Frequency, nVariable and category

Gender

18Male

7Female

Education level

19Doctorate

6Master’s degree

Teaching experience

55 years or less

126-10 years

811 years or more

Medical sciences field

7Nursing

8Human medicine

4Pharmacy

6Dentistry

Recruitment of Participants and Justification of
Sample Size
This study used purposive sampling, a qualitative method that
selects participants based on predefined criteria relevant to the
research objectives [37]. Faculty members, aligned with the
study’s focus on XR adoption in medical education, were
recruited through official invitations sent by the deans of the 2
Palestinian universities.

Eligible participants were required to meet several inclusion
criteria: at least one year of experience using XR in teaching,
an academic position within the Faculty of Medical Sciences,
and a minimum of 3 years of higher education teaching
experience. Their expertise was further validated through prior
research or publications on XR, active involvement in
curriculum development, and proficiency with XR tools,
demonstrated through certifications, training, or workshops.
Additionally, student evaluations and feedback on XR-based
teaching were considered.

To enhance transferability, the study included faculty from the
fields of nursing, human medicine, pharmacy, and dentistry,
ensuring representation across disciplines with varying levels
of reliance on XR-based learning. Participants ranged from
early-career faculty with 5 or fewer years of teaching experience
to senior faculty with over 10 years, providing a range of
professional perspectives. The sample also encompassed both
experienced and novice XR users, drawn from universities at
different stages of XR adoption—one with an established XR
laboratory and structured training programs, and the other in
an early adoption phase—offering a comprehensive view of
institutional challenges and implementation strategies.

The sample size of 25 faculty members was determined based
on data saturation, a key principle in qualitative research.
Saturation is reached when further data collection no longer

generates new themes or insights [38]. In this study, saturation
was achieved by the 22nd interview, as recurring patterns related
to institutional barriers, faculty perceptions, and XR adoption
challenges emerged. The remaining interviews were conducted
to reinforce the robustness of these themes. Prior research [9,36]
on technology adoption in higher education suggests that
qualitative studies with 15-30 participants provide sufficient
depth to capture rich, context-specific insights. Given the
exploratory nature of this study, the selected sample size was
deemed appropriate for gathering in-depth faculty perspectives
on XR integration in medical education.

We acknowledge that the small sample size may limit the
generalizability of the findings. However, this study was
designed to explore educators’ lived experiences and provide
deep insights into XR adoption in medical education, rather
than aiming for broad generalizability. The qualitative
methodology, supported by data triangulation through interviews
and artifacts, enhances the trustworthiness and validity of the
findings despite the limited sample size. To mitigate this
limitation, participants were purposively selected from diverse
medical disciplines and institutions to ensure a variety of
perspectives. Rigorous thematic analysis techniques were used,
validated by multiple coders with high interrater reliability.
Additionally, the findings were cross-referenced with existing
literature to contextualize and strengthen the conclusions.

While future studies with larger samples are necessary to further
validate these findings, this study provides valuable foundational
insights into XR adoption in medical education. These findings
can serve as a reference for similar educational contexts, aiding
institutions and educators in navigating the complexities of XR
implementation.
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Study Context
The context of this study involved faculty members from the
Faculty of Healthcare Sciences at 2 major universities in the
West Bank of Palestine. Both universities have a clear vision
and policy to integrate emerging technologies, such as XR, into
medical education and research. To facilitate the adoption of
XR in teaching, 4 training workshops were organized at each
university to equip faculty members with the knowledge and
skills necessary to understand and apply XR in their practices.
The length of each training session varied depending on the
topic, generally ranging from 2 to 7 days. These sessions
provided teachers with the opportunity to create and develop
learning objects using XR. Various topics were covered,
including an introduction to VR, AR, and XR; designing lessons
using objects on the platform; and creating avatars for lessons,
among others.

Research Instrument
A semistructured interview was the primary research instrument
for data collection. We developed an interview protocol to guide
the process. The protocol (Multimedia Appendix 1) consisted
of 2 sections. The first section introduced the study to the
participants and confirmed the confidentiality of their responses.
Participants were informed that the interview would be recorded,
provided they agreed, and that they could withdraw at any time.
They were also asked to sign a consent form before the interview
was recorded. The second section contained interview questions
developed from a literature review, aligned with the research
questions. Another data source consisted of artifacts provided
by the participants during the interviews or submitted via email,
illustrating how XR was used in medical education.

Data Collection
The researchers sent invitations to the nominated participants
to schedule semistructured interviews at their convenience.
Participants were given the flexibility to choose the time and
location of the interviews. Each interview, lasting 30-45 minutes,
was conducted individually and recorded. The interview protocol
began by asking participants to discuss their general experiences
with technology, followed by specific inquiries about their
experiences with XR, allowing them to share their stories and
journeys. Follow-up questions were asked to delve deeper into
their experiences, especially regarding student collaboration on
projects. For example, when one participant mentioned that
students learn more through exploration, a follow-up question
was, “Can you provide more details about what exploring entails
and the role of XR in facilitating that exploration?” The
interviews were designed to capture as much detailed
information as possible from the participants’ experiences. In
addition to the interviews, participants provided various artifacts,
including samples of student work and activities implemented
using XR. These artifacts served as valuable secondary data
sources.

Trustworthiness
To ensure trustworthiness and methodological rigor, this study
followed established qualitative research principles, emphasizing
credibility, confirmability, dependability, and transferability.

Credibility was enhanced through the use of multiple data
collection methods, including semistructured interviews,
participant-submitted artifacts, and institutional policy
documents. Member checking was conducted by sharing
transcribed interviews and preliminary themes with participants,
enabling them to verify the accuracy of interpretations and
provide clarifications where necessary. Additionally, peer
debriefing was used, where external researchers reviewed the
coding process and emerging themes to refine definitions,
minimize bias, and ensure analytical coherence.

Conformability was maintained by carefully documenting the
research process and prioritizing participants’ statements to
minimize researcher bias. The interview protocol was developed
based on the research questions, a pilot study, and expert
reviews, ensuring its relevance and alignment with the study’s
objectives. Dependability was reinforced through rigorous
coding procedures, with data being independently coded 3 times,
achieving 92% interrater reliability. This process ensured
consistency in theme identification and analysis. Transferability
was supported by purposive sampling, which selected
participants from diverse academic disciplines and career stages
to capture a broad range of perspectives on XR adoption.
Additionally, data triangulation—incorporating interviews,
observational notes, and artifacts from faculty
members—provided a comprehensive understanding of the
factors influencing XR integration in medical education. By
incorporating these robust qualitative validation strategies, the
study strengthens its credibility, validity, and applicability,
ensuring that the findings accurately reflect participants’
experiences while addressing potential biases in sample selection
and data interpretation.

Ethical Considerations
This research was approved by the institutional review board
committee at An-Najah National University under reference
Med. April.2024/18. The study adhered to strict ethical
guidelines to ensure participant confidentiality, informed
consent, and data protection. Before participation, all
participants were provided with detailed information about the
study’s objectives, procedures, and their rights as participants.
Participants were explicitly informed that their participation
was entirely voluntary, and they could withdraw from the study
at any time without facing any consequences or needing to
provide an explanation. To document consent, participants
signed an informed consent form that outlined the scope of the
study, the types of data to be collected, and how the data would
be used solely for research purposes. The consent form also
detailed the measures taken to protect their identities and ensure
the confidentiality of their responses.

In terms of data protection, stringent protocols were followed
to safeguard participant information. Personal data, including
contact details, were securely stored on a password-protected
and encrypted computer. Both physical and digital access to
these data was restricted to authorized researchers only.
Furthermore, any identifying information was anonymized
during the data analysis process to further protect participants’
privacy. Interview data were stored in encrypted files, and
backup copies were securely maintained to prevent data loss.
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Additionally, the researchers communicated the steps taken to
comply with ethical research standards, including adherence to
the principles outlined by Ngozwana [39]. These procedures
ensured that participants felt confident their contributions were
protected and respected throughout the research process. By
incorporating these comprehensive protocols, the study’s
transparency and ethical rigor were enhanced.

Data Analysis
To address the research questions, inductive thematic analysis
was used, following the 6-step methodology proposed by Braun
and Clarke [38]. The research process involved conducting 10.5
hours of recorded interviews. Before data analysis, the
researchers transcribed the audio recordings and shared the text
files with participants for validation. Participants were given
the opportunity to amend, rewrite, or supplement the content
as needed. Once the files were returned, no further modifications
were expected. The thematic analysis was carried out in 6
phases, as outlined by Braun and Clarke [38], and these phases
guided the data analysis process in this study.

The researchers began their analysis by organizing the individual
transcript files, labeling them as F1, F2, and so on up to F25.
The initial phase involved familiarizing themselves with the
data. The researchers, who had conducted the interviews,
carefully read through each transcript while simultaneously
listening to the corresponding audio files. This process of
immersion allowed the researchers to take detailed notes in the
margins of the transcripts, ensuring a thorough understanding
of the data. In the second phase, coding, the researchers
developed labels for significant features of the data that were
relevant to the research questions. As they meticulously read
through the transcripts line-by-line, they created a coding book
to document these labels. This phase focused on identifying key

concepts or ideas that were central to the research, such as how
faculty members experience XR in teaching medical concepts
and in transferring medical knowledge and skills to their
students. Next, the researchers moved to the theme development
phase, where they identified patterns related to the research
questions. They grouped similar and contrasting codes into
coherent themes, resulting in a structured coding book (Table
2 and Multimedia Appendix 2). In the fourth phase, reviewing
themes, the researchers examined these themes across all data,
using inductive analysis to refine and combine them as needed.
This iterative process of theme development was essential for
generating meaningful insights from the data.

The fifth phase involved defining and naming themes based on
the research questions, literature review, and theoretical
framework. This phase integrated both inductive and deductive
approaches, which are common in qualitative data analysis.
Finally, in the reporting phase, the researchers documented and
presented the analysis results, supporting the findings with direct
quotations from the participants’ interviews. This approach
helped provide concrete evidence and context for the identified
themes.

The data analysis process began with a thorough review of each
transcript to familiarize the researchers with the material. During
this phase, ideas and concepts were identified as units of
analysis, and a coding process was developed. A coding book
was created to assist with data coding. Ideas and concepts
sharing similar characteristics were organized into emerging
subthemes, which were then grouped under primary themes,
informed by prior research findings. The research questions
guided the analysis process. Table 2 illustrates the inductive
thematic analysis approach used to develop the coding book for
each research question.
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Table 2. An overview of the themes and data sources (interviews and artifacts).

Findings from artifactsFindings from interviewsMajor themes and sub-
themes

External Factors

Training materials and lesson plans demonstrated faculty
engagement with XR-based teaching.

Faculty attended training sessions on XRa, viewed as ben-
eficial for skill-building and knowledge sharing.

Professional Develop-
ment

Technical support records showed assistance provided for
troubleshooting XR-related issues.

Faculty emphasized the need for technical support, linking
it to continued XR use.

Technical Support

Limited XR-enabled classrooms and laboratories were
documented in institutional reports.

Challenges related to limited XR devices, weak Wi-Fi, and
lack of educational resources.

Infrastructure

Shared lesson plans and peer-reviewed materials indicated
knowledge exchange among faculty.

Positive influence from colleagues, social media, and uni-
versity policies encouraged XR adoption.

Social Influence

XR Features

User guides and simplified XR tools were developed to
address faculty concerns about complexity.

Some faculty found XR easy to use, while others struggled
with the complexity of designing activities.

Ease of Use

Lesson artifacts included interactive 3D models and gami-
fied simulations.

Interactivity was valued for facilitating learning objectives
and engagement.

Interactivity

Students’ assignments showed creative applications of XR
for visualization.

Imagination linked to visualization capabilities, enhancing
the learning experience.

Imagination and Immer-
sion

Internal Factors

Faculty-created resources mirrored existing ICT teaching
practices, aiding XR integration.

Prior experience with ICTs contributed to smoother XR
adoption.

Previous Experience

With ICTsb

Assessment rubrics reflected the need for digital competen-
cies in grading XR-based tasks.

Digital literacy skills were essential for the effective use
of XR in teaching.

Digital Competencies

Students’ reflections indicated excitement about XR use;
some reported difficulty in self-directed learning.

Most faculty had positive attitudes, seeing XR as engaging;
a minority found it too complex.

Attitudes Toward XR

Design Factors

Course syllabi showed attempts to integrate XR but high-
lighted gaps in structured activity design.

Time constraints and lack of technical expertise made de-
signing XR activities difficult.

Design Challenges

aXR: extended reality.
bICT: information and communication technology.

Results

Key Factors
Participants identified key factors based on their experiences
with XR in health care education. Faculty workload and
responsibility were recognized as significant factors influencing
the integration of XR into teaching practices. Additionally,
experience with medical technology was found to be linked to
the use of XR. Data analysis revealed various influencing
factors, which were grouped into 3 categories: internal factors,
design factors, and external factors, which include XR features
(Table 2). Each category encompasses several specific factors,
as detailed in the following sections. Table 2 provides an
overview of the themes and data sources.

External Factors

Institutional Drivers of XR Adoption in Teaching
External factors related to higher education institution policies
and readiness, such as professional development, technical
support, infrastructure, social influence, and XR features, were

identified as factors that could positively influence the
acceptance and continued use of XR in teaching practices.

Professional Development
All participants confirmed their attendance at training sessions
on using XR in their teaching. These sessions covered a range
of topics, from recognizing the value of XR as an advanced
technology to creating lessons and activities using existing
platform assets. For example, one faculty member mentioned,
“The training was helpful in various aspects, such as
understanding the value of XR and learning how to use it in my
class activities” [D1]. Additionally, some faculty members
viewed the training sessions as opportunities to share their
knowledge and receive feedback, enhancing their practices in
medical education. One participant noted, “I shared the activities
I designed from scratch to get feedback from my colleagues. It
was a good chance to share experiences and learn from others”
[P5].

Integrating VR into medical education, particularly in fields
such as nursing, offers students the chance to learn in authentic,
immersive environments and practice practical tasks through
simulations. However, some participants raised concerns that
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VR might not substantially enhance student learning, as they
believed students could already visualize real-life situations
without the need for VR. This underscores the importance of
professional development programs in equipping educators with
the strategies needed to design VR experiences that extend
beyond imagination, offering unique, hands-on, and interactive
learning opportunities that traditional methods cannot replicate.

Technical Support
Most participants emphasized the importance of technical
support in ensuring the continued use of XR, as it helps
minimize technical difficulties faced by faculty members in
medical sciences. Technical support encompassed a range of
services, from creating platform accounts to troubleshooting
issues with platform assets and student access. One faculty
member stated, “Technical support is essential to continue using
XR as it’s a new technology, and I had no previous experience
with it” [D25]. Some faculty members associated the availability
of technical support with saving time and being able to focus
more on the quality of activities and assessments. However, a
few reported a lack of technical support due to insufficient
staffing at the XR center. Providing technical support also
positively impacted students’ timely completion of assignments
and tasks using XR.

Infrastructure
Infrastructure plays a crucial role in the use and continued
adoption of XR in medical education. Participants defined
infrastructure in terms of the availability of suitable VR devices,
strong Wi-Fi, and educational resources. One faculty member
mentioned, “I confront challenges to find assets related to
Nursing relevant to my teaching topic” [D24]. A few participants
cited the lack of infrastructure as a significant challenge. For
instance, one faculty member said, “I have 45 students in Human
Medicine, and it’s difficult to take them all to the computer lab
to use the VR devices because there is only one device” [D5].

One of the novel findings of this study is its emphasis on the
intersection of institutional policies, faculty readiness, and
infrastructural limitations in shaping XR adoption in medical
education. While faculty members acknowledged the
pedagogical benefits of XR, they also highlighted significant
challenges related to institutional support and funding
constraints. Unlike institutions in high-income regions, where
government and private sector investments facilitate the
widespread adoption of XR, Palestinian universities rely
primarily on limited internal budgets and external grants.
Consequently, the lack of funding for VR-compatible hardware,
insufficient training opportunities for faculty, and inadequate
technical support staff emerged as critical barriers to adoption.
This study underscores the importance of targeted policy
interventions, including faculty incentives, resource-sharing
initiatives, and digital transformation strategies, to address these
systemic barriers and promote sustainable XR integration.

Social Influence

Positive Influence of Colleagues

When asked about the impact of colleagues on their use of XR,
most participants reported a positive influence from both within

and outside the university. This influence included sharing
expertise, providing technical and instructional support, and
exchanging lessons and learning objects on the XR platform.
One participant stated, “It was challenging to design lessons
using the XR platform, so I asked a colleague for help” [D20].

The Power of Social Media

Some participants reported being members of social media
groups focused on advanced technology in engineering, such
as Twitter groups. These communities helped them exchange
ideas about designing VR activities and share lessons using 3D
and 360-degree techniques. One participant shared a lesson
about the human body on Facebook and received feedback to
improve the lesson using advanced VR features. Another
participant said, “I share my lessons and activities in the group
and exchange ideas on using XR in teaching various topics”
[D6].

XR Features

Impact of XR Features on Adoption in Medical Education

The XR features reported by the majority of participants
included ease of use, imagination, interaction, and immersion,
all of which could influence the use of XR in medical education.

Ease of Use

Most participants highlighted the importance of XR’s ease of
use in lesson activities and content presentation. Some linked
the simplicity of designing activities and lessons on the platform
to their intention to continue using it. One faculty member
stated, “I liked using XR because it was easy to design activities
to show hidden parts of the human body” [D4]. However, a few
participants found XR complicated and challenging for
designing lesson activities, which led them to stop using it,
although they continued assigning XR-related tasks to students.

Interaction Feature

Many participants emphasized the role of interactive features
in facilitating and achieving lesson objectives. One participant
said, “interactivity is important for me and my students because
it enables activities that are otherwise impossible” [D11]. They
also highlighted the importance of designing interaction types
between students and learning activities, as well as interactions
among students.

Imagination and Immersion

All participants confirmed the significance of imagination in
medical sciences education, which could lead to greater
immersion in class activities. One faculty member reported,
“My students used XR to virtually perform a surgery” [D3].
Many participants linked imagination to visualization features
that attract faculty members to use XR in assignments and
activities.

Internal Factors

Role of Digital Competencies and Experience in XR
Adoption
Internal factors included previous experience with information
and communication technologies and digital competencies.
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Previous Experience With Information and
Communication Technologies
The majority of respondents indicated that previous experience
with information and communication technologies and mobile
technology was crucial for accepting and using XR in medical
education. Experience with smartphones also facilitated their
use of mobile VR for course instruction and activities.

Digital Competencies
In this study, digital competencies refer to the knowledge, skills,
and attitudes related to XR. Most interviewees reported that
their digital competencies were crucial for continuing to use
XR. One faculty member stated, “My experience and knowledge
are important for using XR in medical education.” [D9].

Design Factors
Design factors refer specifically to the pedagogical and
instructional aspects of XR integration, particularly in creating
activities, materials, and assessments in health care. This process
often requires the application of instructional design principles.
Most participants indicated that their primary difficulty was
designing course-related activities. Many felt they lacked the
technological expertise required, and some reported insufficient
time due to commitments at private hospitals and clinics.

Attitudes Toward Using XR in Medical Education

Positive Attitudes
Many participants expressed positive attitudes toward using XR
in medical education, attributing these attitudes to features such
as interaction, visualization, and immersion. Some mentioned
that the simplicity of XR saved both time and effort. For
instance, one faculty member noted, “My students were excited
to use XR.” [D4].

Negative Attitudes
A minority of participants, fewer than one-third, reported
obstacles that negatively influenced their attitudes toward using
XR. These challenges were related to the complexity of XR
usage.

Socioeconomic Factors and XR Adoption
Socioeconomic factors significantly influence XR adoption in
Palestinian higher education, particularly in infrastructure
investment, faculty training, and institutional support. The high
costs of XR hardware, software, and maintenance, coupled with
limited government funding and restricted access to grants,
present a major challenge. Many universities struggle to scale
XR beyond pilot initiatives, limiting widespread faculty
adoption. A key barrier is faculty training and professional
development. While some institutions offer workshops, many
educators lack consistent training and technical support,
resulting in uneven adoption across disciplines. Comparisons
with developing regions, such as Latin America and Southeast
Asia, reveal similar constraints, while well-funded institutions
in South Korea and Germany address these challenges through
government investment, faculty incentives, and public-private
partnerships.

To bridge this digital divide, Palestinian universities must
increase funding, establish training programs, and explore
resource-sharing models across institutions. Addressing these
socioeconomic barriers will ensure sustainable XR integration,
enabling faculty to effectively utilize immersive technologies
in medical education. Future research should explore scalable
funding models and institutional collaborations to support
long-term XR adoption. In conclusion, we visualize the factors
influencing faculty members’ use of XR in medical education.

Figure 2 visualizes the factors influencing faculty members’
use of XR in medical education.
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Figure 2. Visualization of the factors influencing faculty members to use extended reality (XR) in medical education.

Discussion

Principal Findings
The findings of this study highlight the complex factors
influencing XR adoption in medical education, categorized into
external, internal, and design-related elements. Professional
development emerged as a key enabler, with faculty members
who participated in XR training reporting increased confidence
and capability in integrating the technology into their teaching.
These sessions provided both technical knowledge and
collaborative learning environments, aligning with prior research
emphasizing the role of continuous professional development
in technology adoption [40]. However, technical support and
infrastructure remain critical challenges. While access to reliable
support enhances faculty engagement with XR, inconsistent
availability of assistance and limited institutional investment
in technical staff hinder seamless integration. Similarly,
infrastructure gaps—such as limited access to XR devices,
inadequate internet connectivity, and insufficient educational
resources—remain substantial barriers, especially in
resource-constrained settings [41]. These findings align with

studies in other developing regions, where high costs and
inadequate infrastructure are primary obstacles to XR adoption
[42].

Although this study applies the UTAUT model to analyze XR
adoption, the findings suggest that policy and institutional
support are crucial facilitating conditions not explicitly
accounted for in the framework. Additionally, socioeconomic
constraints, including funding limitations and digital
infrastructure challenges, significantly influence adoption
behaviors [43]. To extend the theoretical framework, we propose
a modified model that integrates 2 additional dimensions:
Pedagogical Readiness, encompassing faculty training,
instructional design capabilities, and institutional encouragement
for XR use, and Technical and Logistical Support, emphasizing
the role of digital infrastructure, maintenance, and technical
assistance. These modifications offer a more contextualized
perspective on XR adoption in developing regions, reinforcing
the need for localized implementation strategies [44].

The role of social influence in XR adoption extends beyond
institutional policies and peer encouragement. This study found
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that faculty skepticism, generational differences in adoption,
and student perceptions significantly influence XR use. While
peer influence and institutional endorsement encourage adoption,
some senior faculty members expressed skepticism about XR,
fearing that it might disrupt traditional pedagogical methods
rather than complement them. These concerns align with prior
research on faculty resistance to emerging technologies [32].
By contrast, younger faculty members demonstrated greater
openness, reflecting trends observed in broader educational
technology adoption studies [30]. Additionally, students’
positive engagement with XR significantly influenced faculty
willingness to integrate the technology, reinforcing prior
findings that student enthusiasm can drive faculty adoption [33].
However, some educators expressed concerns that XR might
encourage passive rather than active learning, highlighting the
need for interactive and problem-solving–oriented XR
applications to maximize its educational impact [33].

To overcome financial barriers to XR adoption in Palestinian
universities, alternative and sustainable funding models are
essential. While current efforts often rely on short-term external
grants, more resilient approaches—such as public-private
partnerships, collaborations with technology firms, and the use
of open-source XR platforms—could help support long-term
implementation and scalability [45]. Although the return on
investment in XR may not be immediately measurable in
financial terms, it can be demonstrated through improvements
in student performance, engagement, and retention. These
outcomes contribute to institutional sustainability by reducing
dropout rates and enhancing overall learning effectiveness [41].

Lastly, design-related challenges, particularly the complexity
of XR tools and time constraints for faculty, emerged as barriers
to effective integration. While many faculty members
appreciated the interactive and immersive capabilities of XR,
others found content creation and instructional design
challenging, highlighting the need for user-friendly design tools
and targeted training [46]. Digital competencies were also found
to be a critical factor, with faculty members possessing stronger
digital skills demonstrating greater ease in XR adoption. This
underscores the importance of developing digital literacy as a
core competency in medical education [47].

Overall, this study emphasizes the need for a holistic approach
to XR adoption, integrating technical, economic, and
pedagogical strategies. In comparison to universities in Latin
America and Southeast Asia, where national digital education
strategies and structured funding initiatives have facilitated XR
adoption, Palestinian institutions require policy-driven
interventions and regional partnerships to develop scalable,
sustainable funding models [48]. Addressing these economic
and infrastructural constraints will be essential to ensure that
XR can be effectively integrated into medical education in
underresourced contexts.

Theoretical and Practical Implications
The study on integrating XR in Palestinian health care education
highlights key theoretical and practical implications.
Theoretically, it advances technology acceptance models by
identifying factors influencing XR adoption, including
institutional policies, social influences, digital competencies,

and attitudes. It also emphasizes the need for robust
infrastructure and professional development to support
technology integration.

Practically, effectively implementing XR in medical education
requires a well-structured, phased approach to fully realize its
transformative potential. The first priority for institutions should
be establishing robust foundational infrastructure, including
high-quality hardware and software solutions that are scalable
and adaptable to evolving needs. This requires substantial initial
investments, not only in technology but also in developing
technical support systems to address challenges such as high
costs, operational complexities, and the demands of maintaining
cutting-edge solutions. Along with infrastructure development,
it is essential to provide comprehensive training for educators
and students, focusing on the digital literacy skills needed to
use XR effectively. Clear guidelines should also be developed
to ensure consistent, meaningful integration of XR into the
curriculum.

Higher education institutions should also consider designing
and adopting performance indicators specifically tailored to
measure the success and impact of XR implementation. These
indicators could include metrics such as student engagement
levels, improvements in skill acquisition, and the
cost-effectiveness of XR solutions. By establishing these
benchmarks, institutions can monitor progress and identify areas
for improvement, ensuring a data-driven approach to XR
adoption.

Early adoption strategies should emphasize piloting risk-free,
immersive simulations that allow educators and students to
explore XR’s capabilities in a controlled environment. These
pilot programs serve to demonstrate the tangible value of XR,
helping to build confidence among stakeholders and secure their
buy-in for broader implementation. However, institutions should
be cautious of potential pitfalls. For instance, underestimating
the need for ongoing technical support can lead to system
failures and diminished user satisfaction. Similarly, neglecting
to align XR initiatives with specific, well-defined learning
outcomes can result in unfocused or ineffective use of the
technology. Finally, failing to allocate adequate resources for
regular maintenance and updates may jeopardize the long-term
sustainability of XR programs.

Addressing Technical and Economic Barriers to XR
Adoption
Sustainable integration of XR in medical education requires a
strategic focus on viable funding models, cost-effectiveness,
and long-term impact. In resource-constrained settings, such as
Palestinian universities, advancing XR implementation depends
less on reiterating existing challenges and more on identifying
innovative, context-sensitive solutions. Strategic
partnerships—with private technology firms, medical
institutions, and international funding bodies—can facilitate
access to sponsored XR hardware, software, and training. These
collaborations support the co-development of immersive
learning programs and enable cost-sharing arrangements that
reduce the financial burden on institutions.
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Adopting open-source XR platforms also presents a promising
avenue for sustainable integration. These tools offer flexibility
in content creation and deployment without the high costs
associated with proprietary systems, making them particularly
suitable for universities with limited budgets. Beyond initial
implementation, institutions must assess XR’s return on
investment through educational outcomes rather than direct
financial metrics. Improvements in student engagement,
knowledge retention, and academic performance are strong
indicators of XR’s value and can contribute to institutional
sustainability by reducing dropout rates and enhancing graduate
readiness.

To ensure scalability and impact, universities should adopt
data-informed strategies, including cost-benefit analyses, pilot
programs, and scalable deployment models. Aligning financial
planning with pedagogical goals ensures that XR technologies
are integrated not only as innovative teaching tools but also as
sustainable investments in the future of medical education. A
methodical, forward-looking approach enables institutions to
transform economic limitations into opportunities for creative
problem-solving and long-term growth.

Limitations
The study acknowledges several limitations. First, the research
was conducted during the initial stages of XR adoption in
Palestinian higher education, which may limit the
generalizability of the findings. The small sample size and the
focus on specific institutions further constrain the applicability
of the results to other contexts. Additionally, the high upfront
costs and technical challenges associated with XR technologies
may pose barriers that were not fully explored due to the limited
scope of the study. Finally, the study relies on self-reported data
from participants, which could introduce bias or inaccuracies
in the findings.

Future Research
Future research should focus on scaling the study to larger
populations across multiple universities to provide a more
comprehensive understanding of XR’s applicability and
effectiveness in diverse educational contexts. Expanding
research across different institutions, disciplines, and settings
will offer broader insights into how XR can be integrated into
various pedagogical frameworks.

Additionally, longitudinal studies are essential to track XR
adoption over time. These studies would assess the long-term
impact of XR on educational outcomes, skill retention, learner
engagement, instructor effectiveness, and curriculum integration.
Examining how faculty and students interact with XR
technologies over extended periods will help identify patterns
of adoption, sustained challenges, and evolving best practices.
This approach will also contribute to understanding the
long-term sustainability of XR implementation in higher
education.

Further research should also investigate the technical and
pedagogical challenges associated with XR adoption. Identifying

these challenges could lead to detailed, actionable guidelines
that institutions can use to optimize XR deployment strategies.
Beyond health care education, exploring XR’s potential in fields
such as engineering, humanities, and business would provide
insights into its broader applicability. Moreover, examining
how XR interacts with emerging technologies such as artificial
intelligence, machine learning, and data analytics may reveal
innovative ways to enhance teaching and learning experiences.

Another critical area for future research is the development of
performance indicators to measure the success of XR adoption.
These indicators should assess learning outcomes, user
satisfaction, cost-effectiveness, and scalability, providing
institutions with data-driven benchmarks to evaluate and refine
their XR initiatives.

Finally, addressing the digital divide in XR adoption is crucial,
particularly in developing regions. Investigating how educational
institutions can ensure equitable access to XR technologies for
students from varied socioeconomic backgrounds will help
create inclusive and accessible learning environments. This
research will be instrumental in bridging technological
disparities and promoting digital equity in higher education.

Conclusion
XR technologies have the potential to revolutionize health care
education by providing immersive learning experiences that
enhance practical skills and knowledge retention. This study
highlights several key factors for the successful adoption of XR
in medical education, including professional development,
adequate infrastructure, robust technical support, positive social
influence, and user-friendly design. Strategic investments in
these areas are vital to overcoming initial barriers and aligning
XR adoption with the Sustainable Development Goals of quality
education and good health. By addressing these complex factors,
educational institutions can create an environment conducive
to the successful integration of XR technology, ultimately
improving teaching practices and student learning outcomes in
medical and nursing programs, particularly in Palestine.

The findings of this study emphasize that successful XR
adoption in medical education requires more than just
technological availability—it demands strong institutional
policies, sustained funding mechanisms, and structured faculty
development programs. Higher education institutions must move
beyond pilot initiatives and develop long-term strategies for
integrating XR into curricula, supported by clear guidelines,
resource-sharing models, and institutional incentives.
Additionally, regional collaborations among universities in
developing contexts could facilitate knowledge exchange and
infrastructure sharing, reducing the financial burden on
individual institutions. Future research should further explore
scalable policy interventions that enable sustainable XR
adoption, particularly in resource-constrained environments
where technology-enhanced learning can play a crucial role in
addressing educational inequalities.
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Abstract

Background: Standardized patients (SPs) have been crucial in medical education, offering realistic patient interactions to
students. Despite their benefits, SP training is resource-intensive and access can be limited. Advances in artificial intelligence
(AI), particularly with large language models such as ChatGPT, present new opportunities for virtual SPs, potentially addressing
these limitations.

Objectives: This study aims to assess medical students’ perceptions and experiences of using ChatGPT as an SP and to evaluate
ChatGPT’s effectiveness in performing as a virtual SP in a medical school setting.

Methods: This qualitative study, approved by the American University of Antigua Institutional Review Board, involved 9
students (5 females and 4 males, aged 22‐48 years) from the American University of Antigua College of Medicine. Students
were observed during a live role-play, interacting with ChatGPT as an SP using a predetermined prompt. A structured 15-question
survey was administered before and after the interaction. Thematic analysis was conducted on the transcribed and coded responses,
with inductive category formation.

Results: Thematic analysis identified key themes preinteraction including technology limitations (eg, prompt engineering
difficulties), learning efficacy (eg, potential for personalized learning and reduced interview stress), verisimilitude (eg, absence
of visual cues), and trust (eg, concerns about AI accuracy). Postinteraction, students noted improvements in prompt engineering,
some alignment issues (eg, limited responses on sensitive topics), maintained learning efficacy (eg, convenience and repetition),
and continued verisimilitude challenges (eg, lack of empathy and nonverbal cues). No significant trust issues were reported
postinteraction. Despite some limitations, students found ChatGPT as a valuable supplement to traditional SPs, enhancing practice
flexibility and diagnostic skills.

Conclusions: ChatGPT can effectively augment traditional SPs in medical education, offering accessible, flexible practice
opportunities. However, it cannot fully replace human SPs due to limitations in verisimilitude and prompt engineering challenges.
Integrating prompt engineering into medical curricula and continuous advancements in AI are recommended to enhance the use
of virtual SPs.

(JMIR Med Educ 2025;11:e63353)   doi:10.2196/63353

KEYWORDS

medical education; standardized patient; AI; ChatGPT; virtual patient; assessment; standardized patients; LLM; effectiveness;
medical school; qualitative; flexibility; diagnostic
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Introduction

Standardized patients (SPs) have been a cornerstone of medical
education since the 1960s, offering students an immersive,
real-world experience in a controlled environment. Studies have
demonstrated that SP programs are superior for teaching
consultation skills compared with traditional methods, with
medical students trained using SPs showing increased
confidence and competency compared with those trained through
other modalities [1,2].

While SPs provide valuable opportunities for students to practice
diagnostic and interpersonal skills under standardized conditions,
several inherent challenges exist. The resource-intensive nature
of SP programs has been a persistent issue, with significant
costs associated with recruitment, training, and maintenance of
an SP bank [1,3]. Additionally, questions have emerged about
SPs’ ability to adequately represent the nuances of real patient
presentations.

These challenges are particularly pronounced in specific
contexts. For instance, Caribbean medical schools face unique
obstacles due to limited local health care infrastructure and
varying access to clinical training resources. Many offshore
institutions in countries such as Aruba and Antigua and Barbuda
must rely on partnerships with local health care providers, often
resulting in inconsistent access across student cohorts [4,5]. The
COVID-19 pandemic exposed additional vulnerabilities in
traditional SP programs. The discontinuation of the USMLE
Step 2 Clinical Skills examination in 2022, for instance,
highlighted the risks of relying solely on in-person SP
encounters for assessment [5].

In the 21st century, virtual SPs have emerged. These are
computer programs that simulate specific illnesses and respond
to learner inputs [6]. They have become invaluable tools in both
teaching and assessment. However, their development also
requires significant resources, making it challenging for
institutions without robust educational technology support
departments [7].

As the field of artificial intelligence (AI) has advanced, the
potential for its application in medical education has expanded.
Large language models (LLMs), such as ChatGPT (OpenAI),
have revolutionized natural language processing. These
sophisticated neural networks, trained on vast amounts of
web-based data, are adept at predicting subsequent words in a
sequence [8]. ChatGPT, a chatbot based on the GPT-3.5 model,
has an enormous 175 billion parameters and displays a
remarkable capacity for understanding and reasoning, bordering
on human-like proficiency [9]. Since its introduction in
November 2022, sectors spanning from history to entertainment
have rapidly adopted the LLM [10].

This advancement in AI has led to the development of virtual
SP chatbots. A number of major educational material suppliers
and specialized companies are offering chatbot SPs, based on
LLMs capable of natural language interactions, for students to
practice clinical skills. One example is Oscer, which can present
more than 200 virtual patient conditions and boasts above 90%
accuracy in symptomology [11]. Similarly, the University of

Texas Medical Branch makes use of an AI agent termed Virti,
which they use to conduct virtual Observed Structured Clinical
Examinations with medical students [12]. Other publicly
accessible sites offering virtual patients include Soma Lab [13]
and Body Interact [14]. However, for this new generation of
virtual patients there is again considerable time and resources
required for the company or the institution to develop the
program and train the LLM on specific datasets and student
access can be limited by cost and locality [7].

The debut of ChatGPT sparked inquiries into its potential as an
SP. Liu et. al [15] crafted 10 medical histories with ChatGPT,
which were then vetted by experienced physicians. Their results
highlighted ChatGPT’s promise in clinical education, although
some responses came across as robotic [15]. Suarez et.al [16]
gathered dental student’s feedback after interacting with an AI
chatbot. The majority found the experience valuable, especially
those who made a correct diagnosis. This underscores the
potential of integrating AI into health sciences training [16].

Weidener and Fischer [17] emphasized the growing consensus
on incorporating AI into medical education. Their study
indicated the importance of both practical and technological
skills for leveraging AI in medicine [17]. Similarly, Jowsey et.
al [18] have recommended adoption of AI into medical
education as a way of preparing future physicians for the reality
of modern practice.

We were aware that SPs at our school, American University of
Antigua (AUA), were in limited supply and had received
feedback indicating that while SPs are effective, students would
like greater access to them. In fact, some students had no access
during their course, depending on their cohort.

One of our study’s aims was to assess medical students’
perceptions and experiences regarding the use of AI in
medicine—specifically by examining their views before and
after interacting with ChatGPT as an SP. A second aim was to
evaluate whether ChatGPT can perform adequately as a virtual
SP in a medical school setting. Guided by these aims, our
investigation focused on the following research questions: (1)
How do students perceive the effectiveness of ChatGPT
compared with traditional SPs in medical training scenarios?
(2) To what extent can ChatGPT function effectively as a virtual
SP in medical education?

By addressing these questions, our study seeks to inform the
potential integration of AI-driven virtual SPs into medical
curricula, particularly in settings where access to traditional SPs
is limited.

Methods

Ethical Considerations
This study was given expedited approval by the AUA Research
committee (no. AUAIRBa23011). Eleven medical student
volunteers enrolled in the MD course at AUA were recruited
via a campus-wide email. Two participants were lost to
follow-up, leaving a total of 9 participants. Students were 5
females and 4 males, aged 22-48 years, comprising students
from both first and second years of the basic sciences course
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section of the MD program. Participants were explicitly
informed that their involvement in the research was completely
voluntary. They were also assured that their responses would
remain confidential and anonymous, and all participants signed
informed consent agreements. All data were anonymized and
no compensation was provided to participants.

Study Design
Students were given access to ChatGPT version 4.0 accounts,
the most recent available at the time of the study. Students were

observed during a live role-play, in which a student inputted a
predetermined prompt, provided by the study authors, into
ChatGPT. The prompt directed the LLM to present as a patient
with a neurological condition (Figure 1).

The student, in the role of physician, then interviewed the
ChatGPT and attempted to make a differential diagnosis (Figure
2).

Figure 1. Prompt used in ChatGPT role-play.
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Figure 2. Screenshot example of ChatGPT standardized patient interaction.

Prompt Development
The development of the prompt for ChatGPT’s simulated patient
interaction underwent an iterative process prior to its use by
students. This process involved a 6-member faculty team
comprising both clinical and nonclinical faculty, ensuring a

diverse range of perspectives and expertise. The faculty were
tasked with using the prompt in simulated interactions with
ChatGPT, assessing the following factors:

JMIR Med Educ 2025 | vol. 11 | e63353 | p.357https://mededu.jmir.org/2025/1/e63353
(page number not for citation purposes)

Cross et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Consistency: ensuring the chatbot consistently adhered to
the patient role and provided responses aligned with the
illness script.

2. Accuracy: evaluating whether the responses were medically
plausible and aligned with the provided case information.

3. Likelihood of misleading the SP: assessing whether the
chatbot responses could inadvertently lead users to incorrect
assumptions or conclusions.

4. Quality of output: reviewing the depth and appropriateness
of responses to ensure a realistic and effective simulation
experience.

5. Adherence to prompt instructions: verifying that ChatGPT’s
responses followed the specific behavioral and
informational instructions embedded in the prompt.

Faculty provided detailed feedback based on their observations,
leading to refinements in the prompt. Suggestions included
adjustments to phrasing, additional clarifications to the illness
script, and enhancements to behavioral instructions to minimize
the potential for ChatGPT to deviate from the assigned patient
role. This iterative process was instrumental in optimizing the
prompt’s effectiveness before deployment in the study.

Rationale for Clinical Case Selection
Bell palsy was chosen as the clinical condition for the simulation
due to its relevance to the material being taught at the time. This
alignment ensured that the scenario was both clinically pertinent
and integrated with the participants’ ongoing coursework in
both basic sciences and clinical disciplines. The familiarity of
the students with the foundational aspects of Bell palsy was
intended to facilitate meaningful engagement with the simulated
patient, allowing them to focus on the interaction and diagnostic
questioning rather than struggling with unfamiliar content.

Purpose of the Evaluation
It is important to note that the primary goal of this study was
not to evaluate the students’ diagnostic accuracy. Instead, the
focus was on assessing their perceptions of ChatGPT’s
performance as a simulated patient. This distinction was critical
to the study design, as it allowed for an emphasis on the
usability, realism, and educational value of AI-driven SP
interactions without conflating these aspects with the
participants’ clinical competencies.

The role-play was conducted verbally, as a voice control
extension added to the ChatGPT accounts allowed natural
language conversation between the student and the LLM [19].
A structured questionnaire consisting of 15 open-ended
questions was administered before and after interaction with

ChatGPT in the role of an SP. Students were asked about
specific elements of their interaction and interviews were
conducted in person by faculty team members (Multimedia
Appendix 1).

Participating students were introduced to the ethical
considerations of using LLMs such as ChatGPT. This included
training on the importance of deidentifying patient data,
recognizing the limitations of AI, and understanding the
potential biases inherent in AI responses, such as those related
to gender or ethnicity. This ethical orientation aimed to ensure
that students approached the interactions responsibly and with
an awareness of the technology’s constraints.

Thematic Analysis
The results of the students’ group work were recorded,
transcribed, and coded by 3 different authors (JC, TK, and RER).
Following discussions in regular meetings, findings were
summarized, and a category system consisting of main and
subcategories, according to Mayring’s [20] qualitative content
analysis, was agreed upon. Selected text passages were used as
quotations to illustrate each category. Inductive category
formation, a qualitative research method used to analyze data
by identifying patterns, themes, or categories that emerge
directly from the data itself, without predefined hypotheses or
coding frameworks, was used to analyze open-ended survey
responses and interview transcripts.

To explore differences in prompt engineering techniques across
academic levels, we asked students to describe how they
approached questioning and refining their prompts during the
postsession interviews. First-year students, who had less clinical
exposure, were expected to rely more on general inquiry
methods, while second-year students might leverage slightly
more clinical insight. Recording these observations allowed us
to compare prompt engineering strategies between these groups
and understand how curriculum familiarity influenced
interactions with the AI-driven simulated patient interactions.

Results

A total of 9 students participated (5 females and 4 males, aged
22‐48 years) (Table 1). All students had had some prior
experience with traditional SPs, with more senior students
having had a greater number of encounters. This contextualizes
their perceptions of ChatGPT as a supplement and provides a
baseline for understanding the comparative effectiveness of the
AI-based approach.
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Table . Demographic data.

Participants (n=9), nCharacteristics

Age (years)a

4    22‐30

4    31‐40

1    41+

Sex

4    Male

5    Female

Semester

0    1

7    2

1    3

1    4

0    5

Prior experience with SPsb

9    Yes

0    No

Prior experience with AIc/ChatGPT

6    Yes

3    No

aMean age: 31.22 (SD 6.8) years
bSPs: standardized patients.
cAI: artificial intelligence.

The thematic analysis of student feedback prior to interaction
with ChatGPT as an SP identified several key themes and
subthemes (Table 2). Under the theme of technology limitations,
students noted challenges with prompt engineering, such as
difficulty in asking effective questions, because the AI could
not role-play a physical examination. In terms of learning
efficacy, students mentioned the potential for personalized
learning materials, grammatical assistance, and the ability for
repeated practice without the constraints of limited SP
availability. Additionally, some students highlighted the

potential for increased convenience, as they could practice as
often and whenever they wanted. A potential reduction in SP
interview stress was also seen as a benefit of increasing virtual
practice. However, under the theme of verisimilitude (ie, the
degree to which a simulation mirrors real-life scenarios,
including the subtle behaviors and interactions that contribute
to a convincing experience), students expressed concerns about
the absence of visual cues and rapport, which are important in
real patient interactions. Finally, trust issues were raised
regarding the accuracy of the LLMs output.
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Table . Thematic analysis of student feedback preinteraction with ChatGPT standardized patient.

Representative quotationsThemes and subthemes

Theme 1. Technology limitations

“The challenges might be just asking the right questions, because it’s an
AI, you can’t ask them to do physical examinations.”

    Prompt engineering

Theme 2. Learning efficacy

“Triple checking work and not only getting the right answer, but getting
explanations for the right answer and then why the wrong answer is
wrong.”

    Personalized learning materials

“It would be helpful because English is not my first language.”    Grammatical assistance

“There’s usually 10 medical students to one patient, and sometimes you’re
fighting over each other to get the interview, so this allows us to get more
repetitions.”

    Repetition

“The sky’s the limit with regards to what we can practice.”    Depth of medical knowledge

“It will kind of be a bit more stress free because you know you’re talking
to a computer rather than an actual patient.”

    Interview stress or anxiety

“Be able to practice it as much as I want, as often as I want and any time
I want.”

    Convenience

Theme 3. Verisimilitude

“You have to figure out ways to ask the question without the visual cues.”    Absence of visual cues

“Building the communication and the relationship with your patient is
important.”

    Absence of rapport or empathy

Theme 4. Trust

“One incident was in the small group activity, where it gave us the wrong
answer.”

    Inaccurate output

Following interaction with ChatGPT, the thematic analysis of
student feedback revealed some changes in perceptions (Table
3). While technology limitations were still noted, students
mentioned that they had learnt to improve the output from
ChatGPT by tailoring prompts. They also reported alignment
issues, such as ChatGPT not providing information on sensitive
topics such as patient sexual history. Learning efficacy remained
a significant theme, with students appreciating the convenience
and repetition benefits. They found the ability to practice history

taking without stress and receive feedback useful for skill
development. However, verisimilitude issues persisted as a
theme, with students noting the absence of visual and tonal cues,
and the lack of rapport and empathy, all of which impacted the
effectiveness of the patient interview and the ability to make a
diagnosis. Some students experienced information overload,
feeling that ChatGPT provided more information than a real
patient would.
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Table . Thematic analysis of student feedback postinteraction with ChatGPT standardized patient.

Representative quotationsThemes and subthemes

Theme 1. Technology limitations

“You could put in the prompt that you want to tailor the responses you
want to get back.”

    Prompt engineering

“When I asked like about sexual history, they were not able to give infor-
mation.”

    Alignment

Theme 2. Learning efficacy

“Having ChatGPT to practice history whenever we want, I think that’s
the improvement.”

    Convenience

“You are able to have a lot more repetitions than you are in lab.”    Repetition

“Since it’s a computer, it’s not real. I had less anxiety.”    Interview stress or anxiety

“I can ask ‘hey, how did you think I did?’”    Feedback

“It highlighted the importance of on-the-spot thinking and memory recall
in a medical scenario.”

    Skills development

“It’s going to make you sharper. You know, you’re probably going to be
ahead of your peers, you’re going to be able to answer a patient in a better,
more detailed manner. Give them a better treatment or care plan.”

    Overall enhanced learning

Theme 3. Verisimilitude

“For the standardized patient you physically see them. You can see if
they’re in pain, they don’t have to explain where they are in pain.”

    Absence of visual cues

“ChatGPT had the same tone, even if it was saying something sad.”    Absence of tonal cues

“It takes away the personal connection between the doctor and the patient.”    Absence of rapport or empathy

“It felt like it was offering more information than a regular patient would.”    Information overload

To provide broader context, we compared ChatGPT with some
other virtual SP platforms or platforms that could provide this
function (Table 4). The comparison highlights the unique
strengths and weaknesses of ChatGPT identified in this study
in comparison with other platforms, including Claude AI
(another chatbot often ranking near the top of benchmarking
tables), Body Interact, Oscer AI, and Soma Lab [13,14,21-23].
Both ChatGPT and Claude AI offer flexibility and unlimited

practice but are limited by uncurated outputs and reliance on
prompt engineering. Oscer AI and Som Lab provide curated
clinical cases with tailored feedback, yet their visual
representation and interactivity vary, with Soma Lab integrating
natural conversational voice modes. Body Interact enhances
verisimilitude through patient avatars and curated cases but
lacks voice interaction. Cost structures range from free access
for basic use to subscription-based models for advanced features.

Table . Comparison of various platforms able to function as standardized patients.

Model costVerisimilitudeLearning efficacyTechnology limitationsPlatform

Free and subscription-based
options

Limited visual and tonal
cues; natural conversational
voice mode

Offers flexibility and unlim-
ited practice

Requires effective prompt
engineering; uncurated out-
puts

ChatGPT

Free and subscription-based
options

Limited visual and tonal
cues; limited voice interac-
tion

Offers flexibility and unlim-
ited practice

Requires effective prompt
engineering; uncurated out-
puts

Claude AI

Subscription or licensing
fees

Patient avatars; lacks voice
interaction

Facilitates skill development
through realistic scenarios

Requires effective prompt
engineering; curated clinical
cases

Body Interact

Free. Subscription for full
access

Limited visual cues; voice
interaction possible

Focus on history-taking
skills with limited versatility

Requires effective prompt
engineering; wide range of
curated clinical cases

Oscer AI

Variable costs based on us-
age and features

Static patient avatars; natu-
ral conversational voice
mode

Counseling-focused; sup-
ports repeated practice with
tailored feedback

Requires effective prompt
engineering; wide range of
curated clinical cases

Soma Lab
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Discussion

Principal Findings
This study investigated the use of ChatGPT as an SP by
qualitative analysis of students’ responses to a questionnaire,
preinteraction and postinteraction, with ChatGPT performing
the role of SP. In terms of diagnostic skill development, our
conclusions were drawn from a combination of faculty
observations and student self-report. Faculty members who
observed the sessions noted that students demonstrated more
structured reasoning and improved question formulation after
repetitive practice with ChatGPT. In postsession interviews,
students themselves expressed feeling more confident and
organized in their clinical reasoning steps. This alignment
between external observation and self-assessment suggests that
the interaction with ChatGPT, although lacking nonverbal cues
and certain realistic elements, still provides a valuable platform
for honing diagnostic interviewing skills. Thematic analysis
provided insights into student perceptions. Major themes
identified were technology limitations, learning efficacy, and
verisimilitude. Our results suggest that the current version of
ChatGPT (ChatGPT version 4.0 at the time of this study) can
function effectively as an augmentation to traditional SPs but
cannot fully substitute for SPs. These results are broadly in line
with those of other studies using LLMs in the role of SP [24-29].

The technological limitations of LLMs in the context of SP
exercises were both anticipated and confirmed in our study. The
subtheme of prompt engineering was particularly important.
Students were made aware of the importance of correctly worded
prompts before the exercise, and we found that the
faculty-provided prompt, developed through a trial and error
process, proved effective in this regard.

The significance of prompt engineering when using LLMs as
virtual SPs, or in developing related materials, is also supported
by other studies [28,30-33]. It has been suggested that prompt
engineering could be incorporated into medical curricula
through, for example, hands-on workshops, simulation-based
learning, and courses on AI in health care [28,30-32].

The postinteraction interviews also revealed an additional
subtheme of alignment. Alignment refers to the problem of
ensuring that AI acts in accordance with human intentions and
human values [34]. Students noted that the LLM did not provide
a response when asked about a patient’s sexual history, a
standard question in any medical consultation. Ensuring that
ChatGPT does not output material which could be considered
offensive under societal norms is a component of alignment
[35]. However, our results demonstrate an “alignment tax,” in
that the model becomes less useful due to constraints imposed
by the alignment. The development of LLMs designed
specifically for medical education may overcome this issue [36].

Learning efficacy was also a major theme identified in this
study. Important subthemes in this category were repetition and
convenience. Students noted the benefits of having access to
ChatGPT for practice at any time or place and having virtually
unlimited ability to repeat the exercises. As mentioned earlier,
access to SPs is limited in many medical schools [15]. The

ability to augment this shortfall with a virtual SP may be a
positive option for many medical students and medical schools.

Interestingly, some students expressed that they experienced
considerable anxiety as much as a day before they were
scheduled to interact with an SP, although they were aware that
the SP was not a real patient. The ability to practice with an
LLM such as ChatGPT was seen as beneficial, because students
could develop questioning techniques to a point where even
during the session with a real SP they could still perform well.

Some differences between preinteraction and postinteraction in
terms of subthemes were evident under the major theme of
learning efficacy. Before the exercise students were focused
more on anticipated or previous experiences in using LLMs for
personalized learning materials, for example, developing
mnemonics, practice questions, or flash cards. This reflects the
experience of other medical students [37]. Responses following
the exercise were focused on diagnostic patient interaction skills.
This is to be expected as students now had actual experience of
ChatGPT in this role and knew that this was to be the focus of
our study.

Verisimilitude was a major theme in both preinteraction and
postinteraction responses. All students mentioned this as a
limiting factor. Absence of facial cues, changes in tone, or body
language and an inability to develop rapport were all seen as
drawbacks of the virtual SP. Some students also mentioned that
this impacted their role as physician. For example, a student
physician leaning into the patient to show interest, or other types
of body language, was redundant in the exercise. Other studies
have also highlighted that the output from ChatGPT cannot
replicate the true stimuli a physician relies on in a patient visit
[28,31,38,39]. We note that virtual patients are developing
rapidly, so issues with verisimilitude may be overcome in future,
although it may take some time before ChatGPT, specifically,
is able to incorporate a visual or physical layer.

Trust as a theme was evident in preinterview responses but had
disappeared in postinterview responses. We note that our faculty
team, consisting of clinicians and PhD-qualified members, did
not notice any “hallucinations” in output, despite multiple
repetitions of the exercise. Yanagita et al [40] recently found
that high-quality illness scripts, used for improving medical
student’s clinical reasoning, could be generated by ChatGPT
with relatively few errors. Magalhaes et al [25] also found that
a majority of students trusted ChatGPT’s output. Nevertheless,
even a single error in ChatGPT output, given multiple health
care providers may receive the same output, could affect many
patients. It is therefore imperative that the veracity of AI output
be thoroughly tested before it is fully integrated into health care
and medical education settings [28].

Other subthemes for learning efficacy evident postinteraction
were feedback and information overload. Our prompt included
a direction for ChatGPT to provide feedback on how students
could improve their performance. We note that it was necessary
to revise the prompt several times during the study, as initially
it provided only positive feedback, which did not help in
identifying areas for improvement. Responses under the
information overload subtheme suggested that students found
that the LLM tended to provide more information in regard to
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a given question than perhaps a real patient or SP would. This
presumably related to the depth of medical knowledge of the
LLM but should be considered in further iterations of this
exercise. It may be possible to refine the prompt to reduce this
effect.

Table 4 compares various platforms able to be used as SPs in
medical education, highlighting strengths and limitations across
technology, learning efficacy, verisimilitude, and cost. ChatGPT
and Claude AI offer affordable, flexible options for unlimited
practice but face challenges with uncurated outputs and limited
realism in visual and tonal cues. In contrast, platforms such as
Body Interact and Soma Lab provide curated cases and
interactive features, although often at a higher cost. These
findings reinforce that while ChatGPT is a valuable and
accessible tool for augmenting SP training, it cannot fully
replicate the nuances of human SPs. Addressing limitations
such as effective prompt engineering and enhancing realism
through improved visual and auditory features could
significantly improve its use.

It is possible that the use of ChatGPT as a virtual SP may
influence trainees’ sensitivity toward patients through the
absence of the genuine human interaction students may have
with SPs and real patients [41]. The rapid evolution of AI
technologies is addressing these gaps to an extent. For instance,
the advanced voice mode (AVM) in newer versions of ChatGPT
incorporates natural speech patterns and emotional intonations,
which may help simulate more realistic interactions. While AI
cannot yet replicate the full nuances of real patient encounters,
it serves as a consistent and flexible supplementary tool for
medical training. Future advancements in AI capabilities may
further enhance their ability to foster empathy and connection,
thereby reducing potential concerns around decreased sensitivity
in trainees.

A number of recent studies have confirmed the use of ChatGPT,
or similar LLMs, as virtual SPs [28,29,42]. Similarly to our
study, these studies have highlighted ChatGPT’s potential to
reduce resource constraints and improve accessibility in medical
training while offering immersive, flexible practice
opportunities. At the same time, limitations created by a lack
of verisimilitude were also noted.

Both the necessity and challenges of integrating AI, including
LLMs, into medical curricula have also been widely
acknowledged [43-47]. Addressing inequities in AI models
derived from biased training data is crucial, as these can
perpetuate disparities in patient care. Strategies to ensure fairness
and equitable outcomes, such as transparency in algorithmic
design, have been emphasized in recent studies [45,48].
Additionally, resource allocation, faculty training, and the
development of tailored content for medical applications add
layers of complexity to curricula integration [46,48]. To move
forward, curricula must incorporate foundational AI
competencies, including ethical considerations, algorithmic
fairness, and practical skills such as prompt engineering.
Embedding these competencies into existing core courses, rather
than as electives, will ensure comprehensive and equitable
learning opportunities [43,44,46,48].

To effectively integrate AI into medical curricula, assessments
should be designed to balance the use of AI tools while
maintaining the integrity of evaluation processes [44]. Educators
should implement secure examination protocols, such as
locked-down computers and stricter proctoring, to prevent
misuse of AI during assessments. However, assessments can
also creatively incorporate AI by engaging students in critiquing
AI-generated responses or using these tools to identify
knowledge gaps and provide tailored feedback. Generative AI
can enhance formative assessments by offering immediate and
individualized feedback, guiding students’ learning trajectories.
We note that our results demonstrate the efficacy of this
approach, with the virtual SP providing valuable insights to
each student individually on how to improve their patient
interactions.

Study Limitations
The small sample size, comprising only 9 participants from a
single institution, and potential ascertainment bias, with
tech-savvy volunteers possibly skewing results, limited the
study’s generalizability. This lack of diversity in the sample
highlights the need for future studies to include larger and more
diverse participant pools to enhance the robustness and
generalizability of the findings. Our team is currently working
on a multicenter, randomized controlled trial with a mixed
methods approach. The study uses a convergent parallel mixed
methods design and will span 8 months across multiple medical
schools. It will use the new AVM of ChatGPT to simulate an
SP. The AVM offers several advantages over the original voice
mode, including reduced latency and an ability to inject emotion
into its voice [29]. The study aims to draw conclusions based
on robust statistical data comparing the average percentage
improvement of the experimental group with the control groups
on Observed Structured Clinical Examination scores, as well
as qualitative data exploring students’ learning and perceptions
of the AI through focus groups.

Conclusions
This study found ChatGPT to be an effective supplement,
although not a full replacement, to traditional SPs. Students and
faculty appreciated its potential, noting benefits such as flexible
practice times, reduced stress, and improved diagnostic skills.
Some shortcomings were noted, including the need for effective
prompt engineering and the lack of nonverbal cues affecting
realism. Despite these challenges, its reliability and convenience
make it a valuable training tool.

Students’ diagnostic skills were not formally assessed in this
study. However, based on their self-reported perceptions and
observations of their interactions with ChatGPT, it appears that
the AI can be a valuable tool for practicing clinical reasoning
and problem-solving skills. Future research could explore the
impact of ChatGPT on students’diagnostic accuracy and clinical
performance.

Overall, ChatGPT offers a significant adjunct to traditional SPs,
providing accessible, flexible practice opportunities for medical
students. The study underscores the importance of integrating
prompt engineering into medical curricula and refining AI
interactions for balanced information delivery. Continuous
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advancements in virtual patient technology and AI capabilities,
including improved verbal and auditory flow, are expected to
further enhance ChatGPT’s use in medical education. Future

studies are planned with a larger sample size and using the
recently released ChatGPT version 4.o1 with AVM.
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Abstract

Background: Virtual reality simulation (VRS) teaching offers nursing students a safe, immersive learning environment with
immediate feedback, enhancing learning outcomes. Before the COVID-19 pandemic, nursing students had limited training and
opportunities to care for patients in isolation units with infectious diseases. However, the pandemic highlighted the ongoing global
priority of providing care for patients with infectious diseases.

Objective: This study aims to (1) examine the effectiveness of VRS in preparing nursing students to care for patients with
infectious diseases by assessing its impact on their theoretical knowledge, learning motivation, and attitudes; and (2) evaluate
their experiences with VRS.

Methods: This 2-phased mixed methods study recruited third-year undergraduate nursing students enrolled in the Integrated
Emergency and Critical Care course at a university in Taiwan. Phase 1 used a quasi-experimental design to address objective 1
by comparing the learning outcomes of students in the VRS teaching program (experimental group) with those in the traditional
teaching program (control group). Tools included an infection control written test, the Instructional Materials Motivation Survey,
and a learning attitude questionnaire. The experimental group participated in a VRS lesson titled “Caring for a Patient with
COVID-19 in the Negative Pressure Unit” as part of the infection control unit. In phase 2, semistructured interviews were conducted
to address objective 2, exploring students’ learning experiences.

Results: A total of 107 students participated in phase 1, and 18 students participated in phase 2. Both the VRS and control
groups showed significant improvements in theoretical knowledge scores (for the VRS group t46=–7.47; P<.001, for the control
group t59=–4.04; P<.001). However, compared with the control group, the VRS group achieved significantly higher theoretical
knowledge scores (t98.13=2.70; P=.008) and greater learning attention (t105=2.30; P=.02) at T1. Additionally, the VRS group
demonstrated a statistically significant higher regression coefficient for learning confidence compared with the control group
(β=.29; P=.03). The students’ learning experiences in the VRS group were categorized into 4 themes: Applying Professional
Knowledge to Patient Care, Enhancing Infection Control Skills, Demonstrating Patient Care Confidence, and Engaging in Real
Clinical Cases. The core theme identified was Strengthening Clinical Patient Care Competencies.

Conclusions: The findings suggest that VRS teaching significantly enhanced undergraduate nursing students’ infection control
knowledge, learning attention, and confidence. Qualitative insights reinforced the quantitative results, highlighting the holistic
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benefits of VRS teaching in nursing education, including improved learning outcomes. The positive impact on student motivation
and attitudes indicates a potentially transformative approach to nursing education, particularly in the post–COVID-19 era, where
digital and remote learning tools play an increasingly vital role.

(JMIR Med Educ 2025;11:e64780)   doi:10.2196/64780

KEYWORDS

virtual reality; infection control; learning motivation; learning attitudes; nursing education

Introduction

Background
Virtual reality (VR) has emerged as an innovative teaching
strategy in nursing education. VR technology leverages
simulated scenarios to overcome time and space limitations,
offering students opportunities to learn in safe, realistic settings
and receive immediate feedback [1]. VR simulation (VRS)
teaching strategies enhance learning motivation, student
immersion, knowledge and skill acquisition, confidence [2,3],
active participation, and learning effectiveness [4-6]. The goal
of undergraduate nursing education is to prepare students for
clinical practice, making it essential to strengthen their
professional competencies and attitudes. Integrating information
technology into nursing education enhances students’ learning
outcomes. Nursing education should align with the broader
clinical practice environment, incorporating technology to
support students in developing their competencies [7].

The COVID-19 pandemic has profoundly impacted nursing
curricula and teaching worldwide. In emergency and critical
care, university-level nursing curricula must reflect clinical
environments. Emphasizing situated learning enhances students’
abilities and confidence in providing emergency patient care
[8,9]. Before the pandemic, nursing students rarely had
opportunities to care for patients with infectious diseases in
isolation units. However, the demand for care related to
infectious diseases remains a global priority [9]. Strengthening
courses on infectious diseases can help students develop positive
attitudes toward clinical practice [10]. Updating infectious
disease courses with more practical experiences can further
support nursing students in developing positive attitudes when
caring for patients with infectious diseases during clinical
practice.

Learning theories related to VR teaching include constructivism,
situated learning, and experiential learning. In VR learning,
learners actively absorb information and construct new
knowledge [11]. Situated learning theory emphasizes real-world
interactions and activities in authentic contexts, transforming
these experiences into applicable knowledge [12]. VR offers
an interactive virtual environment, using visual effects to present
abstract problems and providing opportunities for active
manipulation and repeated practice [11]. Experiential learning
theory posits that learning is the transformation of experience,
with knowledge creation emerging from interactions, conflicts,
and problem-solving between individuals and their environment.
This theory highlights the potential of immersive technology
to provide meaningful experiences [12]. Compared with other
teaching methods, VR teaching is easy to use, generates positive
and active learning experiences [13], and enhances learning

outcomes, including improvements in knowledge, skills, and
clinical decision-making [14,15]. Engagement in VR
environments provides students with experiences closely aligned
with clinical practice, boosting their motivation and attitudes
and leading to better educational outcomes [14,15].

Motivation and attitude play a significant role in influencing
learning outcomes. Enhanced motivation strengthens active
learning and improves results [12,16]. Studies have shown a
positive correlation between motivation and learning outcomes,
making learning easier and fostering proactive engagement
[17,18]. Keller’s Attention, Relevance, Confidence, and
Satisfaction (ARCS) model of motivation incorporates a learning
motivation scale to assess motivational aspects within a course
[12,16]. Designing courses with integrated motivational models
can inspire learners, enhance motivation, and increase classroom
engagement [19,20]. In nursing education, particularly in
emergency and critical care courses, VR can address the
limitations of clinical settings and traditional teaching methods
caused by resource constraints [21-24]. VR stimulates learners’
motivation, promotes active participation, and enhances learning
outcomes [25,26]. By incorporating VR teaching, courses can
more closely align with clinical practice, providing students
with a solid foundation in professional knowledge and skills.

Even long after the pandemic, there will remain a global need
for the care of patients with infectious diseases. However,
opportunities for students to participate in the actual care of
such patients in isolation units remain limited. To date, little
attention has been given in the literature to identifying
educational strategies that address this gap in developing nursing
students’professional knowledge and skills. This mixed methods
study was guided by 2 research questions: (1) What is the
effectiveness of VRS teaching on nursing students’ theoretical
knowledge, learning motivation, and attitudes toward the care
of patients with infectious diseases? and (2) What are the
learning experiences of nursing students in a VRS program?
Our a priori hypothesis was that VRS teaching would
significantly improve nursing students’ infection control
theoretical knowledge, learning motivation, and attitudes
regarding the care of patients with infectious diseases.

Objectives
This study had 2 objectives: (1) to evaluate the effectiveness of
VRS teaching on nursing students’ theoretical knowledge,
learning motivation, and attitudes toward the care of patients
with infectious diseases, and (2) to explore their learning
experiences in a VRS program designed for this target
population.
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Methods

Study Design
This study used a 2-phased mixed methods approach to
comprehensively evaluate a VRS teaching program on the care
of patients with infectious diseases, which was part of the
infection control unit within the Integrated Emergency and
Critical Care course. Phase 1 utilized a quantitative study design
to assess the learning effectiveness of the VRS teaching method,
while phase 2 used qualitative phenomenography to explore
students’ experiences and perceptions of the program.

Phase 1: Outcomes of the VRS Program on Students’
Knowledge, Learning Motivation, and Attitudes to the
Care of Patients With Infectious Diseases

Overview
A quasi-experimental design was used to compare learning
outcomes—knowledge, motivation, and attitude—between
students in the VRS teaching program (experimental group)
and those in the traditional teaching course (control group).
Data were collected from August 2022 to July 2023.

Participants
This study used convenience sampling and was conducted at a
clinical competence center at a university in Taiwan. Third-year
undergraduate nursing students enrolled in the Integrated
Emergency and Critical Care course were eligible to participate.
One class of students was assigned to the experimental group,
and another to the control group. The Integrated Emergency
and Critical Care course is an elective offered in both the first
and second semesters. Researchers used a random selection
process to assign students in the infection control unit to the
VRS program in the first semester and to traditional teaching
in the second semester. The participating school provided a
2-week add/drop period, during which members of the research
team gave in-class briefings about the study, and students were
free to choose whether to participate in the experimental group.
The selection criteria for the experimental group were (1) aged
≥20 years, (2) enrolled in the Integrated Emergency and Critical
Care course, and (3) willing to participate in this study. Students
with a history of epilepsy were excluded from the VRS. Sample
size estimation was conducted using G*Power software version
3.1 [27]. Following Cohen’s rule [28], 2 groups were included,
with a medium effect size of f=0.25, a correlation of 0.5, a power
of 0.8, and an α value of .05, resulting in a required sample size
of ≥86, with ≥43 participants per group. A total of 47 students
were recruited for the experimental group. None of the students
in the experimental group refused to participate in the VRS
program. All participants were taught by the same instructor,
and the course content was consistent across both groups.

Instruments

Infection Control Written Test

Previous research has shown that VRS teaching can enhance
the development of both knowledge and practical skills in
undergraduate nursing students, with outcomes effectively
assessed using a written test [29]. In this study, the infection
control knowledge assessment involved a written test

administered to students before (T0) and after (T1) the infection
control lesson. The test consisted of 10 questions aligned with
the learning objectives of the infection control unit. These
included single- and multiple-choice items covering both
theoretical knowledge and practical skills, such as donning and
doffing personal protective equipment (PPE). The test addressed
the same key infection control techniques for all students, aiming
to evaluate their baseline abilities and the changes in knowledge
following the lesson. To better capture postlearning changes
and minimize the influence of memory recall on the posttest
results, the order of the questions was adjusted, and some
questions were modified. The test items were reviewed by the
course instructor and clinical experts (senior emergency nurses)
to ensure content validity.

Instructional Materials Motivation Survey

The Instructional Materials Motivation Survey (IMMS) is a
self-reported questionnaire administered before (T0) and after
(T1) the infection control lesson. Designed primarily to evaluate
students’ motivation in learning a course [12], the IMMS
comprises 36 items distributed across 4 subscales based on the
ARCS motivation model: Attention (12 items), Relevance (9
items), Confidence (9 items), and Satisfaction (6 items). Each
item is rated on a 5-point Likert scale, with higher scores
indicating greater learning motivation. The original IMMS scale
has demonstrated high reliability, with Cronbach α values
ranging from 0.81 to 0.96 [12]. In this study, the IMMS
exhibited excellent reliability, with a Cronbach α of 0.94.

Learning Attitude Questionnaire

A learning attitude questionnaire was administered at T0 and
T1. This 20-item self-reported questionnaire was developed by
several members of the research team to assess students’
attitudes toward caring for patients with infectious diseases and
their participation in the infection control unit. Items were rated
on a 5-point Likert scale, where 1 indicates “strongly disagree,”
2 “disagree,” 3 “neutral,” 4 “agree,” and 5 “strongly agree.”
Higher scores reflected a more positive learning attitude. The
questionnaire demonstrated strong validity and reliability, with
an average Content Validity Index of 0.9 and a Cronbach α of
0.955.

VRS Lesson Plan for Caring for a Patient With COVID-19
in the Negative Pressure Unit

In the infection control unit, VRS teaching was implemented
for the experimental group. The VRS scenario, developed by
several research team members with VR training certification,
depicted a real clinical case of a febrile patient visiting the
emergency department for triage, later confirmed to have
COVID-19, and subsequently admitted to a negative pressure
isolation unit (Figure 1). The teaching content emphasized a
nurse’s role in providing care within a negative pressure
isolation room, including the proper techniques for donning and
doffing PPE. The lesson’s learning objectives were for students
to differentiate care for patients with infectious diseases,
correctly don and doff PPE, and provide appropriate patient
care. The VR Oculus Quest equipment, including a headset and
controllers, was supplied by the School of Nursing of the
participating university. The VRS lesson plan was reviewed by
the course instructor and clinical experts (senior emergency
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nurses) to ensure content validity. The lesson utilized VR
technology to deliver immersive visual effects and interactive
scenarios, aiming to enhance students’ awareness and provide
opportunities for practical exercises, thereby improving learning
outcomes [30]. The assessment included the standard procedure

for applying PPE, such as N95 masks, goggles, hair caps, and
gloves. Upon completing the assessment, students received
immediate feedback, with the computer screen highlighting
missed items. This direct feedback was intended to reinforce
learning effectiveness [1].

Figure 1. Screen captures of virtual reality simulation videos.

Procedure
To maintain neutrality, none of the research team members were
involved in teaching either the experimental or control group.
Instead, several team members focused on designing the VRS
program and creating a VR system operation video to help
students become familiar with operating the VR system. During

the experimental group’s class, research team members were
available to address any technical issues that participants
encountered. They also met with the unit instructors before the
start of the unit to ensure consistency in teaching between the
2 groups and alignment in the course delivery process. The
study protocol is illustrated in Figure 2.

Figure 2. Study protocol process. IMMS: Instructional Materials Motivation Survey; PPE: personal protective equipment; VR: virtual reality; VRS:
virtual reality simulation.

The infection control unit spanned 2 weeks and included 1
lecture (100 minutes) and 1 practical session (100 minutes).
Both the VRS group and the control group received lecture
notes before the start of the course. Additionally, the VRS group

was provided with prerecorded online VR videos demonstrating
donning and doffing PPE in a negative pressure isolation unit,
as well as instructions on operating the VR system. For the VRS
group, the first week consisted of a 100-minute lesson on
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infection control theory and skills, while the second week
involved 100 minutes of VRS instruction. The VRS class was
divided into 5 groups, each comprising 8-10 students, who
worked collaboratively on the drills. The lesson began with an
introduction to VR system operation (5-10 minutes), followed
by group VRS scenario drills (30-40 minutes). Each student
then executed their part of the VRS lesson, which lasted
approximately 6-8 minutes. Upon completion, the system
provided feedback, serving as the students’ learning outcomes.
Group members first discussed the session among themselves,
followed by a 10-minute instructor-led debriefing session.
During this session, students were encouraged to ask questions
and share their reflections on the VRS program execution.
Feedback and reflection were incorporated to help students
consolidate their learning and transform it into meaningful
learning outcomes. The groups then switched roles and
conducted a second round of drills and discussions for another
30-40 minutes. A pretest (T0) and posttest (T1) on infection
scenario cases were conducted to evaluate the students’ learning
outcomes, motivation, attitudes, and knowledge related to the
infection control unit. For the control group, a traditional
teaching strategy was used. During the first week, theoretical
lectures were delivered, accompanied by a video to aid students
in understanding the process. Lecture notes, identical to those
provided to the VRS group, were distributed before class and
included a video link demonstrating the standard PPE procedure.
In the second week, students were divided into 6 groups of 9-11
members to practice donning and doffing PPE. Instructors
provided individualized guidance to correct mistakes. Within
the same groups, students evaluated and discussed the PPE
practice. Although an instructor-led debriefing session was
planned for the control group, it was postponed to the following
week due to the large number of students and time constraints.

Data collected for this study were individually coded and entered
into a computer for analysis using SPSS version 22.0 (IBM
Corp.). Descriptive statistics, including frequency, percentage,
mean, and SD, were calculated. Inferential statistics, such as
independent t tests, paired t tests, and generalized estimating
equations, were applied. Results with a P value of <.05 were
considered statistically significant.

Phase 2: The Students’ Learning Experiences of the
VRS in Caring for Patients With Infectious Diseases

Overview
Phase 2 utilized qualitative phenomenography to explore
students’experiences and perceptions of the VRS program. The
key concepts in phenomenography are “phenomenon” and
“experience.” This methodology aims to identify the shared and
generalized aspects of participants’ thoughts or concepts
regarding their experiences of a specific phenomenon, with a
focus on describing their understanding of these experiences
[31]. In this study, phenomenography was applied to understand
how learners organize and structure the content they acquire
during the learning process [31]. Interviews with students were
analyzed to uncover their learning experiences and outcomes,
with the goal of providing evidence to support the ongoing
improvement of educational programs.

Participants
Students in the experimental group who met the following
inclusion criteria were recruited: (1) aged 20 years or older, (2)
enrolled in the Emergency and Critical Care course and
participating in VRS teaching, and (3) consenting to participate
in and have interviews recorded.

Procedure
Participants took part in in-depth semistructured interviews.
These interviews facilitate meaningful conversations, providing
a detailed understanding of complex issues [31]. In a
phenomenographic study, interview questions need to be as
open-ended as possible to accurately capture the participants’
thoughts. The interview guide is provided in Multimedia
Appendix 1. The in-depth interviews in this study contributed
to understanding nursing students’ experiences with VRS
teaching. Each eligible participant received a consent form
outlining the study’s purpose, the voluntary nature of
participation, and the confidentiality of their data. Participants
completed the consent forms, and suitable interview times were
scheduled. The interviews were conducted by a single researcher
(CYH) who had prior experience in qualitative research gained
during doctoral studies, had served as a principal investigator
on research projects, and had published several qualitative
research articles. CYH was not involved in teaching this subject
and was unfamiliar with the participants in the experimental
group. During the interviews, CYH utilized interview skills to
encourage participants to articulate their VR learning
experiences. The interviews were audio-recorded and lasted
between 42 and 62 minutes. A sample size of 18 students was
sufficient to generate rich data and achieve saturation.

Qualitative Analysis and Trustworthiness
Following each interview, the same researcher (CYH)
transcribed the audio recordings verbatim to ensure detailed
documentation and analyzed the interview data. Data analysis
followed the 7 steps of phenomenographic analysis:
familiarization, condensation, comparison, grouping,
articulating, labeling, and contrasting [32]. The trustworthiness
of the research findings was established using Lincoln and
Guba’s [33] criteria of credibility, transferability, dependability,
and confirmability. In terms of credibility, phenomenographic
research emphasizes the precise description of each stage of the
study process, the application of the researcher’s ideas to the
phenomena, the careful formulation of interview questions and
processes, and the thorough analysis and presentation of
conclusions. Peer debriefing, which involves collaborative data
analysis to explore diverse interpretations, enhances data
interpretation and credibility, contributing to the development
of credible research outcomes. Transferability is supported by
providing in-depth data that represent a comprehensive view of
the research, highlighting its relevance and context.
Dependability is ensured by supporting categorizations with
excerpted interview content, illustrating the similarities and
differences among participants in relation to the phenomenon,
and confirming the logical connection between the collected
data and the phenomena captured by the descriptive
categorization. Confirmability is established by documenting
the interviewer’s feelings and thoughts during the interview
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process, thereby creating an audit trail. The data analysis is
thoroughly described, with detailed records of decisions made
and strategies adopted during concept formation. These
reflections on theoretical and methodological aspects further
contribute to the audit trail and the confirmability of the findings
[34].

Ethical Consideration
Ethical approval was obtained from the Institutional Review
Board of Chang Gung Medical Foundation (approval number
202002386B0). Potential participants were fully informed about
the nature and purpose of the study, emphasizing that
participation was entirely voluntary and that they had the right
to withdraw from the study at any time. They were explicitly
assured that their academic results would not be affected by
their decision to participate or not. Participants were also
guaranteed that their data would remain confidential and that
they would not be identifiable in any reports. All participants

provided written informed consent, and none of the students
withdrew from the study.

Results

Phase 1: Outcomes of the VRS Program on Students’
Knowledge, Learning Motivation, and Attitudes to the
Care of Patients With Infectious Diseases

Overview
Participants in phase 1 consisted of 107 third-year undergraduate
students: 47 in the experimental group, who received VRS
teaching, and 60 in the control group, who participated in
traditional practical sessions on donning and doffing isolation
gowns. As shown in Table 1, the majority of participants
(99/107, 92.5%) were female, with an average age of 21.14 (SD
0.69) years.

Table 1. Demographic characteristics of participants in phase 1 (N=107).

Total participants (N=107)Study groupsParticipant demographics

Control (n=60)Virtual reality simulation (n=47)

Gender, n (%)

8 (7.5)6 (10)2 (4.3)Male

99 (92.5)54 (90)45 (95.7)Female

21.14 (0.69)N/AN/AaAge (years), mean (SD)

20.88 (0.99)20.50 (0.55)22.00 (1.41)Male

21.16 (0.67)20.96 (0.70)21.40 (0.54)Female

aN/A: not applicable.

Effectiveness of VRS in Infection Control Theoretical
Knowledge
Pre- and posttest assessments of infection control knowledge
were conducted at T0 and T1, with a maximum score of 10
points. The combined results of all participants showed an
average pretest knowledge score of 7.58 (SD 1.13) and a posttest
knowledge score of 8.58 (SD 1.16), indicating improved

knowledge after course completion (t106=–7.08; P<.001). Both
the VRS and control groups demonstrated significant
improvements in theoretical knowledge scores (for the VRS
group t46=–.747; P<.001 and for the control group t58=–4.04;
P<.001). However, the VRS group achieved significantly higher
posttest scores compared with the control group (t98.13=2.70;
P=.008), suggesting that VRS teaching was more effective in
enhancing students’ knowledge (Table 2 and Figure 3).
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Figure 3. Change in infection control knowledge in the two groups. T0: pretest; T1: posttest; **: P<.01.

Table 2. Comparison of theoretical knowledge scores in the 2 groups (N=107).

P valuet test (df)T1b, mean (SD)T0a, mean (SD)Variable

Knowledge assessment

<.001–7.47 (46)8.89 (0.79)7.77 (1.05)Virtual reality simulation

<.001–4.04 (58)8.33 (1.34)7.43 (1.18)Control

N/AN/Ac2.70 (98.13)1.52 (105)t test (df)

N/AN/A.008d.13P value

<.001–7.08 (106)8.58 (1.16)7.58 (1.13)Total

cN/A: not applicable.

Effectiveness of VRS on Learning Motivation
The learning motivation of all students increased slightly from
T0 (mean 3.84, SD 0.47) to T1 (mean 3.94, SD 0.40)
(t106=–3.10; P=.002), with no significant differences between
the groups at either T0 (t76.50=0.09; P=.93) or T1 (t80.95=1.43;
P=.16). At T0, except for the Confidence dimension—which

was lower in the VRS group compared with the control group
(t78.53=–2.12; P=.04)—the other dimensions of the ARCS model
(ie, Attention, Relevance, and Satisfaction) did not differ
significantly between the groups. At T1, only the Attention
dimension differed significantly between the VRS and control
groups, being higher in the VRS group (t105=2.30; P=.02), as
shown in Table 3.
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Table 3. Comparison of learning outcomes between the 2 groups at different time points (N=107).

T1bT0aVariable and groups

P valuet test (df)Mean (SD)P valuet test (df)Mean (SD)

.161.43 (80.95).930.09 (76.50)Motivation

4.01 (0.46)3.84 (0.57)Virtual reality simulation

3.89 (0.34)3.83 (0.38)Control

.02c2.30 (105).360.91 (105)Attention

4.03 (0.52)3.84 (0.67)Virtual reality simulation

3.82 (0.42)3.74 (0.48)Control

.380.88 (105).450.76 (82.99)Relevance

4.21 (0.48)4.15 (0.54)Virtual reality simulation

4.14 (0.37)4.07 (0.41)Control

.390.86 (105).04c–2.12 (78.53)Confidence

3.65 (0.49)3.45 (0.58)Virtual reality simulation

3.58 (0.43)3.66 (0.40)Control

.630.48 (105).610.51 (78.30)Satisfaction

4.18 (0.51)3.98 (0.64)Virtual reality simulation

4.13 (0.50)3.92 (0.44)Control

.980.03 (105).55–0.60 (105)Attitude

4.34 (0.52)4.09 (0.57)Virtual reality simulation

4.34 (0.56)4.15 (0.50)Control

aT0: pretest.
bT1: posttest.
cP<.05.

To address potential bias stemming from the differences in the
Confidence dimension between the VRS and control groups at
T0, the Generalized Estimating Equations model was applied
to analyze and compare changes in both groups throughout the
study period and to evaluate the outcomes of the VRS
intervention. For the VRS group, the regression coefficients for
the Confidence dimension were significant (β=.29; P=.03), with
positive parameter estimates compared with the control group.
This finding indicates that the VRS intervention enhanced
students’ learning confidence.

Effectiveness of VRS on Learning Attitude
The learning attitude score increased slightly in the VRS group
from T0 (mean 4.09, SD 0.57) to T1 (mean 4.34, SD 0.52) and
in the control group from T0 (mean 4.15, SD 0.50) to T1 (mean
4.34, SD 0.56). However, no significant differences were
observed between the groups at either T0 or T1, as shown in
Table 3.

Phase 2: The Students’ Learning Experiences of the
VRS in Caring for Patients With Infectious Diseases

Overview
In phase 2 of this study, 18 students from the VRS group who
had expressed willingness to be interviewed were recruited for
qualitative interviews. All interview participants were female.
Data analysis followed the phenomenographic steps of

familiarization, condensation, comparison, grouping,
articulating, labeling, and contrasting [32]. Each theme elicited
from the participants’ pool of meaning represented a concept
of their learning experiences associated with engaging in the
VRS program. The core theme captured the relationship between
each theme and participants’overall understanding of their VRS
learning experiences. The students’ learning experiences were
categorized into 4 themes: (1) Application of Professional
Knowledge to Patient Care, (2) Enhanced Infection Control
Skills, (3) Demonstrated Confidence in Patient Care, and (4)
Participation in Real Clinical Cases. The core theme was
identified as Strengthening Clinical Patient Care Competencies.

Theme 1: Application of Professional Knowledge to
Patient Care
The students described how they applied their theoretical
knowledge of infection control during the VRS teaching process,
particularly regarding the various factors that need to be
considered when entering and exiting the negative pressure
isolation unit. Through the feedback and debriefing provided
by the VRS teaching, they were able to reflect on the content
of their infection control learning, thereby deepening their
professional knowledge in this area.
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Theme 2: Enhanced Infection Control Skills
The participants shared their experiences of using VRS to
practice the care skills learned in the infection control unit.
Through hands-on practice and observing their classmates, they
noted improvements in their skills. They also reported that the
course’s practical and interactive scenarios enhanced their
learning interest, which translated into positive learning
outcomes.

Theme 3: Participation in Real Clinical Cases
Most of the students in the integrated care course for Emergency
and Critical Care expressed a desire to intern or work in
emergency departments or intensive care units. However, during
the pandemic, many hospitals’ critical care units halted the
acceptance of nursing interns or prevented students from
participating in the care of patients with infectious diseases
during their ward internships. The participants reported that the
realistic, scenario-based case studies in the VRS enabled them
to practice clinical skills that would otherwise have been
unavailable, thereby bridging the gap between theory and
practice. The experience of providing care for simulated patients
in a context closely resembling clinical settings enhanced their
learning experience.

Theme 4: Demonstrated Confidence in Patient Care
During the interviews, participants shared that they had been
concerned about their ability to provide effective clinical care
for patients with infectious diseases due to the impact of the
pandemic. However, after participating in the VRS course, they
reported a boost in their confidence in providing this type of
care.

Core Theme: Strengthening Clinical Patient Care
Competencies
The core theme that emerged from the analysis of the qualitative
data on students’ learning experiences in the VRS teaching
program was the strengthening of their clinical care
competencies. The VRS learning program allowed students to
apply the professional knowledge and skills they had learned
in the course to carefully design patient scenarios. Through
VRS practical exercises, students improved the skills required
to care for patients with infectious diseases. By engaging with
clinical cases and performing learning tasks in a realistic setting,
they gained greater confidence in caring for patients with
infectious diseases. In other words, this approach of connecting
learning experiences enhanced their clinical care competence,
better preparing them for the future care of patients with
infectious diseases.

Discussion

Principal Findings
The results of this study showed significant improvements in
infection control knowledge scores in both groups, with the
VRS group achieving higher scores, highlighting the
effectiveness of VRS teaching in enhancing theoretical
knowledge. The VRS group also achieved a higher attention
score at T1 compared with the control group. Additionally, the
VRS intervention enhanced students’ learning confidence.

Students’ reflections on their learning experiences and
perceptions of the VRS teaching emphasized the following
themes: Application of Professional Knowledge to Patient Care,
Enhanced Infection Control Skills, Demonstrated Confidence
in Patient Care, Participation in Real Clinical Cases, and
Strengthening Clinical Patient Care Competencies.

This study made every effort to control variables to ensure
consistency in learning content and teaching quality between
the 2 groups, including the use of the same teaching materials
and the same instructor for both groups. The VRS provided
immediate feedback, allowing students to actively engage in
the care process within a VR patient scenario, which contributed
to enhanced learning outcomes in the VRS group. However,
due to the larger number of students in the control group, their
debriefing session was delayed. Future studies could investigate
the impact of debriefing timing on the effectiveness of
VRS-based teaching.

Comparison With Prior Work: Effectiveness of VRS
in Infection Control Knowledge
The results of this study demonstrated significant improvement
in infection control knowledge in both groups after the learning
process. The VRS group achieved significantly higher scores
on the infection control written test compared with the control
group at T1, indicating that VRS teaching was more effective
in enhancing students’ theoretical knowledge. This finding
aligns with previous research. Systematic reviews and
meta-analyses on VR in nursing education have demonstrated
its effectiveness in improving knowledge [5,35]. Another review
reported a moderate effect size (g=0.47) for VR teaching in
knowledge acquisition [29]. Additionally, this review noted that
subgroup analysis showed VR training involving multiple
self-practice sessions of less than 30 minutes was effective in
imparting procedural knowledge to undergraduate nursing
students [29]. This finding is consistent with the results of our
study, where each student engaged in VRS learning for 6-8
minutes, with the option for continued practice for those wishing
to further develop their skills. An integrative review also
concluded that VRS teaching is effective in enhancing the
acquisition of clinical skills and knowledge [36]. An extensive
review of 29 randomized controlled trials involving 2722
students found that VR, augmented reality, and mixed reality
were as effective as traditional methods in enhancing knowledge,
highlighting their potential role in preclinical education [37].
Similarly, a German study on teaching tracheal suction skills
observed no statistical differences among various teaching
methods in terms of knowledge and skill improvement,
suggesting that VR can serve as a supplementary resource to
existing learning strategies, supporting students in preparing
for clinical practice [23].

Impact of VRS on Learning Motivation and Attitude
A systematic review and meta-analysis of 26 studies found no
significant impact of VR on nursing students’ motivation and
cognitive load compared with traditional teaching methods [38].
This aligns with the findings of our study, which also showed
no significant difference in learning motivation. However, other
studies have reported higher motivation and satisfaction with
VR, though it may also increase cognitive load [39].
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Additionally, several studies have shown that VR positively
impacts learners by enhancing attention and motivation, building
self-efficacy, and reinforcing learning confidence and
performance [5,6,21,25]. A Taiwanese study comparing
traditional and VR teaching on nasogastric tube feeding found
nonsignificant higher scores in the VR group, which
demonstrated greater motivation and satisfaction but also
experienced a higher cognitive load [39]. These findings
highlight the need to carefully consider cognitive load in future
course designs [39].

A South Korean study reported higher neonatal resuscitation
knowledge, motivation, problem-solving skills, and confidence
in the VR group compared with the control groups, along with
lower anxiety levels [26]. An integrative review on VR teaching
for emergency patients also revealed increased confidence in
handling emergencies [25]. Although some studies have reported
no significant differences in anxiety and confidence [3,40],
further research is needed to determine VR’s impact on learning
confidence and stress. A Chinese study on disaster nursing
courses found significant improvements in preparedness,
confidence, and performance in the experimental group,
highlighting VR’s potential as a cost-effective simulation
method [41]. Technical issues with VR were noted as
disadvantages, which may explain the lower precourse
confidence in the VRS group compared with the control group.
Ensuring that students are familiar with the VR system before
the course begins may help improve their confidence
[1,27,42,43].

Student’s Learning Experiences of VRS
Analysis of the qualitative data obtained in this study revealed
4 themes in students’ experiences and perceptions of VR
learning: Application of Professional Knowledge to Patient
Care, Enhanced Infection Control Skills, Demonstrated
Confidence in Patient Care, and Participation in Real Clinical
Cases. The core theme identified was the Strengthening Clinical
Patient Care Competencies. Similarly, previous qualitative
studies have demonstrated a positive impact of VR learning on
knowledge [23,24,43], skills [21,23,24], confidence [23], and
engagement [4]. Some of these studies focused on VR learning
as a tool, while others examined the characteristics of the VR
environment [21,23,43]. By contrast, our study applied a
phenomenographic methodology to explore students’
experiences and perceptions of VR learning, linking these to
various outcomes. As a result, our findings provide unique
insights into students’ conceptions of VR learning.

Strengths and Limitations
The strength of this study lies in its combination of quantitative
and qualitative methods, providing a comprehensive
understanding of the effectiveness of VRS teaching. However,

some potential limitations and weaknesses should be considered.
Although the sample size was adequate, it may not fully
represent the diversity of nursing students, as it was drawn from
only 1 university. The course in which the VRS program was
applied was an elective unit offered in both the first and second
semesters, with a maximum enrollment of 60 students per class.
The number of students enrolled in each class was beyond the
researchers’ control, resulting in an imbalance in the number
of students between the 2 groups. It is recommended that future
studies compare the effectiveness of VRS using groups of equal
size and a larger number of participants. This study did not
conduct a formal survey on potential side effects among students
in the experimental group. However, during the VRS session,
research team members and the instructor periodically checked
in with the students. None of the students reported any
discomfort that required them to pause or stop the activity. The
control group engaged in practical exercises for donning and
doffing PPE, which differs from the traditional nursing
classroom teaching methods used in previous studies. Future
research is needed to build on our findings and develop a more
detailed understanding of the effectiveness of VRS programs.

Conclusions
This study highlights the effectiveness of VRS teaching in
enhancing infection control knowledge, learning motivation,
attitudes, and course satisfaction among undergraduate nursing
students. By combining insights from qualitative data with
quantitative information, we have provided a holistic
understanding of the potential role of VRS in nursing education.
Despite its limitations, this study opens avenues for future
research and presents a compelling case for the broader
implementation of VR in nursing education curricula. Future
studies should consider longitudinal designs to evaluate the
long-term impacts of VRS teaching on nursing education.
Additionally, expanding the participant pool to include a more
diverse range of students could yield more generalizable results.
The findings have significant implications for nursing education,
suggesting that VRS teaching can effectively enhance learning
outcomes, particularly in areas that require high levels of
practical knowledge and skills. The positive impact on student
motivation and attitudes also points to a potentially
transformative shift in how nursing education can be delivered,
especially in a post–COVID-19 era, where digital and remote
learning tools are becoming increasingly important.
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Abstract

Background: Emergency obstetric simulation-based training has increasingly been used to improve emergency obstetric care
provision in sub-Saharan Africa. For determining the optimal methodology for effective training sessions in resource-constrained
settings, it is crucial to conduct high-quality research.

Objective: We aim to investigate the impact of a train-the-trainer model for providing technology-enhanced, mono-professional,
simulation-based training in obstetrics in a resource-constrained setting on maternal and perinatal outcomes.

Methods: A stepped-wedge cluster randomized trial was conducted from October 2014 until March 2016 at the medium- to
high-risk ward at Mulago National Referral Hospital, Uganda, with an annual delivery rate of over 23,000. The intervention
consisted of a train-the-trainer model in which training was cascaded down from master trainers to local facilitators (obstetric
senior staff members) to learners (senior house officers). The training of senior house officers was provided to 7 fixed clusters
by a computer-generated random sequential roll-out. The training comprised a 1-day (8 h), mono-professional, simulation-based
training in obstetrics, and half-day repetition training sessions targeted at every 7 weeks. Both medical technical skills and
teamwork skills were taught. The primary outcome comprised a combined maternal and perinatal mortality rate. Secondary
outcomes comprised the maternal mortality rate, the perinatal mortality rate, the percentage of births by vacuum extraction and
cesarean section, and the Weighted Adverse Outcome Score.

Results: Overall, there were 17,496 births. The combined mortality rate was 9.05% (95% CI 8.37%‐9.77%) in the intervention
group, and 8.73% (95% CI 8.21%‐9.28%) in the control group (odds ratio [OR] 0.98, 95% CI 0.86‐1.12; P=.81). No statistically
significant change was found in the maternal mortality rate (OR 0.80, 95% CI 0.27‐2.32; P=.68) or the perinatal mortality rate
(OR 0.99, 95% CI 0.87‐1.13; P=.87). This study did not identify any difference in the percentage of vacuum extractions, the
percentage of cesarean sections, or Weighted Adverse Outcome Scores.

Conclusions: This train-the-trainer model for providing technology-enhanced, mono-professional, simulation-based training
in obstetrics was not able to change maternal and perinatal mortality outcomes. This study, in combination with literature, suggests
that future research should consider multiprofessional team training in obstetrics involving all staff within their units.

Trial Registration: ISRCTN Registry ISRCTN98617255; https://www.isrctn.com/ISRCTN98617255

International Registered Report Identifier (IRRID): RR2-10.2196/17277
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Introduction

Emergency Obstetric Care in Uganda
Uganda continues to face challenges in providing safe obstetric
care. Despite an increase in the rate of institutional births from
59% to 74%, the maternal mortality ratio was still high at 375
per 100,000 live births in 2017, accompanied by a neonatal
mortality rate of 21 deaths per 1000 live births [1]. Key barriers
for providing safe childbirth include shortcomings in the
management of emergency obstetric care, delays in referral
practices, and insufficient coordination among health care staff,
all of which obstruct the provision of adequate emergency
obstetric care [2].

Simulation-Based Obstetric Training
To address these challenges, simulation-based training for
emergency obstetric care has evolved as a promising approach
in sub-Saharan Africa. Growing evidence suggests that this type
of training improves health care providers’knowledge and skills,
while also leading to positive changes in their behavior [3-5].
Additionally, evidence from other studies has shown
encouraging effects on patient outcomes, including reported
reductions in neonatal and perinatal mortality rates, as well as
potential decreases in maternal mortality and postpartum
hemorrhage [6-9]. Despite these promising findings, assessments
of patient outcomes remain infrequent, and the results are often
inconsistent [3,4].

Evaluating Simulation-Based Training
One limitation of current evaluations is the reliance on 1-group
pretest-posttest designs, which often fail to control for external
variables that may influence the results. Furthermore, significant
variability exists in training length, content, and design, with
programs ranging from mono-professional to multi-professional
approaches. This variation makes it difficult to identify which
components most effectively contribute to the success of the
training. Additional challenges, such as resource constraints,
difficulties in sustaining training programs, staff shortages, and
high turnover rates, further hinder the implementation and
long-term impact of simulation-based training in sub-Saharan
Africa. To overcome these challenges, high-quality research is

essential to determine the most effective methodologies for
emergency obstetric simulation-based training in sub-Saharan
Africa.

This study aimed to evaluate the effect of a train-the-trainer
program designed to provide technology-enhanced,
mono-professional, simulation-based obstetric training on patient
outcomes in Uganda [10].

Methods

Setting
A stepped-wedge cluster randomized trial was conducted from
October 2014 until March 2016 at the medium- to high-risk
labor ward at Mulago National Referral Hospital in Uganda.
This hospital also functions as the main teaching facility for
Makerere University College of Medicine and Health Sciences.
During this study’s period, over 23,000 women gave birth
annually at the medium to high-risk labor ward.

Design and Recruitment
The stepped-wedge cluster randomized trial design facilitated
the phased implementation of the training program, with
different clusters receiving the intervention at different periods
to assess its impact on patient outcomes. This approach allowed
for the measurement of the intervention’s effect both within
and between clusters. Additionally, it enabled the intervention
to be provided as a standard service to all participants, while
being implemented in stages [11]. As training of all obstetric
ward staff was not feasible due to financial and logistical
challenges, senior house officers (SHOs) were chosen as the
target group for the training program due to their coordinating
role in providing emergency obstetric care.

In October 2014, a total of 7 fixed clusters of SHOs were
recruited to receive the training. All participants provided written
informed consent before this study began. A computer-generated
random sequential roll-out of the training program was
conducted to determine the order in which the different clusters
would receive the intervention (Figure 1). Examination and
holiday periods were excluded from the schedule, as fixed
clusters could not be maintained in the SHOs’ work schedules
during these times.
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Figure 1. Stepped-wedge cluster randomized design with 7 clusters and 8 steps.

Train-the-Trainer Model
The training program was conducted using a train-the-trainer
model, in which training was cascaded down from master
trainers to local facilitators, and then to the learners, who were
the SHOs. In this model, the master trainers, who were
obstetricians from a high-resource setting, had been previously
certified as simulation-based trainers by institutions such as
EuSim or the Center for Medical Simulation. These master
trainers provided a 4-day train-the-trainer program to 14 local
facilitators. The facilitators, all gynecologists, were selected
based on their clinical and teaching experience by the head of
the department. The program included both lectures and practical
teaching sessions using simulation-based obstetric scenarios.
The train-the-trainer course concluded with an assessment
session. During this session, the local facilitators trained intern
doctors using a draft SHO training program. Afterward, the
master trainers provided feedback to the facilitators. Based on
this, 12 of the facilitators were certified as simulation trainers.
The SHO training program was then adjusted based on feedback
from both trainers and trainees. Subsequently, the local
facilitators delivered the training to fixed clusters of 6 to 9
SHOs, comprising first-, second-, and third-year SHOs. A 1-day
annual refresher training was offered to all local facilitators.
The local facilitators were compensated for lost clinical income
by being paid for their participation in the training sessions.

Course Content
Course content was developed by Medsim, a medical simulation
center in the Netherlands, in cooperation with senior staff
members of Mulago National Referral Hospital. The SHO
training program included a 1-day (8 h) mono-professional,
simulation-based sessions, followed by half-day refresher
sessions every 7 weeks. These refresher sessions started after
the switch from the control to the intervention group. Each
training session was provided by 2 local facilitators. Scenarios
were based on the main local causes of maternal and perinatal
mortality and tailored to local clinical protocols and availability
of medical equipment. This led to the creation of 2 different
scenarios for postpartum hemorrhage, a scenario for eclampsia,

a scenario involving fetal distress with a ventouse delivery, and
a breech delivery scenario. Both medical-technical and
teamwork skills were included in the training, with the difficulty
level increasing throughout the day. Every SHO participated in
at least 2 scenarios during the 1-day training, while having an
observer role in the nonparticipating scenarios. During the
repetition training sessions, a single clinical scenario was
executed and repeated until skills were mastered.

Data Collection and Outcomes
The primary outcome of this study was the combined maternal
and perinatal mortality rate, expressed as a percentage of
maternal and perinatal deaths per total number of births.
Perinatal deaths were defined as stillbirths and deaths occurring
within the first week of life in the special care unit. Data about
each delivery and maternal and perinatal outcomes were
prospectively registered using the maternity register and
transcribed without identification of the subjects. Data about
maternal deaths in the high dependency unit, and neonatal deaths
in the special care unit were obtained from registration books
in these units. These data were matched to and merged with
data from the maternity register of the medium to high-risk ward
into 1 final electronic database.

Secondary outcomes comprised the maternal mortality rate
(maternal deaths per 100,000 births), the perinatal mortality
rate (perinatal deaths per 1000 births), percentage of births by
vacuum extraction, percentage of births by cesarean section,
and the Weighted Adverse Outcome Score (WAOS). The
WAOS was defined as the total weighted score of each adverse
outcome divided by the total number of births [12]. Four out of
10 index measures (maternal death [750 points], intrapartum or
perinatal death [400 points], uterine rupture [100 points], Apgar
score less than 7 after 5 minutes [25 points]) were available for
registration and assessment. Finally, the maternal mortality ratio
(maternal mortality per 100,000 live births), and the perinatal
mortality ratio (perinatal mortality per 1000 live births) were
calculated for the control and intervention group. As data were
analyzed on the cluster level, the authors could not identify
individual participants’ results.
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To provide a comprehensive understanding of the training’s
effectiveness, additional secondary outcomes were included
and published separately, such as the evaluation of the
instructional design, participants’ reactions (corresponding to
Kirkpatrick level 1), and the effects on knowledge, teamwork,
and medical-technical skills (corresponding to Kirkpatrick level
2) [13].

Sample Size Calculation
The power calculation was conducted following the methods
described by Hussey et al [14] and Woertman et al [10,15,16].
Initially, the sample size for a standard randomized clinical trial
was calculated. To show a 20% reduction in combined maternal
and perinatal mortality with an α of .05 and a power of 80%, a
total of 6398 births would be required for a simple randomized
clinical trial design. The design effect was then determined,
assuming an intracluster correlation of 0.05, a cluster size of
3343 births per year, and 7 clusters in total. Accounting for the
design effect, 2367 births per measurement period would be
required. To meet this target, each measurement period would
need to last at least 5 weeks. However, for logistical feasibility,
the duration of each step was set at 7 weeks, resulting in a total
study duration of 56 weeks. Statistical significance was defined
as a 2-sided P value of <.05.

Statistical Analysis
Patient baseline characteristics were summarized with medians
and IQRs for continuous variables and with counts (percentages)
for categorical variables. A generalized linear mixed-effects
model was used for the estimation of an intervention effect.
Here, the outcome is the binary event on the individual (whether
a birth was or was not complicated by maternal mortality,
perinatal mortality, or both), and a logit link function was used

to model the probability of the event. In the logit scale, the
cluster indicator served as a random effect on the intercept, and
the period of the stepped wedge was treated as a fixed effect,
as well as the intervention effect. The effect of the intervention
was reported as an odds ratio, and the performance per treatment
group was reported as a percentage or as an incidence rate ratio
with 95% CI.

Ethical Considerations
Ethical approval was obtained from the Mulago Research and
Ethics Committee (Protocol MREC: 674), and the Uganda
National Council for Science and Technology (UNCST, SS
3927). Written informed consent to participants in this study
was obtained at the beginning of the first training day, and all
participants had the ability to opt out during this study’s period.
No compensation was provided for the participants. All data
were anonymized.

Results

From October 2014 until March 2016, a total of 57 SHOs were
randomized into 7 clusters. The first 3 included clusters received
the main training on schedule according to protocol. Afterward,
when SHOs heard about the training experience from their peers,
they requested to expedite the training schedule, rather than
waiting for the allocated time slot. Therefore, these 4 remaining
clusters were trained within the same week and they
simultaneously switched from the control group to the
intervention group during this week (Figure 2). After the
deviation from the stepped-wedge design in the timing of the
intervention, no amendment was needed by the ethical
committee, as the intervention itself had not changed.
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Figure 2. Flowchart of stepped-wedge cluster randomized design. SHO: senior house officer.

Baseline characteristics are shown in Table 1. Overall, there
were 17,496 births. There were fewer female and more male
neonates in the intervention group compared to the control
group. The results on maternal and perinatal mortality rates,
mode of delivery, and the WAOS are shown in Table 2. No
differences were found between the intervention and the control
group in the combined maternal and perinatal mortality rate,
the maternal mortality rate, and the perinatal mortality rate.

Results on the percentage of vacuum extractions, the percentage
of cesarean sections, and the WAOS did not show any difference
between the intervention and the control group. The maternal
mortality ratio in the control and intervention group was,
respectively, 160.4 (95% CI 94.9‐266.6) and 116.9 (95% CI
51.2‐252.4). The perinatal mortality ratio in the control and
intervention group was 94.4 (95% CI 88.8‐100.4) and 98.7
(95% CI 91.3‐106.6).
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Table . Baseline characteristics.

P valueIntervention groupControl groupTotalCharacteristics

Maternal characteristics

.11a24 (21-29)24 (21-28)24 (21-28)Age (years), median (IQR)

.71bParity, n

254142196760Primiparous

363459609594Multiparous

.18bGestation, n (%)

430 (7.8)753 (8.5)1183 (8.2)Preterm (<37
weeks)

5066 (92.2)8149 (91.5)13,215 (91.8)Full-term (>37
weeks)

.09bPregnancy, n (%)

6067 (92.2)10,099 (92.5)16,166 (92.4)Singleton

504 (7.7)795 (7.3)1299 (7.4)Twin

6 (0.1)24 (0.2)30 (0.2)Triplet

Neonatal characteristics

.002bGender, n (%)

3053 (46.9)5328 (49.3)8381 (48.4)Female

3455 (53.1)5471 (50.7)8926 (51.6)Male

.70a3.1 (2.7-3.4)3.1 (2.6-3.4)3.1 (2.7-3.4)Birth weight (kg), median (IQR)

aWilcoxon rank sum test.
bPearson chi-square test.

Table . Study results.

P valueOdds ratioAfter interventionBefore interventionTotal

.810.98 (0.86 to 1.12)9.1 (8.4-9.8)8.7 (8.2‐9.3)8.9 (8.4‐9.3)Combined mortality
rate, % (95% CI)

.680.80 (0.27 to 2.32)106.4 (46.6‐229.7)146.5 (86.7‐243.6)131.5 (85.3‐200.6)Maternal mortality
rate, event rate per
100,000 births (95%
CI)

.870.99 (0.87 to 1.13)89.8 (83.1‐97.1)86.3 (81.1‐91.7)87.6 (83.5‐91.9)Perinatal mortality rate,
event rate per 1000
births (95% CI)

.991.00 (0.76 to 1.33)2.15 (1.8‐2.5)2.43 (2.2‐2.8)2.3 (2.1‐2.6)Births by vacuum ex-
traction, % (95% CI)

.331.06 (0.94 to 1.2)27.5 (26.4‐28.6)26 (25.2‐26.8)26.6 (25.9‐27.2)Births by cesarean sec-
tion, % (95% CI)

.80−0.59 (−5.22 to 4.04)a40.5 (0‐285.5)39.1 (0‐280.8)39.6 (0‐282.6)Weighted Adverse
Outcome Score
(WAOS), median score
(IQR)

aDifference.
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Discussion

Principal Results
This train-the-trainer model for providing technology-enhanced,
mono-professional, simulation-based obstetric training to SHOs
did not result in changes to maternal and perinatal mortality
outcomes. The training program also had no impact on the
number of instrumental births, the number of cesareans, or the
WAOS.

Strengths and Limitations
A strength of this study was the use of a randomized
stepped-wedge trial design, enabling the training for all SHOs
in one of the busiest labor wards worldwide. Unlike 1 group
pretest-posttest designs commonly used in prior research on
obstetric simulation-based training, this approach minimized
bias from natural changes in health care outcomes because it
could eliminate systematic period effects. Another strength was
the use of the train-the-trainer model. Research has shown that
training delivered by local trainers results in greater
improvements in knowledge and skill acquisition [17].
Furthermore, simulation-based learning is likely to be more
effective when tailored to the local context and culture [18]. A
third strength of the evaluated training program was the
inclusion of teamwork skills. Teamwork skills are increasingly
recognized as a critical factor in reducing preventable,
substandard care and are viewed as an essential competence for
hospital teams [19]. These skills had not been part of previous
SHO training programs at Mulago National Referral Hospital.

Limitations of our study should also be considered. First, the
intended stepped-wedge design was altered during the study,
as clusters requested earlier training. Although this deviation
interfered with the planned study design, it was deemed
unethical to withhold training further. The change in design did
not affect the statistical analysis because the mean features of
the stepped wedge design were maintained. Other studies have
highlighted ethical concerns with the stepped-wedge design,
including justifying the delayed rollout of the intervention to
the control group, which is inherent to this design [20,21]. A
potential solution in the future could involve using different
hospitals as clusters. This approach would also address the
challenge of maintaining fixed clusters of individuals during
working hours, which was one of the difficulties we
encountered. Interaction between trained and nontrained SHOs
during shifts in examination and holiday periods may have
introduced bias into the results, but our analysis was chosen
conservatively, making sure that such biases would affect the
treatment effect negatively. Another challenge in the work
schedules of the fixed clusters was the repetition of sessions,
which led to some sessions not being scheduled according to
the protocol. Establishing fixed clusters of multidisciplinary
obstetric team members within 1 hospital is anticipated to be
even more challenging. Including different hospitals in the
design could eliminate these issues and allow all health care
providers involved in maternity and neonatal care at a single
hospital to be trained within a short period. However, it may be
difficult to include hospitals with comparable levels of care and

delivery volumes, which should be accounted for in the
intracluster correlation coefficient and the statistical analysis.

Comparison With Prior Work
The results of our study on maternal and perinatal outcomes do
not align with those of recent studies on simulation-based
emergency obstetric training in sub-Saharan Africa. Since the
start of this study, 6 studies reported improvements in maternal
outcomes, mainly related to postpartum hemorrhage and
mortality [22-27], and 7 studies showed improvements in
neonatal or perinatal outcomes after simulation-based obstetric
training [25,28-33]. One of these studies showed that initial
improvements declined over time [29].

When comparing our simulation-based training program to
others that were effective, we want to highlight the
mono-professional nature of our program. While previous
research showed that simulation-based team leader training
improved teamwork and communication during clinical
resuscitations, our study found that training only SHOs as the
leaders during obstetric emergencies did not improve patient
outcomes. This aligns with the findings of Siassakos et al [34],
who noted that units showing improvements had trained nearly
100% of their staff and implemented training programs within
their own units. Additionally, all but 2 of the previously
described effective studies were multi-professional training
programs [22-31]. An exception to justify a mono-professional
training program can be when the focus is on a specific technical
task performed by a single health care provider, such as repairing
an episiotomy. In such cases, the focus on a specific task allows
for deliberate practice, where the trainee improves the task
through immediate feedback, problem-solving, evaluation, and
repeated performance. However, when the task involves
teamwork, the training approach should shift toward a
multi-professional model. In conclusion, our results, alongside
the literature, suggest that future research should consider
multi-professional team training in obstetrics, involving all staff
within their units.

Another difference between our training program and others is
that ours was a stand-alone program, while simulation-based
training as part of an integrated package may be more effective
in improving health outcomes [4,8,28]. Integrated packages
often include equipment, maternal death reviews, health
information system improvements, modified protocols,
supportive supervision, mobile mentoring, and peer-assisted
learning. Although we included a train-the-trainer model,
restructured local protocols, and created posters with flowcharts
for obstetric emergencies, the intensity and, ultimately, the
training frequency of our intervention may not have been
sufficient to impact maternal and neonatal outcomes.

Another notable variance between evaluated simulation-based
training programs is the location of training. Our study used an
off-site medical simulation center, while on-site training may
be more beneficial, as it reaches more staff and generates more
suggestions for organizational changes. Sorensen et al [35]
found no significant differences in knowledge, patient safety
attitude, motivation, or stress between on-site and off-site
training, but the on-site group suggested more organizational
changes. In low-resource settings, these changes may be more
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valuable, although on-site training could be disrupted by clinical
situations. Further research comparing on-site versus off-site
training in low-resource settings would be valuable.

A further difference in previous studies on simulation-based
obstetric training is the definition of mortality ratios. Some
studies, including the mortality ratios in the introduction, used
maternal mortality per live birth, while others used maternal
mortality per number of births [8,22,26,36,37], making
comparisons difficult. Additionally, the World Health
Organization defines maternal and perinatal mortality ratios
with different denominators, complicating statistical analyses
of a combined mortality ratio. As a result, we analyzed the
combined mortality rate and reported the maternal and perinatal
mortality ratios separately. Moreover, the ratios are based on
live births, so improving perinatal care can also affect maternal
mortality outcomes. A standardized approach to mortality ratios
could improve the comparability of future training programs.

A final note should be made regarding improvements in data
administration. It took considerable time to manually collect,
verify, and process all the data. In some cases, determining the
time and cause of death was challenging, potentially leading to
the inclusion of more macerated babies and higher perinatal
mortality rates. This study’s setting in a national underresourced
referral hospital may also explain the high perinatal mortality
rate. Options to address some data challenges include the
development of digital data registration systems and active

surveillance of data. While these solutions require initial
investments of both time and money, they offer significant
potential benefits in terms of efficiency and accuracy.
Additionally, digital data registration and continuous data
monitoring can be enhanced by the use of dashboards, which
provide clinicians with an overview of current practices and
can help identify deviations from targets early on [38]. This
approach not only benefits the evaluation of obstetric
simulation-based training but can also inform ongoing training
sessions, contributing to continuous learning and improvements
in obstetric training.

Given the complexity of simulation-based obstetric training
implementation and evaluation in low-resource settings, future
studies should consider conducting implementation and action
research. This approach would be valuable for identifying
barriers to effective implementation, refining training programs,
and ensuring that improvements are successfully integrated into
the local health care system.

Conclusions
This train-the-trainer model for providing technology-enhanced,
mono-professional, simulation-based training in obstetrics to
SHOs did not change maternal and perinatal mortality outcomes
in a national referral hospital in a low-resource setting. This
study, along with existing literature, suggests that future research
should consider conducting and evaluating multi-professional
team training in obstetrics, involving all staff within their units.
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Abstract

Background: Artificial intelligence (AI) is set to shape the future of medical practice. The perspective and understanding of
medical students are critical for guiding the development of educational curricula and training.

Objective: This study aims to assess and compare medical AI-related attitudes among medical students in general medicine
and in one of the visually oriented fields (pathology), along with illuminating their anticipated role of AI in the rapidly evolving
landscape of AI-enhanced health care.

Methods: This was a cross-sectional study that used a web-based survey composed of a closed-ended questionnaire. The survey
addressed medical students at all educational levels across the 5 public medical schools, along with pathology residents in 4
residency programs in Jordan.

Results: A total of 394 respondents participated (328 medical students and 66 pathology residents). The majority of respondents
(272/394, 69%) were already aware of AI and deep learning in medicine, mainly relying on websites for information on AI, while
only 14% (56/394) were aware of AI through medical schools. There was a statistically significant difference in awareness among
respondents who consider themselves tech experts compared with those who do not (P=.03). More than half of the respondents
believed that AI could be used to diagnose diseases automatically (213/394, 54.1% agreement), with medical students agreeing
more than pathology residents (P=.04). However, more than one-third expressed fear about recent AI developments (167/394,
42.4% agreed). Two-thirds of respondents disagreed that their medical schools had educated them about AI and its potential use
(261/394, 66.2% disagreed), while 46.2% (182/394) expressed interest in learning about AI in medicine. In terms of
pathology-specific questions, 75.4% (297/394) agreed that AI could be used to identify pathologies in slide examinations
automatically. There was a significant difference between medical students and pathology residents in their agreement (P=.001).
Overall, medical students and pathology trainees had similar responses.

Conclusions: AI education should be introduced into medical school curricula to improve medical students’ understanding and
attitudes. Students agreed that they need to learn about AI’s applications, potential hazards, and legal and ethical implications.
This is the first study to analyze medical students’ views and awareness of AI in Jordan, as well as the first to include pathology
residents’ perspectives. The findings are consistent with earlier research internationally. In comparison with prior research, these
attitudes are similar in low-income and industrialized countries, highlighting the need for a global strategy to introduce AI
instruction to medical students everywhere in this era of rapidly expanding technology.

(JMIR Med Educ 2025;11:e62669)   doi:10.2196/62669

KEYWORDS

artificial intelligence; AI; deep learning; medical schools; pathology; Jordan; medical education; awareness; attitude; medical
students; pathology trainees; national survey study; medical practice; training; web-based survey; survey; questionnaire
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Introduction

Artificial intelligence (AI) is the capability of machines to
simulate intelligence by exhibiting human-like traits such as
understanding, deductive reasoning, and problem-solving
abilities [1]. In medicine, many specialties have already used
AI in clinical practice, such as oncology for cancer detection
and grading [2]. AI, particularly deep learning, has garnered a
lot of attention in medical education and pathology in recent
years [3,4]. These techniques have been mostly used for visual
activities such as consultations, seminar presentations, board
exams, and archiving [5]. Even before this achievement, many
experts predicted that specialized algorithms capable of reading
images as well as or better than human observers would
dominate the future of medicine. As a result, residents and
undergraduate students are becoming increasingly concerned
that pursuing medicine training may be an insecure career path
[6]. However, the long-awaited expansion of AI in pathology
is still underway, and the area of pathology is changing at a far
slower rate than other domains (eg, radiology) [7].

The recent approvals of whole slides imaging scanners by the
Food and Drug Administration for primary diagnosis, as well
as the approval of the prostate AI algorithm, have cleared the
road for the first steps in incorporating this new technology for
use in pathologic primary diagnosis. AI solutions can serve as
a unique platform for breakthroughs and advancements in
anatomical and clinical pathology practice [8].

Commercially available AI systems have recently become the
focus of a more concentrated evaluation. However, it is unclear
whether medical students and pathology residents are afraid
that AI may replace pathologists or other clinicians [9]. There
is limited knowledge about medical students’ perspectives
toward AI and deep learning, particularly in underdeveloped
nations. To investigate this topic, we conducted a multicenter
national survey of undergraduate medical students and pathology
residents to assess their perceptions of AI in medicine in general
and pathology in particular, as well as their concern that
machines will replace pathologists or other physicians soon.

The perspective and understanding of medical students are
critical for guiding the development of educational curricula
and training. We investigate major medical AI-related attitudes
among medical students in general and in pathology in Jordan,
with an emphasis on the components that should be included
in the medical curriculum.

Methods

Study Design and Population
A randomized, web-based, cross-sectional study was conducted
among medical students and pathology residents in Jordan from
5 public universities—Jordan University of Science and
Technology (JUST), The University of Jordan, Yarmouk
University, Hashemite University, and Mutah University,
including about 19,000 medical students—in addition to 4
pathology residency programs: JUST, King Hussein Cancer
Center, Jordan University Hospital, and Royal Medical Services,
including about 80 pathology residents. The survey was

published over a 10-day period from March 4 to March 14,
2024. The required sample size was estimated using the
web-based Raosoft sample size calculator [10]. The proposed
sample size was 318, with a 5% margin of error, a 99%
confidence, a 30% response rate, and a population size of
20,000. Three hundred ninety-four students completed the
questionnaire. Students were encouraged to disseminate the
questionnaire among their colleagues to create a snowball
sample.

Ethical Considerations
The research has been approved by the institutional review
board of JUST, Irbid, Jordan (number: 3/167/2024; date:
February 13, 2024). All individuals consented to participate.
All methods met with the applicable standards and regulations.
Participants provided informed consent at the beginning of the
survey and had the ability to opt out at any time. Data were
anonymized and no compensation was provided to the
participants. The results of this study are original, have not been
previously published, are not under review elsewhere, and have
received approval from all authors. All the authors have
approved final version of the manuscript.

The data were obtained using a self-administered open
web-based questionnaire produced with Google Forms. To
evaluate the questionnaire’s applicability and forward validity,
our research team translated the questions into Arabic and
conducted a pilot survey with 15 randomly selected participants
to examine question comprehension and language clarity. The
questionnaire was circulated through medical student groups,
social media forums (Facebook, WhatsApp, Telegram, and
Instagram), and through announcements in lectures. Participation
was entirely voluntary and unrelated to the students’educational
curriculum. The students consented to participate by completing
the survey. Respondent anonymity was assured by design.

Questionnaire Structure
The questionnaire items were adopted from a previously
validated study [11] and amended by 2 expert pathologists (AR
and MA) at 2 academic centers to apply the questions to the
discipline of pathology. The questionnaire was divided into
sections, each of which addressed a different issue (Table S1
in Multimedia Appendix 1). The first section of the
questionnaire inquired about demographic data and self-reported
technological expertise. The second portion inquired about AI
and deep learning applications in medicine. The third part
evaluated sources to AI in general. The fourth part focused on
AI applications in medicine. The fifth section evaluated
emotions and perspectives toward AI and deep learning in
medicine and pathology. The sixth part inquired about the
expected effects of AI on medical education and specific
components that should be implemented in medical education
(an open-ended question), followed by a question regarding
whether basic AI knowledge should be provided in official
medical courses (a Yes/No). Finally, the prospective applications
of AI in pathology were considered.

Statistical Analysis
Following the completion of questionnaire submissions, the
findings were converted to a comma-separated value file. To
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simplify statistical analysis, the categories “disagree entirely”
and “rather disagree” were summarized as disagreement, while
“rather agree” and “agree entirely” were summarized as
agreement. Nominal categorical variables were analyzed using
the Pearson chi-square test or Fisher exact test, whereas ordinal
data were analyzed using Spearman correlation. The statistical
analysis was performed using SPSS version 26.0 (IBM Corp)
[12], and P values of <.05 were considered statistically
significant.

Results

Overview
After 10 days of opening the survey, 394 participants completed
the questionnaire (328 medical students and 66 pathology
residents). Of these respondents, 49% (193/394) were males
and 51% (201/394) were females. The median age is 20 (IQR
20‐21) years. Most medical students surveyed were in their
junior years (1, 2, and 3), accounting for around 85% (279/394)
of the sample, while approximately 15% (49/394) were in
clinical training years (4, 5, and 6). Most pathology residents
surveyed were postgraduate year 1 and postgraduate year 2
(63/66, 96%). Of the total, 44.9% (177/394) of the respondents
regarded themselves as technological experts (Table 1).

Table . Demographics and self-reported technical expertise (N=394).

Participants

I consider myself a tech expert person, n/N (%)

46/394 (12)Agree entirely

131/394 (33.2)Rather agree

73/394 (19)Rather disagree

16/394 (4)Disagree entirely

128/394 (32.5)—a

Age (years)

20Median

20-21IQR

18/34Minimum/maximum

Gender, n/N (%)

193/394 (49)Male

201/394 (51)Female

aNot available (or no response).

Awareness of AI and Deep Learning in Medicine
The vast majority of respondents (272/394, 69%) were
previously aware of the medical community’s discussion on AI
and deep learning. There was a statistically significant difference
in awareness among respondents who consider themselves tech

experts compared with those who do not (P=.03), but no
significant differences were found between males and females,
medical students, and pathology residents. Furthermore, 67.5%
(266/394) of respondents reported having a basic awareness of
the technologies used in these fields (Table 2).

Table . First part of the questionnaire—artificial intelligence and deep learning in medicine (N=394).

P valueaNo, n/N (%)Yes, n/N (%)Questionnaire items

“Deep learning” and “artificial intelligence” are currently being broadly discussed in the medical field.

.03/.46122/394 (31)272/394 (69)Were you already
aware of these topics?

.89/.94128/394 (32.5)266/394 (67.5)Do you have a basic
understanding of the
technologies used in
these topics?

aTech expert versus non–tech expert/medical students versus pathology residents.
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The Sources for the Topic of AI
Websites were the primary sources of knowledge on AI, with
73.4% (289/394) of respondents reporting awareness via this
source. In contrast, fewer students heard about AI from friends

and colleagues (139/394, 35.3%), webinars (59/394, 15%), and
medical school lectures (56/394, 14%). The majority of
respondents (310/394, 78.6%) acknowledged that they did not
learn about AI through formal AI courses (Table 3).

Table . Second part of the questionnaire—different sources of exposure to artificial intelligence as a topic in general (N=394).

P valueaNo, n/N (%)Yes, n/N (%)Questionnaire items

Other applications we use in daily life already use artificial intelligence (eg, speech-/text-recognition). Were you aware of this from?

<.001/.66105/394 (26.6)289/394 (73.4)Websites

.20/.74255/394 (64.7)139/394 (35.3)Social friends and col-
leagues

.90/.28338/394 (85.8)56/394 (14)Medical school lectures

.80/.37335/394 (85)59/394 (15)Webinars

.15/.99372/394 (94.4)22/394 (6)Training (eg, courses) in ar-
tificial intelligence

.001/.85——bNo answer

aTech expert vs non–tech expert/medical students vs pathology residents.
bNot applicable (ie, total proportion of no answers: 62/394, 16%).

The Applications of AI in Medicine
More than half of respondents thought that AI might be used
to diagnose disease in patients automatically (213/394, 54.1%
agreement vs 82/394, 21% disagreement), and medical students
agreed more than pathology residents on this topic (P=.04).

Furthermore, 39.5% (156/394) agreed to the use of AI in
automated diagnosis. Moreover, three-quarters agreed that AI
might automatically indicate appropriate investigations
(318/394, 80.7% agreement vs 19/394, 5% disagreement). Table
4 provides more detailed results.

Table . Third part of the questionnaire—applications for artificial intelligence in medicine (N=394).

P valuebN/Aa, n/N (%)Disagree entire-
ly, n/N (%)

Rather disagree,
n/N (%)

Rather agree,
n/N (%)

Agree entirely,
n/N (%)

Questionnaire items

What potential applications for AI in medicine do you see?

.58/.00199/394 (25)13/394 (3)69/394 (16)158/394 (40.1)55/394 (14)Automated detec-
tion of disease

.016/.000112/394 (28)19/394 (5)107/394 (27.2)117/394 (29.7)39/394 (10)Automated diag-
nosis of patients

<.001/.6057/394 (15)2/394 (1)17/394 (4)205/394 (52)113/394 (28.7)Automated indi-
cation of appro-
priate investiga-
tions (radiologi-
cal, laboratory,
etc)

aN/A: not applicable.
bTech expert vs non–tech expert/medical students vs pathology residents.

Overall Emotions and Attitudes About AI and Deep
Learning in Both Medicine and Pathology
Regarding overall feelings and attitudes toward AI and deep
learning in medicine and pathology, most respondents agreed
that AI will revolutionize medicine in general (321/394, 81.4%
agreement) and pathology in particular (312/394, 79.2%
agreement), while a sizable proportion disagreed that human
doctors in general (291/394, 73.9% disagreement) and
pathologists (248/394, 63% disagreement) could be replaced in
the near term. Furthermore, more than one-third of respondents
expressed fear about recent AI developments (167/394, 42.4%
agreed).

On the other hand, roughly half said that these breakthroughs
make pathology or medicine more intriguing to them (184/394,
46.7% and 222/394, 56.4%, respectively), and for those specific
questions, tech expert respondents were considerably more
likely to say “yes” than non–tech expert respondents (P=.002
and P=.03, respectively).

Nonetheless, most respondents believed that the adoption of AI
would benefit pathology (302/394, 76.7% agreement) and the
entire field of medicine (305/394, 77.4% agreement). Notably,
two-thirds of respondents disagreed that their medical schools
or hospitals had educated them about AI and its uses (261/394,
66.2% disagreed), whereas 46.2% (182/394) expressed an
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interest in learning the principles of AI and its applications in
medicine. Table S1 in Multimedia Appendix 1 summarizes
feelings and attitudes toward AI and deep learning in medicine
and pathology.

What Specific Aspects Should Be Implemented in
Medical Education?
Students were asked to select from a list of options, each of
which allowed for several responses. The majority of
respondents (231/394, 58.6%) expressed an interest in learning

about AI’s applications, potential hazards, and legal and ethical
implications. Females were more likely than males to exhibit
an interest in learning about AI’s possible hazards and legal
implications (P=.038 and P=.001, respectively). In addition,
51.8% (204/394) of the students felt that medical education
should cover current AI systems and their technical foundations.
However, 64.2% (253/394) of respondents expressed no interest
in learning about the classification of AI reliability in medical
education (Table 5).

Table . Specific aspects that should be implemented in medical education (multiple responses possible) (N=394)a.

P valuebNo, n/N (%)Yes, n/N (%)

.04/.95163/394 (41.4)231/394 (58.6)Areas of application

.25/.83163/394 (41.4)231/394 (58.6)Possible risks

.73/.74190/394 (48.2)204/394 (51.8)Technical basics

.63/.52190/394 (48.2)204/394 (51.8)Current AIc systems

.30/.21194/394 (49.2)200/394 (50.8)Modes of operation

.094/.35196/394 (49.7)198/394 (50.3)Legal aspects, ethics

.45/.36199/394 (51.5)195/394 (49.5)Potential future developments

.77/.23253/394 (64.2)141/394 (35.8)Classification of AI reliability

.21/.1637/394 (9.4)357/394 (90.6)Basic AI knowledge should be pro-
vided in university courses

aThe vast majority of respondents believed that university curricula should cover fundamental AI concepts (357/394, 90.6% said yes).
b Tech expert vs non–tech expert/medical students versus pathology residents.
cAI: artificial intelligence.

What Potential Applications for AI Do You See in
Pathology?
In terms of pathology-specific questions, 3 quadrants (297/394,
75.4%) of respondents agreed that AI could be used to identify
pathologies in slides examinations automatically, and more than
half (222/394, 56.3%) agreed that AI could be used to diagnose
pathologies in slides examinations and indicate appropriate

further stains needed. There was a statistically significant
difference between medical students, who are more inclined to
agree, and pathology residents (P=.02/P<.001 and
P<.001/P=.61, respectively). In addition, 79.1% (312/394) of
respondents felt that AI might be used to automatically identify
appropriate special studies and immunohistochemistry stains
in slide examinations (Table 6).

Table . Potential applications for artificial intelligence in pathology (N=394).

P valueaNeutral, n/N (%)Totally disagree,
n/N (%)

Disagree, n/N (%)Agree, n/N (%)Totally agree, n/N
(%)

.56/.00166/394 (17)5/394 (1)26/394 (7)206/394 (52.3)91/394 (23)Automated detec-
tion of pathologies
in slides examina-
tions

.02/<.001111/394 (28.2)11/394 (3)50/394 (13)164/394 (41.6)58/394 (15)Automated diagno-
sis in slides exami-
nations

<.001/.6169/394 (18)2/394 (1)11/394 (3)209/394 (53)103/394 (26.1)Automated indica-
tion of appropriate
special studies and
immunohistochemi-
cal stains in slides
examinations

aTech expert vs non–tech expert/medical students vs pathology residents.
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Discussion

Principal Findings
Findings revealed that a significant majority of medical students
were already aware of the ongoing discussion around AI and
deep learning in the medical community. This awareness was
significantly higher among those who described themselves as
tech savvy. The survey results support the conclusion that the
majority of respondents did not learn about AI throughout
medical school.

The majority of respondents thought that AI had the potential
to alter both medicine in general and pathology in particular.
However, a significant proportion raised concerns about the
potential displacement of human physicians by AI in the near
future. This sentiment is consistent with other research revealing
worries among medical students and pathology residents
regarding the expanding role of AI in medicine. For example,
in Lebanon and Kuwait, there was an agreement that AI would
not replace doctors but rather significantly transform health care
practices [13,14]. Notably, the majority of medical students
who responded were in their junior years (279/394, 85%) of the
total sample, which may reflect their interest in the subject
compared with senior students. Although this allowed us to
compare junior medical students’ perceptions with those of
postgraduate pathology students, it is regarded as a restriction
for evaluating senior medical students’ perspectives.

The general agreement was that the use of AI would benefit
both pathology and the larger field of medicine [8]. Further
comparison with prior work is discussed in the section
“Comparison With Prior Work.” This study provides useful
insights into medical students’ perspectives and attitudes
regarding AI, which are critical for guiding the development of
educational curricula and training.

The rapid growth of AI has the ability to change the face of a
variety of medical specialties. Specifically in the visual medical
disciplines, such as radiology, pathology, ophthalmology, and
dermatology, AI has generated significant interest and will
particularly affect the developments of these fields due to the
visual nature of their occupations [3]. Deep learning applications
are autonomously trained to execute certain tasks in response
to the availability of large digital datasets. Visual activities
include consultations, seminar presentations, board exams, and
archiving [5]. Medical students’ perspectives are crucial for
shaping medical education, especially in rapidly changing
professions. This study collects students’ opinions on AI in
medicine in order to better understand their requirements and
expectations from medical schools, as well as add to the dataset
so that data from various countries (both low and high income)
may be compared to analyze future medical education plans.
Learners in the digital era differ from past generations. They
are growing increasingly technologically savvy and socially
conscious. Pathology and radiology are 2 visual fields that have
seen significant advancements in AI technology. Many studies
have been conducted in radiology [11], but to our knowledge,
this is the first to analyze the attitudes and awareness of
pathology residents.

AI-Related Attitudes of Medical Students in
Comparison With Pathology Residency Trainees
To the best of our knowledge, this is the first study to discuss
pathology residents’ awareness and attitudes toward AI in the
field of pathology, in addition to comparing it with medical
students’perspectives. In Jordan, digital pathology is a relatively
new concept that is primarily used for research purposes. A
digital scanner is available at one site in Jordan (at JUST), with
a focus on research and consulting purposes.

In general, there was no major difference in the responses
between undergraduate students and postgraduate pathology
residents. Except on 2 occasions, medical students agreed more
than pathology residents that AI can be used to diagnose disease
in patients automatically (P=.04). There was also a statistically
significant difference between medical students, who are more
likely to agree than pathology residents regarding AI’s ability
to diagnose pathologies in slide examinations and indicate
appropriate additional stains needed (P=.02/P<.001 and
P<.001/P=.61, respectively). The Food and Drug
Administration’s recent support of whole-slide imaging scanners
for primary diagnosis, together with the approval of prostate
AI algorithms, marks the beginning of introducing AI
technology into primary diagnostics. AI can provide a unique
platform for promoting innovation and breakthroughs in
anatomical and clinical pathology practice [9].

Otherwise, there was general agreement between medical
students and pathology residents that, for example, the adoption
of AI would benefit pathology and the entire field of medicine
and that they needed to learn about AI’s applications, potential
hazards, and legal and ethical implications.

In summary, the findings underscore the imperative to integrate
AI education into the medical field to adeptly equip future
physicians for AI-augmented health care. Subsequent
investigations should concentrate on assessing the efficacy of
embedding AI education into medical training programs, both
undergraduate and postgraduate, and probing the determinants
influencing medical students’ attitudes toward AI. AI may also
be used in pathology to diagnose cancer, predict survival, modify
molecular structures, and forecast treatments. More effort is
required to navigate these applications. Furthermore, it is worth
investigating the relationship between the extent of digital
pathology implementation and AI awareness.

Limitations
Some limitations include the sample strategy’s use of social
media as well as the web-based approach, which limits
randomization and generalization. Also, the majority of medical
students who responded were in their junior years (279/394,
85%). Although this allowed us to compare junior medical
students’ perceptions to those of postgraduate pathology
students, it is regarded as a restriction for evaluating senior
medical students’ perspectives.

Comparison With Prior Work
Compared with published work in this regard, similar results
were identified in neighboring countries, including Lebanon
[13]. In Kuwait, there was also an agreement that AI would not
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replace doctors but rather significantly transform health care
practices [14]. In the United Arab Emirates, there was a lack of
acquaintance with AI found in a study that called for the
introduction of specific education and training in medical
schools [15]. In addition, identical outcomes were observed in
industrialized countries. In Germany, two-thirds of students
(539/838, 64.4%) believed that they were not well informed on
AI in medicine, and 57.4% (463/807) thought that AI has
beneficial applications in medicine, such as drug research, but
less so for clinical use [16]. In the United States, a study showed
that 91% (353/387) reported receiving no formal education
related to AI [17].

Conclusions
Our study highlights a generally favorable attitude toward AI
between medical students and pathology residents. A significant
number of participants are already familiar with the ideas of AI
and deep learning in medicine while the majority sees potential
in AI for automated detection of pathologies and indication of

appropriate investigations, which is a warning about replacing
physicians and pathologists in the nearest future.

The study found that being a tech expert influenced respondents’
awareness and attitudes toward AI. This indicates a potential
gap in the current medical education system, with a large
proportion of respondents expressing interest in learning more
about AI and its applications in medicine.

In pathology, there is a prominent agreement on the potential
applications of AI, particularly in the automated detection of
pathologies in slide examinations and the automated indication
of appropriate special studies and immunohistochemical stains.
Medical students show that they are more enthusiastic about
the integration of AI in pathology than pathology residents.

While most medical students and pathology residents
acknowledge the potential of AI to revolutionize medicine and
improve the pathology field, there is a clear need for integrating
AI education into medical curricula and addressing concerns
about its ethical and legal aspects.
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Abstract

Background: Mobile apps designed for teaching human anatomy offer a flexible, interactive, and personalized learning platform,
enriching the educational experience for both students and health care professionals.

Objective: This study aimed to conduct a systematic review of the human anatomy mobile apps available on Google Play,
evaluate their quality, highlight the highest scoring apps, and determine the relationship between objective quality ratings and
subjective star ratings.

Methods: The Mobile App Rating Scale (MARS) was used to evaluate the apps. The intraclass correlation coefficient was
calculated using a consistency-type 2-factor random model to measure the reliability of the evaluations made by the experts. In
addition, Pearson correlations were used to analyze the relationship between MARS quality scores and subjective evaluations of
MARS quality item 23.

Results: The mobile apps with the highest overall quality scores according to the MARS (ie, sections A, B, C, and D) were
Organos internos 3D (anatomía) (version 4.34), Sistema óseo en 3D (Anatomía) (version 4.32), and VOKA Anatomy Pro (version
4.29). To measure the reliability of the MARS quality evaluations (sections A, B, C, and D), the intraclass correlation coefficient
was used, and the result was “excellent.” Finally, Pearson correlation results revealed a significant relationship (r=0.989; P<.001)
between the quality assessments conducted by health care professionals and the subjective evaluations of item 23.

Conclusions: The average evaluation results of the selected apps indicated a “good” level of quality, and those with the highest
ratings could be recommended. However, the lack of scientific backing for these technological tools is evident. It is crucial that
research centers and higher education institutions commit to the active development of new mobile health apps, ensuring their
accessibility and validation for the general public.

(JMIR Med Educ 2025;11:e64550)   doi:10.2196/64550

KEYWORDS

anatomy; Google Play; mobile health; mHealth; Mobile App Rating Scale; MARS

Introduction

Background
At present, there is a wealth of research on mobile apps focused
on various aspects and areas of health, such as musculoskeletal
injuries [1]; chronic disease management [2]; pediatric disease

care [3]; medication management [4]; oral hygiene [5]; asthma
[6]; pediatric ear, nose, and throat surgery [7]; low back pain
[8]; neurodegenerative disorders [9]; coronary arteries [10];
neurorehabilitation [11]; nutrition, anemia, and preeclampsia
[12]; cancer [13,14]; cerebrovascular diseases [15]; childhood
obesity [16]; diabetes [17]; tuberculosis [18]; fibromyalgia [19];
dementia [20]; chronic kidney disease [21]; and epilepsy [22],
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among others. These mobile health management apps have
transformed the way people access and manage information
about their well-being, enabling everything from vital signs
monitoring to chronic disease management. This advancement
in mobile apps not only benefits patients but also opens new
possibilities in health education. In particular, mobile apps for
teaching human anatomy have become valuable resources that
complement the learning and understanding of the structures
and functions of the human body. Similar to personal health
apps, these tools are designed with interactive features such as
3D models and detailed simulations that enhance the educational
experience for medical students and health care professionals.

The justification for this study is based on three important
approaches: (1) the technological approach regarding the use
of mobile apps for teaching human anatomy, (2) the pedagogical
approach, and (3) the quality evaluation approach of the apps.
These approaches together provide a solid foundation to justify
the importance of the study.

Technological Approach
The first approach involved reviewing and analyzing scientific
publications on the use of mobile apps in teaching human
anatomy, with the aim of understanding their results. This
approach highlights how mobile technology has revolutionized
access to knowledge, enabling students to learn in an accessible
and practical manner. In teaching human anatomy, mobile apps
with 3D models and simulations facilitate immersive and
effective learning, complementing and even enhancing
traditional methods in health sciences. One of the studies
presented the software Road to Birth, developed by the
University of Newcastle, which was designed to teach midwifery
students at a Midwestern US university about the dynamic
concepts of maternal anatomy and physiology during an
obstetrics module. The students used Road to Birth, and 66%
of them reported an increase in their knowledge, valuing the
software as a useful and practical learning resource [23].
Another study used the mobile app AR in Anatomy, developed
by the authors; which allows users to dynamically explore
various parts of the human body in 3D, enhancing the
educational experience [24]. Similarly, apps such as Anat_Hub,
developed by faculty and researchers from the Departments of
Computer Science and Medical Sciences at the University of
the Western Cape; a mobile app with augmented reality (AR)
to improve learning about the musculoskeletal system’s
anatomy, received positive evaluations. User results indicated
that the anatomy system could effectively enhance student
engagement and retention of anatomical concepts [25]. In
addition, another study conducted with undergraduate health
sciences students at the University of Cape Town analyzed the
impact of an AR mobile app on learning motivation. The study
included 78 students, evaluating motivation levels before and
after using the app. The results showed that its use increased
motivation, improving aspects such as attention, satisfaction,
and confidence [26]. In the field of neuroanatomy, the use of
mobile AR facilitated the understanding of complex concepts,
increasing academic performance and reducing cognitive load
among students [27]. Similarly, HuMAR, developed by
researchers affiliated with Murdoch University and Universiti
Utara Malaysia; an AR-based prototype for learning skeletal

structure, demonstrated high satisfaction among students,
highlighting the system’s usability and functionality [28].
However, although cadavers remain the gold standard in
anatomy teaching, there are financial, ethical, and supervisory
limitations. Another study compared the effectiveness of virtual
reality, AR, and tablet-based devices in teaching cranial
anatomy. A total of 59 students participated who were randomly
assigned to one of the 3 learning methods. The results suggest
that these technologies can effectively complement anatomical
teaching [29]. On the other hand, a recent study presented a
human anatomy learning system based on AR using a marker
on a mobile platform to capture images and merge them with
data from an SQLite database. This system allows for interactive
visualization of the human body or its organs in 3D. An
evaluation conducted with high school and medical students
demonstrated that the app facilitates anatomy learning more
effectively due to its ability to provide interactive 3D
representations through AR [30]. Another example is
AEducaAR, an app developed by researchers affiliated with the
University of Bologna, which combines AR with a 3D-printed
anatomical model to improve anatomy teaching for medical
students. Its effectiveness was evaluated with a group of 62
second-year students, comparing its use to traditional learning
methods with anatomical atlas books. Although there were no
significant differences in objective test results between the two
methods, students expressed enthusiasm for AEducaAR in a
survey, valuing its potential to motivate learning and enhance
the 3D understanding of anatomical structures. This tool could
also prepare students to use advanced medical technologies in
their future careers [31]. In addition, a relevant study presents
10 mobile apps for teaching human anatomy, where the results
indicate that the technological designs studied exhibit a high
degree of usability [32]. Another study analyzed 325 anatomy
mobile apps and outlined their features to facilitate
dissemination in the academic field. It showcases a broad,
diverse, and affordable market for human anatomy mobile apps
that can complement students’ education [33].

Pedagogical Approach
Medical students frequently face challenges in understanding
anatomy through the images found in textbooks [34], which are
flat and lack interactivity. In contrast, mobile apps for learning
human anatomy can serve as a complementary resource for
learning this discipline, offering students the opportunity to
interact with content more deeply than in a conventional
dissection room. Although traditional cadaver-based teaching
remains the preferred learning method [35], anatomy education
continues to face numerous challenges, including limited
practical hours for students and instructors, restricted access,
and the high cost of cadavers and artificial models [36]. The
use of mobile apps for learning human anatomy offers
significant advantages, such as immediate and continuous access
to information anytime and anywhere. These apps include
interactive 3D designs that allow for a detailed exploration of
the human body. Furthermore, they are often updated regularly
and are generally more affordable than traditional textbooks,
making them accessible to a broader audience.
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Quality Evaluation Approach
The third approach focuses on evaluating the quality of human
anatomy mobile apps. The importance of evaluating these apps
lies in the fact that higher-rated apps can serve as academic
support for medical students, health care professionals, and
general users. A specific methodology is required to evaluate
the quality of health mobile apps. In this context, the Mobile
App Rating Scale (MARS) methodology has been used. Various
studies have used the MARS to assess health apps targeting a
variety of conditions, such as chronic kidney disease and
end-stage renal disease [37], chronic lung diseases [38], stress
management [39], psoriasis [40], gastrointestinal diseases [41],
pain management [42], oral hygiene [43,44], nutrition [45],
genetics and genomics [46], food allergies or intolerances [47],
deafness and hearing impairment [48], low back pain [49,50],
neurological conditions [51], peritoneal dialysis [52], diabetes
[53], COVID-19 [54], cancer [55], anticoagulation [56],
dementia [57], specialized diets [58], toric intraocular lenses
[59], epilepsy [60], depression [61], coronary diseases [62],
dyslexia [63], autism spectrum disorder [64], nutrition [65], and
pediatric palliative care [66].

This study aimed to (1) identify human anatomy mobile apps
available on the Google Play store, which uses the Android
operating system, covering 70.87% of the global mobile
operating system market [67]; (2) evaluate these apps using the
MARS, which considers engagement, functionality, aesthetics,
information, subjective quality, and app specificity; (3) present
the human anatomy mobile apps with the highest ratings on the
MARS; and (4) determine the correlation between the objective
MARS quality rating and the subjective MARS rating by health
care professionals (ie, item 23).

Methods

Overview
This study was cross-sectional, as it collected data at a single
time point without follow-up over time, evaluated the correlation
between variables, and provided descriptive data [68-70]. The
study was conducted following the guidelines of the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) initiative, which aims to improve the
communication of results from observational studies among
authors, editors, and readers of scientific publications, focusing
primarily on cohort, case-control, and cross-sectional studies
[71].

Selection Criteria for Human Anatomy Mobile Apps
From April 1 to May 30, 2024, an extensive search for mobile
apps was conducted. The search term used was anatomy. The
inclusion criteria for mobile apps were as follows: (1) available
on the Google Play store; (2) related to human anatomy; (3)
available in English or Spanish; (4) user rating ≥4.3 to ensure
a minimum level of acceptance and satisfaction among users;
(5) free to use—an essential factor in educational contexts where
students or universities may face budget constraints; and (6)
download count exceeding 100,000.

The exclusion criteria were as follows: (1) duplicate apps, either
because of different versions or alternative names but containing
the same content; and (2) apps not updated for 2 or more years.

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) methodology was used to select
human anatomy–teaching apps. This methodology is used in
systematic reviews and meta-analyses to ensure transparency
and rigor in the selection and analysis of relevant studies. The
phases were identification, selection, eligibility, and inclusion.

During the identification phase, an exhaustive search for mobile
apps dedicated to teaching human anatomy was conducted. In
the filtering phase, duplicate apps were discarded. In the
eligibility phase, the characteristics of these apps were analyzed
to discard those that did not meet the previously established
inclusion criteria, and an additional exclusion criterion was
applied. Finally, in the inclusion phase, the apps that met all
eligibility requirements were integrated for analysis and
evaluation.

All selected apps were recorded in Excel (version 2016;
Microsoft Corporation) with the following characteristics: app
name, identification screen, languages, star rating, total
downloads, developer, Android version, last update date, and
features.

Evaluation of Mobile Apps

Overview
We used the MARS, developed by Stoyanov et al [72], which
has been widely used to evaluate the design and usability of
mobile health apps. The MARS consists of 3 dimensions. The
first dimension is an objective tool based on 4 main components:
engagement (section A), functionality (section B), aesthetics
(section C), and information quality (section D). The second
dimension assesses subjective quality (section E), and the third
dimension evaluates the perceived effectiveness (section F).

Each section of the MARS has several items. An item refers to
a specific element, question, or unit of evaluation within a
questionnaire or survey. Section A comprises 5 items and
evaluates whether the app is engaging, interesting, customizable,
interactive, and targeted at a specific population. Section B
comprises 4 items and focuses on the app’s performance, ease
of use, navigation, and gesture design. Section C comprises 3
items and examines the app’s design, graphics, and visual
appeal. Section D comprises 7 items and analyzes the accuracy
of information description, objectives, quality and quantity of
information, visual information quality, credibility, and scientific
evidence base of the evaluated app. The 4 objective sections of
MARS (ie, A, B, C, and D) encompass 19 items. The average
scores of sections A, B, C, and D represent the overall MARS
quality score [72].

Section E comprises 4 items and focuses on the evaluator’s
personal perception of the app and typically includes items that
ask about the likelihood of recommending the app, the
probability of the user continuing to use the app, and the overall
perception of its quality. Finally, section F comprises 6 items
and focuses on how health care professionals perceive the impact
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of the app on their knowledge, attitudes, intentions, and
behaviors related to health.

Evaluation Instrument Scale
To evaluate each item, a 5-point Likert scale was used, ranging
from 1 to 5 (1=inadequate, 2=poor, 3=acceptable, 4=good, and
5=excellent). A MARS score of more than 3 points indicates
acceptable quality.

Selection of Evaluators
A total of 10 evaluators were selected, all health care
professionals from the Faculty of Medicine of Tampico Dr
Alberto Romo Caballero at the Universidad Autónoma de
Tamaulipas, Tampico, Tamaulipas, Mexico. The inclusion
criteria were (1) being a top-performing student in the final year
of medical school and (2) having a mobile phone with the
Android operating system to download human anatomy teaching
apps from Google Play.

Evaluation Process
Before starting the evaluation of anatomy-related apps, it was
necessary to train the evaluators in the use of the MARS. For
this, the authors of this study convened the 10 selected
evaluators at the library of the Faculty of Medicine of Tampico
Dr Alberto Romo Caballero at the Universidad Autónoma de
Tamaulipas, Tampico, Tamaulipas, Mexico, to present a training
video in English by Stoyanov et al [72]. Following the video
presentation, a training exercise was suggested for all evaluators
using an app called Anatomymaster. This app, also focused on
human anatomy, was not included in the study sample, as it did
not meet the requirement of having a user rating ≥4.3.

The evaluators downloaded and tested the trial app for at least
10 minutes before completing the MARS web-based
questionnaire. If any individual evaluation score varied by at
least 2 points, the evaluators discussed it to reach a consensus,
ensuring a uniform understanding of each item.

After completing the trial exercise, the 10 selected evaluators
evaluated the 18 human anatomy mobile apps during June 2024.
Each evaluator was provided with a list of apps, which they
downloaded and used for 10 minutes before completing a
web-based evaluation instrument designed based on the MARS.
Each item from the different sections was rated using a Likert
scale (1-5). The collected data were initially recorded in Excel.

Statistical Analysis

Overview
Statistical analyses, including the calculation of the intraclass
correlation coefficient (ICC) and Pearson correlation coefficient,
were performed using SPSS (version 29.0.2.0; IBM Corp).

Intraclass Correlation Coefficient
The ICC was used using a random effects model of 2 factors
with consistency to measure the overall agreement between the
quantitative measurements obtained by different evaluators [73].
The ICC ranges from 0 to 1, with 0 indicating a total lack of
reliability among evaluators and 1 representing perfect
reliability. According to the 95% CI for ICC estimation, values
below 0.5 are considered “poor” reliability, those between 0.5

and 0.75 are considered “moderate,” those between 0.75 and
0.9 are considered “good,” and those above 0.90 are rated as
“excellent” [74].

The individual ICC was calculated for each of the sections A,
B, C, and D. The arithmetic means of each section were used
to calculate the ICC for the overall MARS quality score (ie,
sections A, B, C, and D). In section A, 900 data points were
considered, accounting for 10 evaluators, 5 items, and 18 mobile
apps. In section B, 720 data points were used (ie, 10 evaluators,
4 items, and 18 mobile apps). In section C, 540 data points were
analyzed (ie, 10 evaluators, 3 items, and 18 mobile apps).
Finally, in section D, 1080 data points were considered (ie, 10
evaluators, 6 items, and 18 mobile apps). In this last section,
item 19 was excluded because of missing values; therefore, only
6 items were considered instead of 7. For each MARS section
(ie, A, B, C, and D), the arithmetic mean and SD were
calculated.

Pearson Correlation
The statistical technique of Pearson correlation was used to
evaluate the relationship between the MARS quality scores (ie,
sections A, B, C, and D) and the subjective item 23 from section
E. The software used was SPSS.

Ethical Considerations
This study did not involve experiments on humans, animals, or
the collection of sensitive personal data. It focused exclusively
on evaluating publicly available mobile applications on Google
Play through a structured analysis conducted by health care
professionals. No direct interaction with developers or users of
the applications took place, and no private or identifiable
information was accessed or stored.

This type of research, which does not involve mental health
e-communities or sensitive data, does not require institutional
review board approval. Furthermore, the activities were carried
out following the institutional policies and local guidelines of
the Universidad Autónoma de Tamaulipas, Mexico, for
observational research and technological product reviews.

This decision aligns with international ethical standards and
aims to ensure transparency and accountability in the evaluation
of publicly available technological products.

Results

Selection Criteria for Anatomy Mobile Apps
Figure 1 shows the PRISMA diagram applied to the selection
of mobile apps; a total of 724 apps were identified in the Google
Play store under the search criterion anatomy. In total, 54
duplicate apps were eliminated either because they had the same
name or different names but the same content, leaving 670 in
the screening phase. In the eligibility phase, the inclusion criteria
were applied, where only 75 apps met these characteristics. In
the same way, 57 apps that were more than 2 years old without
receiving updates from the developer were excluded, finally
leaving 18 apps in the inclusion phase.

In Table 1, the names of the selected apps, their identification
screens, developer names, required Android operating system
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version, and the date of the last update are presented. All the
listed mobile apps focus on human anatomy, are available in

English or Spanish, have a user rating above 4.3, can be
downloaded for free, and have more than 100,000 downloads.

Figure 1. Flowchart of the selection process.
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Table 1. Characteristics of selected mobile apps (Google Play, 2024).

Last updateAndroid versionDeveloperIdentification screenApp name

June 16, 20247.0 and later versions3D Medical OUAnatomy Learning-Anatomía 3D

May 28, 20247.0 and later versions3D4Medical from Elsevi-
er

Complete Anatomy 2024

February 28, 20245.0 and later versionsBioDigitalBiodigital Human-3D Anatomy

August 21, 20238.0 and later versionsCatfish Animation StudioAnatomía–Atlas 3D

November 17, 20235.1 and later versionsWoodoo Art s.r.o.Anatomyka-Anatomy 3D

January 27, 20248.0 and later versionsFactory of innovations
and solutions LLC

VOKA 3d Anatomy and Physiology

November 1, 20235.1 and later versionsIng Víctor Michel
González Galván

Organos internos 3D (anatomía)

May 22, 20247.0 and later versionsTeachMeSeries LtdTeach Me Anatomy

September 3, 20235.1 and later versionsEducation Mobile3D Bones and Organs (Anatomy)

August 21, 20238.0 and later versionsCatfish Animation StudioEsqueleto|Anatomía 3D

August 9, 20234.4 and later versionsEducation MobileVisual Anatomy Lite

March 1, 20234.4 and later versionsSEStudioGray’s Anatomy-Anatomy Atlas

May 30, 20245.0 and later versionsMozaik EducationEl cuerpo humano en 3D

June 11, 20245.0 and later versionsIMAIOS SASe-Anatomy

November 27, 20235.1 and later versionsIng. Víctor Michel
González Galván

Sistema muscular 3D (Anatomía)

November 6, 20235.1 and later versionsIng. Víctor Michel
González Galván

Sistema óseo en 3D (Anatomía)

April 2, 20245.0 and later versionsMuscle and MotionAnatomy by Muscle & Motion

September 21, 20235.0 and later versionsKenhubFlashcards de Daily Anatomy

Evaluation of Mobile Apps

MARS Overall Quality Scores
The average overall MARS quality score (ie, sections A, B, C,
and D) was rated as “good” (mean 4.02, SD 0.20) [75]. The 3
mobile apps with the highest overall MARS quality scores (ie,
averages of sections A, B, C, and D) were Organos internos 3D

(anatomía) (mean 4.34, SD 0.29), Sistema óseo en 3D
(Anatomía) (mean 4.32, SD 0.28), and VOKA Anatomy Pro
(mean 4.29, SD 0.28). In contrast, the apps with the lowest
overall MARS quality scores were Anatomy–3D Atlas (mean
3.66, SD 0.27), Complete Anatomy 2024 (mean 3.73, SD 0.32),
and Visual Anatomy Lite (mean 3.80, SD 0.28). The average
overall MARS quality scores are listed in Table 2.
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Table 2. Average Mobile App Rating Scale quality scores (sections A, B, C, and D).

Arithmetic average
A, B, C, and D
(mean 4.02, SD
0.20), mean (SD)

Section D—informa-
tion (mean 3.90, SD
0.23), mean (SD)

Section C— aesthet-
ics (mean 4.14, SD
0.21), mean (SD)

Section B—functional-
ity (mean 4.36, SD
0.22), mean (SD)

Section A—engage-
ment (mean 3.69, SD
0.20), mean (SD)

App name

4.34 (0.29)4.30 (0.13)4.43 (0.23)4.65 (0.19)3.96 (0.19)Organos internos 3D (anatomía)

4.32 (0.28)4.22 (0.17)4.47 (0.15)4.63 (0.19)3.98 (0.28)Sistema óseo en 3D (Anatomía)

4.29 (0.28)4.23 (0.05)4.37 (0.12)4.60 (0.24)3.94 (0.11)VOKA 3 d Anatomy and Physi-
ology

4.22 (0.28)4.20 (0.24)4.27 (0.31)4.55 (0.13)3.88 (0.15)Anatomy Learning-Anatomía 3D

4.18 (0.32)4.05 (0.10)4.30 (0.20)4.55 (0.10)3.82 (0.28)Flashcards de Daily Anatomy

4.15 (0.35)3.95 (0.15)4.40 (0.20)4.48 (0.15)3.76 (0.24)Teach Me Anatomy

4.12 (0.32)4.00 (0.11)4.23 (0.42)4.50 (0.14)3.74 (0.23)Anatomyka- Anatomía 3D

4.04 (0.35)3.90 (0.18)4.03 (0.12)4.53 (0.05)3.72 (0.33)3D Bones and organs (Anatomy)

4.03 (0.32)3.92 (0.10)4.20 (0.26)4.38 (0.21)3.64 (0.21)El cuerpo humano en 3D

4.03 (0.24)3.83 (0.05)4.13 (0.42)4.33 (0.15)3.84 (0.27)Sistema muscular 3D (Anatomía)

3.97 (0.29)3.80 (0.06)4.10 (0.44)4.30 (0.08)3.66 (0.31)Biodigital Human-3D Anatomy

3.94 (0.40)3.60 (0.13)4.07 (0.38)4.45 (0.13)3.66 (0.24)Anatomy by Muscle & Motion

3.92 (0.29)3.87 (0.08)4.07 (0.15)4.20 (0.28)3.54 (0.36)e-Anatomy

3.85 (0.26)3.72 (0.08)3.93 (0.06)4.18 (0.29)3.58 (0.32)Gray’s Anatomy-Anatomy Atlas

3.83 (0.28)3.75 (0.15)4.00 (0.10)4.10 (0.34)3.48 (0.13)Esqueleto|Anatomía 3D

3.80 (0.28)3.70 (0.06)3.97 (0.06)4.08 (0.35)3.44 (0.05)Visual Anatomy Lite

3.73 (0.32)3.58 (0.08)3.93 (0.06)4.05 (0.31)3.34 (0.09)Complete Anatomy 2024

3.66 (0.27)3.57 (0.23)3.70 (0.30)4.00 (0.08)3.36 (0.05)Anatomía–Atlas 3D

MARS Section Scores (Sections A, B, C, and D)
The mean (SD) for the “engagement” section (ie, section A)
was 3.69 (0.20). The 3 top-rated apps in this section were
Sistema óseo en 3D (Anatomía) (mean 3.98, SD 0.28), Organos
internos 3D (anatomía) (mean 3.96, SD 0.19), and VOKA
Anatomy Pro (mean 3.94, SD 0.19). In contrast, the 3 apps with
the lowest scores in section A were Complete Anatomy 2024
(mean 3.34, SD 0.09), Anatomy–3D Atlas (mean 3.36, SD 0.05),
and Visual Anatomy Lite (mean 3.44, SD 0.05).

For the “functionality” section (ie, section B), the mean (SD)
was 4.36 (0.22). The top-rated apps were Organos internos 3D
(anatomía) (mean 4.65, SD 0.19), Sistema óseo en 3D
(Anatomía) (mean 4.63, SD 0.19), and VOKA Anatomy Pro
(mean 4.60, SD 0.24). Conversely, the 3 apps with the lowest
scores in this section were Anatomy–3D Atlas (mean 4.00, SD
0.08), Complete Anatomy 2024 (mean 4.05, SD 0.31), and
Visual Anatomy Lite (mean 4.08, SD 0.35).

Regarding the “aesthetics” section (ie, section C), the mean
(SD) was 4.14 (0.21). The highest-rated apps were Sistema óseo
en 3D (Anatomía) (mean 4.47, SD 0.15), Organos internos 3D
(anatomía) (mean 4.43, SD 0.23), and Teach Me Anatomy (mean
4.40, SD 0.20). In contrast, the lowest-scoring apps in this
section were Anatomy–3D Atlas (mean 3.70, SD 0.30),
Complete Anatomy 2024 (mean 3.93, SD 0.06), and Gray’s
Anatomy-Anatomy Atlas (mean 3.93, SD 0.06).

For the “information quality” section (ie, section D), the mean
(SD) was 3.90 (0.23). The highest-rated apps were Organos
internos 3D (anatomía) (mean 4.30, SD 0.13), VOKA Anatomy
Pro (mean 4.23, SD 0.05), and Sistema óseo en 3D (Anatomía)
(mean 4.22, SD 0.17). In contrast, the lowest-scoring apps in
this section were Anatomy–3D Atlas (mean 3.57, SD 0.23),
Complete Anatomy 2024 (mean 3.58, SD 0.08), and Anatomy
by Muscle and Motion (mean 3.60, SD 0.13; Table 2).

Subjective Quality Evaluation (Section E) and Perceived
Effectiveness (Section F)
The general mean (SD) for the “subjective quality” section (ie,
section E) was 3.63 (0.22). The 3 top-rated mobile apps in this
section were VOKA Anatomy Pro (mean 3.95, SD 0.10),
Organos internos 3D (anatomía) (mean 3.93, SD 0.17), and
Sistema óseo en 3D (Anatomía) (mean 3.88, SD 0.22).
Conversely, the 3 apps with the lowest scores in this section
were Anatomy–Atlas 3D (mean 3.25, SD 0.10), Complete
Anatomy 2024 (mean 3.28, SD 0.15), and Esqueleto|Anatomía
3D (mean 3.35, SD 0.19). The average scores for section E are
listed in Table 3.

Regarding the “perceived effectiveness” section (ie, section F),
the recorded mean (SD) was 3.65 (0.18). The 3 top-rated apps
with the highest scores were Organos internos 3D (anatomía)
(mean 3.93, SD 0.10), VOKA Anatomy Pro (mean 3.90, SD
0.11), and Sistema óseo en 3D (Anatomía) (mean 3.87, SD
0.15). In contrast, the 3 apps with the lowest scores in this
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section were Complete Anatomy 2024 (mean 3.37, SD 0.20),
Anatomy–Atlas 3D (mean 3.40, SD 0.13), and Visual Anatomy
Lite (mean 3.45, SD 0.15). The average scores for section F are
listed in Table 4.

The section with the highest score was “functionality” (ie,
section B), with a mean (SD) of 4.36 (0.22), followed by
“aesthetics” (ie, section C), which scored a mean (SD) of 4.14
(0.21). In the third place was “information quality” (ie, section
D), with a mean (SD) of 3.90 (0.22), followed by “engagement”

(ie, section A), with a mean (SD) of 3.69 (0.20). The fifth
position corresponded to “perceived effectiveness” (ie, section
F), with a mean (SD) of 3.65 (0.18), while the sixth and final
position was occupied by “subjective quality” (ie, section E),
with a mean (SD) of 3.63 (0.22). It is notable that the
app-specific score (ie, section F) was higher than the subjective
quality score (ie, section E), although the latter was lower than
the overall MARS quality score (mean 4.02, SD 0.20). This is
demonstrated in Figure 2.

Table 3. Average score for “subjective quality” (section E).

Section E—subjective quality (mean 3.63, SD 0.22), mean (SD)App name

3.95 (0.10)VOKA 3d Anatomy and Physiology

3.93 (0.17)Organos internos 3D (anatomía)

3.88 (0.22)Sistema óseo en 3D (Anatomía)

3.85 (0.10)Anatomy Learning-Anatomía 3D

3.83 (0.17)Sistema muscular 3D (Anatomía)

3.78 (0.10)Flashcards de Daily Anatomy

3.75 (0.10)Teach Me Anatomy

3.73 (0.15)Anatomyka-Anatomía 3D

3.63 (0.15)Anatomy by Muscle & Motion

3.60 (0.14)El cuerpo humano en 3D

3.58 (0.17)3D Bones and organs (Anatomy)

3.55 (0.19)Biodigital Human-3D Anatomy

3.53 (0.13)Gray’s Anatomy-Anatomy Atlas

3.48 (0.17)e-Anatomy

3.40 (0.14)Visual Anatomy Lite

3.35 (0.19)Esqueleto|Anatomía 3D

3.28 (0.15)Complete Anatomy 2024

3.25 (0.10)Anatomía–Atlas 3D
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Table 4. Average score for “perceived effectiveness” (section F).

Section F—perceived effectiveness (mean 3.65, SD 0.18), mean (SD)App name

3.93 (0.10)Organos internos 3D (anatomía)

3.90 (0.11)VOKA 3d Anatomy and Physiology

3.87 (0.15)Sistema óseo en 3D (Anatomía)

3.82 (0.21)Anatomy Learning-Anatomía 3D

3.80 (0.14)Flashcards de Daily Anatomy

3.78 (0.12)Sistema muscular 3D (Anatomía)

3.73 (0.21)3D Bones and organs (Anatomy)

3.72 (0.08)Anatomyka-Anatomía 3D

3.70 (0.17)Teach Me Anatomy

3.60 (0.11)Anatomy by Muscle & Motion

3.58 (0.08)El cuerpo humano en 3D

3.57 (0.15)Biodigital Human-3D Anatomy

3.55 (0.22)Gray’s Anatomy-Anatomy Atlas

3.48 (0.35)Esqueleto|Anatomía 3D

3.47 (0.15)e-Anatomy

3.45 (0.15)Visual Anatomy Lite

3.40 (0.13)Anatomía–Atlas 3D

3.37 (0.20)Complete Anatomy 2024

Figure 2. Average scores by the Mobile App Rating Scale (MARS) sections.

Average Scores by Section and Item
The following section details the items that received the highest
and lowest scores in the various evaluated sections. In section
A, item 5 concerning the target population received a mean
score of 3.87 (SD 0.24), whereas item 4 related to interactivity
scored a mean value of 3.52 (SD 0.20). In section B, item 6 on
performance received the highest score with a mean value of
4.57 (0.14), followed by item 8 related to navigation with a
mean score of 4.24 (SD 0.23). In section C, item 11 concerning
graphics received a mean score of 4.37 (SD 0.28), and item 12

on visual appeal scored a mean value of 4.02 (SD 0.26). In
section D, item 17 on the quality of visual information received
a mean score of 3.98 (SD 0.24), whereas item 18 on credibility
scored a mean value of 3.83 (SD 0.31). In section E, item 23
on overall quality received a mean score of 3.79 (SD 0.20), and
item 22 on willingness to pay for the app scored a mean value
of 3.52 (SD 0.24). Finally, in section F, the item with the highest
overall mean score was “attitudes,” with a mean value of 3.77
(SD 0.23), whereas the item “help seeking” received the lowest
score (mean 3.54, SD 0.23). The mean scores with respect to
the section and items are listed in Table 5.
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Table 5. Mean scores by section and item.

Scores, mean (SD)Section and item

Section A—engagement (mean 3.69, SD 0.20)

3.67 (0.35)Item 1. Entertainment

3.78 (0.28)Item 2. Interests

3.59 (0.20)Item 3. Customization

3.52 (0.20)Item 4. Interactivity

3.87 (0.24)Item 5. Target population

Section B—functionality (mean 4.36, SD 0.22)

4.57 (0.14)Item 6. Performance

4.37 (0.37)Item 7. Ease of use

4.24 (0.23)Item 8. Navigation

4.27 (0.23)Item 9. Gestural design of the app

Section C—aesthetics (mean 4.14, SD 0.21)

4.04 (0.19)Item 10. Design

4,37 (0.28)Item 11. Graphics

4.02 (0.26)Item 12. Visual appeal

Section D—quality of information (mean 3.90, SD 0.23)

3.86 (0.23)Item 13. Accuracy of information description

3.95 (0.25)Item 14. Objectives

3.87 (0.24)Item 15. Quality of information

3.91 (0.26)Item 16. Amount of information

3.98 (0.24)Item 17. Quality of visual information

3.83 (0.31)Item 18. Credibility

—aItem 19. Evidence base

Section E—subjective quality (mean 3.63, SD 0.22)

3.58 (0.26)Item 20. Would you recommend this app?

3.61 (0.23)Item 21. How many times would you use this app?

3.52 (0.24)Item 22. Would you pay for this app?

3.79 (0.20)Item 23. General qualifications

Section F—perceived effectiveness (mean 3.65, SD 0.18)

3.67 (0.27)Awareness

3.64 (0.22)Knowledge

3.77 (0.23)Attitudes

3.57 (0.22)Intention to change

3.54 (0.23)Help seeking

3.71 (0.17)Behavior change

aNo apps presented explicit scientific support in the descriptions and comments.

MARS Overall Quality Scores and Star Rating (Item 23)
The overall MARS quality scores were higher than the scores
for item 23 (ie, subjective quality). Similarly, the overall MARS

star ratings (ie, item 23) were lower than the star ratings in the
Google Play store (Table 6).
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Table 6. Overall MARSa quality scores, overall star ratings for item 23, and star ratings in the Google Play store.

UsersHealth professionalsApp name

DownloadsStar rating in the Google
Play store (mean 4.63)

MARS (item 23;
mean 3.79)

MARS overall quality
score (mean 4.02)

>5,000,0004.904.104.34Organos internos 3D (anatomía)

>1,000,0004.904.104.32Sistema óseo en 3D (Anatomía)

>100,0004.804.104.29VOKA 3d Anatomy and physiology

>10,000,0004.804.004.22Anatomy Learning-Anatomía 3D

>500,0004.803.904.18Flashcards de Daily Anatomy

>1,000,0004.703.904.15Teach Me Anatomy

>500,0004.703.904.12Anatomyka-Anatomía 3D

>1,000,0004.703.804.043D Bones and organs (Anatomy)

>1,000,0004.603.804.03El cuerpo humano en 3D

>1,000,0004.803.804.03Sistema muscular 3D (Anatomía)

>500,0004.603.703.97Biodigital Human-3D Anatomy

>500,0004.603.703.94Anatomy by Muscle & Motion

>1,000,0004.503.703.92e-Anatomy

>1,000,0004.603.703.85Gray’s Anatomy-Anatomy Atlas

>1,000,0004.403.603.83Esqueleto|Anatomía 3D

>1,000,0004.403.603.80Visual Anatomy Lite

>1,000,0004.303.503.73Complete Anatomy 2024

>1,000,0004.303.403.66Anatomía–Atlas 3D

aMARS: Mobile App Rating Scale.

Statistical Analysis

ICC (Assessment Reliability)
The average reliability measures of the evaluation ranged from
“good” to “excellent.” In the engagement section (ie, section
A), an ICC of 0.892 (95% CI 0.807-0.952) was obtained. In the
functionality section (ie, section B), the ICC was 0.901 (95%
CI 0.822-0.956). In the aesthetics section (ie, section C), an ICC
of 0.866 (95% CI 0.758-0.941) was recorded. In the information
quality section (ie, section D), the ICC was 0.890 (95% CI
0.804-0.951). In the subjective quality section (ie, section E),
an ICC of 0.862 (95% CI 0.751-0.939) was obtained. Finally,

in the app specificity section (ie, section F), an ICC of 0.868
(95% CI 0.764-0.941) was recorded. Similarly, the reliability
of the overall MARS quality evaluation (ie, average of sections
A, B, C, and D) was classified as “excellent,” with an ICC of
0.912 (95% CI 0.820-0.963).

Pearson Correlation
For the calculation of Pearson correlation coefficient, the
average MARS quality scores and the scores for subjective item
23 from section E presented earlier in Table 6 were considered.
The result showed an excellent correlation (r=0.989, P<.001;
Table 7). Also, the 95% CI for this correlation was 0.971 to
0.996, based on the Fisher r-to-z transformation.
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Table 7. Pearson correlation results.

MARS (item 23)MARS overall quality scoreCorrelations

MARS overall quality score

0.989a1Pearson correlation

<.001—bP value (bilateral)

1919N

MARS (item 23)

10.989aPearson correlation

—<.001P value (bilateral)

1919N

aThe correlation is significant at the .01 level (2 sided).
bNot applicable.

Discussion

Overview
The primary objective of this study was to identify and assess
the quality of mobile apps related to human anatomy available
on Google Play using the MARS. This scale focuses on the
usability and accessibility of mobile health apps, considering
aspects such as engagement, functionality, aesthetics,
information quality, subjective quality, and app specificity. The
MARS organizes the evaluations of the apps into 3 different
dimensions. The first dimension includes sections A, B, C, and
D and focuses on the evaluation of the objective technical items.
The evaluations in the second and third dimensions are
subjective and are divided into 2 sections: section E, which
considers the evaluator’s personal appreciation, and section F,
which focuses on the perceived effectiveness. These 3
dimensions are crucial because, while mobile health apps must
meet functionality and design standards, the evaluator’s
perception and the app’s impact are determinants for its
adoption. In addition, the MARS sections cannot be considered
in isolation, as they are interrelated and influence each other.

Principal Findings
In the first dimension of the MARS, the best-rated section was
“functionality” with a mean score of 4.36, followed by
“aesthetics” with a mean score of 4.14, “information quality”
with a mean score of 3.90, and, finally, “engagement” with a
mean score of 3.69, which was the least valued. Although the
apps generally received a good average score, it is crucial to
examine the relatively low ratings in fundamental aspects such
as engagement (mean score 3.69) and look for solutions. In
order to strengthen the engagement section (ie, section A), which
is made up of items 1 to 5 of the MARS (ie, entertainment,
interest, personalization, interactivity, and target population),
specific recommendations can be applied for each item. In item
1 (ie, entertainment), it is suggested to integrate elements such
as gamification, challenges, achievements, rewards, or
progressive levels and use good quality graphics, attractive
colors, animations, and multimedia content (eg, videos and
music) to make the user experience more attractive. In item 2
(ie, interest), it is recommended to include new content and

personalized reminders. For item 3 (ie, personalization), it is
recommended that users be able to adjust themes, difficulty
levels, colors, or display modes according to their preferences,
as well as the use of artificial intelligence to offer suggestions
based on the user’s preferences. Regarding item 4 (ie,
interactivity), it is suggested to incorporate interactive content
such as questionnaires and practical activities that require active
participation, as well as real-time communication to forums,
live chats, or social interactions to encourage collaboration
between users and provide immediate feedback to correct errors
or recognize achievements. Finally, in item 5 (ie, target
population), it is recommended to carry out previous studies on
the characteristics and needs of the target population, such as
age, educational level, and cultural context, and ensuring that
the content, graphics, and design are consistent with the
population for which the app was designed.

The average general quality score according to the MARS (ie,
sections A, B, C, and D) was good (mean score 4.02), supported
by excellent reliability with an ICC of 0.912 and a 95% CI of
0.820 to 0.963. The mobile apps that excelled in overall quality
according to the MARS (ie, sections A, B, C, and D) were
Organos internos 3D (anatomía) with a mean score of 4.34,
Sistema óseo en 3D (Anatomía) with a mean score of 4.32, and
VOKA Anatomy Pro with a mean score of 4.29. These results
indicate that these apps, having received high scores and offering
high-quality content, can be recommended for users interested
in learning human anatomy. In the second and third dimensions
of the MARS, corresponding to sections E and F, where the
impact on the user is more significant, the lowest average scores
were recorded: subjective quality with a mean score of 3.63 and
app specificity with a mean score of 3.65. These ratings were
even lower than the general quality score of the MARS, which
was 4.02.

These results underscore the importance of conducting a
thorough analysis of all the 3 dimensions of the MARS;
otherwise, apps that are technically well developed might be
overvalued, whereas those that receive better subjective ratings
from users could be overlooked. This indicates that developers
of human anatomy mobile apps should not only address aspects
of functionality, aesthetics, engagement, and information but
also actively consider user perception and the impact of their
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apps. There are various practical uses of the study’s results,
such as a more appropriate selection of mobile apps in the
student context or in medical practice, where those that obtained
a higher score in the MARS evaluation are chosen, which
provide greater reliability and comfort in use.

Another relevant point of discussion is that the MARS,
specifically item 19 (ie, section D), which addresses
“information quality,” assesses whether mobile apps have
scientific foundations that support their usefulness. However,
the apps evaluated in this study did not present explicit scientific
support in the descriptions and comments provided by the
developers, which is why they lack a rating in item 19 of the
MARS evaluation.

Therefore, it is crucial that research centers and universities get
involved in the development of mobile health apps so that they
are supported by scientific research and can be hosted in app
stores to make them accessible to the general public.
Collaboration among software developers, health professionals,
researchers, and academics in the creation and review of
educational materials for a medical mobile app would generate
greater confidence in its use. In addition, conducting validation
studies in real learning environments also plays an important
role in assessing the quality and effectiveness of apps through
various methodologies, such as the MARS framework discussed
in this study.

Limitations
The main limitations are the exclusion of paid apps, apps in
languages other than English or Spanish, and apps with a star
ratings less than 4.3. In addition, the search was limited to apps
present in the Google Play store. Although these criteria may
seem restrictive, English is the predominant language in global
medical education, ensuring that the evaluated apps covered a
substantial portion of the app market. However, the exclusions
may limit the scope, particularly by omitting paid apps, which
in certain cases may offer higher-quality content that could
facilitate and enhance the learning of anatomy. To address these
limitations in future research, inclusion criteria could be
expanded to incorporate human anatomy mobile apps available
in other languages or those that are paid, creating a broader
repertoire for analysis. This approach would also enable
comparative studies, such as exploring potential differences
between free apps and those requiring a license or payment.

Conclusions
This study provides a comprehensive and detailed analysis of
apps available for teaching human anatomy, aimed at health
care professionals, medical students, and interested users. For
example, students and health professionals can both use a human
anatomy mobile app before orthopedic surgery to consult a 3D
model of the leg of a patient with a femur fracture. This would
allow them to more accurately understand the location of bones,
blood vessels, and muscles in the affected region, contributing
to greater success in the procedure.

Overall, the evaluated apps demonstrated high quality,
particularly excelling in functionality and aesthetic design.
However, some apps need to improve aspects such as user
engagement (ie, section A) and the quality of the information
provided (ie, section D). Among the highest-rated apps
according to the MARS are Organos internos 3D (anatomía),
Sistema óseo en 3D (Anatomía), and VOKA Anatomy Pro.

The subjective MARS score (ie, item 23) was 3.79, in contrast
to the average rating of 4.63 given by users on the Google Play
store. This suggests that evaluators provided lower ratings,
whereas users tend to overrate the apps. This discrepancy may
stem from the fact that evaluators typically adhere to more
rigorous and objective criteria, systematically assessing
technical, functional, and usability aspects. Professional
evaluators are often more critical regarding technical
implementation and practical utility.

In contrast, users base their ratings on personal and subjective
experiences, scoring according to their expectations and the
level of satisfaction experienced while using the app. Both
perspectives offer valuable feedback: on the one hand, an
objective evaluation of quality, and on the other hand, a
subjective evaluation of user satisfaction. This difference in
ratings does not negatively impact the overall MARS evaluation
of the apps. Instead, it provides a perspective where both
developers and potential users can identify strengths and areas
for improvement from complementary approaches.

This study highlights the evolving role of mobile apps as
transformative tools in medical education by offering innovative
solutions for accessibility and interactivity in learning. Mobile
apps use advanced features such as 3D models, simulations,
and dynamic interfaces, and these tools overcome the limitations
of traditional methods of teaching human anatomy, such as the
scarcity of cadavers and high costs of dissection laboratories.
In addition, they facilitate personalized learning of topics and
selection of difficulty levels. They allow continuous access,
allowing students to practice and reinforce their knowledge
anytime, anywhere.

To maximize the impact of mobile apps in medical education,
we suggest strategies focused on design and functionality, such
as the incorporation of gamification elements, challenges, and
rewards to increase user motivation, as well as strengthening
interactivity through real-time feedback, collaborative learning
tools, and interactive clinical cases. It is essential to align the
content of the apps with medical education curricula to ensure
their relevance and applicability. Similarly, we recommend
combining their use with traditional methods, such as
face-to-face classes and laboratory practice, to offer a
comprehensive learning experience. Training teachers to
integrate these tools into their teaching methodologies is also
essential. Finally, to guarantee both the scientific rigor and the
accessibility of these mobile apps, we propose collaboration
with universities and research centers to develop content based
on solid scientific evidence.
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Abstract

Background: Medical education has undergone professionalization during the last decades, and internationally, educators are
trained in specific medical education courses also known as “train the trainer” courses. As these courses have developed organically
based on local needs, the lack of a general structure and terminology can confuse and hinder educators’ information and
development. The first aim of this study was to conduct a national search, analyze the findings, and provide a presentation of
medical education courses based on international theoretical frameworks to support Swiss course providers and educators searching
for courses. The second aim was to provide a blueprint for such a procedure to be used by the international audience.

Objective: In this study, we devised a scholarly approach to sorting and presenting medical education courses to make their
content accessible to medical educators. This approach is presented in detailed steps and our openly available exemplary database
to make it serve as a blueprint for other settings.

Methods: Following our constructivist paradigm, we examined content from medical education courses using a theory-informed
inductive data approach. Switzerland served as an example, covering 4 languages and different approaches to medical education.
Data were gathered through an online search and a nationwide survey with course providers. The acquired data and a concurrently
developed keyword system to standardize course terminology are presented using Obsidian, a software that shows data networks.

Results: Our iterative search included several strategies (web search, survey, provider enquiry, and snowballing) and yielded
69 courses in 4 languages, with varying terminology, target audiences, and providers. The database of courses is interactive and
openly accessible. An open-access template database structure is also available.

Conclusions: This study proposes a novel method for sorting and visualizing medical education courses and the competencies
they cover to provide an easy-to-use database, helping medical educators’ practical and scholarly development. Notably, our
analysis identified a specific emphasis on undergraduate teaching settings, potentially indicating a gap in postgraduate educational
offerings. This aspect could be pivotal for future curriculum development and resource allocation. Our method might guide other
countries and health care professions, offering a straightforward means of cataloging and making information about medical
education courses widely available and promotable.

(JMIR Med Educ 2025;11:e62838)   doi:10.2196/62838

KEYWORDS

curriculum mapping; faculty development; competencies; database; medical education

Introduction

Ensuring high-quality health care necessitates the presence of
well-trained medical educators [1]. Internationally, this has led
to the development of frameworks that define their role and the
creation of educational pathways for certification in many
predominantly Anglophone countries. The terms “medical
education” and “medical educator” are used with varying
definitions in various settings. For this study, we define “medical
educators” as the diverse group of health care professionals who
teach, but regarding their learners, we focused on undergraduate

medical students and physicians only. Hence, we include
medical educators who are active in multiple settings: from
clinical supervision and classroom instruction to the
development and implementation of curricula. Their roles span
the continuum of medical education from undergraduate through
postgraduate training and continuing professional development.

Recent studies have identified significant tensions faced by
medical educators, including lack of defined career structures,
insufficient recognition of teaching roles, and challenges in
developing educational identities [2,3]. While formal training
programs alone cannot fully address these structural issues, they
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serve as a crucial stepping stone in professionalizing medical
education.

Globally, this coincides with the effort to provide these
educators with a defined career path and support for their
teaching activities. Notably, the Royal College of Physicians
and Surgeons in Canada has introduced a “Clinician Educator
Diploma,” rooted in the findings of studies by Sherbino et al
[4,5]. Similarly, the University of Michigan Medical School in
the United States offers a Master of Health Professions
Education [6-8], and in the United Kingdom, a variety of
programs align with the “Professional Standards for medical,
dental, and veterinary educators” established by the Academy
of Medical Educators [9]. These initiatives exemplify the efforts
to emphasize the value of quality medical education and
facilitate access to quality training for educators.

Drawing on Wenger’s Communities of Practice theory [10],
these structured pathways and frameworks serve not only as
career development tools but also as boundary objects that
connect different medical education communities and facilitate
knowledge sharing. When educators can easily identify and
access training opportunities, they can more effectively
participate in and contribute to their professional community.
The visibility and accessibility of educational resources play a
crucial role in fostering community development and knowledge
exchange across different regions and language groups,
ultimately supporting the growth of medical education as a
professional field.

Lack of Career Pathways and an Opaque Landscape
Nevertheless, many regions internationally do not provide a
career pathway for medical educators, nor do they use specific
frameworks yet [3,11,12]. While some countries offer incentives
such as continuous medical education (CME) credits for
educational training, this is not standardized. Similarly in
Switzerland, formal requirements for teaching qualifications
are not yet standardized; there are some existing incentives for
medical educators to pursue didactic training. Many didactic
courses, particularly those offered or recognized by the Swiss
Institute for Postgraduate Medical Education (SIWF), provide
CME credits, independent from whether they concern
undergraduate, postgraduate, or CME. Additionally, some
specialty training programs, such as Internal Medicine, have
incorporated mandatory didactic courses into their curriculum
requirements [13]. However, these incentives remain fragmented
and vary across specialties and institutions.

Still, in everyday reality, senior staff members are expected to
educate while juggling everyday clinical tasks with providing
education for students and junior doctors, often lacking
dedicated time for teaching activities, as described in literature
from Australia, Canada, and the United Kingdom [14-17] and
in a 2008 Association for Medical Education in Europe guide
[18]. Similarly, in Switzerland, where this study took place,
there are few examples of clinics hiring specific teaching staff
or at least dedicating specific hours in employment contracts
to teaching. This practice is still not the norm and is rarely seen
outside of specific pilot programs [19]. All of this leads to a
diverse, somewhat undefined, and opaque medical education
landscape and hinders high-quality medical education.

Aims and Research Questions
The aims of this study are twofold. The first aim of this study
was to conduct a national search, analyze the findings, and
provide a presentation of medical education courses based on
international theoretical frameworks to support mainly Swiss
course providers and educators searching for courses.

The second aim was to provide a blueprint for such a procedure
to be used by the international audience.

Our research questions are (1) How do we conduct the search
for courses and their content? and (2) How can we present the
courses in an accessible way that is translatable to other regions?

Methods

Research Paradigm and Use of Theory
Guided by a constructivist research paradigm, which implies
that no objective reality exists but that knowledge is created by
social interactions [20], this study adopted a subjectivist
inductive approach, using a theory-informed inductive data
analysis method, described by Varpio et al [21].

This approach allowed a dynamic interplay between intermediate
results and potential theoretical frameworks during data
collection until we found the most fitting theoretical lens. This
reflective and adaptive approach also ensured the relevance of
the study results to the roles and competencies of medical
educators as they were reflected in the Swiss data.

After a literature review of possible frameworks [4,5,7,9,22-29]
and thorough deliberation by the research team, we selected the
framework by Sidhu et al [28] as the best fit to support data
analysis. Our decision to adopt this framework was strategic,
not only for its clear enough lens through which to categorize
and analyze course content, due to its comprehensive integration
of 67 texts on educator competency domains, but also because
it encompassed multiple health care professions, not just
physicians. It comprehensively synthesizes educator
competencies and identifies 6 distinct domains: “Teaching and
Facilitating Learning,” “Designing and Planning Learning,”
“Assessment of Learning,” “Educational Research and
Scholarship,” “Educational Leadership and Management,” and
“Educational Environment, Quality, and Safety.” This approach
provides a robust, inclusive structure for understanding and
evaluating educator competencies across different health
professions.

This study lays the groundwork for a national strategy in
Switzerland to enhance the quality of medical education. The
first step was establishing a comprehensive database of existing
educational offerings. This database facilitates an iterative and
reciprocal examination of the course landscape, identifying gaps
in the current educational landscape and recognizing
requirements that may diverge from international frameworks.
This approach ensures that the subsequent framework
development and the certification of educators and courses are
tailored to the unique needs and priorities of the Swiss medical
education system. Additionally, it also allows us to identify and
highlight areas lacking coverage by comparing with existing
provisions.
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Selection and Eligibility Criteria for Course Inclusion
and Exclusion
Our study employed a systematic approach to searching for
courses, with carefully defined inclusion and exclusion criteria.

The inclusion criteria encompassed the geographical scope, that
is courses offered in Switzerland or online courses offered by
Swiss institutions; the target group that is courses aimed at
educators teaching physicians or medical students; and the
content focus, that is courses with a primary focus on teaching
skills.

The study’s exclusion criterion was individual (1-to-1) offerings.

The limitation of the geographical scope ensured feasibility and
was chosen with regard to the first study aim of building a
national database. Our target group of educators who teach
medical students and physicians, rather than including educators
for learners in all health care professions, was driven by several
methodological and practical considerations. First, our research
team’s expertise lies specifically in physician education,
allowing us to conduct more nuanced and informed analysis
within this domain. Second, our primary data collection method
through the Joint Commission of Swiss Medical Schools
(SMIFK/CIMS) naturally oriented our study toward medical
education targeting physician settings.

With the formulation of the content focus in teaching skills, we
deliberately excluded courses with generalized skills that could
apply to any professional setting. These "soft skills"
courses—such as generic presentation techniques, leadership
pitching, or broadly applicable communication strategies—were
set aside to concentrate on educational content specifically
tailored to medical teaching contexts.

These criteria helped to refine the search and survey strategies,
allowing for a targeted collection of data that is pertinent to the
goals of this study.

Data Collection

First Phase: Online Search
We initiated our investigation with an extensive online search
(May to July 2023), employing various search strategies to
explore clinic, faculty, university, and specialists’ association
websites to find information on courses. We approached the
search from an estimated end-user perspective, simulating how

a medical professional seeking to expand their teaching skills
might investigate educational opportunities. This meant using
primarily search engines and direct institutional websites
(including every medical faculty n=11, university hospital n=9,
cantonal and larger regional hospital websites n=18, medical
associations n=45, and the official SIWF website). Our search
extended across Switzerland’s linguistic diversity, using
keywords in the country’s 3 official languages (German, French,
and Italian) and English to ensure no regional offerings were
overlooked. Exemplary search strings, detailed in Multimedia
Appendix 1, were designed to capture the multifaceted nature
of medical education across different linguistic and regional
contexts. Additionally, we used a pragmatic snowball-like
method where we let discovered sources lead to additional
course offerings. While not claiming absolute
comprehensiveness, this method aimed to provide an overview
of medical education courses in the Swiss context.

Second Phase: Widening the Search
Subsequently (July to December 2023), we sent out an e-mail
targeting representatives within the Joint Commission of the
Swiss Medical Schools (SMIFK/CIMS), a commission that
includes deans and other stakeholders from all Swiss medical
faculties. (see Multimedia Appendix 1 for survey questions).
The survey did not systematically track response rates or
potential selection biases. To widen our scope and better
represent non-university medical institutions, we distributed a
modified version of the survey to Human Resources departments
of 25 larger hospitals in Switzerland in December 2023.

Through this dual approach of detailed online searches and
surveys, we sought to capture a comprehensive snapshot of
medical education offerings in Switzerland. It allowed us to
gather insights not only from academic institutions but also
from larger health care providers, thus offering a comprehensive
view of the medical education landscape in Switzerland.

Course data were collected using a spreadsheet attached to the
surveys, asking the respondents to fill in information about their
courses and refer us to additional information if applicable. The
specific metadata sought is presented in Table 1. Missing data
were filled out by the authors, either by referring to online
information or by consulting with the respective course contact
persons directly. This step was important to enrich and verify
the information found via the online search.
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Table . Course metadata Items.

DescriptionItem

Course titleTitle

ID number applied to the course by the researchersCourse ID

Institution providing the courseProvider

Contact information for further inquiries (contact person and, if available,
e-mail)

Contact information

Link to the course website (if available)URL

Onsite or blended or hybrid or onlineLocation

Duration of course as specified by the providerDuration

Course language (German, French, Italian, and English)Language

Costs of the course in Swiss Francs (CHF)Costs

If the course yields a certification of attendance, title, or similarCertification

Number of CME (continuous medical education)—credits or
ECTS—credits for a study program

Accreditation

For example, Attending Physicians in student care, all health care staff,
bedside tutors, etc

Target audience

Data Analysis
In the data collection phase, we observed an interplay between
the course offerings and our theoretical framework, Sidhu et al
[28]. It is important to note, however, that despite our openness
to various health care professions at the start of the project, we
ultimately focused our analysis exclusively on courses aimed
at educators teaching physicians or medical students. This
decision was made to maintain the scope of our study within
manageable bounds, ensuring our research remained focused
and relevant to our primary audience.

Our intention to mirror the actual landscape of Swiss medical
education in its present state guided the database construction.
Therefore, the selection of keywords for sorting courses and
the strategy for their visualization were meticulously developed
to emphasize prevalent topics and reveal the intricacies of course
content, ensuring our methodology resonates with the real-world
context of medical education. We also aimed to maintain the
original terminology and language of course descriptions where
possible to respect Switzerland’s multilingual landscape and to
accurately reflect the providers’ offerings.

Building the Course Database
We chose Obsidian [30] as our platform for several practical
reasons: its intuitive interface and its free access model for
educational use made it accessible for users without extensive
technical expertise, aligning with our goal for easy usability
and adaptability. Obsidian allows for direct, interactive
engagement with the data; this feature not only facilitated a
more nuanced understanding of the data but also enabled us to

refine and validate our keyword mapping and course
organization strategies. Furthermore, Obsidian offered an
integrated solution for both analyzing and publishing the data
online, using Obsidian Publish [30], simplifying the transition
from data collection to dissemination. This integration was
particularly advantageous for providing an interactive, accessible
resource for medical educators and ensuring the database’s
utility extended beyond our research team.

The spreadsheet data were then transferred by hand into an
Obsidian database, with each course receiving its own
Markdown file. Each file included a metadata section on the
course and expanded sections on course descriptions, learning
objectives and target audience, if available. All course data is
provided in the original language and, if not already in English,
was translated into English using DeepL, a free online
translation tool [31].

Course Keywording, Standardization, and Refinement
of Terminology
AG initially reviewed the compiled comprehensive course data
to refine and validate our approach to organizing Swiss medical
education course data, identifying preliminary keywords
reflective of the content’s breadth. Subsequently, AG and EH
collaborated to align these keywords with the competency
domains and definitions provided by Sidhu et al [28], ensuring
a robust mapping grounded in established educational
frameworks (see Multimedia Appendix 2 for a visual
representation of the mapping process). The interplay between
the domains provided by Sidhu et al. and the keywords as
displayed in Obsidian.md is visualized in Figure 1.
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Figure 1. Obsidian visualization of domains and keywords.

AG initially reviewed the compiled comprehensive course data
to refine and validate our approach to organizing Swiss medical
education course data, identifying preliminary keywords
reflective of the content’s breadth. Subsequently, AG and EH
collaborated to align these keywords with the competency
domains and definitions provided by Sidhu et al [28], ensuring
a robust mapping grounded in established educational
frameworks (see Multimedia Appendix 2 for a visual
representation of the mapping process). The interplay between
the domains provided by Sidhu et al and the keywords as
displayed in Obsidian.md is visualised in Figure 1 .

This thorough process not only enhanced the accessibility and
navigability of course data but also underscored our commitment
to precision and educational integrity in documenting the
landscape of medical education in Switzerland.

In our methodology, we iteratively developed a set of keywords
to authentically represent various aspects of Switzerland’s
medical education landscape. Each keyword, crucial for clarity
and precision, was documented and defined in separate
Markdown files within Obsidian. Notably, integrating these

definitions directly into Obsidian’s Markdown documents
enabled the keywords to serve as interactive reference points.
By simply hovering over them, users can access a preview of
the definition, improving the coherence and navigability of our
documentation.

Database Publication
In the development of our study, we aimed to create a
comprehensive and interactive database encapsulating the
entirety of Switzerland’s medical education landscape,
specifically designed for ease of use and utility by medical
educators. To make Switzerland’s medical education course
offerings easily navigable and useful for the academic
community, we used Obsidian Publish [30] for the database’s
implementation. This platform was selected to ensure that the
database was as interactive and accessible as possible.

To strengthen the trustworthiness of our search strategies we
directly contacted each course provider to verify the
representation of their course content and confirm the currency
and correctness of the information.
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Additionally, we prepared to release a template on GitHub to
ensure our methodology was transparent and could be replicated
in other contexts. This template provides the structure and
template files necessary for creating a similar database, focusing
on the organization and presentation of data. By offering these
template files, we intended to facilitate the adoption of our
approach by researchers or educators interested in developing
educational landscape databases for different settings. The
combination of using Obsidian Publish for the database and
GitHub for sharing the template underscores our commitment
to accessibility, transparency, and the potential for our work to
be adapted and applied broadly.

Reflexivity
Acknowledging the importance of reflexivity for our
constructivist approach, we critically examined the influence
of our roles and backgrounds on this study. Each researcher
brought distinct perspectives to conceptualizing a medical
educator’s role: AG started this project shortly after finishing
his studies and provided insights on studying medicine, role
definitions, and teaching cultures from a German-speaking and
Italian-speaking Swiss region. MB, with a robust background
as a practicing internal and emergency medicine doctor and a
Master of Medical Education from the University of Bern
obtained in 2006, brought insights both from her tenure as
president of the SIWF and her experience in teaching emergency
medicine courses. EH transitioned from clinical practice and
medical education in Germany (Master of Medical Education
in 2020) into medical education research in Switzerland (PhD
in Medical Education), enriching our project with her
comparative view and interest in theoretical concepts. To further
enhance the validity of our keyword selection and study design,

we engaged with 3 medical educators from Germany and
Switzerland who have vast experience in curriculum
development. Their feedback was instrumental in refining our
course keywords, ensuring our framework resonated with the
complexities and nuances of medical education across different
linguistic and educational landscapes.

Study Setting
The present study was carried out in Switzerland, with a focus
on identifying and analyzing medical education courses available
within the country. The data collection phase spanned from
May 2023 to December 2023. Subsequent data processing
occurred concurrently and extended until March 2024.

Ethical Considerations
As no participants were involved, no ethical approval was
needed. Everybody who supported this study by providing data,
did so voluntarily without any incentives or conflicts of interest.

Results

Courses and Keywords
The initial online search, including the snowball method-like
approach, resulted in 38 courses. The survey targeting the
SMIFK/CIMS members resulted in 40 additional courses. The
survey targeting Human Resources departments of 25 larger,
non-university medical institutions in Switzerland yielded no
additional new courses. In total, our search method yielded 69
eligible courses, as visible in Figure 2. Of the 69 total eligible
courses identified, 36 were found through online searches alone,
while 33 were discovered exclusively through survey responses.
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Figure 2. Flowchart of the course identification process. One course that omitted whether physicians were part of its target audience expressed the
wish upon further inquiry not to be included in this study for now but to be re-evaluated in future similar endeavors due to the current reorganization
of the course offerings. Another course provider told us upon request for further information that our information on their course provided as a survey
result was outdated and that they could not share further details about their course. Adapted from Page et al [32].

To ensure the reliability and currency of our findings, we
checked back our data with the respective course providers. Of
the 69 courses, 54 had active URLs, while 15 courses were
documented without direct web links. These courses were
primarily identified through institutional contacts and verified
through direct communication in order to maintain the integrity
of our comprehensive search strategy.

In our findings, undergraduate teaching courses outnumbered
those aimed at postgraduate education (55 out of 69 courses

aimed at undergraduate training), while most courses were
offered by medical faculties (50 out of 69). The majority of
courses were offered in French. In total, 11 courses were offered
either additionally or exclusively in English. Most courses were
offered onsite, meaning in an offline, face-to-face setting. The
descriptive statistics derived from the course metadata,
summarizing language use, provider types, course duration, and
pricing, are summarized in Table 2.
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Table . Aggregated course statistics.

CountDescription

69Total number of courses

880Average cost (CHF)

28Courses offered free of charge

10Courses with unknown costs

Course location

50Onsite

7Hybrid

4Blended

6Online

2Unspecified

Course provider

8Swiss Institute for Postgraduate Medical Education (SIWF)

50Medical faculties

3Specialists’ associations

5University hospitals

3Other

Course languagea

36German

40French

7Italian

11English

0Romansh

Target settingb

55Undergraduate teaching

28Postgraduate teaching

42 (1.5–8000)Duration, h, average (range)

aThe count for languages may exceed the total number of courses because some courses are offered in more than one language.
bThe count may exceed the total number of courses because some courses target both teaching settings.

In matching the course content across the 6 educational
competency domains delineated by Sidhu et al, we identified
52 keywords. The distribution of these keywords was uneven,
with 42% (22/52) of the keywords falling into the “Teaching
and Facilitating Learning” domain. In contrast, the domains of
“Educational Leadership and Management” and “Assessment
of Learning” were represented to a lesser extent, with only 5
keywords each, while “Educational Environment, Quality, and

Safety” had 10 keywords. The “Educational Research and
Scholarship” domain showed the least coverage with 4
keywords. Individual courses varied in their keyword coverage,
with an average of 4 keywords per course (median: 3); one
comprehensive course covered 33 keywords across domains.
The distribution of keywords across domains is presented in
Table 3, with a graphical overview represented in Figure 1.
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Table . Domains and keyword distribution among courses.

Keywords per domainKeywords

5Assessment of Learning

6Designing and Planning Learning

10Educational Environment, Quality, and Safety

5Educational Leadership and Management

4Educational Research and Scholarship

22Teaching and Facilitating Learning

4, 3, 33Keywords covered per Course (average, median, max)

52Sum of keywords

Database and Template Publication
Using Obsidian publish, the database containing the Swiss
Course Data were published online [33] (Screenshots of the
landing page and an exemplary course are provided with Figures
3 and 4, please refer to Multimedia Appendix 3 for a video

example of navigating the database). We also published an
exemplary, ready-to-use database template with a Markdown
folder and file structure as a GitHub-Repository, together with
instructions explaining the structure and use of the repository
to facilitate adoption by other users [34].

Figure 3. Screenshot of the publicly accessible database landing page.

JMIR Med Educ 2025 | vol. 11 | e62838 | p.425https://mededu.jmir.org/2025/1/e62838
(page number not for citation purposes)

Gashi et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Exemplary screenshot of one course.

Discussion

Principal Findings
In line with the 2 aims of this study, our results cover 2 aspects.
First, we searched for, analyzed, and presented the Swiss
courses. We found that 69 courses are provided, of which 55
target teachers of undergraduate learners and 28 target teachers
of postgraduate learners. The courses were offered in several
languages (52% German, 58% French, 10% Italian, 16%
English) and several formats (72% onsite, 10% in a hybrid
manner, 6% as a blended-learning format, and 9% online).
Course content covered mainly the “Teaching and Facilitating
Learning” domain, which contained 42% (22/52) of all identified
keywords and was also the most prominent in course offerings,
with the keyword ’feedback’ being featured most frequently,
appearing in 40.6% (28/69) of all courses.

Second, we created an internationally transferable strategy based
on an international framework, using free-for-educational-use
software, with published search strings to be adapted by others,
and providing all metadata open access.

This study addressed the need for an approachable method of
sorting and displaying courses by providing a comprehensive,
accessible database of medical education courses in Switzerland.
This initiative is particularly relevant in contexts where medical

education training lacks clear structure and uniformity,
especially across different linguistic and cultural regions.

While we acknowledge that our search strategy may not have
uncovered every course, we believe this data set sufficient for
our study’s objectives and that it reflects the real-world
challenges faced by aspiring medical educators in navigating
the educational landscape.

Challenges in Navigating the Medical Education
System
Several pervasive challenges exist in medical education. These
include a discernible lack of dedicated teaching time [35],
insufficient, non-transparent, or misdirected funding [36], and
an absence of recognition for educators within the medical field
[37]. Such issues create a universal backdrop against which
specific national education systems can be analyzed.

Our research provides a structured analysis of medical education
courses in the Swiss system, illuminating both publicly
accessible offerings and those that emerge through professional
networks. Significantly, nearly half of the identified courses
(33 out of 69) were discovered only through contact with course
providers rather than public online searches, revealing a critical
accessibility gap. This finding suggests that course discovery
often depends heavily on existing professional networks and
insider knowledge, potentially creating barriers for newcomers
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to the field who lack such connections. This study is the first
of its kind to investigate medical didactics courses in a structured
manner in Switzerland, providing an overview and allowing
new perspectives.

Our study uncovers a complex challenge within the Swiss
medical education system: navigating the educational landscape
shaped by 4 national languages—German, French, Italian, and
Romansh. Among these, German, French, and Italian are official
languages. In this multilingual setting, English emerges as a
crucial lingua franca in international research and academia and
as a common medium within Switzerland, facilitating
communication across linguistic barriers. This is reflected in
the educational offerings, with 11 courses being conducted
partially or entirely in English. Such linguistic plurality further
aggravates the existing variability in didactic methods and
medical education and research terminology [38,39], presenting
additional challenges to the creation of an educational
framework. This situation is further complicated by issues of
information accessibility—with 15 courses not having available
URLs, it renders it difficult for potential participants to find
accurate, up-to-date information about these educational
opportunities online.

Implications for Medical Educator Career Pathways
Building on the initial findings, our work, as the first
comprehensive compilation of available didactic courses within
the Swiss medical education system, can potentially enable
more transparency in the field. By illuminating the current
educational offerings, our research could facilitate faculty
development and inform career choices for medical educators,
as they now have a more straightforward overview of the
resources and opportunities available to them. This transparency
is a critical step towards enhancing career pathways, as it allows
for a strategic approach to personal and professional
development within the context of medical education.

However, it is essential to note that our study revealed a
predominance of courses aimed at teaching in undergraduate
(medical school) settings. While this finding initially suggests
a potential undersupply of educational opportunities targeting
postgraduate teaching, it notably reflects Switzerland’s
institutional structure, where universities are primarily
responsible for undergraduate medical education but not
residency training or CME. This structural arrangement, where
different institutions oversee different stages of medical
education, may contribute to the observed imbalance in course
offerings. The relative scarcity of training for postgraduate
settings might indicate a need for a broader array of courses
catering to the ongoing development of medical professionals
beyond their initial degrees. Addressing this gap could lead to
a more robust and comprehensive educational framework,
ensuring that medical educators are well-equipped to foster the
next generation of medical practitioners at all stages of their
professional journey.

Comparison to International Models
Our comparative analysis with international models highlights
notable differences in structuring medical education career
pathways. Particularly in Anglophone countries, such as

Australia, Canada, the United Kingdom, and the United States,
well-established career pathways and educator frameworks are
actively promoted and used, unlike in Switzerland, where such
structured frameworks are absent [3,11,12].

When aligning our findings with the integrative framework by
Sidhu et al [28], which outlines 6 educator competency domains,
we observed that Swiss medical education predominantly
emphasizes the domain of “Teaching and Facilitating Learning.”
This domain is focused on enhancing learning through suitable
methods and resources, including assessment for learning. This
heavy focus may inadvertently lead to a neglect of the other 5
domains (“Educational Leadership and Management,”
“Educational Environment, Quality, and Safety”, “Designing
and Planning Learning,” “Assessment of Learning,” and
“Educational Research and Scholarship”), suggesting a possible
imbalance in the educational emphasis. Our keyword map
corroborates this emphasis, revealing a detailed and nuanced
depiction of the “Teaching and Facilitating Learning” domain.
Our mapping strategy aimed to reflect the specificity and depth
of course offerings without excessive summarization, thus
indicating their relative prominence by the frequency with which
they appear in our data set.

The predominance of the “Teaching and Facilitating Learning”
domain could stem from its direct applicability in educational
settings and the relative ease of teaching and assessing these
skills. This focus on tangible teaching methods and resources,
which offer clear benefits and outcomes, could make it a natural
focal point for educators aiming to directly impact student
achievement. However, this emphasis may inadvertently lead
to the undervaluation of other critical educator competencies,
such as “Educational Leadership and Management” or
“Educational Research and Scholarship.” These domains
encompass more abstract competencies that resemble attitudes
or overarching professional dispositions rather than concrete
skills, presenting challenges for direct instruction due to their
less immediately visible impacts and harder-to-quantify
qualities.

The challenge of effectively imparting the more abstract
domains within medical education and the observable
predilection for addressing more accessible teaching topics can
be analogized to the tendency to assess readily quantifiable
competencies [40]. This parallel might reflect an educational
predilection for what can be straightforwardly taught and
measured, perhaps at the expense of more profound, more
complex competencies that are less amenable to conventional
assessment methodologies. Such a tendency may not fully
encapsulate the multifaceted nature of medical educator
competencies, underscoring a potential disjunction between
educational priorities and the comprehensive skill set required
for clinical excellence.

The marked predominance of teaching methods and learning
facilitation within the Swiss context, as opposed to a more
balanced distribution across the 6 domains, is an intriguing
phenomenon. We propose that this area warrants further inquiry.
Investigating why there is such a strong focus on these teaching
competencies within Switzerland, especially compared to the
broader scope seen internationally, could yield insights that
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inform future developments in medical education. This analysis
might ultimately contribute to enhancing educator frameworks
and diversifying professional development opportunities.

Future Directions and Potential Impact
The insights garnered from this study lay the groundwork for
developing a unified and expansive framework for medical
education in Switzerland, emphasizing the need for a formal
recognition and certification process for medical education
courses and medical educators. By enhancing awareness of
available courses and clarifying the expectations for a medical
educator, this initiative could significantly improve the quality
of medical education. Increased awareness is crucial for
establishing clear competencies in the first place, and it also
serves to acknowledge and validate existing efforts while
encouraging the development of future educational
opportunities. The overview of courses also offers the basis for
future discussions, which have already begun. Currently, the
database does not give information on the quality of courses,
as this could not reliably be assessed. For a future version of
the database, methods to assess course quality and display this
transparently are developed.

In addition, the overview on courses in comparison with the
framework has shown some blind spots of the current training.
Courses on “Assessment of Learning,” “Educational Leadership
and Management,” and “Educational Research and Scholarship”
seem to be rare. As a follow-up to this study, the responsible
groups (SMIFK and SIWF) will discuss these gaps and take
this as a base for future course offerings.

Furthermore, this focus on a structured framework could
resonate on an international level, offering a model for contexts
where clear career pathways for medical educators are similarly
undefined, thus having the potential to inform and shape
international standards in medical education.

While this study focused exclusively on courses on medical
education (physician-adjacent) settings to maintain a manageable
scope, we deliberately chose Sidhu et al’s framework for its
interprofessional applicability across health care education.
Combined with our intentionally transparent and replicable
methodology, this provides a strong foundation for other health
care professions to adapt our approach to mapping their own
educational landscapes. The template we developed could serve

as a starting point for similar analyses in other health
professions’ education systems.

Limitations
Our study encountered different challenges. The research relied
primarily on internet-searchable courses, potentially overlooking
non-digital or unadvertised educational offerings. Additionally,
our snowball search approaches introduce potential selection
biases.

As we focused on assembling an overview instead of the details
of courses, the depth of content validation regarding, for
example, course quality, pedagogical methodologies, and
educational effectiveness is limited.

Future research should focus on course content and course
quality and investigate the usability and comprehensiveness of
our database, including an accessibility audit of course
information, a comprehensive comparison with expert-identified
course offerings, and systematic verification of course details.
We are planning to investigate the implications of the use of
the database, such as changes in content offered and new
strategies to acknowledge medical educator careers.

Conclusions
The methodology showcased in our study serves as a valuable
template for international adaptation, offering insights into how
diverse educational systems can be evaluated, organized, and
presented effectively. By innovatively mapping the educational
landscape with the example of Switzerland, we have provided
a replicable approach that could aid other countries, even with
similar linguistic and cultural challenges. The creation of our
database amplifies the visibility and transparency of medical
education courses available, facilitating better decision-making
for educators. This enhanced access to information allows
medical professionals to chart their career progressions more
effectively, emphasizing the benefits of more transparent
navigation, especially in environments without well-defined
educational pathways.

Through this pioneering work, we aim to contribute to the global
conversation on medical education, fostering a more
interconnected and accessible educational landscape that benefits
educators and students alike.
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Multimedia Appendix 2
Screenshot of Miro Board used for mapping between domains and keywords which helped facilitate discussions between authors.
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Multimedia Appendix 3
Video example of navigating the publicly accessible online database
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Abstract

Background: Recent advancements in artificial intelligence (AI), particularly in large language models (LLMs), have started
a new era of innovation across various fields, with medicine at the forefront of this technological revolution. Many studies indicated
that at the current level of development, LLMs can pass different board exams. However, the ability to answer specific
subject-related questions requires validation.

Objective: The objective of this study was to conduct a comprehensive analysis comparing the performance of advanced LLM
chatbots—Claude (Anthropic), GPT-4 (OpenAI), Gemini (Google), and Copilot (Microsoft)—against the academic results of
medical students in the medical biochemistry course.

Methods: We used 200 USMLE (United States Medical Licensing Examination)–style multiple-choice questions (MCQs)
selected from the course exam database. They encompassed various complexity levels and were distributed across 23 distinctive
topics. The questions with tables and images were not included in the study. The results of 5 successive attempts by Claude 3.5
Sonnet, GPT-4‐1106, Gemini 1.5 Flash, and Copilot to answer this questionnaire set were evaluated based on accuracy in August
2024. Statistica 13.5.0.17 (TIBCO Software Inc) was used to analyze the data’s basic statistics. Considering the binary nature of
the data, the chi-square test was used to compare results among the different chatbots, with a statistical significance level of
P<.05.

Results: On average, the selected chatbots correctly answered 81.1% (SD 12.8%) of the questions, surpassing the students’
performance by 8.3% (P=.02). In this study, Claude showed the best performance in biochemistry MCQs, correctly answering
92.5% (185/200) of questions, followed by GPT-4 (170/200, 85%), Gemini (157/200, 78.5%), and Copilot (128/200, 64%). The
chatbots demonstrated the best results in the following 4 topics: eicosanoids (mean 100%, SD 0%), bioenergetics and electron
transport chain (mean 96.4%, SD 7.2%), hexose monophosphate pathway (mean 91.7%, SD 16.7%), and ketone bodies (mean
93.8%, SD 12.5%). The Pearson chi-square test indicated a statistically significant association between the answers of all 4
chatbots (P<.001 to P<.04).

Conclusions: Our study suggests that different AI models may have unique strengths in specific medical fields, which could
be leveraged for targeted support in biochemistry courses. This performance highlights the potential of AI in medical education
and assessment.

(JMIR Med Educ 2025;11:e67244)   doi:10.2196/67244

KEYWORDS

ChatGPT; Claude; Gemini; Copilot; biochemistry; LLM; medical education; artificial intelligence; NLP; natural language
processing; machine learning; large language model; AI; ML; comprehensive analysis; medical students; GPT-4; questionnaire;
medical course; bioenergetics

Introduction

Recent breakthroughs in artificial intelligence (AI), especially
in large language models (LLMs), have started a new era of
innovation across diverse fields, with medicine leading the
charge in this technological revolution. The integration of AI
into various medical disciplines such as oncology, radiology,
and pathology has demonstrated its advancing clinical uses and

its potential to revolutionize health care delivery [1-3]. As new
LLMs continue to emerge and evolve, AI is poised to
fundamentally reshape our understanding and approach to
medicine, offering unprecedented opportunities for improved
patient care, diagnostics, and medical education [4].

While academic interest in AI has surged in recent years,
integrating AI technologies in educational settings, particularly
medicine, has been uneven and fraught with challenges. Among
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many AI tools available, ChatGPT has emerged as a potential
game-changer in medical education [5,6]. This sophisticated
language model, powered by advanced neural networks,
demonstrates a remarkable ability to interpret prompts and
generate human-like responses, making it difficult to distinguish
from human-produced language.

LLM’s underlying transformer architecture enables it to excel
in natural language understanding, continuously processing and
adapting to new information. This adaptability, combined with
its vast knowledge base, presents promising opportunities for
enhancing teaching and learning methodologies in medical
education [7]. AI-powered tools such as ChatGPT may be
particularly effective in addressing persistent challenges in
student engagement, offering interactive and personalized
learning experiences that traditional teaching methods often
struggle to provide [8].

OpenAI’s GPT-4 and GPT-3.5, Google’s Gemini, and
Anthropic’s Claude have emerged as frontrunners, offering
unique capabilities and potential medical education and practice
applications. As of 2024, the AI landscape in health care has
become increasingly diverse, with over 20 LLMs available for
public use. Among them, 4 are the most promising.

Anthropic developed Claude, an AI assistant known for its
strong natural language understanding and generation
capabilities. It has been trained on a wide range of data and is
designed to be helpful, harmless, and honest. Claude has shown
particular strength in tasks requiring nuanced understanding
and ethical reasoning [9].

Created by OpenAI, GPT-4 is the latest GPT series iteration. It
represents a significant advancement over its predecessor,
GPT-3, with improved language understanding, generation, and
reasoning capabilities. GPT-4 has demonstrated impressive
performance across various domains, including coding, creative
writing, and analytical tasks [10].

Developed by Google AI, Gemini is a multimodal AI model
capable of understanding and generating text, images, and other
forms of data. It comes in different sizes and is optimized for
various tasks and computational requirements. Gemini has
shown strong performance in complex reasoning tasks and can
understand context across different modalities [11].

Created by GitHub in collaboration with OpenAI, Copilot is an
AI pair programmer designed to assist developers by suggesting
code completions and entire functions. It is now an integral part
of Microsoft Windows. While primarily focused on coding
tasks, Copilot’s underlying language model has shown
capabilities in understanding and generating natural language
[12].

One primary method for assessing the capabilities of LLMs in
knowledge-based fields, including medicine, is their
performance on multiple-choice tests [13-16]. The release of
GPT-4 by OpenAI in 2023 marked a significant milestone,
demonstrating impressive test-taking abilities across various
domains [17]. Similarly, Claude 2 from Anthropic, released in
June 2023, has gained attention for its ability to process larger
input spaces (up to 100,000 tokens), potentially allowing for a

more comprehensive analysis of medical texts and case studies
[8].

The high accuracy demonstrated by ChatGPT-4 in answering
multiple-choice questions (MCQs) compared to medical
students’ performance is particularly noteworthy. It suggests
that AI could be an effective study aid, helping students review
and reinforce their knowledge across various medical subjects.
However, it is essential to view AI as a complementary tool
rather than a replacement for MCQs that have transformed from
their conventional use as assessment tools to become a versatile
educational approach in medical curricula. MCQs stimulate
students’cognitive abilities and promote active interaction with
study materials. By using advanced generative AI-driven
language models to address MCQs in medical physiology and
other subjects, educators may provide students with an
innovative and engaging learning experience, potentially
enhancing their grasp of essential medical concepts, traditional
teaching methods, or human expertise [18,19].

Recent studies have begun to compare the performance of
different AI models in medical education contexts. For instance,
Claude, an LLM developed by Anthropic, has shown promising
results in solving medical MCQs. Some studies have indicated
that Claude demonstrated a high frequency of right answers and
explanations compared to ChatGPT-3.5 [8,20]. These
comparative studies are crucial in understanding the strengths
and limitations of different AI models in medical education.
They help educators and researchers identify the most suitable
tools for specific learning objectives and contexts within medical
curricula.

Despite the promising results, it is important to note the
variability in AI performance across different studies and
question types. For example, while some studies reported high
accuracy rates for ChatGPT in physiology tests [5,8], others
found lower performance rates, particularly as the complexity
and difficulty of questions increased [21,22]. This variability
underscores the need for careful consideration when integrating
AI tools into medical education. Educators must be aware of
these tools’ strengths and limitations and ensure they are used
appropriately to complement, rather than replace, traditional
teaching methods.

It is important for educational strategies to prioritize the
integration of LLMs into the curriculum as a vital aspect of the
learning process. This integration should enable students to
cultivate critical thinking and analytical skills, particularly in
understanding the constraints of AI. LLMs have the potential
to offer students in-depth knowledge and diverse viewpoints,
facilitating a more thorough comprehension of intricate medical
concepts [23]. By using the output of LLMs and working
alongside educators to draw upon their existing knowledge,
students can actively participate in the learning process. This
collaborative approach allows for the refinement of their
understanding and insights. The future of medical education
depends on the seamless integration of human expertise with
AI-powered tools [3,19,23].

The aim of this study was to conduct a comprehensive analysis
comparing the performance of advanced LLM chatbots—GPT-4,
Claude, Copilot, and Gemini—against the academic results of
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medical students in biochemistry. The research objectives were
to evaluate the following hypotheses:

• The AI chatbots will perform similarly to medical students
on factual recall and basic concept application questions in
biochemistry but may show differences in performance on
complex problem-solving scenarios.

• There will be significant variation in performance among
the different AI models, with newer models (GPT-4 and
Claude) potentially showing higher accuracy compared to
earlier versions.

• The AI-driven LLMs’ performance will vary across
different biochemistry topics, with potentially stronger
performance in areas requiring systematic pathway analysis
and weaker performance in topics requiring integration of
clinical context.

Methods

Study Design
This study focused on a comparative analysis of the capabilities
of different AI-driven LLMs in the medical biochemistry course.
The research included an examination of 4 chatbots currently
available to the public: Claude (Anthropic), GPT-4 (OpenAI),
Gemini (Google), and Copilot (Microsoft).

A total of 200 scenario-based MCQs with 4 options and a single
correct answer were randomly chosen from the medical
biochemistry course’s examination database for medical students
and validated by 2 independent experts. The study did not
include questions with images and tables. The selected questions
encompassed various levels of complexity. They were
distributed across 23 distinctive categories: structural proteins
and associated diseases, globular proteins and hemoglobin, red
blood cells (RBCs) and anemia, structure and function of amino
acids, structure and function of proteins, bioenergetics and
electron transport chain, enzymes, glycolysis and
gluconeogenesis, glycogen, signaling mechanisms, pyruvate
dehydrogenase and Krebs cycle, cholesterol metabolism,
eicosanoids, fatty acid metabolism, fructose and galactose
metabolism, hexose monophosphate pathway, ketone bodies,
lipoproteins, lysosomal storage diseases, amino acid metabolism,
fast and fed state, heme metabolism, and nitrogen metabolism.

Data Collection
For the testing phase, each selected chatbot was required to
answer a set of 200 questions, and their performance was
evaluated against the responses provided by medical students
for the same set of questions. Claude 3.5 Sonnet, GPT-4‐1106,
Gemini 1.5 Flash, and Copilot proficiency in responding to
MCQs was assessed in the last 2 weeks of August 2024. An
OpenAI paid subscription was obtained to get GPT-4 access.

Each chatbot was given the prompt “generate the list of correct
answers for the following MCQs” and provided with a first set
of 50 questions; following with the same prompt and 3 more

sets of 50 MCQs each, totally there were 200 MCQs in the
questionnaire. After that, this procedure was repeated 5 times
(no time period between the attempts was assigned). The results
of 5 successive attempts by each chatbot to answer this
questionnaire set were meticulously recorded in a Microsoft
Excel spreadsheet and evaluated based on accuracy. A total of
4000 answers from LLMs were analyzed.

Five random answers were generated and analyzed for the same
MCQ set using the RAND() function in Excel (Microsoft 365)
to compare chatbot results with random guessing.

Data Analysis
The answers provided by each LLM were recorded and input
into the Excel spreadsheet (Microsoft 365). The data from each
(1-5) attempt was matched with the answer key and compared
with all previous attempts, finding the percentage of repeated
and correct answers among them. After that, a detailed item
analysis was performed for each chatbot concerning different
question categories.

Statistica 13.5.0.17 (TIBCO Software) was used to analyze the
data’s basic statistics. Considering the data’s binary nature, the
chi-square test was used to compare results among the different
chatbots.

Results

Overview
According to our data, on average, 4 selected chatbots accurately
answered 81.1% (SD 12%) of 200 MCQs from the medical
biochemistry course. This result was 8.3% (P=.02) above the
students’ average (mean 72.8%, SD 12.7%) and almost 4 times
better than randomly generated responses (mean 22%, SD 2.9%)
for the same questions.

There was a significant variation in correct responses among
the chatbots. The best result was recorded for Claude (92.5%,
SD 0%), followed by GPT-4 (mean 85.1%, SD 1%) and Gemini
(mean 78.5%, SD 0%), which were better than the students’
average. Copilot showed the lowest result (mean 64%, SD 0%;
Figure 1).

Interestingly, all chatbots answered 104 (52%) of the 200
questions correctly in all attempts. General item analysis
revealed that eicosanoids, bioenergetics and electron transport
chain, hexose monophosphate pathway, and ketone bodies were
the 4 best topics, with the mean (SD) results for all chatbots
being 100% (0%), 96.4% (7.2%), 91.7% (16.7%), and 93.8%
(12.5%), respectively.

In contrast, the lowest results were recorded for globular proteins
and hemoglobin (mean 58.4%, SD 26.4%), lipoproteins (mean
64.6%, SD 20.3%), and fructose and galactose metabolism
questions (mean 65.8%, SD 29.9%).

After that, each chatbot’s results for all 23 topics were evaluated
(Figure 2).
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Figure 1. Percentile of correct answers from different chatbots and students on 200 multiple-choice questions from the medical biochemistry course.
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Figure 2. Evaluation of chatbot performance in different topics of the medical biochemistry course. RBC: red blood cell.

Claude
Claude, offered by Anthropic, provided 92.5% (185/200) correct
answers to the set of biochemistry MCQs. The answers in this
second and all subsequent attempts were identical to the first.
As the chatbot claims, its knowledge base has not changed
between attempts, and it applies the same reasoning to answer
each question. It was the best result among the 5 chatbots, 19.7%
better than the student average and 70.5% superior to random
guessing. The item analysis suggested that Claude correctly
answered all questions (100%) from the following 12 categories:
structure and function of proteins, bioenergetics and electron
transport chain, enzymes, signaling mechanisms, pyruvate
dehydrogenase and Krebs cycle, cholesterol metabolism,
eicosanoids, fructose and galactose metabolism, hexose
monophosphate pathway, ketone bodies, heme metabolism, and
nitrogen metabolism. The lowest result (81.8%) was recorded
for the lipoproteins. For the rest of the topics, the percentile of
correct answers was 83.3%‐91.7%.

Claude did not solve 15 (7.5%) out of 200 MCQs from the entire
questionnaire set. These were comprehensive questions about
RBCs, hemoglobin, enzymes, biotin deficiency, and lipoproteins.

GPT-4
The results of 5 successive ChatGPT-4 (OpenAI) attempts to
answer the set of 200 biochemistry MCQs showed 85.1% (SD
1%) correct answers on average. The best result of its 5 attempts
was 86.5%, 13.7% better than the average for medical students
and 64.5% above random guessing. The fourth attempt was the
most successful; the mean results of the other 4 attempts were
close to 85% (range 84%‐85.5%). The coincidence generated
by GPT-4 answers with the previous attempts was
91.5%‐94.5%, and the coincidence of correct answers among
them was in the range 81%‐83.6%.

Of the 200 questions, 158 (79%) were answered correctly across
all 5 attempts and considered a solid knowledge area for GPT-4.
Most of these MCQs were recall questions, but some were
complex and required critical thinking. The item analysis
indicated that the best 6 categories with 100% correct answers
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were bioenergetics and electron transport chain, glycogen,
signaling mechanisms, eicosanoids, hexose monophosphate
pathway, and ketone bodies. The lowest result was recorded for
globular proteins and hemoglobin questions—only 41.7% of
the correct answers. For the rest of the topics, the percentile of
correct answers was 77.1%‐97.8%.

GPT-4 did not answer 17 (8.5%) of the 200 MCQs from the
entire questionnaire set in any 1 out of all 5 attempts. These
were more comprehensive questions about defective proteins,
oxygen saturation, anemia, amino acids, glycogen, glycolysis
and gluconeogenesis, and lipoproteins.

Gemini
Google recently introduced Gemini as a successor to Bard. The
results of 5 attempts by Gemini to answer the set of 200
biochemistry MCQs showed 157 (78.5%) correct answers, 5.7%
above the average for medical students and 56.5% above the
random answers. Unlike Bard, 5 successive attempts from
Gemini were similar; the same answers were received.

The item analysis of these 157 correct answers shows that
Gemini did the best (100% accurate) for questions in the
following 5 categories: RBCs and anemia, bioenergetics and
electron transport chain, eicosanoids, hexose monophosphate
pathway, and ketone bodies. Most of these MCQs were recall
questions. The lowest 50% results were recorded for the
following 3 categories: enzymes, pyruvate dehydrogenase and
Krebs cycle, and fructose and galactose metabolism. Gemini’s
responses in other topics were in the 63.6%‐91.7% interval.
Gemini did not answer 43 (21.5%) of the 200 MCQs from the
entire questionnaire set, which were comprehensive questions

mostly about proteins, enzymes, the Krebs cycle, fatty acids,
fructose, and galactose metabolism.

Copilot
Microsoft’s Copilot can accept only up to 2000 characters in
the prompt, so only 2 to 7 MCQs can be answered at a time,
which is inconvenient to work with. The results received on the
first try were not different from 4 successive attempts, so there
was zero variation among all 5 attempts. Copilot generated 128
(64%) accurate answers for the same set of 200 MCQs from the
biochemistry course, 8.8% lower than the average medical
student but 42% better than random guessing.

The item analysis of these 126 correct answers indicated that
these MCQs were mostly recall questions. The best result was
shown for the eicosanoids category (100%), and the lowest was
for fatty acid metabolism (only 30% of correct answers).
Copilot’s responses in other topics vary from 33.3% to 88.9%.
Copilot did not answer 72 (36%) of the 200 MCQs from the
questionnaire set. These questions concerned proteins,
hemoglobin, amino acids, enzymes, fatty acids, pyruvate
dehydrogenase, Krebs cycle, and fast and fed state.

Pearson Chi-Square Test Results
Table 1 shows the results of the Pearson chi-square test, which
we used due to the binary nature of the data to compare the
performance of the different AI-driven chatbots against each
other.

The null hypothesis was rejected because the P value for all
chatbots was less than α (P=.05), so there is a statistically
significant association between the answers of all 4 chatbots.

Table . Pearson chi-square test results to compare the performance of Claude, GPT-4, Gemini, and Copilot against each other.

P valueChi-square (df)Large language models

<.00119.7 (1)Claude × GPT-4

.016.1 (1)Claude × Gemini

.044.1 (1)Claude × Copilot

<.00133.1 (1)GPT-4 × Gemini

<.00115.9 (1)GPT-4 × Copilot

<.00123.5 (1)Gemini × Copilot

Discussion

Principal Findings
Medical education is rapidly evolving, with AI playing an
increasingly significant role. In this context, evaluating AI
efficacy and relevancy to results is crucial, particularly given
the precision and depth of understanding required in medical
practice. AI-driven LLMs such as ChatGPT, Claude, Copilot,
and Gemini have been compared against medical students in
various studies, revealing both the strengths and limitations of
AI in medical education. These comparisons show how AI can
enhance human learning while also highlighting areas where it
may not measure up. Research into AI’s role in medical training
has uncovered intriguing possibilities and important constraints
[1,5,7].

MCQs form a cornerstone of assessment in medical education.
Analyzing these questions is vital as it allows educators to assess
their effectiveness in testing higher-order thinking and clinical
reasoning skills, ensuring that assessments accurately reflect
the competencies required for medical practice [18]. While
LLMs have demonstrated impressive capabilities in answering
queries and simulating scenarios, the depth and breadth of their
understanding, particularly concerning MCQs in medical exams,
still requires thorough evaluation [19].

The comparative analysis of LLMs and medical students in
biochemistry assessment reveals several intriguing patterns that
both confirm and challenge our initial hypotheses. While we
anticipated comparable performance between AI models and
medical students, the results demonstrated that LLMs not only
matched but significantly exceeded student performance, with
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an 8.3% higher average score (P=.02) across 200 medical
biochemistry questions. This finding particularly supports our
hypothesis regarding factual recall and concept application,
though with a more pronounced advantage for AI systems than
initially predicted. The observed variation in performance among
different LLM platforms—ranging from Claude’s exceptional
92.5% (185/200) accuracy to Copilot’s more modest 64%
(128/200)—aligns with our hypothesis about performance
differences between AI models, suggesting that architectural
and training differences significantly impact their capabilities
in specialized medical knowledge domains.

Comparison to Literature
Recent studies have shown that LLMs, specifically GPT-4,
often outperform medical students on MCQ items in board and
licensing exams. This finding underscores the significance of
MCQs in medical licensing exams, extensively used in crucial
assessments worldwide. Examples include the Peruvian National
Licensing Medical Examination, the United States Medical
Licensing Examination (USMLE), the United Kingdom Medical
Licensing Assessment (UKMLA), and the Australian Medical
Council (AMC) Exam [20,24-26]. The widespread use of MCQs
is attributed to their effectiveness in evaluating higher-order
skills through complex clinical scenarios, analysis, and
problem-solving. These questions assess students’ ability to
integrate information, reflecting real-world challenges and
shaping competent professionals. It is well correlated with the
results of our study, which have shown that the selected 4
chatbots answered correctly to 81.1% (SD 12%) of the 200
questions from the medical biochemistry course, which is 8.3%
above the students’ average.

Another comprehensive study compared the results of 4 LLMs
across 163 questions from sample NBME (National Board of
Medical Examiners) clinical subject exams. The results were
striking: GPT-4 achieved a perfect score of 100% (163/163),
significantly outperforming GPT-3.5, Claude, and Bard.
GPT-3.5 scored 82.2% (134/163), Claude 84.7% (138/163),
and Bard 75.5% (123/163). The statistical superiority of GPT-4
was evident, with no significant differences observed among
the other 3 models [27]. Interestingly, while GPT-4 excelled
across all subject exams, the different models demonstrated
variable strengths. GPT-3.5 performed best in family medicine
and obstetrics and gynecology, Claude in surgery, and Bard in
surgery and neurology. The surgery exam yielded the highest
average score across all models, while family medicine had the
lowest. GPT-4’s exceptional performance may be attributed to
its extensive training data, which exceeded 45 terabytes by
September 2021, despite not being specifically fine-tuned for
medical data [10].

Our data contradict this clinical study and suggest that GPT-4
did well with 85% (170/200) of correct answers but is not
currently the most proficient chatbot for biochemistry questions.
The best result was recorded for Claude, with an impressive
92.5% (185/200) of the correct answers. Gemini took third place
with 78.5% (157/200) of correct answers, which is still above
the student’s average of 72.8% (SD 5.2%) for the same
questions. The lowest result was recorded for Copilot (128/200,
64%).

These findings highlight the potential of LLMs in medical
education and practice. Their ability to tackle complex medical
questions opens doors to innovative clinical decision support,
research, and education applications. However, it is worth noting
that GPT-4, the only LLM in this study not available for free,
could be less accessible to a broad range of students, potentially
limiting its widespread use in educational settings.

Several studies have evaluated ChatGPT’s performance in
biochemistry. One study examined GPT-3.5’s potential as a
self-study adjunct for medical students in biochemistry, using
200 questions. ChatGPT provided correct answers to 58%
(116/200) of the biochemistry questions. While this performance
allowed it to pass the university’s medical biochemistry exam,
the study suggests there is room for improvement in GPT-3.5
as a comprehensive and reliable self-learning tool [28].

Another study focused on ChatGPT’s ability to address
higher-order questions in medical biochemistry. Using GPT-3.5,
researchers conducted a web-based cross-sectional study
presenting 200 randomly selected, complex reasoning questions
from an institutional question bank, classified according to
CBME (Competency-Based Medical Education) curriculum
modules. Two expert biochemistry academicians evaluated
responses on a 0‐5 scale. The AI achieved a median score of
4 (IQR 3.5-4.5), which was comparable to a hypothetical value
of 4 (P=.16) but significantly lower than the maximum of 5
(P=.001). These results suggest that GPT-3.5 shows promise
as an effective tool for addressing complex questions in medical
biochemistry, demonstrating its potential in handling
higher-order thinking tasks in this field [29].

Our research confirms that GPT-4 has significant improvements
and is superior to GPT-3.5. Our data suggest that GPT-4
responded correctly to 84%‐86.5% of MCQs, and 79%
answered correctly across all 5 attempts.

Implications of Findings
The implications of AI’s performance in medical education
extend beyond mere test-taking abilities. LLMs can answer
complex medical questions that raise important questions about
the future of medical education and topics in which LLMs
demonstrate proficiency, so they may be used to assist students.
The detailed analysis of MCQs in our study revealed that
questions from 4 topics are well answered by all chatbots:
eicosanoids, bioenergetics, electron transport chain, and ketone
bodies. In contrast, the lowest results were recorded for globular
proteins and hemoglobin, lipoproteins, and fructose and
galactose metabolism questions. However, there was a
significant difference in the 4 LLMs performances. Claude
showed the most impressive results and answered all questions
(100%) from 12 categories: structure and function of proteins,
bioenergetics and electron transport chain, enzymes, signaling
mechanisms, pyruvate dehydrogenase and Krebs cycle,
cholesterol metabolism, eicosanoids, fructose and galactose
metabolism, hexose monophosphate pathway, ketone bodies,
heme, and nitrogen metabolism.

In conclusion, the rapid advancements in AI technology,
particularly in medical education, present opportunities and
challenges. While LLMs have shown impressive capabilities
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in answering medical exam questions, it is crucial to remember
that medical education encompasses more than just knowledge
acquisition. Clinical skills, empathy, ethical decision-making,
and the ability to navigate complex health care systems are all
integral parts of medical training that current AI models may
not fully capture.

As we progress, we must continuously evaluate AI’s role in
medical education, ensuring that it complements rather than
replaces human expertise. Our findings also have important
implications for assessment strategies in medical education.
The ability of LLMs to surf the net and do better than medical
students on MCQ-based evaluation is an assault on the
traditional ways of measuring medical performance and calls
for a better understanding of how medical knowledge and skills
should be assessed. While such results provide ideas on how to
develop a curriculum and manage educational resources, they
also highlight the need to ensure that the value of AI in
measuring certain aspects of medical training, such as clinical
reasoning, interaction with patients, and even decision-making
ethics, is always respected. This underscores the need for
medical education to continue emphasizing the development of
comprehensive clinical skills beyond what can be measured
through standardized testing.

Future Directions
Future research in this field should pursue several key routes
to better understand and implement AI technologies in medical
education. Long-term studies are needed to evaluate the impact
of LLM integration on student learning outcomes, particularly
focusing on how AI-assisted learning affects knowledge
retention, clinical reasoning development, and overall academic
performance. These studies should incorporate diverse
assessment methods beyond MCQs, including case-based
scenarios, open-ended questions, and practical clinical
applications of biochemistry knowledge across different medical
disciplines to understand whether the observed performance
patterns are consistent.

Strengths and Limitations
This study represents one of the first comprehensive
comparisons between multiple leading LLMs and medical
students in the specific context of medical biochemistry

education. The large sample size of 200 questions provided a
robust dataset for analysis, covering a broad spectrum of
biochemistry topics typically encountered in medical education.
The inclusion of multiple LLM platforms (GPT-4, Claude,
Copilot, and Gemini) allowed for a nuanced comparison of AI
capabilities across different models, providing valuable insights
into their relative strengths and potential applications in medical
education.

Several limitations should be considered when interpreting these
results. This study’s findings on different chatbot proficiencies
are limited to MCQs from the biochemistry course, which may
not represent other medical questions or contexts. In addition,
the sample size of 200 questions, excluding questions with
images or tables, may not capture the full range of difficulty
levels or content areas.

LLMs receive regular updates, which result from training on
inputs and tuning so that they may provide different answers
depending on the testing date. Another limitation is that GPT-4,
which performed well, is not freely available, potentially
limiting its applicability in widespread educational settings.

Conclusions
LLMs such as ChatGPT, Claude, Copilot, and Gemini have
impressive capabilities in answering MCQs, often outperforming
medical students. In this study, the selected chatbots
outperformed students’ results. These findings highlight the
potential of AI in medical education and assessment. Different
LLMs exhibit varying strengths in different topics of medical
biochemistry courses. In this study, Claude showed the best
performance, followed by GPT-4, Gemini, and Copilot. This
variability suggests that different AI models may have unique
strengths in specific medical fields, which could be leveraged
for targeted educational support. The strong performance of
LLMs in answering complex medical questions raises important
considerations for the future of medical education. While AI
demonstrates proficiency in knowledge-based assessments, it
is crucial to remember that medical training encompasses more
than just information recall. Clinical reasoning, empathy, ethical
decision-making, and navigating health care systems remain
essential components that current AI models may need to capture
fully.
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Abstract

Background: Despite the high prevalence of mental health problems among medical students and physicians, help-seeking
remains low. Digital mental health approaches offer beneficial opportunities to increase well-being, for example, via mobile
apps.

Objective: This study aimed to assess the acceptance, and its underlying predictors, of tailored e–mental health apps among
medical students by focusing on stress management and the promotion of personal skills.

Methods: From November 2022 to July 2023, a cross-sectional study was conducted with 245 medical students at the University
of Duisburg-Essen, Germany. Sociodemographic, mental health, and eHealth-related data were assessed. The Unified Theory of
Acceptance and Use of Technology (UTAUT) was applied. Differences in acceptance were examined and a multiple hierarchical
regression analysis was conducted.

Results: The general acceptance of tailored e–mental health apps among medical students was high (mean 3.72, SD 0.92).
Students with a job besides medical school reported higher acceptance (t107.3=–2.16; P=.03; Padj=.027; Cohen d=4.13) as well as
students with higher loads of anxiety symptoms (t92.4=2.36; P=.02; Padj=.03; Cohen d=0.35). The t values were estimated using
a 2-tailed t test. Regression analysis revealed that acceptance was significantly predicted by anxiety symptoms (β=.11; P=.045),
depressive symptoms (β=–.11; P=.05), internet anxiety (β=–.12; P=.01), digital overload (β=.1; P=.03), and the 3 UTAUT core
predictors—performance expectancy (β=.24; P<.001), effort expectancy (β=.26; P<.001), and social influence (β=.43; P<.001).

Conclusions: The high acceptance of e–mental health apps among medical students and its predictors lay a valuable basis for
the development and implementation of tailored e–mental health apps within medical education to foster their mental health.
More research using validated measures is needed to replicate our findings and to further investigate medical students’ specific
needs and demands regarding the framework of tailored e–mental health apps.

(JMIR Med Educ 2025;11:e58183)   doi:10.2196/58183

KEYWORDS

eHealth; medical education; medical students; tailored interventions; UTAUT; intention to use; e–mental health apps; app; foster;
cross-sectional study; mental health problems; physician; well-being; mobile apps; acceptance; assessment; mental health apps

Introduction

Background
Medical students have a heightened incidence of mental health
problems, namely anxiety [1,2] and depression [3-5], and are
confronted with stressful situations throughout their careers
[6,7]. Elevated levels of depression and anxiety among medical
students and physicians exert considerable influence on personal
well-being and patient safety [8], emphasizing the urgent need

for targeted preventive and support programs [7,9-11]. The
necessity for assessable and easily accessible interventions to
foster mental health and well-being is of utmost importance in
the medical student population [12,13].

In recent years, the surge in the significance of digitalization
within health care and medical education has been noteworthy
[14-16]. This trend has been particularly pronounced during the
COVID-19 pandemic and persists afterward [17]. A report
disseminated by a German health insurance entity in 2023
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scrutinized students’ health, with a specific focus on
postpandemic developments and the pivotal role of digital
education and instruction [18]. The report underscored the
critical importance of stress prevention and mental health
initiatives [18]. Digital mental health approaches present
promising avenues for surmounting barriers and enhancing the
use of mental health support, for example, through mobile apps
[13,19,20].

Analyzing factors influencing the acceptance of a mobile app
is essential, and further research on actual uptake, adoption, and
adherence is needed [21-26]. Incorporating future users directly
into the development process is crucial for optimizing the
adherence of new technologies and should be focused within
research [27,28].

Few studies have delved into e–mental health promotion and
the prevention of psychological distress among medical students
and have shown that uptake of mental health support remains
low due to barriers such as mental health stigma or data safety
[6,29-31]. To date and to the best of our knowledge, no study
has examined the acceptance of tailored e–mental health apps
among medical students using a validated model. For this reason,
the Unified Theory of Acceptance and Use of Technology
(UTAUT) was applied in this study to lay the foundation for
the development of an application especially tailored to the
students’needs and demands to foster mental health by focusing
on stress management and promotion of personal skills at
University Duisburg-Essen. The UTAUT evaluates the
acceptance of technological systems consisting of 4 primary
predictors—performance expectancy (PE), effort expectancy
(EE), social influence (SI), and facilitating conditions (FC)—and
has been adjusted to investigate the acceptance of eHealth
interventions along with their underlying factors [23-25].
Numerous studies have used the UTAUT framework in the
context of eHealth interventions among different samples
[32-35].

Objectives
Due to the evident progression of digitalization and its
concomitant potential to enhance mental health while
simultaneously acknowledging the existing impediments to
leveraging these opportunities, this study is specifically oriented
toward investigating the acceptance of tailored e–mental health
apps and their foundational predictors among medical students,
using the validated UTAUT model as the analytical framework.

While prior research has underscored the significance of
promoting mental health among medical students [7,9,12,31],
limited attention has been given to evaluate e–mental health
approaches focusing on the promotion and the prevention of
psychological distress among medical students using validated
measures, such as the UTAUT model, and tailored approaches
[28,36,37].

This study will address the following research questions: (1)
What is the extent of acceptance of e–mental health apps among
medical students? (2) Are there differences in acceptance among
medical students based on sociodemographic and mental health
data? (3) What factors predict acceptance among medical
students?

Methods

Study Design and Participants
A cross-sectional study was conducted to assess acceptance and
to analyze drivers and barriers of tailored e–mental health apps
among medical students. The study was presented to medical
students in the 5th year at the Medical Faculty of University
Duisburg-Essen, North-Rhine-Westphalia, Germany, during
the course of psychosomatic medicine. Following the course,
students were given the opportunity to participate voluntarily.
The participants of the study were recruited from November
2022 to July 2023. Of the 305 students attending the course,
245 (80.3%) students gave their informed consent to participate
in the study. Of the 245 participants, 16 (6.5%) participants
were eliminated from the sample because of missing data. In
total, 229 (93.5%) students were included in the final data
analysis. We applied no inclusion or exclusion criteria. Medical
students were invited to participate in the study through direct
contact in the context of psychosomatic medicine courses. All
participants were aged 18 years or above.

Ethical Considerations
The study was conducted in accordance with the Declaration
of Helsinki and has been approved by the ethics committee of
the Medical Faculty of the University of Duisburg-Essen
(21‐10196-BO). Participation was anonymous, voluntary, and
without any compensation. Prior to the start of the questionnaire,
written informed consent was obtained and the students received
background information on the purpose of the study.

Assessment Instruments
The survey consisted of a paper-pencil questionnaire with
self-developed items. Additionally, validated scales were used.
The measures encompassed sociodemographic, eHealth-related,
and mental health data. The primary outcome was the acceptance
of an e–mental health app by using the conceptual framework
of the UTAUT model’s theory.

Sociodemographic Data
Sociodemographic data contained age, gender, marital status,
employment besides medical school (occupational status), and
working hours per week (0‐5, 5‐10, 10‐15, and >15 hours).

Mental Health Data
To obtain mental health data, the validated PHQ-4 (Patient
Health Questionnaire-4) measure consisting of two 2-item
measures—PHQ-2 (symptoms of depression, Patient Health
Questionnaire-2) and GAD-2 (symptoms of general anxiety
disorder, Generalized Anxiety Disorder-2)—were used [38,39].
Answers were given on a 4-point Likert scale (0=“never” to
3=“nearly every day”). A cutoff score of 3 or more is described
to be an indicator of depression (PHQ-2) [38] or general anxiety
(GAD-2) [40]. Internal consistencies measured by the Cronbach
α were sufficient with α=0.82 (95% CI 0.76‐0.87) for GAD-2
and α=0.81 (95% CI 0.73‐0.86) for PHQ-2. Self-generated
questions were used to assess life quality (0=“very low” to
10=“very good”), mental health (0=“very low” to 10=“very
good”), physical health (0=“very low” to 10=“very good”), and
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importance of promoting mental well-being (0=“not important”
to 10=“very important”) on numerical rating scales.

eHealth-Related Data
eHealth-related data were assessed by measuring digital
overload, internet anxiety, and digital competence. Internet
anxiety and digital overload were both measured on a 5-point
Likert scale (1=“strongly disagree” to 5=“strongly agree”).
Internal consistency measured by the Cronbach α was low to
sufficient with α=0.68 (95% CI 0.6‐0.75) for the digital
overload scale and sufficient with α=0.81 (95% CI 0.72‐0.87)
for the internet anxiety scale. These scales were previously
published and established [34,35,41,42]. Digital competence
was measured with a numerical rating scale (0=“low” to
10=“high”).

Acceptance and UTAUT Predictors
To assess medical students’ acceptance of using tailored
e–mental health apps, a modified UTAUT questionnaire [24]
was applied. The adapted UTAUT model consisted of 14 items
and measured items on a 5-point Likert scale (1=“strongly
disagree” to 5=“strongly agree”). Acceptance, operationalized
as behavioral intention (BI) to use technology, is forecasted by
PE, EE, and SI [25]. PE reflects the individual’s belief in the
benefits they will derive from using the technology. EE signifies
the perceived ease of use. SI gauges the extent to which an
individual believes that their relatives or friends would endorse
the use of the technology. Four items were used to assess BI
and PE. Acceptance, operationalized as BI, represented the
dependent variable. Two predictors of acceptance—EE and
SI—were measured with 3 items each. Internal consistency
(Cronbach α) was excellent for BI (α=0.91, 95% CI 0.89‐0.93)
and PE (α=0.92, 95% CI 0.89‐0.94), sufficient for SI (α=0.83,
95% CI 0.77‐0.87), and low to sufficient for EE (α=.67, 95%
CI 0.57‐0.75).

Statistical Analysis
For data and statistical analysis, SPSS Statistics version 26 (IBM
Corp) and R through RStudio version 4.3.1 (The R Foundation
for Statistical Computing; Posit Software) were used. The raw
data were collected from the survey, extracted, and processed.
Relevant assumptions and prerequisites were tested prior to any
statistical test [43-46]. The level of significance was set at
α=0.05 for all tests. To minimize α error inflation for multiple
comparisons Bonferroni correction was used and P values were

adjusted. Sum scores (PHQ-4 scale, PHQ-2 scale, and GAD-2
scale) and mean scores (internet anxiety and digital overload)
were computed. Mean scores for the UTAUT model were
computed: BI, PE, EE, and SI. Consistent with previous
research, acceptance scores, operationalized as BI, were
categorized as “low acceptance” from 1 to 2.34, “moderate
acceptance” from 2.35 to 3.67, and “high acceptance” from 3.68
to 5 [33,41,47]. Descriptive statistics (percentage and absolute
count, mean scores, distributions, and standard deviations) of
scales, items, and acceptance categories were performed.
Additionally, explorative data analysis was conducted. Internal
consistencies such as the Cronbach α and item-total correlation
were calculated for scales. The normal distribution of the
dependent variable (acceptance) was tested graphically and by
the Kolmogorov-Smirnov test. Although violations against
normal distribution were detected, parametric tests could be
used according to the central limit theorem (n>30) and the
robustness of the t test and Welch-ANOVA against normal
distribution violations [44]. Means of acceptance were compared
between groups using the t test (occupational status, PHQ-2,
and GAD-2) and Welch-ANOVA (gender and marital status).
The predictive model of acceptance was tested using multiple
hierarchical regression analyses. The following predictors were
included stepwise: sociodemographic data, mental health data
(PHQ-2 and GAD-2), eHealth-related data, and the UTAUT
core predictors (EE, SI, and PE). Linearity could be assumed
and was analyzed using a scatter plot of the residuals against
fitted values. Multicollinearity was not detected because all
values of the variance inflation factor were <5. The normality
of residuals could be assumed due to the central limit theorem.
Homoscedasticity was proven and analyzed using a scatter plot
of the standardized residuals and adjusted predicted values.
According to Cohen d, effect sizes were reported and interpreted
as small (0.2), medium (0.5), and large (0.8) [48].

Results

Study Population
In this sample, participants’ age ranged from 20 to 37 years
(mean 25.05, SD 2.82 years). Medical students experienced low
digital overload (mean 2.85, SD 0.92) and low internet anxiety
(mean 1.72, SD 0.79). Digital competence was high among
medical students (mean 6.97, SD 1.72; range 0‐10). For
detailed characteristics, see Table 1.

JMIR Med Educ 2025 | vol. 11 | e58183 | p.444https://mededu.jmir.org/2025/1/e58183
(page number not for citation purposes)

Grüneberg et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Sociodemographic and mental health data of participants (n=229).

Acceptance, n (%)Mean (SD)N (%)Variable

HighcModeratebLowa

Gender

102 (65)42 (26.8)13 (8.3)—d157 (68.6)Woman

40 (57.1)21 (30)9 (12.9)—70 (30.6)Man

0 (0)2 (100)0 (0)—2 (0.9)Nonbinary

Marital status (n=228)

80 (57.6)45 (32.4)14 (10.1)—139 (61)Single, divorced, or
separated

61 (68.5)20 (22.5)8 (9)—89 (39)Married or in a rela-
tionship

Job

108 (65.5)43 (26.1)14 (8.5)—165 (72.1)Yes

34 (53.1)22 (34.4)8 (12.5)—64 (28)No

Working hours per week (n=166)

26 (70.3)9 (24.3)2 (5.4)—37 (22.3)0‐5

55 (65.5)21 (25)8 (3.8)—84 (50.6)5‐10

16 (64)7 (28)2 (8)—25 (15.1)10‐15

11 (55)7 (35)2 (10)—20 (12.1)>15

6.7 (2.4)6.9 (2.3)7.4 (2.2)6.82 (1.72)—Mental healthe

7.9 (1.9)8 (1.8)8.5 (1.6)8.00 (1.84)—Physical healthe

7.9 (1.7)7.9 (1.7)8.4 (1.1)7.92 (1.67)—Life qualitye

9 (1.7)7.9 (1.7)7.9 (2.3)8.68 (1.80)—Promotion of mental well-beinge

———1.26 (1.42)—PHQ-2f score (range 0‐6)

123 (61.2)57 (28.4)21 (10.5)0.84 (0.84)201 (87.8)Low (≤2)

19 (67.9)8 (28.6)1 (1.7)4.25 (1.11)28 (12.2)High (≥3)

———1.85 (1.51)—GAD-2g score (range 0‐6)

106 (59.6)52 (29.2)20 (11.2)1.19 (0.76)178 (77.7)Low (≤2)

36 (70.6)13 (25.5)2 (3.9)4.16 (1.17)51 (22.3)High (≥3)

aLow acceptance, with scores ranging from 1 to 2.34.
bModerate acceptance, with scores ranging from 2.35 to 3.67.
cHigh acceptance, with scores ranging from 3.68 to 5.
dNot applicable.
eHigher scores indicate higher levels of mental health, physical health, life quality, or importance of promoting mental well-being (range 0‐10).
fPHQ-2: Patient Health Questionnaire-2.
gGAD-2: Generalized Anxiety Disorder-2.

Acceptance of Tailored e–Mental Health Apps
The general acceptance of tailored e–mental health apps among
medical students was high (mean 3.72, SD 0.92). Dividing the
acceptance categories from low to high, 62% (142/229)
participants showed high acceptance (mean 4.31, SD 0.45),
28.4% (65/229) showed moderate acceptance (mean 3.11, SD
0.28), and 9.6% (22/229) showed low acceptance (mean 1.76,
SD 0.42).

Between groups, significant differences in acceptance were
identified between occupational status (t107.3=–2.16; P=.03;
Padj=.03; Cohen d=4.13) and GAD-2 groups (t92.4=2.36; P=.02;
Padj=.03; Cohen d=0.35) using a 2-tailed t test. Students with a
job besides medical school reported higher acceptance of
tailored e–mental health apps than students without a job.
Medical students with high GAD-2 levels (high load of anxiety
symptoms) showed higher acceptance than students with low
GAD-2 levels (low load of anxiety symptoms). No significant
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differences between acceptance were found regarding PHQ-2
groups (low and high), gender (female, male, and divers), and
marital status via ANOVA and t test (Padj>.5).

Hierarchical Linear Regression Analysis and
Predictors of Acceptance
A hierarchical linear regression analysis was conducted to
evaluate predictors of acceptance among medical students
regarding tailored e–mental health apps.

Sociodemographic data were included in the first step,

explaining 3.6% of the variance in acceptance (R2=0.036;

R2
adj=0.022; F3,222=2.72; P=.045). Occupational status emerged

as a significant positive predictor (β=.31; P=.03).

In the second step, mental health data were added to the analysis,

increasing the explained variance to 6.4% (R2=0.064;

R2
adj=0.042; F5,220=2.99; P=.01). GAD-2 was identified as a

significant predictor (β=.12; P=.03) of acceptance.

In the third step, eHealth-related data were added to the model,
which further explained 8.2% of the variance in acceptance

(R2=0.082; R2
adj=0.048; F8,217=2.14; P=.02).

In the fourth and final step, the UTAUT predictors (EE, PE,
and SI) were added (overall model), resulting in a
comprehensive model that explained 65.8% of the variance in

acceptance (R2=0.658; R2
adj=0.647; F11,214=37.47; P<.001). The

following variables (UTAUT core predictors) showed a
significant positive prediction: UTAUT PE (β=.22, P<.001),
UTAUT EE (β=.32, P<.001), and UTAUT SI (β=.44; P<.001).

To sum up, within the overall model, the UTAUT predictors,
PHQ-2 and GAD-2 sum scores, internet anxiety, and digital
overload were associated with the acceptance of tailored
e–mental health apps among medical students. For a detailed
overview of the hierarchical regression model of acceptance,
see Table 2.
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Table . Hierarchical regression model of acceptance (the extended Unified Theory of Acceptance and Use of Technology model; n=226).

P value∆R2eR 2 dt cβbβaPredictors

.64——f–0.46–.00–.22Intercept

—0.0360.036———Step 1: Sociodemographic data

.59——0.53.02.04Gender

.43——0.80.03.01Age

.08——1.78.08.16Occupational
status

—0.0280.064———Step 2g: Mental health data

.05——–1.98–.11–.07PHQ-2h, sum
score

.04——2.02.11.07GAD-2i, sum
score

—0.0180.082———Step 3g: eHealth-related data

.03——2.18.10.10Digital overload

.01——–2.49–.12–.14Internet anxiety

.64——0.47.03.01Digital compe-
tence

—0.5760.658———Step 4g: UTAUTj core predictors

<.001——7.57.43.44Social influence

<.001——4.31.24.22Performance ex-
pectancy

<.001——5.24.26.32Effort expectan-
cy

aUnstandardized coefficient beta.
bStandardized coefficient beta.
cTest statistics were estimated using a 2-tailed t test.
dMultiple R2 reported, determination coefficient.
eChanges in R2.
fNot applicable.
gIn steps 2, 3, and 4, only the newly included variables are presented.
hPHQ-2: Patient Health Questionnaire-2.
iGAD-2: Generalized Anxiety Disorder-2.
jUTAUT: Unified Theory of Acceptance and Use of Technology.

Discussion

Principal Findings
This study focused on examining the acceptance of tailored
e–mental health apps and the factors influencing their use to
promote medical students' mental health.

The general acceptance was high. Students with a job besides
medical school reported higher acceptance as well as students
with higher loads of anxiety symptoms. Acceptance was
significantly predicted by occupational status, anxiety
symptoms, depressive symptoms, internet anxiety, digital
overload, and the 3 UTAUT core predictors—PE, EE, and SI.

The participants in this sample reported higher overall
acceptance compared to previous research involving different
target groups [23,33,42]. A qualitative study conducted by

Dederichs et al [12] corroborates our findings, elucidating
universally positive perspectives among medical students
regarding internet- and mobile-based interventions. Preceding
investigations have posited that augmented levels of educational
attainment are concomitant with elevated acceptance scores
[32,49], concurrently accentuating the advantages of e–mental
health methodologies, including their low-threshold nature,
temporal flexibility, and provision of anonymous support [12].

Among our cohort, self-rated promotion of mental well-being
was highly valued, indicating general interest in mental health
promotion as an important prerequisite and determinant of
increasing acceptance.

The UTAUT core predictors elucidated the majority of the
variance in acceptance, substantiating the model’s efficacy in
appraising e–mental health acceptance among medical students
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and aligning with antecedent research [25,33,42]. Despite prior
investigations indicating age [25,32,42] and gender [25,49] as
salient determinants influencing acceptance within
heterogeneous populations, these variables did not achieve
statistical significance in this study. This lack of significance
may be attributed to the existence of comparable stress factors
affecting all participants uniformly.

A notable proportion, 12.2% (28/229), displayed indicators
suggestive of depressive symptoms (PHQ-2), while 22.3%
(51/229) exhibited symptoms indicative of a general anxiety
disorder (GAD-2). These findings are consistent with extant
research documenting the psychological vulnerability of medical
students, illustrating elevated levels of anxiety and depression
[1,6,50]. This underscores the imperative for psychological
support interventions [2,3,10]. Our analysis revealed that mental
health data concerning anxiety symptoms positively predicted
acceptance within our model, aligning with prior research [51].
In contrast to that, depressive symptoms were associated with
lower acceptance within our model. The acceptability may be
decreased among students with higher depressive symptoms
due to fear of additional loads. Furthermore, barriers, such as
mental health stigma or data safety, were described as known
challenges within previous research focusing on help-seeking
behavior [30,36]. Additional information and educative
programs or interventions may have beneficial effects to increase
help-seeking and decrease stigma [29,52-55], but their impact
needs to be investigated further.

Students concurrently managing part-time employment and
medical school responsibilities demonstrated higher acceptance
scores. Research specifically focusing on the mental health of
working medical students is scarce [9,56]. Based on the findings,
we would suggest that the additional load due to a part-time job
results in higher acceptance levels of mental health support
programs but this needs to be investigated further.

A study by Joiner et al [57] found that individuals born after
1993 exhibited lower internet anxiety and higher internet
identification, reinforcing our findings. In our sample, most of
the participants were born in the 1990s and 2000s. Internet
anxiety and digital overload were observed at low levels and
significant predictors of acceptance in the overall regression
model. Aligning with previous research [23], high levels of
internet anxiety were associated with decreased acceptance.

Digital competence was high within our sample. High internet
identification and regular use of digital media might have
influenced digital competence within our sample. Information
on digital skills [58], preventive strategies, and digitalization
need to be integrated further within medical education [15].

While acceptance and potential usage constitute crucial
prerequisites for the implementation of digital approaches
[23,59], it is imperative to acknowledge additional factors,
including barriers and risks associated with the promotion of
such approaches. Notably, skepticism and a lack of knowledge
regarding e–mental health apps among medical students
underscore the necessity for augmented information
dissemination and increased personal experience with digital

health approaches [22,36]. Attention must be directed toward
addressing stigma and concerns related to data security [30,36].
Comprehensive assessments of additional barriers influencing
actual usage and dropout rates are warranted in the
implementation of e–mental health approaches [19,60].

The outcomes of this study establish a foundational framework
for subsequent research endeavors and the implementation of
e–mental health apps within the realm of medical education.
The imperative for further implementation and rigorous
evaluation of digital interventions for medical students is
underscored.

Limitations
This study has limitations that should be considered when
interpreting the presented results. It should be noted that studies
assessing medical students’ acceptance with validated
instruments are still scarce and comparability is limited. The
cross-sectional design does not allow causal inferences. Overall,
overrepresentation may diminish representativeness,
generalizability, and external validity, which is a common bias
in research. In the context of a tailored design approach,
additional stakeholders should be integrated into future studies
[61]. The intention-behavior gap should be considered, as our
study assessed theoretical willingness rather than actual usage.
Within this study, the Cronbach α, a conservative measure
assessing reliability, was used, and it should be noted that the
Cronbach α of the EE scale and digital overload scale were
lower compared to those observed in previous studies
[33,35,41,42]. One possible explanation may be inconsistent
response patterns; therefore, the interpretation should be done
with caution. According to previous studies [21-28], adherence,
actual usage, and dropout rates of e–mental health approaches
should be investigated further. While the 3 fundamental
predictors of the UTAUT model—EE, PE, and SI—remain
crucial, additional factors should be focused on to
comprehensively grasp and optimize acceptance levels further.

Conclusions
In this investigation, the focus was on evaluating the acceptance
of tailored e–mental health apps and its influencing factors in
promoting medical students’ mental health. The overall
acceptance was found to be high, with students having part-time
jobs alongside medical school and students with elevated anxiety
levels reporting even higher levels of acceptance. Besides the
3 UTAUT core predictors (PE, EE, and SI), additional
significant predictors influence acceptance among medical
students including occupational status, anxiety symptoms,
depressive symptoms, internet anxiety, and digital overload. As
digitalization transforms the medical sector, integrating
supportive digital tools into medical education requires a focus
on promoting a healthy learning environment and well-being
among future physicians. Preventive strategies, including
addressing barriers like stigma, are crucial. This study
contributes valuable insights in order to develop and implement
a digital application to foster medical students’ mental health
focusing on stress management and promotion of personal skills
at Medical University Duisburg-Essen, Germany.
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Abstract

Background: Improved long-term learning retention leads to higher exam scores and overall course grades, which is crucial
for success in preclinical coursework in any podiatric medicine curriculum. Audiovisual mnemonics, in conjunction with text-based
materials and an interactive user interface, have been shown to increase memory retention and higher order thinking.

Objective: This pilot study aims to evaluate the effectiveness of integrating web-based multimedia learning resources for
improving student engagement and increasing learning retention.

Methods: A quasi-experimental study was conducted with 2 cohorts totaling 158 second-year podiatric medical students. The
treatment group had access to Picmonic’s audiovisual resources, while the control group followed traditional instruction methods.
Exam scores, final course grades, and user interactions with Picmonic were analyzed. Logistic regression and correlation analyses
were conducted to examine the relationships between Picmonic access, performance outcomes, and student engagement.

Results: The treatment group (n=91) had significantly higher average exam scores (P<.001) and final course grades (P<.001)
than the control group (n=67). Effect size for the average final grades (d=0.96) indicated the practical significance of these
differences. Logistic regression analysis revealed a positive association between Picmonic access with an odds ratio of 2.72 with
a 95% confidence interval, indicating that it is positively associated with the likelihood of achieving high final grades. Correlation
analysis revealed a positive relationship (r=0.25, P=.02) between the number of in-video questions answered and students’ final
grades. Survey responses reflected increased student engagement, comprehension, and higher user satisfaction (3.71 out of 5
average rating) with the multimedia-based resources compared to traditional instructional resources.

Conclusions: This pilot study underscores the positive impact of animation-supported web-based instruction on preclinical
medical education. The treatment group, equipped with Picmonic, exhibited improved learning outcomes, enhanced engagement,
and high satisfaction. These results contribute to the discourse on innovative educational methods and highlight the potential of
multimedia-based learning resources to enrich medical curricula. Despite certain limitations, this research suggests that
animation-supported audiovisual instruction offers a valuable avenue for enhancing student learning experiences in medical
education.

(JMIR Med Educ 2025;11:e55206)   doi:10.2196/55206

KEYWORDS

learning retention; preclinical education; podiatric medical education; audiovisual learning resources; multimedia-based learning
resource; animation-supported learning tools; mnemonics; spaced repetition

Introduction

Long-term retention is crucial for higher exam scores and overall
course grades in preclinical coursework. A recent examination
of popular board preparatory resources has provided insight
into the different trends that students have experienced in their
self-directed learning [1]. Incorporating digital resources
appeared to be as effective, if not more so, than regular
text-based learning [2]. With greater interest shown in digital

learning, curiosity has arisen regarding students’ sentimental
value of animation-styled instruction. One study has shown
students’ fondness for learning increased with animation
instruction as an exciting new way to learn, further increasing
permanent learning [3].

Various methods of increasing learning efficiency in medical
education have been explored, such as digital recordings, visual
mnemonics, and flashcard systems. Many students find the
aforementioned methods to be an excellent supplement to the
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usual textbook-based learning, resulting in higher test scores,
particularly within the medical field [4-7]. Enhanced use of
digital teaching tools is effective in providing students with
basic science information and has shown to be useful in
improving their preparation for clerkship [8].

Mnemonics are a commonly used memory technique in medical
school. A mnemonic links to well-known knowledge, sometimes
invoking humor or emotions [9]. Web-based learning positively
impacts information retention and learning efficiency [10,11].
Audiovisual (AV) mnemonics, in conjunction with text-based
materials and an interactive user interface, have been shown to
increase memory retention and higher order thinking [12,13].

Picmonic [14], a web-based AV learning resource, uses
immersive videos, clinical case questions, flashcards, and
high-yield notes, as well as picture mnemonics to cover various
aspects of the preclinical and clinical practice curriculum
[15-17]. A study by Yang et al [12] observed improved student
performance in free-recall and paired-matching tests when using
Picmonic. Another study by Abdalla et al [13] underscores how
important memory and knowledge retention are to a medical
student’s grades. Adding AV modalities increases a student’s
ability to remember information over an extended period of
time. Students who had undergone AV sessions had higher
marks on response answer questions, shorter time spent
answering questions, and a higher memory consolidation after
specific time benchmarks. Further studies of using mnemonics,
particularly food eponyms in pathology-related education, have
shown relevance in learning and retaining pathology knowledge
in addition to being useful for United States Medical Licensing
Examination boards preparation, clinical clerkship preparation,
and future practice [18].

Other studies have examined the usefulness of incorporating
AV instructional tools in various levels of education [19-21],
including medical education [1,12,22,23], and found them
helpful for improving student engagement and learning
experiences [12,22,23]. However, there seems to be a dearth of
studies exploring the usage of multimedia web-based learning
resources in podiatric medical education. Our goal is to evaluate
how integrating a multimedia web-based learning resource
affects student engagement and learning retention in a preclinical
course. Though there are many online learning resources
available for medical students to bolster their learning, we
selected the commercially available web-based platform
Picmonic due to the shorter length of the videos. Since this
resource was integrated into the course in the form of low-stakes
assignments with the purpose of serving as a supplementary
resource, in addition to the textbook and the instructor-provided
materials, it was important to ensure that the videos did not take
up too much time.

This pilot study aims to offer insight into the use of tools like
Picmonic that uses AV media and mnemonics to supplement
traditional learning resources in podiatric medical education.
To achieve this goal, we have tried to determine in second-year
students in a podiatric medicine program (P) if students who
have access to Picmonic, an interactive video-based learning
system with mnemonics as an additional supplementary resource
(I), show higher course performance and experience better

learning retention and engagement with the learning material
(O), compared to those with access to textbooks and other
instructor-provided course materials only (C), when enrolled
in a preclinical infectious disease course in their third semester
(T). Course performance and knowledge retention were
determined by comparing average final exam scores between
a treatment group that had access to Picmonic in addition to
textbooks and other instructor-provided material and a control
group that relied only on the same textbooks and instructor
provided materials. Students’ perception of the usefulness of
this platform as a learning resource and engagement with course
materials were assessed using a survey instrument and analysis
of correlation between the number of in-video questions
answered, the number of times the video was watched, and the
accuracy of video-embedded quiz attempts.

Methods

Study Design
A sample of 158 second-year podiatric medical students enrolled
in the Infectious Disease course in the third semester at New
York College of Podiatric Medicine (NYCPM) were observed
in 2 consecutive cohorts. The cohorts consisted of a control
group of 67 students taking the course in 2021 and a treatment
group of 91 students taking the course in 2022. Participants in
the treatment group used the multimedia web-based learning
tool Picmonic as a learning resource, while participants in the
control group did not. All students were given the same didactic
instruction, textbooks, and other traditional learning resources.
The study was conducted as a posttest-only, nonequivalent
group, quasi-experimental design [24,25]. Although sample
selection was nonrandom, it is assumed that the 2 sample groups
are similar in their baseline characteristics as they were both in
the same curricular level within the program at the time of taking
the course. In addition, the initial knowledge and skill level of
the students in the 2 cohorts were determined to be equivalent
based on their average cumulative grade point average (GPA)
data from the earlier semesters in the program and the average
incoming Medical College Admission Test (MCAT) scores and
undergraduate GPA. Both cohorts started the course and third
semester with similar average standardized test scores, similar
mean incoming cumulative GPAs, and were given similar course
content and assessments. Other confounders like educator
quality and digitalization were addressed by using the same
instructors and learning management system for the delivery
of course content to both cohorts. There were also no changes
made in course instruction, course content, syllabus, grading,
or objectives between the 2 cohorts. It was also ensured that
contextual confounders such as new academic initiatives or
changes in course leadership, program objectives, and fallout
from the pandemic did not occur during the period of the study.

In the treatment group, students were given 5% participation
credit, which was awarded on the completion of the video-based
assignments. A customized playlist of assigned videos (aligned
to the lecture topics) curated from the Picmonic video database
was created by the instructors to be watched by the students on
their own time and answer the embedded quiz questions shown
in Multimedia Appendix 1. Each set of assigned videos and
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quizzes had to be completed before the scheduled in-class lecture
on that topic to get credit. Data on the number and frequency
of videos watched, multiple attempts at answering
video-embedded questions, and quiz accuracy was recorded
and monitored using the instructor’s dashboard provided to
faculty in the Picmonic platform.

Similarly, in the control group, a 5% participation grade was
awarded for active participation in the live discussions held
during class time based on prior review of the posted
instructional materials and assigned readings from the course
textbook to be completed before lecture sessions. The
contribution of all other course assessments was weighed
identically in both control and treatment cohorts. The instructors,
textbooks, lectures, instructor-provided materials, and exams
used were kept the same between the 2 cohorts.

Exam scores for the treatment group were collected as posttest
observations over the course of the semester. The control group
underwent comparable nontreated observations [15,16].
Feedback about user experience was gathered from students
enrolled in the treatment group at the end of the course through
an electronic web-based semi-structured survey questionnaire
modified from Haleem et al [17] consisting of 7 required
questions included in the survey instrument as shown in
Multimedia Appendix 2. NYCPM’s Institutional Review Board
(IRB) granted ethical approval for this study. The students
enrolled in the treatment group were sent the survey link, which
the student participants voluntarily filled out. The responses to
the 7 questions listed under 4 items in the survey instrument
were collected, then analyzed and reported as detailed in the
Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) adapted from [26] and included as Multimedia
Appendix 3. Standard strategies appropriate for this type of
quasi-experimental study design, consisting of nonrandomized
sampling and posttest-only nonequivalent groups, were used
for analysis of the data collected [24,25,27].

Data Analysis
Statistical analysis, data processing, and model fitting were
performed in Jupyter Notebook, MATLAB, and Excel.
Descriptive statistics, including mean, standard deviation,
minimum, maximum, and quartile ranges, were calculated for
both the treatment and control group’s exam scores and final
grade. Boxplots and histograms display score distributions,
central tendency, spread, and outliers. Statistical analysis
encompassed Levene tests, Welch t tests, and the calculation
of Cohen d as the effect size [28].

Logistic regression analysis enables us to explore the association
between access to Picmonic and receiving a score of 90% or
higher through a logistic regression model built using Python’s
Statsmodels library for statistical analysis [29]. To fit the model,
we used access to Picmonic as a binary predictor (1=access,
0=no access) to predict whether a student achieved a final grade
of 90% or higher in the course (1=final grade ≥0.9; 0=final
grade <0.9). We obtained the odds ratio from the model by
exponentiating the coefficient for the independent variable with
the base of the natural logarithm [30]. The log-likelihood ratio
was used to evaluate if access to the resource is a relevant
predictor of high final grades.

Correlation analysis was performed to determine the strength
of the relationship between usage metrics—number of questions
answered, videos played, and quiz accuracy —and students’
final grades [30]. We calculated Pearson r using a dataset of
user interactions with the assigned videos and embedded quizzes
on the platform [31].

Survey analysis was conducted using user experience data
gathered from students enrolled in the treatment group at the
end of the course through an electronic web-based questionnaire
sent out by email. Students first answered 4 questions about
Picmonic, focusing on information retention, concept
understanding, higher test scores, and its usefulness as a learning
supplement. Next, students were asked to answer 3 questions
regarding their level of satisfaction, frequency of use, and
favorite features of the platform—as shown in the Student
Experience Survey Instrument in Multimedia Appendix 1.
Researchers manually categorized answers to questions
regarding their favorite features in Excel. Accordingly, summary
statistics were calculated and compared using the data collected
from student survey responses.

Ethical Considerations
This study was approved by NYCPM’s IRB (23575) in May
2022. Informed consent was waived off by the IRB since
students agree to the use of unidentifiable education data for
research purposes at registration.

As per institutional policy, the IRB approval for this study is a
blanket approval provided for all curriculum-related studies,
which are undertaken at the college using deidentified aggregate
course data rather than individual scores. The original consent
or blanket IRB approval covers secondary analysis without
additional consent since all incoming new students are required
to sign a consent form agreeing to the use of unidentifiable
course and education-related data for research purposes at the
beginning and is applicable throughout their enrollment in the
program.

All students enrolled in the courses that were included in this
study were informed about the research and were made aware
that the deidentified aggregate course performance data and
their feedback would be used to gather data for this pilot study.
This information was also reiterated when they were given the
survey instruments to record their feedback which was optional
for them to fill out.

All data used in this study are course-level aggregate data
calculated from score-related data that are anonymized or
deidentified.

No compensation was provided for participation in the research
study as the courses used are required as part of the podiatric
medical curriculum. The students were made aware their
feedback would be collected in the form of responses to a survey
questionnaire which was optional to complete. Transparency
and fairness were ensured by clarifying that the survey
instrument was not mandatory and without any consequences
for participants who opted out of responding to the questions
included in the survey.
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Results

Statistical Analysis
The difference in distribution of exam scores and final grades
among the treatment and control groups was visualized using
bar graphs (Figure 1A), and box plots (Figure 1B). The summary
statistics (Table 1) show the central tendencies using mean exam
scores and mean final grade, the spread of the scores using
standard deviation, and the shape of the score distributions
within each group (Figure 1B), which were used to identify

potential differences between the groups. The treatment group
had significantly higher average exam scores for most of the
course exams and had higher final grades compared to the
control group (Figure 1A). The difference in the average scores
of the first 2 exams (P<.001), the third exam (P=.04), and the
final course grades (grand total) (P<.001) between the 2 groups
with and without access to Picmonic was significant. There
were also significant differences in variance for exam 1, exam
2, exam 3, and the final grade between the treatment and control
groups (Table 2).

Figure 1. Comparison of student performance in course assessment between treatment group (T) and control group (C) based on (a) scaled mean test
scores and final course grades from treatment group (having access to Picmonic or AV instruction) and control group (without access to Picmonic or
audiovisual instruction) and (b) score distributions within each group.

Table . Statistical analysis of student performance in course assessments for treatment and control groups.

Cohen dPooled SDWelch t test P
value

Mean differ-
ence

Treatment, mean (SD)Control, mean (SD)Exam

2.3980.075<.0010.1950.975 (0.052)0.780 (0.098)Exam 1

1.4860.101<.0010.1690.910 (0.052)0.741 (0.143)Exam 2

0.4630.110.0050.0540.858 (0.089)0.803 (0.133)Exam 3

−0.4490.092.006−0.0410.790 (0.092)0.832 (0.091)Exam 4

0.9570.072<.0010.0750.864 (0.049)0.789 (0.094)Final grade

Table . Analysis of variance of exam scores and final grades between treatment and control groups.

P valueLevene test statisticAssessment

Significant compared to control<.001a19.442Exam 1

Significant<.001b52.632Exam 2

Significant.044.354Exam 3

Not significant.720.127Exam 4

Significant<.001c14.652Final grade

a(1.92×10−5)
b(1.77×10−11)
c(1.87×10−4)

Levene test statistic values for potential differences in variance
of exam scores and final grades between the 2 groups revealed
significant differences in variance for exam 1, exam 2, exam 3,
and the final grade (Table 2). The results of Welch t test used

to compare the average final exam scores and final grades
indicated statistically significant differences between the 2
groups’ first 3 exams and final grades for the course (P<.01)
(Table 1). Cohen d values calculated to quantify the observed
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differences between the treatment and control groups across all
exams and the final grade revealed a large effect size for exam
1 (d=2.397), exam 2 (d=1.486), and the final grade (d=0.957)
(Table 1).

Logistic Regression
A logistic regression analysis between access to Picmonic and
the likelihood of achieving a high final course grade of 90 out

of 100 (90%) or above resulted in an odds ratio which indicates
that, assuming all other factors are constant, students in our
study with access to Picmonic were 2.72 times more likely to
have received a final grade of 90% or higher and a letter grade
of A in the course. The log-likelihood ratio P value is .02
(P<.05); therefore, we reject the null hypothesis that the base
model with only the intercept is better than the model with
access to Picmonic used as the predictor (Table 3).

Table . Regression analysis of the association between access to Picmonic and receiving a high final grade.

Upper CILower CIP valueaz valueSECoefficientPredictor

−1.260−2.737<.001−5.3030.377−1.998Intercept

1.8450.098.032.1800.4460.971Picmonic access

aModel log-likelihood ratio P value =.02.

Correlation Analysis
Pearson correlation coefficient calculated to explore the
relationship between final course grade and various usage

statistics (number of videos played, questions answered, and
quiz accuracy) show that students in the treatment group who
answered more questions on the platform tended to get a higher
final score (r=0.25, P=.02) (Table 4 and Figure 2).

Table . Analysis of correlation between final grades and platform usage metrics.

P valuePearson rFinal grade with:

.020.247965674Questions answered

.240.124515676Daily quiz rounds

.350.09980258Videos played

.480.074970912Quiz accuracy

Figure 2. Correlation analysis between final course grades and (a) the number of in-video questions answered, (b) number of daily quiz round attempts,
(c) number of times videos watched, and (d) overall accuracy of embedded quizzes.
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Survey Analysis
The response rate for item 1 of the survey instrument, which
consisted of 4 questions about the students’perceived usefulness
of Picmonic, was 73% (66 out of 91). In this item, students
indicated strong agreement regarding Picmonic’s positive impact
on information retention, concept understanding, higher test
scores, and usefulness as a supplementary learning tool (Figure
3A). In item number 4, students also reported an average
satisfaction rating of 3.71 out of 5 (Figure 3B). Out of 53
students who responded to item number 2 in the survey

questionnaire, 36 accessed Picmonic at least once a
week—predominantly 1‐2 times per week (Figure 3C). In
item number 3, 50 out of 91 students responded to the
open-ended questions regarding user experience or preferences
about their favorite feature of Picmonic with some choosing
more than 1 feature. The number of times each feature was
reported as preferred is listed and compared in Table 5.
Noteworthy features of Picmonic highlighted by students
included videos, quizzes and questions, mnemonics, and content
(Table 5).
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Figure 3. Analysis of student experience feedback data. Student experience survey insights and summary of qualitative open-ended student feedback
data showing (a) perceived effectiveness of Picmonic on various learning outcomes and retention, (b) user satisfaction level, and (c) frequency of use.
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Table . Comparative analysis of student feedback performed on open-ended questions regarding user experience or preferences.

Feedback (N=50), n (%)

15 (30)Videos

9 (18)Quizzes and questions

9 (18)Mnemonics

9 (18)Content

6 (12)Images

4 (8)User interface

2 (4)General

Discussion

Principal Findings
In our study, we observed that students with access to the
multimedia and mnemonic-based AV learning resource scored
higher on most exams, had higher final grades, and were more
likely to receive a final grade of 90% or higher. The resulting
effect sizes for the treatment group are large enough to be
meaningful in the real world; however, other factors may have
contributed to the observed effect size. Students in the treatment
group who answered more questions on the platform tended to
get a higher final score. Most students used Picmonic at least
once a week to learn the course content. The lower response
rate on this item asking about the frequency of accessing
Picmonic in a week could be due to the inability of participants
to remember their frequency of access at the time of completing
the survey several weeks after the completion of the course and
semester. Students had positive opinions regarding Picmonic’s
platform user experience and its effectiveness in helping them
retain information, learn and understand concepts, and achieve
higher test scores. In this course, the students reported the videos
to be their most preferred feature, followed by mnemonics and
self-assessment quiz questions associated with the videos, which
allowed them to test their knowledge both during and after
watching the assigned videos on their own time with unlimited
attempts. In this context, it is important to note that though
students generally prefer to watch videos on their own rather
than attending class, the 2 groups were treated equally since
both the reading assignments (for the control group) and the
Picmonic-based video assignments (for the treatment group)
were assigned to be completed outside of class on their own
time. Additionally, the students in the treatment group were
assigned to watch the videos and complete the video-embedded
quizzes within a specific time frame to mimic the reading
assignments given to the control group. To receive the 5%
participation grade, the treatment group had to complete the
Picmonic video assignments within the instructor-provided
deadline corresponding to the weekly topical schedule, which
is similar to that of the control group, rather than watching the
assigned videos at their own pace throughout the semester.

Comparison With Previous Research
Our experimental results indicate that students with access to
the multimedia-based AV mnemonic learning resource scored
higher on most exams, had higher final grades, and were more
likely to receive a final grade of 90% or higher. The difference

between the grades achieved by the 2 groups is large enough to
be meaningful in the real world. These findings are consistent
with previous studies that have demonstrated the effectiveness
of AV mnemonics and web-based learning tools in enhancing
memory retention and learning outcomes in medical education
[12,16].

Yang et al [12] observed improved student performance in
free-recall and paired-matching tests when using an earlier
version of the multimedia-based learning platform that we have
used here that was released almost 10 years ago, while the
current version that we have used has newer, redesigned, more
impactful, and shorter videos, though still based on the same
type of picture mnemonics and principles of spaced repetition
and visual learning. The currently available version that was
used in this study also has improved dashboard features and
assessment capabilities compared to the older version. Abdalla
et al [13] also found that students who had undergone AV
sessions had higher marks on response answer questions, shorter
time spent answering questions, and higher memory
consolidation after specific time benchmarks. These studies
underscore the importance of memory and knowledge retention
in medical students’ academic performance.

Results examining user interaction with the resource showed
that the more questions a student answered on a
multimedia-based AV learning platform (like Picmonic) using
spaced repetition and mnemonics, the higher their grade tended
to be. This finding aligns with research highlighting the benefits
of interactive user interfaces and spaced repetition in increasing
memory retention and higher order thinking [12].

Survey responses indicated that students found the resource
useful for learning concepts, retaining information, and
achieving higher test scores. This is consistent with previous
research demonstrating increased student engagement,
comprehension, and satisfaction with multimedia-based
resources compared to traditional instructional methods
[15,18-20]. Studies by Tackett et al [23] examined student
engagement with commercially produced medical education
videos incorporated into a preclinical course and also found the
videos to be helpful for student learning and improved students’
experiences.

Overall, our findings contribute to the growing body of evidence
supporting the integration of multimedia-based learning
resources and AV mnemonics in medical education curricula
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to enhance student learning experiences and outcomes
[7,8,12,16,17].

Limitations
While this investigation showed promising initial findings, we
recognize that the study design limits its ability to make
unequivocal causal inferences about the impact of the
multimedia tool alone on the outcomes. The sample size is
relatively small, and the lack of randomization in the study
design may limit the generalizability of the findings. The
quasi-experimental design with nonrandom assignment to
treatment and control groups restricts the establishment of a
cause-and-effect relationship [24], which could potentially affect
the internal validity of the study and its ability to accurately
infer whether the change in outcomes was caused by the
intervention. Without randomized selection of the 2 groups, we
cannot rule out potential unmeasured differences due to
systematic differences in sample selection [23]. The study only
examined the effect of the implementation of the intervention
in 1 preclinical infectious disease course, limiting assessment
of the tool’s effectiveness. Additionally, the 5% participation
credit component was implemented differently for the control
(class participation) versus treatment (video watching) groups,
which could impact effort levels.

The 2 most likely influential unmeasured confounding variables
in our study are potential differences in the overall academic
aptitude of the students in each sample [13], as well as potential
differences in the amount of time spent with study materials
between the 2 groups due to the spaced repetition provided in
the Picmonic platform, which could impact the results. The
potential difference in student aptitude between the 2 groups
should be somewhat mitigated by the fact that both groups were
2nd-year medical students at the same college when being tested.
Additionally, the 2 groups had similar average standardized test
scores and mean incoming GPAs at the beginning of the
semester. The absence of pretest observations comparing the
treatment group to the control group makes it difficult to know
whether any differences between the 2 groups could potentially
be attributed to pre-existing factors rather than the multimedia
learning tool alone [14].

Since this study was done on a very limited number of students
and involved only 1 course focused on the topic of preclinical
medical microbiology and infectious diseases, this effect may
not be generalized for all topics or types of courses. This course
is heavily dependent on memorization and recall due to the
nature of the topics covered, which may also contribute to the
impact of the integration of visual learning with mnemonics
and spaced repetition and therefore may not be equally
applicable in another course that does not require extensive
memorization.

Conclusions
Our study shows strong agreement amongst students that
Picmonic helped them achieve key learning outcomes. Usage
data revealed a positive relationship between final grades and
students’ usage of platform features; the number of in-video
questions answered had a stronger correlation than the number
of times videos were watched or the accuracy of topic-associated
quiz attempts. Students that were given access to Picmonic did
better on exams; however, it must be noted that due to the
nonrandomized sampling process, posttest-only study design,
limited implementation, and small sample size, it is difficult to
conclude whether the difference was due solely to the integration
of the new tool. The improved course grades and test scores in
the treatment group may have been due to the inherent
confounding factors like comprehension and retention skills or
increased contact time with the course topics provided by the
platform features. Our pilot study focused on the integration of
Picmonic, a multimedia-based learning resource, in only 1
course, but implementing it across more courses over multiple
semesters would strengthen the assessment of the tool’s
effectiveness. Despite its limitations, this study provides insight
into the potential benefits of integrating multimedia learning
resources in podiatric medical education. However, a larger
study that implements this type of learning resource on a larger
scale, and in more preclinical and clinical courses throughout
the curriculum, is needed to further analyze its effectiveness in
the podiatric medical curriculum.
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Multimedia Appendix 1
Example of the playlist of Picmonic videos and embedded quiz questions on Gram positive bacilli assigned to the treatment group
students.
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Multimedia Appendix 2
Student user experience survey instrument.
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Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
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Abstract

Background: OpenAI released versions ChatGPT-3.5 and GPT-4 between 2022 and 2023. GPT-3.5 has demonstrated proficiency
in various examinations, particularly the United States Medical Licensing Examination. However, GPT-4 has more advanced
capabilities.

Objective: This study aims to examine the efficacy of GPT-3.5 and GPT-4 within the Taiwan National Pharmacist Licensing
Examination and to ascertain their utility and potential application in clinical pharmacy and education.

Methods: The pharmacist examination in Taiwan consists of 2 stages: basic subjects and clinical subjects. In this study, exam
questions were manually fed into the GPT-3.5 and GPT-4 models, and their responses were recorded; graphic-based questions
were excluded. This study encompassed three steps: (1) determining the answering accuracy of GPT-3.5 and GPT-4, (2) categorizing
question types and observing differences in model performance across these categories, and (3) comparing model performance
on calculation and situational questions. Microsoft Excel and R software were used for statistical analyses.

Results: GPT-4 achieved an accuracy rate of 72.9%, overshadowing GPT-3.5, which achieved 59.1% (P<.001). In the basic
subjects category, GPT-4 significantly outperformed GPT-3.5 (73.4% vs 53.2%; P<.001). However, in clinical subjects, only
minor differences in accuracy were observed. Specifically, GPT-4 outperformed GPT-3.5 in the calculation and situational
questions.

Conclusions: This study demonstrates that GPT-4 outperforms GPT-3.5 in the Taiwan National Pharmacist Licensing Examination,
particularly in basic subjects. While GPT-4 shows potential for use in clinical practice and pharmacy education, its limitations
warrant caution. Future research should focus on refining prompts, improving model stability, integrating medical databases, and
designing questions that better assess student competence and minimize guessing.

(JMIR Med Educ 2025;11:e56850)   doi:10.2196/56850

KEYWORDS

artificial intelligence; ChatGPT; chat generative pre-trained transformer; GPT-4; medical education; educational measurement;
pharmacy licensure; Taiwan; Taiwan national pharmacist licensing examination; learning model; AI; Chatbot; pharmacist;
evaluation and comparison study; pharmacy; statistical analyses; medical databases; medical decision-making; generative AI;
machine learning
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Introduction

Background
With the advent of the artificial intelligence (AI) era,
applications of AI in the medical field have increased with
ChatGPT (OpenAI) being the most notable examples. ChatGPT
is a large language model based on a generative pretrained
transformer developed by OpenAI. ChatGPT-3.5 (GPT-3.5)
was the first publicly accessible version, while ChatGPT-4
(GPT-4) was the subscription version. GPT-4 surpasses GPT-3.5
in advanced reasoning, almost nearing human-level performance
in professional and academic examinations [1,2]. For instance,
GPT-4 ranked in the top 10% of scores on a law examination,
whereas GPT-3.5 ranked in the bottom 10% [3]. Additionally,
GPT-3.5 resolved 90% of false-belief tasks, achieving the level
of a 7-year-old child, whereas GPT-4 resolved 95% of these
tasks [4]. Following its launch, ChatGPT has been extensively
studied and discussed in both the medical and educational fields
[5]. The most widely recognized performance of GPT-3.5 has
been on the United States Medical Licensing Examination
(USMLE) [6,7]; however, GPT-3.5’s performance did not meet
expectations in other examinations [8-11]. Gradually, Nori et
al [12]observed that the accuracy of GPT-4 was higher than that
of the GPT-3.5 on the USMLE, and further studies confirmed
that GPT-4 outperforms GPT-3.5 [13-16]. However, there has
been limited research on its performance in pharmacy
examinations.

In the field of pharmacy, GPT-3.5 has exhibited commendable
performance in clinical toxicology and pharmacology [17,18],
although it has not passed the National Pharmacist Licensing
Examination (NPLE) in Taiwan [19]. However, GPT-4 has
outperformed GPT-3.5 in drug information [20] and China’s
Pharmacist Licensing Examination [21]. Generative AI models,
a large language model, has been applied in drug development
and novel drug design [22-24], pharmacovigilance [25,26],
pharmacokinetic model development [27], pharmacy education,
and research writing [28,29].

Goal of the Study
According to previous studies, GPT-3.5 failed to pass the NPLE,
indicating its limitations in pharmacy education. Based on these
findings, we hypothesized that GPT-4 would outperform
GPT-3.5 in this context, demonstrating greater proficiency. To
test this hypothesis, this study compared the performance of
GPT-3.5 and GPT-4 on Taiwan’s NPLE. Additionally, we
conducted a comprehensive assessment of their performance
across various question types, with a focus on pharmacy-related
tasks such as pharmacokinetic calculation and clinical
decision-making scenarios. This analysis aims to determine the
practical applications of GPT-4 in pharmacy education and
establish guidelines for its optimal use in this field.

Methods

Background
The NPLE in Taiwan is divided into 2 stages. The first stage
focuses on 3 basic subjects: pharmacology and pharmaceutical

chemistry, pharmaceutical analysis and pharmacognosy
(including traditional Chinese medicine), and pharmaceutics
and biopharmaceutics. The second stage focuses on 3 clinical
subjects: dispensing and clinical pharmacy, pharmacotherapy,
and pharmacy administration and pharmacy law. The first and
second stages of the examination have 240 and 210
multiple-choice questions, respectively. Pharmacy students
typically complete the first-stage exam after completing their
third year of university coursework. They become eligible for
the second-stage exam only after passing the first examination,
completing their internships and obtaining their graduation
certificates. After passing the second-stage examination,
candidates receive their pharmacist certificate, allowing them
to practice as a pharmacist legally.

Data Source
This study used the 2-stage NPLE questions released by the
Ministry of Examination in February 2023, with each subject
exam lasting for 1 hour. The version of NPLE used in this study
was the most recent available at the time of research. We used
both GPT-3.5 (free version) and GPT-4 (licensed version). No
temperature settings were applied. Examination questions were
manually fed into GPT-4 and GPT-3.5 sequentially. To simulate
student responses, complete questions were entered into the
models without tailored prompts. One question was input at a
time, and the responses were recorded for analysis. Since
GPT-3.5 cannot process images and image functionality of
GPT-4 was unavailable during the analysis, only text-based
questions were used. Questions containing graphics, such as
chemical structures, tables, symbols, and formulas were
excluded. Both models were presented with the same set of
questions under identical conditions. Due to the limitations on
the number of times the model could be used and required
cooling time between queries, all questions were answered
sequentially and not timed to avoid any potential bias introduced
by time constraints.

Study Design
The study was divided into 3 parts; the first part compared the
accuracy of GPT-4 and GPT-3.5, as well as in different subjects.
The second part compared the accuracy of GPT-4 and GPT-3.5
across different question types. These questions were
categorized into 4 types: memory-based questions (1 correct
word answer out of 4 options, low-level thinking; Figure 1),
judgment questions (1 correct statement out of 4, medium-level
thinking; Figure 2), reverse questions (1 incorrect statement out
of 4, medium to high-level thinking; Figure 3), and
comprehension questions (multiple-choice or matching types,
high-level thinking; Figure 4). One pharmacist classified the
questions according to these established categories and the
second pharmacist reviewed the classifications. In the event of
disagreement, a third pharmacist was consulted for the final
decision. All pharmacists had over 10 years of experience in
medical center hospitals or community teaching hospitals. The
third part compared the accuracy of GPT-4 and GPT-3.5 for
calculation-based and case scenario questions (Figure 5). Model
testing for this study was conducted from May 10 to July 20,
2023.
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Figure 1. Template of a memory-based question (choose 1 correct word from 4 options, requiring low-level thinking).

Figure 2. Template of a judgment question (choose 1 correct statement from 4 options, requiring medium-level thinking).

Figure 3. Template of a reverse question (choose 1 incorrect statement from 4 options, requiring medium- to high- level thinking).

Figure 4. Template of a comprehension questions (multiple-choice or matching types, requiring high- level thinking).
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Figure 5. Template of a case scenario question.

Statistical Analysis
Microsoft Excel 2019 was used to compare the accuracy rates

of the 2 models. χ2 tests were used to compare the overall
accuracy rates of answers obtained using GPT-3.5 and GPT-4.
McNemar tests were used to compare the consistency in answers
between GPT-3.5 and GPT-4, and for the calculation-based and
situational question types using R software (version 4.2.2; R
Foundation for Statistical Computing).

Ethical Considerations
This study involved comparing the performance of ChatGPT-4
and ChatGPT-3.5 in the pharmacist licensing examination. It
did not involve human participants. As per the guidelines of the
'Human Research Cases Exempted from Ethics Review Board'
issued by the Ministry of Health and Welfare, Taiwan, this study
was exempted from Ethics Review Board analysis.

Results

Accuracy in Different Subjects
In total, 203 and 210 questions were included for analysis from
the first- and second-stage examinations, respectively, after

excluding 37 questions containing graphical elements (N=413)
(Figure 6). GPT-4 had an overall accuracy of 72.9% (301/413),
easily passing the test (60% threshold) and outperforming
GPT-3.5 which achieved an accuracy of 59.1% (244/413;
P<.001). In terms of accuracy by stage, GPT-4’s overall
accuracy was significantly higher than that of GPT-3.5 (73.4%
vs 53.2% or 149/203 vs 108/203; P<.001) in basic subjects of
the first stage. GPT-4 also significantly outperformed GPT-3.5
in each of the 3 basic subjects. In the clinical subjects of the
second stage, GPT-4’s accuracy was higher but not statistically
significant than that of GPT-3.5 (72.4% vs 64.8% or 152/210
vs 136/210; P=.096). In pharmacy administration and pharmacy
law, GPT-4’s accuracy was lower than that of GPT-3.5 (56%
vs 60% or 28/50 vs 30/50; P=.96). Among individual subjects,
significant differences were observed in pharmacology and
pharmaceutical chemistry (P=.02), pharmaceutical analysis and
pharmacognosy (P=.02), and pharmaceutics and
biopharmaceutics (P=.002). No significant differences were
noted in dispensing pharmacy and clinical pharmacy (P=.07),
pharmacotherapeutics (P=.10), and pharmacy administration
and pharmacy law (P=.48).
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Figure 6. Accuracy comparison of ChatGPT-3.5 and ChatGPT-4 across different subjects. *P<.05.

The overall consistency among answers significantly differed
between the 2 models (68%, P<.001), with GPT-4 showing
consistent correct answers in 49.4% (n=204) of cases and

consistent incorrect answers in 18.6% (n=77) of cases (Table
1).

Table . Performance comparison of consistency between ChatGPT-3.5 and ChatGPT-4.

GPT-4ChatGPT-3.5 responses

Incorrect answers, n (%)Correct answers, n (%)

38 (9.2)204 (49.4)Correct answer

77 (18.6)94 (22.8)Incorrect answer

Accuracy in Different Question Types
Among the 413 examination questions analyzed, memory-based
questions were the most common (n=254, 61.5%), followed by
judgment questions (n=82, 19.9%), reverse questions (n=46,

11.1%), and comprehension questions (n=31, 7.5%). GPT-4
and GPT-3.5 did not differ significantly in terms of accuracy
of answers between question types (P=.461 vs P=.18; Table 2).
GPT-4 is significantly better than GPT-3.5 in memory-based
questions (P<.001) and comprehension-based questions(P=.03).

Table . Accuracy comparison of ChatGPT-3.5 and ChatGPT-4 by question type.

P valueTotal, n (%)GPT-4 Correct answers, n
(%)

GPT-3.5 Correct answers, n
(%)

Question type

<.001a254 (61.5)188 (74)155 (61)Memory-based questions

.0646 (11.1)30 (65.2)21 (45.7)Judgment questions

.4182 (19.9)56 (68.3)51 (62.6)Reverse questions

.03a31 (7.5)24 (77.4)16 (51.6)Comprehension questions

aP<.05.

Figure 7 shows the performance comparison of GPT-3.5 and
GPT-4 across question types. The data provided insights into
the relative strengths and weaknesses of each model.
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Figure 7. Performance comparison of GPT-3.5 and GPT-4 across question types (A) memory-based, (B) judgement, (C) reverse , and (D) comprehension.
The heatmaps display the number of answers, with darker shades indicating higher counts of correct responses and highlighting model performance.

Further analysis of the discrepancies between the models
revealed no significant difference in questions answered
incorrectly by GPT-3.5 but correctly by GPT-4 (n=94) and vice
versa (n=38) across the 4 question types (P=.27 vs P=.95).

For calculation-based questions, GPT-4 showed higher accuracy
than that of GPT-3.5 (80% vs 40%, P=.03), with the most
pronounced difference in pharmaceutics and biopharmaceutics
subjects. In scenario-based questions, GPT-4 also outperformed
GPT-3.5 in terms of accuracy (63% vs 44.4%, P=.41), though
the difference was nonsignificant.

Discussion

Principal Findings
This study demonstrates that GPT-4 significantly outperformed
GPT-3.5 in the Taiwan NPLE, surpassing the passing threshold,
especially in basic pharmacy subjects. These subjects, which
have only a 13.82% passing rate among human students, are
particularly challenging. GPT-4 excelled in areas such as
pharmacology, pharmaceutical chemistry, pharmaceutical
analysis, and pharmaceutics, consistently providing correct
answers and comprehensive explanations. Although GPT-4 also
performed better than GPT-3.5 in clinical subjects such as
dispensing pharmacy and therapeutics, the performance gap
was narrower in these areas.

In specific subjects like pharmacodynamics, pharmacokinetics,
and drug-related topics in the autonomic nervous system, GPT-4
consistently provided accurate responses, where GPT-3.5 often
faltered. Additionally, GPT-4 exhibited superior accuracy in
bioavailability, dosing, and pharmacokinetic calculations.
However, GPT-4’s accuracy dropped in topics like herbal
medicines and pharmacy law, emphasizing the need for further
model refinement in these areas [30].

Comparison with Literature
Previous studies have established that GPT-4 consistently
outperforms GPT-3.5 in various medical exams, including the
Australian Medical Licensing Examination [31], Canadian
Radiology Examination [15], Turkish Medical Examination
[32], and Japanese Medical Licensing Examination [33]. In
many of these examinations, GPT-4 consistently achieved scores
above 70% [34-36]. This study aligns with those findings,
showing GPT-4’s superior performance in the Taiwan NPLE.
Unlike prior research that focused on real-world clinical
applications [37-43], this study comprehensively assessed the
models across various pharmacy domains.

A study by Choi [44] reported that GPT-3.5 performed well on
memory-based questions but struggled with problem-solving,
whereas GPT-4 demonstrated better performance in
comprehension and judgment tasks. Similarly, a radiology study
suggested that GPT-4 outperformed GPT-3.5 on higher-order
thinking questions but not on lower-order questions [15]. These
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findings slightly differ from the results of our study, where
GPT-3.5 exhibited higher accuracy in both memory-based
(low-level thinking) and reverse (mid-level thinking) questions.
However, GPT-4 surpassed GPT-3.5 across all question types,
particularly in comprehension (high-level thinking) and
memory-based (low-level thinking) questions. In judgment,
reverse, and comprehension questions—tasks that demand more
advanced reasoning—GPT-4 demonstrated superior accuracy
with fewer errors compared to GPT-3.5. Additionally, GPT-4’s
ability to correct errors made by GPT-3.5 reinforces its potential
as a more reliable model for pharmacy-related assessments.

Further, GPT-4 significantly outperformed GPT-3.5 in
calculation questions. While GPT-3.5 provided step-by-step
explanations but often guessed the final answer—a phenomenon
known as hallucination’ due to insufficient training—GPT-4
exhibited stronger logical reasoning (Figure 8) with over 80%
accuracy. However, it still made errors in 20% of cases,
indicating the need for needed during its use [21,45]. In clinical
applications, modifying prompts has been shown to improve
GPT’s accuracy [46]. For integrated analysis questions, GPT-4’s
performance was slightly better than GPT-3.5, consistent with
findings from a nursing licensure examination in Japan [14].

Figure 8. Template of the questions that GPT-4 exhibited stronger logical reasoning.

Implications for Education
The study highlights GPT-4’s potential as an educational tool,
particularly in pharmacy education. GPT-4 can offer extensive
practice opportunities for pharmacy students across both basic
and clinical subjects, providing both correct answers and detailed
explanations [18,47] to enhance understanding. Given the lower
passing rates among pharmacy students in basic subjects among
that were challenging, GPT-4 could assist in individualized
learning. Its strength in comprehension and integrated analysis
questions makes it a valuable resource for fostering critical
thinking skills.

Despite its advancements over GPT-3.5, GPT-4’s occasional
inconsistencies suggest that model stability is not yet perfect.
Questions correctly answered by GPT-3.5 were not always
consistently answered by GPT-4. Nevertheless, GPT-4’s
accuracy, approaching 80% suggests that it can serve as an
effective learning supplement, provided educators guide students
in minimizing potential errors. For instance, specifying clearer
prompts, such as “Please do not add your own opinions”, may

help mitigate hallucinations and enhance its use in educational
settings.

In addition, educators should consider adjusting the format of
examinations by replacing memory-based questions with
comprehension questions, which can reduce the chances of
guessing and better assess students’ true intelligence.

Limitations
The primary limitation of this study is the time frame during
which the models were tested (ie, from May 10 to July 20,
2023), which may affect the reproducibility of the results if
retested in the future. Additionally, both GPT-3.5 and GPT-4
struggled with recognizing structural diagrams, limiting their
performance in areas such as pharmaceutical chemistry and
pharmacognosy. These limitations, consistent with previous
research, highlight the need for cautious application of GPT
models in fields that require visual recognition [11,48,49].
Additionally, the models showed poorer performance in subjects
with less available training data and specific medical knowledge
such as pharmacy law and traditional medicine, indicating
potential biases in the models’ training. We suggest that future
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efforts in model development should focus on incorporating
more diverse and comprehensive data to reduce such biases.

Conclusions
This study demonstrates that GPT-4 outperforms GPT-3.5 in
the Taiwan NPLE, particularly in pharmacy expertise,
calculation ability, and situational case studies, with a notable
advantage in basic subjects. It is recommended that GPT-4 be
applied in clinical pharmacy practice (ie, patient education, drug

consultation) and pharmacy education, particularly to support
self-directed learning. However, given its limitations, caution
is advised when integrating GPT-4 into clinical settings and
educational programs. Future research should focus on refining
prompts, improving model stability, integrating medical
databases, and enhancing comprehensive questions to evaluate
student competence more effectively while minimizing the
chance of guessing correct answers.
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Abstract

Background: Patients in the United States have recently gained federally mandated, free, and ready electronic access to clinicians’
computerized notes in their medical records (“open notes”). This change from longstanding practice can benefit patients in
clinically important ways, but studies show some patients feel judged or stigmatized by words or phrases embedded in their
records. Therefore, it is imperative that clinicians adopt documentation techniques that help both to empower patients and minimize
potential harms.

Objective: At a time when open and transparent communication among patients, families, and clinicians can spread more easily
throughout medical practice, this inquiry aims to develop informed guidelines for documentation in medical records.

Methods: Through a series of focus groups, preliminary guidelines for documentation language in medical records were
developed by health professionals and patients. Using a structured focus group decision guide, we conducted 4 group meetings
with different sets of 27 participants: physicians experienced with writing open notes (n=5), patients accustomed to reviewing
their notes (n=8), medical student educators (n=7), and resident physicians (n=7). To generate themes, we used an iterative coding
process. First-order codes were grouped into second-order themes based on the commonality of meanings.

Results: The participants identified 10 important guidelines as a preliminary framework for developing notes sensitive to
patients’ needs.

Conclusions: The process identified 10 discrete themes that can help clinicians use and spread patient-centered documentation.

(JMIR Med Educ 2025;11:e59301)   doi:10.2196/59301

KEYWORDS

open notes; patient-centered documentation skills; medical student education; 21st Century Cures Act

Introduction

Reflecting long-standing tradition, medical record notes
documenting clinical encounters have primarily served the
doctors or other health professionals preparing them. Their

diverse functions include accurate documentation of a patient’s
unique circumstance, refreshing clinicians’ memories,
documenting diagnostic reasoning, communicating cogently
with colleagues, justifying charges for encounters, and serving
as material for assaying quality of care.
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Until about 15 years ago, clinicians prepared such notes rarely
with patients or their families envisioned as potential recipients
[1]. Since the turn of this century, however, the movement
toward more open and transparent communication with patients
has grown, and since April 2021, federal rules in the United
States now mandate that all patients (with very limited permitted
exceptions) are offered online and rapid access to their clinical
records, including the notes written by clinicians (“open notes”)
[2,3].

Whether one note can serve diverse recipients remains an open
question, however, studies suggest room for optimism. A large
majority of clinicians experienced with open notes favor their
continuation, and few report “dumbing down” what they write
[4]. Moreover, extensive survey and qualitative research
demonstrate that patients who review their records and read
their notes feel more involved in and knowledgeable about their
care, report being better prepared for visits, and indicate they
are more likely to follow their clinicians’ advice [5-11].
However, words matter, and studies also show that patients can
feel judged, stigmatized, or offended by their notes, with
potentially adverse effects on the clinician-patient relationship
[12-15]. For example, a recent study at 3 diverse health systems
found that 1 in 10 patients reported feeling judged or offended
by an outpatient note, reflecting the perception that the note
contained errors, surprises, inappropriate labeling, or evidence
of disrespect [16].

To date, little empirically informed counsel about best practices
with respect to patient-centered documentation has been
published [17]. Although studies have demonstrated that certain
language in notes influences clinician attitudes toward patients
and that specific words used can negatively impact the
clinician-patient relationship, what language providers should
use or avoid has not been clearly described [11,15]. Within the
current medical literature, some recommendations have been
offered on how clinicians might better prepare for the era of
open notes [18]. However, there are no evidence-informed
guidelines describing concrete approaches to patient-centered
language in clinical notes, and such guidance may be important
for developing mindful practices.

In preparation for an educational intervention with medical
students and practitioners supervising their work [19], we aimed
to address this gap in knowledge and practice by drawing on
the perspectives of patients, physicians facile with open notes,
medical educators responsible for teaching clinical skills to
early learners, and medical residents, who often teach students
directly. Following dedicated discussions with these 4 groups
and subsequent thematic analysis of their perspectives, we
developed a set of guidelines as a preliminary framework for
future initiatives aimed at teaching patient-centered
documentation skills to medical students, their preceptors, and
a broad range of clinicians.

Methods

We conducted 4 focus groups with discrete groups of individuals
to gain an understanding of their perspectives and experiences
with written medical documentation. Our goal was to develop

guiding principles for best practices in patient-centered
documentation skills.

Design
Our focus groups addressed experiences with written medical
documentation (patient notes), with particular attention to the
language used in notes. We sought a range of perspectives and
structured the groups based on the type of participant. Within
their respective groups, the aim was to create opportunities for
interaction and comparison of responses among participants
[20,21]. This methodology can generate a large volume of
responses, and we anticipated a robust discussion of experiences
among participants. Although there is no consensus about the
ideal number of participants in focus groups, our goal was to
recruit between 6 and 10 participants per group [22]. All study
procedures received ethical approval in March 2022 and met
exempt status both from the Beth Israel Deaconess Medical
Center institutional review board (reference number
2022P000079) and the Mass General Brigham institutional
review board (reference number 2022P000635).

Recruitment and Participants
We convened four groups of participants: (1) patients familiar
with open notes, (2) practicing physicians facile with open notes,
(3) medical student educators involved with teaching clinical
skills, and (4) resident physicians working closely with medical
students. Between March and April 2022, we used various forms
of outreach to recruit participants: For the patient focus group,
LS identified, recruited, and contacted patients through email
with a flyer attachment. For the group of practicing physicians,
TD identified and AG recruited individuals having active
experiences with open notes at academic institutions across the
country. For the group of medical student teachers, AV and KJ
recruited physician educators through the national medical
educator list, which included Clerkship Directors in Internal
Medicine and Directors of Clinical Skills. For the focus group
of residents, AV and KJ identified and contacted through email
residents from Beth Israel Deaconess Medical Center and
Massachusetts General Hospital who had expressed interest in
medical student education. For their time, patient participants
were offered a US $100 honorarium, and physicians a US $50
honorarium.

Between April and May 2022, we convened four 90-minute
focus groups, each composed of specific types of participants
as described above. Focus groups were conducted through Zoom
(Zoom Video Communications) and recorded for transcription.

Format of Focus Groups
Each group followed the same script, with the meetings
facilitated by 2 of the study leaders (AV and KJ). Drawing on
a variety of stakeholder perspectives, the research team
collectively devised the structured interview script. The team
included medical educators, practicing physicians, a health
services researcher, a patient advocacy researcher, a health
services researcher, and a medical ethicist. The script was
developed based on the group’s experiential, ethical, and
practical experience. To assess face validity, the questions were
further honed, refined, and pretested with 4 doctors and 3
patients, leading to further refinements in the wording of
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questions and prompts (Textbox 1). Groups opened with a
standard anonymity disclosure, along with a description of the
reason behind the inquiries. We offered participants the
opportunity to opt out at any time during the process.

Participants were encouraged to set their screen name, however,
they felt comfortable and to keep their video off if so desired.
To preserve anonymity, we asked participants not to mention
each other’s names during the session.

Textbox 1. Focus group questions for patient and physician groups.

(10 minutes per question)

Question 1: What do you recall from any previous learning experiences that focused on writing notes that patients will read, or reading notes
from the perspective of a patient?

• For the patient group: “What do you recall from your experience of reading your clinical notes?”

• Follow-up question: What are some concrete examples of this?

Question 2: What should early medical students know about writing notes that will be useful to patients and encourage partnering or
engagement in their care?

• Follow-up question: What are some concrete examples of this?

Question 3: What should early medical students know about writing notes with words or phrases that could be harmful to patients or their
relationship with their physician?

• Follow-up question: What are some concrete examples of this?

Question 4: What should early medical students know regarding how medical vernacular or acronyms may be perceived by patients?

• For patient group: “What has been your experience when reading notes containing medical vernacular or acronyms?”

• Follow-up questions:

• What are examples of vernacular that should be avoided due to possible patient harm or creating unwanted bias?

• Are there common acronyms that should be avoided?

Question 5: What should early medical students know about including the patient’s voice in the notes?

• For patient group: Describe some ways in which a physician could write your words, or ensure that the writing of your medical concerns represents
your lived experience.

• Follow-up question:

• What documentation approaches could a student follow to help the patient feel authentically seen and heard when reading their clinical notes?

Question 6: What should early medical students know about how words or phrases in clinical notes may convey bias?

• For patient group: “What has been your experience in reading notes with words or phrases that you feel convey bias?”

• Follow-up question: What are some concrete examples of this?

Question 7: What key content areas are more sensitive for patient readers and should require students to receive specific guidance on
documentation?

• Follow-up question:

• What topics or themes should receive special attention and teaching?

• Are there any key areas that should be omitted or avoided in notes unless discussed and reviewed with faculty?

• Prompt examples: race, obesity, firearm ownership, gender identity and health, sexual identity and health, substance use, and so on.

(5 minutes for wrap-up and debrief and closing thoughts)

Analysis
We designed and conducted an inductive thematic content
analysis of the transcribed focus groups [23]. This approach
was used because it is particularly appropriate for analyzing
textual data by identifying patterns, themes, or categories that
emerge from the data itself, rather than imposing predetermined
categories or codes. This approach facilitates the identification
of nuanced themes arising directly from the data, making it

particularly useful when exploring new or less understood
phenomena [24]. Responses were analyzed by 2 members of
the research team (AV and KJ). Both are medical educators and
general internists in the United States with experience in sharing
online access to patients’ health records (AV is an inpatient
physician and KJ is a primary care physician). The research
team was diverse in age and background: the lead author and
one of the coders (AV) identified as of Indian background,
another author (AG) identified as having Cuban descent, and
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the patient-researcher author (LS) identified as having both
physical and cognitive disabilities.

First, AV and KJ read the transcripts to familiarize themselves
with the responses. Second, AV and KJ independently created
codes through the selection of excerpts from each of the 4 focus
groups. The codes were then reviewed jointly by AV and KJ to
come to a consensus. Using the common list, new excerpts from
each of the 4 transcripts were coded by AV and KJ, and the
codes were further refined until a consensus was reached.
Subsequently, first-order codes were grouped into second-order
themes based on commonality of meaning. Representative
comments for each theme were identified by authors AV and
AG.

Ethical Considerations
All study procedures received ethical approval in March 2022
and met exempt status both from the Beth Israel Deaconess
Medical Center institutional review board (reference number
2022P000079) and the Mass General Brigham institutional
review board (reference number 2022P000635). This study did
not meet criteria for human subjects research at either institution
and thereby was deemed exempt.

Results

Overview
A total of 27 individuals participated in the focus groups: 8
patients (5 women, 2 men, and 1 individual identifying as gender
nonbinary), 5 physicians with experience preparing open notes
(2 women and 3 men), 7 medical student educators (6 women
and 1 man), and 7 resident physicians (6 women and 1 man).
The participants from the patient, physician, and medical
educator groups were from diverse geographical regions of the
United States. Based at large academic centers, physician
participants represented different clinical specialties including
internal medicine, pediatrics, and behavioral health. Educator
participants were all involved with either leadership or teaching
foundational clinical skills at various medical schools in the
country. The resident physician participants were recruited from
2 large academic health centers in the greater Boston area.

Using the iterative coding process [25], we identified 10 major
themes that could serve as guidelines for patient-centered
documentation (Textbox 2). We discuss these in greater detail
below, with representative comments illustrative for each theme
in Table 1.

Textbox 2. Checklist of guidelines for patient-centered documentation: major themes.

Themes

• Use person-first language.

• Refer to your patients as how they want to be identified.

• Avoid abbreviations and acronyms, especially if not officially approved by the practice.

• Say what you write and write what you say.

• Verify past history information before recording it in the note.

• Avoid words that may convey bias or judgment.

• Keep descriptions of physical examinations objective.

• Empower your patients with encouraging words and clear next steps.

• Pay close attention to sensitive topics, including but not limited to sexual history, trauma history, substance use history, mental health, or illness.

• Write from your perspective.
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Table 1. Examples and suggestions for each identified best practice for patient-centered documentation.

Examples and suggestionsTheme

Use person-first language • I don’t see necessarily a boundary between the language you use to describe a patient out loud and
what you write in your note. It’s all part of a single way that you frame patients. It’s not a diabetic
patient. It’s a patient with diabetes. I really don’t think about the way that I document my notes dif-
ferently than the way that I just think about my patients, which is to think about them in a person-
centered way. [#2, Medical Educator]

• Even though I’ve lost weight, the word morbidly obese is in every note, every note I see. That doesn’t
bring me joy or comfort me or get me to want to interact in a positive manner. My issues have
nothing to do with my weight and never did. I developed a MRSA staph infection; it was a healthcare-
acquired infection.There are certain things where weight doesn’t always factor in, and you don't always
need weight. [#1, Patient]

Refer to your patients as how they want
to be identified

• I have found the doctors that I have currently are really good about using he/him pronouns for me
and referring to me as using masculine identifying language. I have had providers who are not.
Never knowing what I’m going to run into in those notes is very anxiety-inducing on the gender part
alone, right? Let alone, does this person think that my gender is influenced by or influencing any of
my other health issues? [#5, Patient]

• I tend to write and call the patient whatever they like to go by, so I’ll say like, Bill is a 75-year-old
man, instead of Mr. Smith, for instance. For nonbinary or transgender patients, I try to ask them what
gender they would like me to document rather than just assuming it’s transgender male. Then in the
social history and medical history, perhaps elaborating on it more, but trying to give them voice in
what I’m documenting. I also think that mentioning race without having any clear connection to
anything should be discouraged completely. [#1, Resident]

Avoid abbreviations and acronyms, espe-
cially if not officially approved by the
practice

• I was struck by the idea that it almost felt, as a medical student, as if you were being inducted in a
secret society. It was this secret language that you now all understood, and that’s what unified everyone
who was part of that. It really is just so unnecessary at this point. I think what’s already come out
here is that there clearly are regional differences. I’ve never heard of “MOP” [“mother of patient”],
but “ISO”[“in the setting of”] is rampant around here, so clearly, there are differences in terms of
some of the abbreviations that are used in specific regions and areas, and we can’t then even understand
each other’s language. [#2, Physician]

• Just the other day, we were talking about PSA and how it’s prostate-specific antigen, but also pseu-
domonas, and also pseudoaneurysm. If a patient reads PSA and looks that up for themselves on
Google, they’re going to find a million things that could be. If you’re going to use an acronym, maybe
don’t use ones that have multiple different meanings even in the medical world, and the most important
parts of their diagnoses should not be abbreviated. [#1, Resident]

• Medical jargon and all this evolved as a way of having more succinct communication, being able to
communicate among clinical teams. I think there is some value to that, but I think what’s important
for a lot of educators to keep in mind is, this is an area where the students are actually—while they’re
learning, they also should, in some ways, be teachers for all of us who have been doing this for some
time, right, and how they can take their lack of being indoctrinated by the system and bring that from
the bottom up. [#3, Physician]

• Then some acronyms. Point out we say SOB for shortness of breath, and, obviously, has other
meanings. [#2, Resident]

Say what you write and write what you
say

• There probably shouldn’t be anything in the note that hasn’t been discussed. If you’re telling someone
a diagnosis, I don’t think you should go back in the note and say, “And this diagnosis is terminal” if
you haven’t discussed it with the patient. Knowing that the patient is likely going to go back and
read the note, I don’t think that it should be put in the note. Or, if the physician feels like it’s important
that it’s put in the note, make sure it’s discussed with the patient as well. There’s no point in writing
a good note if none of it was even said to the patient. [#7, Patient]

• When we have a discussion and he puts it right in my note right then and there, those are kinds of
things that help me. Today I had a call from the pharmacist about a med. They would have given me
the wrong med if I wouldn’t have stood up for myself and wouldn’t have known what I was supposed
to have, and wouldn’t have had my notes there, because basically I read it right from my note to him.
I think the notes become more and more valuable. [#1, Patient]

JMIR Med Educ 2025 | vol. 11 | e59301 | p.478https://mededu.jmir.org/2025/1/e59301
(page number not for citation purposes)

Vanka et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Examples and suggestionsTheme

• We’ve evolved as people from year 1 to year 5 over the course of a relationship of knowing a doctor,
and our social histories often don’t reflect that change. What could have been pertinent 5 years ago
for a patient might not be anymore, and depending on what they were experiencing at that point in
time, could be biasing. [#1, Resident]

• So now it’s on my to-do list when I go to appointments to make sure that’s changed. Really, that
shouldn’t be a priority of mine when we go into medical appointments to say, “Hey, I read the note,
and this needs to be changed, ‘cause this doesn’t represent who I am.’ I think everyone has assumed
the person before them has done it, and it’s accurate. It takes a lot of time and a lot of effort and a
lot of energy for us to be able to correct mistakes that are in our patient portals, our notes. I think it’s
1 of those things where I just want to remind medical students, you can do 2 things to check with
patients. Like, “Hey, I have all this down. Is that right?” Two, “If you see anything in here that’s
wrong, send me a MyChart message or EHR or whatever message, so I can fix it. [#5, Patient]

• Some things that I notice that get copy-forwarded a lot in notes that create bias in the reader, 1 would
be substance use disorders, and not really specifying or clarifying it, right? It will just say, “Polysub-
stance use disorder.” Things like that, I think definitely have the ability to bias. [#1, Resident]

Verify past history information before
recording it in the note

• You don’t need to use the word complain. It’s a pretty negative connotation. Patient “reports”, or
just “is having”. I think avoiding the word complaint is pretty important.” [#2, Resident]

• I think, if you’re ever thinking about using a term like that, it should be more about, what are the
barriers this patient has to achieving care, and talking more about that and not just using 1 word.
Using more language is actually helpful, and med students often have more time to actually ask patients
about these things and have a conversation. I think that could be a really empowering point for
medical students to learn more about the determinants of health that are affecting the patient more
so than being like, “This patient doesn’t take their medications. [#5, Resident]

• I also think that mentioning race without having any clear connection to anything is—should be
discouraged completely. It’s such a part of vernacular, especially more physicians who are trained
in a different era, so we’ve been actively encouraging students not to include that unless it has a very
clear reason. [#2, Medical Educator]

• I could imagine, sometimes, quotation marks are used to just directly capture what the patient said.
I think it’s about striking that balance of bringing the patient language in and having some of it as
verbatim as directly as possible so that the patient can see what they said was actually recorded, but
then a key part of what we’re doing in notes is really clinical translation. It’s about going from ver-
batim conversation to clinical processing and then recording our clinically processed thoughts. [#3,
Physician]

Avoid words that may convey bias or
judgment

• General appearance is very tricky, and I think we all have to ask ourselves, when is that relevant and
why, and then really distill it down to what’s clinically meaningful in the least judgmental way pos-
sible. Is it important that the patient is disheveled or older than stated age or has poor hygiene? It
might be, but then you have to figure out, how do you relay that in the most respectful manner pos-
sible? [#5, Medical Educator]

Keep physical examination descriptions
objective

• There’s a book called “The 15 Minute Hour” that’s geared toward primary care providers, and 1 of
my favorite takeaways from it that has always stuck with me over the years is the idea of using the
word “yet” at the end of a sentence or a phrase. It’s supposed to emphasize that you’re not at a dead
end. You can still do this. The patient has not been able to quit smoking yet. The patient has not lost
weight yet. [#5, Physician]

• I somehow think that I would like medical notes to be imbued with a different perspective, that we’re
trying to teach patients to be friends with their disease…[…]…disease is not the enemy. [#4, Patient]

• I have heard from some patients that we had engaged in providing feedback on our student notes that
they would really like, in reading the assessment and plan, to have some understanding of what they
can do next and what the evaluation, diagnostic evaluation plan means for them. Maybe some addi-
tional content around health coaching and steps that they can take in their lives to support their health
too. It could be a great way to extend that partnership beyond the visit. [#5, Medical Educator]

Empower your patients with encouraging
words and clear next steps

Pay close attention to sensitive topics, in-
cluding but not limited to sexual history,
trauma history, substance history, mental
health or illness
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Examples and suggestionsTheme

• Some advice I’ve gotten from the psychiatry consulting team at my primary care practice is […] to
just state the type of trauma it was, the years that it happened, the relation to the abuser, and what
the patient went through….[…]…There’s no need to go into extreme detail and quotations about
what the patient confides with you in clinic about, that you can still have a therapeutic
bond…[…]…instead aim to strike a balance of what’s useful for other providers and not needed for
the patient to be reading about themselves. [#7, Resident]

• There are certainly very specific topics around mental health, around sexually transmitted illnesses,
reproductive health, substance use, et cetera, that definitely should be addressed in a particular
manner that respects the patient’s privacy… […]…early learners could certainly benefit from under-
standing what the implications of access to that information could be. [#2, Physician]

• […] documenting your full differential diagnosis, where you might have a patient who is coming in
for what seems like a respiratory illness or pneumonia, but maybe under differential, you also have
a rare lung disorder or lung cancer. It’s trying to strike that balance…[…]…trainees, as part of their
training, are taught to document the full differential …[…]…this is an area where we’re all still trying
to figure out the best practices because you do want to indicate to some degree that you are thinking
about these other diagnoses, but in the real world […]you might not start with an initial visit by
sharing that this may be cancer, but it may be something you bring up on a follow-up visit when your
initial working diagnosis doesn’t seem to be correct and it seems more serious than that. I know the
official recommendation has been to just document what you discuss…[…]…I think it’s more
complicated than that. [#3, Physician]

• Something I’ve been experimenting with a lot is using the first person in the assessment and plan,
which I don’t know if I was ever explicitly told not to in medical school, but I feel like I thought I
wasn’t supposed to. Over the past year, I’ve started to come around to this idea of, the objective is
the objective, but the assessment and plan is my medical opinion. A lot of times, I’ll say, “I'm worried
about”, or, “I think this might be at play. I think it’s unlikely, but maybe cancer. I think anxiety might
be driving some of this.” I feel like that really couches it as, this is my opinion of what’s going on.
It doesn’t negate what the patient thinks. [#5, Physician]

Write from your perspective

Use Person-First Language
Across all 4 focus groups, participants agreed that patients
should be referred to as individuals with certain clinical
conditions, rather than identifying them primarily by their
medical condition (Table 1). Some patients identified a
preference for the use of discrete numbers when addressing a
person’s weight, rather than describing the individual as “obese”
or even “with obesity,” and to be mindful of whether weight
needs to be in the note if not relevant to issues being addressed
(Table 1). All participants from the patient group described the
importance of being mindful of phrases and words in notes that
can trigger trauma for patients. Finally, participants in all groups
identified descriptions of words and phrases in the medical
record considered potentially depersonalizing or dehumanizing.

Refer to Your Patients as How They Want to Be
Identified
The participants recommended that patients be identified
according to their own expressed preferences. Participants from
the resident physicians’ group suggested that when first
introducing oneself to a patient, one should request and
document how the patient wishes to be identified in the record.
Patient participants noted that honorifics and gender identity
should never be presumed (Table 1). In addition, patient
participants explained that patients may want to be identified
by their life roles, such as their profession, or background, in
addition to honorifics and names. Medical educators
recommended that introductory “History of Present Illness”
sentences should mention factors important to understanding
and planning the care of that person at that point in time, with
the understanding that these factors are dynamic and change

over time. Physicians familiar with open notes suggested it is
important to be thoughtful and deliberate about whether to
include demographic factors, epidemiologic factors, and medical
and social history in the opening sentences of a note, given the
effect such information may have on framing how a patient,
family member, or other clinician reads the note.

Avoid Abbreviations and Acronyms, Especially if not
Officially Approved by the Practice
Participants in all groups felt that medical shorthand can cause
confusion and misinterpretation by patients. Physician, resident,
and educator participants noted that while some abbreviations
are widely understood within health care, others are interpreted
differently within and across a given specialty. They suggested
that this, in turn, could lead to clinician confusion, thereby
further amplifying the risk of patient confusion (Table 1).
Physician participants noted that learning to use medical
shorthand in notes was akin to being inducted into a “secret
society” (Table 1). Illustrative examples suggested by the 4
focus groups included: “SOB” (shortness of breath), “F/U”
(follow-up), “ISO” (in the setting of), “NAEON” (no acute
events overnight), and “MOP” (mother of the patient). In
addition, physician participants pointed out that shorthand for
certain medical diagnoses was problematic, given the frequent
lack of clarity. They cited “HFrEF” (heart failure with reduced
ejection fraction); “HFpEF” (heart failure with preserved
ejection fraction); and “AKI” (acute kidney injury). Several
residents discussed the risk that abbreviations and acronyms
may perpetuate discriminatory biases within notes. Medical
educator participants noted that this was an area in which
practicing clinicians can learn from students, given that many
have not yet been inducted into contemporary systems of
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medical vernacular. Finally, the medical educators noted that
even if abbreviations were minimized, notes still may not be
completely understandable, underscoring the need for open
communication with patients.

Say What You Write and Write What You Say
Patients universally stressed the importance of notes accurately
reflecting what was done and discussed during a visit. Residents
and physicians emphasized that clinicians should be mindful
about not documenting issues, such as possible diagnostics
considerations, that were not discussed directly with the patient,
and that this principle should be used consistently for all
documentation (Table 1). Medical educators identified the
importance of guiding learners carefully in interactions between
documenting explicit clinical reasoning with robust
documentation of differential diagnoses and setting expectations
for patients. They suggested that clinicians point out to their
patients that some notes are intended to be comprehensive and
may include diagnostic possibilities that are unlikely, but
nevertheless important to record. In contrast, patients suggested
there are situations in which clinicians should not write too
much about a potentially sensitive topic that may trigger a
harmful response in patients. Instead, patients proposed
clinicians might record that a discussion of a “challenging topic”
took place during the visit; although details might be excluded,
such reference would remind the patient of the conversation.
On the other hand, several patient participants noted that
accurate and detailed representations of a visit may help
empower patients with managing their care, strengthen their
agency, and enhance their understanding of medical
recommendations.

Verify Past History Information Before Recording it
in the Note
Another theme was the importance of verifying patients’ past
information in the note to avoid “note bloat” (ie, copy and paste
from previous notes). Participants from all groups identified
“cutting and pasting” as increasing the risk of mistakes. Notably,
all patients agreed that the “note bloat” phenomenon can have
a negative impact on how patients view their notes, and possibly
on their relationship with clinicians, resulting in their feeling
the need to advocate for themselves to ensure accurate
representation of their stories (Table 1). Several patient
participants suggested that copying over all aspects of the social
history when not relevant to a specific visit might trigger trauma
since this section of the note can replicate and reiterate sensitive
information. Two residents noted the issue of “copy-forward”
(copying previous information from the record into new notes),
thereby propagating bias and stigma, and potentially risking
mistrust of the clinician. Medical educators noted that untruthful
documentation, at times propagated by copy-and-paste
templates, can lead to mistrust in the patient-physician
relationship and adversely impact care.

Avoid Words That May Convey Bias or Judgment
With striking overlap across all 4 groups, participants offered
many examples of words and phrases that may reflect bias or
unfair judgment of patients. Suggestions about common phrases
and words to avoid included clinical vernacular such as

“complains,” “denies,” “claims,” “refuses,” and “endorses.”
Participants recommended neutral and judgment-free words
such as “says,” “reports,” “does not report,” “concerns,” and
“did not tolerate.” Several medical educators suggested
renaming “chief complaint” as “chief concern.” Participants
also discussed problems with labels, such as “poor historian,”
“noncompliant,” “difficult patient,” “nonadherent,”
“uncooperative,” “having poor health literacy,” and “left AMA.”
Patient participants agreed on the importance of describing
explanations for observed behaviors, rather than using
judgmental language, such as, “Mr. X is unable to take his
insulin most days of the week due to inability to refrigerate the
medication at his place of work.” Consideration about how to
document race was another common concern. Given that race
is without clear relevance to most medical concerns, many
believed it should not be included in the written documentation.
Finally, the pros and cons of using quotation marks and the
patients’ own language were discussed. Participants noted that
doing so would accurately capture what was said. However, in
certain contexts, this might be interpreted as sarcastic,
questioning, or making light of what the patient communicated,
and participants recommended that quotation marks should be
used carefully.

Keep Descriptions of Physical Examinations Objective
Another emergent theme was ensuring that descriptions of
physical examinations avoided phrases that could be perceived
as offensive. Examples included: “disheveled,” “older than
stated age,” “obese”; and judgmental descriptors, such as
“argumentative.” Participants recommended omitting descriptors
such as “pleasant” or “delightful,” in part because the absence
of such terminology might inadvertently suggest to the reader
that the patient is “unpleasant.” Several participants urged
considering whether language pertaining to appearance is
helpful. All recommended avoiding the words “obese” or
“morbidly obese” and to first consider whether the information
is relevant to an issue at hand. If so, they recommended
quantitative descriptors, for example, BMI or the actual weight.

Empower Patients With Encouraging Words and Clear
Next Steps
Participants suggested patients often benefit from reading
encouraging words and the next steps regarding their conditions.
Physicians noted that empowering language, particularly in the
“Assessment and Plan” section of a note, could stimulate
patients to engage in their care more actively. One physician
suggested adding the word “yet” at the end of the sentence or
phrase, signifying progress with a specific goal (Table 1).
Patients agreed that empowering notes could facilitate
partnership with the medical team. Medical educators suggested
adapting notes to ensure they capture expert or emerging clinical
reasoning, while still engaging patients in the next steps of a
plan. Relatedly, several participants suggested using notes to
embed reminders to patients, their care partners, and other
members of their care team by stating explicitly what was
recommended during the visit, especially with respect to specific
next steps and goals.
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Pay Close Attention to Sensitive Topics, Including but
not Limited to Sexual History, Trauma History,
Substance Use History, Mental Health, or Illness
Another emergent theme was mindfulness in documenting topics
such as substance use history, mental health and illness, gender
identity, sexual identity and health, history of trauma,
disagreements between patients and clinicians, significant
illnesses, and comprehensive diagnostic reasoning. Medical
educators noted the challenges of teaching early learners how
best to document such information in the social history section.
Physicians noted the importance of documenting any
disagreements with patients in an objective and respectful
manner.

Write From Your Perspective
Medical notes, in particular the “Assessment and Plan” portion
of the note, reflect the perspective of the health care professional
at a given point in time. Participants uniformly noted that the
patient’s perspective should also be included, and that
descriptions should be factual and based on direct observations.
Physician and resident participants alike suggested the use of
the first-person pronoun “I” when writing the “Assessment and
Plan,” as well as using the phrase “at this point in time.”
Physicians advised that this wording signals that diagnostic
considerations may change as a situation evolves.

Discussion

Principal Results
At a time of increasingly open and transparent communication
between patients and clinicians, a growing body of research
demonstrates the importance of words and phrases used in
clinical notes, and the risk of bias and offense to patients.
Patients who read their notes feel more involved in their care,
better prepared for visits, and are more likely to follow their
clinician’s recommendations [4-10]. Just as importantly, patients
can experience negative effects from their notes due to language
perceived as judgmental, offensive, or stigmatizing [11-14].
Language in notes can also negatively influence other clinicians
reading the note, leading to bias and impact on the patient’s
care [11]. To our knowledge, this is the first study attempting
to define concrete guiding principles on best practices in
patient-centered documentation. Informed by a qualitative
analysis of active and interactive discussion among patients and
clinicians, this inquiry, as described in detail above and in
Textbox 2 and Table 1, identified 10 discrete guidelines for
patient-centered documentation.

This inquiry was stimulated by our interest in facilitating open
and transparent communication among health professionals and
patients from the very beginning of a clinician’s career. Medical
school curricula and residency programs are just beginning to
introduce the concept of patient-centered documentation, with
few providing specific guidance [26-28]. Concrete advice is
especially important for early medical learners. Moreover, many
faculty and residents who teach medical students are also
relatively new to the practice of open notes. Developing and
describing guidelines, accompanied by clear and detailed
examples, can help faculty both learn what we hope will evolve

as best practices and teach students these skills more easily,
creating an opportunity for standardized assessment of notes
based on a checklist reflecting the guidelines. In addition to
providing direct teaching and feedback, the presence of concrete
guiding principles will allow faculty to role model these skills
in patient interactions for their learners. Furthermore, given the
importance and impact of language in documentation, we believe
the guidelines identified in this research will serve all clinicians
well.

The checklist this study generated has already been implemented
within the first-year foundational clinical skills course students
undertake at our medical school [19]. Students are introduced
to the background and value of open notes, followed by the
checklist of guidelines. Over the timeframe of this course and
beyond into their core clinical training, students are expected
to write patient notes using these guides and are subsequently
assessed on the quality of their notes through a rubric based on
the checklist. Faculty preceptors in this first-year course are
also encouraged to use this checklist, with the aim of reviewing
student notes and providing feedback based on these 10 themes.

Limitations
Our study has several limitations. First, owing to time constraints
on the duration of the study caused in part by the COVID-19
pandemic, we did not conduct focus groups until data saturation
was reached. Second, due to the need to develop this preliminary
framework before the delivery of a patient-centered
documentation curriculum for students, the data analysis was
restricted to 2 reviewers only, limiting the validation of the data.
Third, the small number of participants likely influenced the
results. Fourth, and relatedly, a fuller spectrum of diversity
including geography, clinical background, and health
background, could produce more varied views and depth of
experience with open notes. Fifth, studies have demonstrated
that fewer patients with low income, limited education, or poor
English proficiency are active users of the electronic health
record, limiting our participants’ understanding of the
note-reading experience of these populations [29-31]. Our
preliminary guidelines may therefore be limited when it comes
to generalizing to wider patient populations, and future
guidelines should seek to address this concern. Finally, the
development of new charting practices and auditing may come
with considerable resource demands. Typically, guidelines that
assess resource-intensive interventions are more likely to include
an assessment of implementation costs, real and intangible. It
would also be useful to discuss the potential risks of open notes
and any context-specific adjustments for special populations or
clinics. This is, however, beyond the scope of this study.

Conclusions
The guidelines identified are preliminary. As our understanding
grows, we expect clinicians will learn how to write notes in
ways that patients find increasingly useful. In addition, there
are nuanced areas to consider in various specialties and different
patient populations that may require further adaptation of these
guidelines. To this end, clinicians and patient advocates
partnering to co-design medical education will be important, as
it was in this study. Ideally, in the future, we will learn to teach
practitioners effective documentation through a common
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language and shared set of standard expectations. Although we
expect norms and practice techniques to evolve, our study

presents an initial attempt to develop practical and respectful
guidelines for patient-centered documentation.
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Abstract

Background: The traditional history and physical (H&P) provides the basis for physicians’ data gathering, problem formulation,
and care planning, yet it can miss relevant behavioral or social risk factors. The American Medical Association’s “H&P 360,” a
modified H&P, has been shown to foster information gathering and patient rapport in inpatient settings and objective structured
clinical examinations. It prompts students to explore 7 domains, as appropriate to the clinical context: biomedical problems,
psychosocial problems, patients’ priorities and goals, behavioral history, relationships, living environment and resources, and
functional status.

Objective: This study aims to examine the perceived usability of the H&P 360 outside standardized patient settings.

Methods: The H&P 360 was implemented in various clinical settings across 3 institutions. Of the 207 student participants, 18
were preclerkship, 126 were clerkship, and 63 were postclerkship; 3-8 months after implementation, we administered a student
survey consisting of 14 Likert-type items (1=strongly disagree to 5=strongly agree) and 3 free-text response items to assess
usability.

Results: Of the 207 students, 61 responded to the survey (response rate was 29.5%). Among all students, mean ratings on the
3 usability survey items ranged from 4.03 to 4.24. The 5 items assessing the impact on patient care had mean ratings ranging
from 3.88 to 4.24. The mean ratings for the 2 student learning items were 4.10 and 4.16. Students’ open-ended comments were
generally positive, expressing a perceived value in obtaining a more complete contextual picture of patients’ conditions and
supporting the usability of the H&P 360. Survey response patterns varied across institutions and learner levels.

Conclusions: Our findings suggest that using the H&P 360 may enhance information gathering critical for chronic disease
management, particularly regarding social drivers of health. As a potential new standard, the H&P 360 may have clinical usability
for identifying and addressing health inequities. Future work should assess its effects on patient care and outcomes.

(JMIR Med Educ 2025;11:e66221)   doi:10.2196/66221
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Introduction

The traditional history and physical (H&P) structure is central
to the patient-physician interaction and remains a foundational
element of medical education. Through medical history,
physicians elicit 60%-80% of the information relevant to
diagnosis and treatment [1]. Medical students are typically
required to master the skill of gathering, synthesizing, and
documenting patient information early in their training. The
traditional H&P, used in most medical education settings and
routine clinical practice, is primarily structured to diagnose
acute medical conditions and has not evolved for
generations—despite the growing prevalence of chronic diseases
and the increasing influence of social and behavioral drivers of
health [2,3].

The social determinants or social drivers of health (SDOH)
heavily influence the health of patients and populations [4]. The
World Health Organization (WHO), in its conceptual framework
for action on SDOH, defines “social determinants of health” as
the full set of social conditions in which people live and work
[4,5]. We will use the phrases social determinants and social
drivers interchangeably. We will refer to social risk factors,
meanwhile, as individual-level adverse SDOH, such as housing
instability or low education level, and social needs as social
factors that take into account people’s individual preferences
and priorities in identifying and guiding social interventions
[6,7].

Health systems and providers are increasingly exploring ways
to better integrate health care delivery with reforms aimed at
addressing the SDOH, identifying patients’ social risk factors,
and meeting patients’ social needs [8,9]. At the upstream level,
laws, policies, and regulations can be used to create community
conditions that foster health. At the midstream level, providers
and health systems can include screening questions to identify
social risk factors and offer services that connect patients to
resources to meet their social needs. At the downstream level,
clinicians can tailor medical interventions to acknowledge
individual social conditions [6,8,9]. To significantly improve
the health of all, it is critical to emphasize addressing the broader
SDOH inequities—those created and sustained by structural
racism and the marginalization of specific groups, including
women, Black, Hispanic/Latino, LGBTQ+ (lesbian, gay,
bisexual, transgender, queer or questioning, and other diverse
sexual orientations and gender identities) individuals, people
living with disabilities, and other populations [4,5,10-12].

In addition to increased attention to the SDOH, both globally
and particularly in the United States, chronic diseases are the
largest contributors to disease burden, accounting for 90% of
health care costs in the United States [13]. Health systems are
increasingly addressing upstream factors, such as behavioral
health, and social and environmental circumstances, to prevent
and manage chronic diseases and their consequences [14,15].
Against this multidimensional backdrop, individual clinicians,
residents, and medical students typically rely on the H&P
examination as their principal method of information gathering.
However, when using the traditional H&P to frame and organize
this process, learners at all levels are not prompted to collect

relevant biopsychosocial data, including social needs and health
behaviors, which are key to preventing and managing chronic
diseases. Recent research has shown that inaccurate and
incomplete patient histories are among the leading causes of
diagnostic errors [16].

The H&P 360, a modified version of the traditional H&P, was
developed by the American Medical Association’s (AMA)
Chronic Disease Prevention and Management interest group in
May 2017, building on earlier work by medical educators at the
University of Michigan (UM) [12,17]. This new approach was
designed to more explicitly acknowledge the SDOH, the
prevalence of chronic diseases, and the importance of patients’
preferences and priorities in clinical decision-making. It
intentionally incorporates the WHO conceptual framework for
addressing the SDOH at the micro-level of individual interaction
[4,5], the Centers for Disease Control and Prevention (CDC)
framework for addressing chronic diseases at the health system
and community-clinic levels [12,18], and contemporary models
of shared decision-making [1,19].

The H&P 360 is grounded in the idea that the central,
standardized written template in medical education (ie, the
traditional H&P) plays a significant role in both enhancing and
constraining information-seeking related to medical
decision-making. This understanding of information gathering
aligns with Structuration Theory and Cognitive Load Theory.
Structuration Theory posits that social practice both shapes and
is shaped by the structures, such as learning templates, within
which it occurs [20]. Cognitive Load Theory, meanwhile, asserts
that cognitive capacity is limited and that learning is enhanced
when key information is presented in manageable blocks, such
as the 7 domains [21].

At a deeper level, the H&P may play an important role in
shaping physicians’professional identity and role expectations,
as suggested by Social Learning Theory [22,23], which posits
that individuals’ agency and role identities are critically
influenced by the social and institutional contexts in which they
develop. The H&P 360 prompts students to collect relevant
biopsychosocial information, particularly social risk factors and
needs, using a systematic yet flexible framework. While it
retains the basic structure of the traditional H&P for eliciting
biomedical information, the H&P 360 also includes general
prompts for 6 additional domains: patients’priorities and goals,
psychosocial problems, behavioral history, relationships, living
environment and resources, and functional status. The 6
nonbiomedical domains were identified through a literature
review as those consistently represented in comprehensive
clinical assessment settings, including geriatrics, and care for
homeless and chronically mentally ill persons, as well as in the
categories of the Diagnostic and Statistical Manual of Mental
Disorders (4th edition) [24], and have been applied in numerous
clinical and teaching settings since 2010 [17]. See Multimedia
Appendix 1 for the H&P 360 template.

When using the H&P 360, students are encouraged to ask a few
questions from each of the domains as part of the standard
history. These additional questions help students gain a more
comprehensive understanding of a patient’s biopsychosocial
condition and support the development of an appropriate
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treatment and management plan. In follow-up encounters,
continued exploration of the 7 H&P 360 domains can foster a
deeper understanding of the patient, informing chronic disease
management. A previous randomized trial conducted at 4
medical schools found that medical students using the H&P 360
in a standardized patient setting collected significantly more
biopsychosocial information compared with students using the
traditional H&P [3]. Another study found that students who
applied the H&P 360 using templated notes in the electronic
health record reported improved elicitation of patient goals and
perspectives, as well as identification of contextual factors and
patient needs critical to preventing rehospitalization [25]. In
addition to enhanced data gathering, the H&P 360 has been
shown to encourage multidisciplinary team care planning [17]
and to improve patient rapport (unpublished data).

The goal of this study was to examine the perceived usability
of the H&P 360 by both faculty and students across a variety
of clinical settings and learner levels in routine clinical teaching
contexts. To assess usability in different clinical teaching
environments, the AMA launched a grant program for
institutions willing to implement the H&P 360 in student clinical
encounters and administer a standardized postintervention
survey to faculty and students across sites. We hypothesized
that students and faculty across sites would appreciate the
usability of the approach, but that barriers to engagement would
vary by site and learner level.

Methods

Site Selection
The AMA offered funding for projects to implement the H&P
360 within clinical settings at academic institutions. Priority

was given to projects aimed at developing additional supporting
materials and gathering student and faculty feedback during the
implementation phase. Following a call for proposals, 4
academic institutions received grants from the AMA to
implement the H&P 360 across a diverse range of clinical
settings and undergraduate medical education learner levels.
The grant period began in January 2020 and ended in June 2021.
Because of the pandemic, only 3 of the institutions were able
to implement their grants. These institutions were the UM
School of Medicine, the University of Chicago Pritzker School
of Medicine (UC), and the Herbert Wertheim College of
Medicine at Florida International University (FIU). The fourth
institution was unable to implement its grant project but still
incorporated the H&P 360 with its students.

The 3 grant-funded institutions implemented the H&P 360
across a variety of clinical settings and learner levels, described
in detail in Table 1. Clinical settings included inpatient,
outpatient, virtual, community-based clinics, and longitudinal
outpatient clinics. Learner levels ranged from preclerkship to
clerkship and postclerkship. The approaches each school used
to introduce students and faculty to the H&P 360 are also
detailed in Table 1. At all 3 sites, students were introduced to
the H&P 360 through a nonstandardized 1- to 2-hour seminar.
One site (UC) implemented standardized note templates within
the electronic health record to facilitate documentation of the
H&P 360. Faculty orientation to the H&P 360 varied across
sites, ranging from emailed communications with attached
introductory materials and a teaching guide (UM and UC) to
virtual orientation sessions over Zoom (Zoom Communications,
Inc) and some in-person sessions (FIU and UC).
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Table 1. Learner level, clinical setting, and teaching context by institution.

How the H&P
360 was intro-
duced to faculty
and topics cov-
ered

How the H&P
360 was intro-
duced to students
and topics cov-
ered

Duration of
use

SettingStudents,
n

Learner levelApproaches to intro-

ducing H&Pa 360

Postclerk-
ship

Clerk-
ship

Preclerk-
ship

Faculty precept-
ing preclerkship

Preclerkship stu-
dents attended a

9 months18N/AN/Ab✓The University of
Chicago Pritzker
School of Medicine

• Preclerkship stu-
dents were en-
couraged to uti-
lize the H&P 360

students attended
a presentation or

presentation on
the format and

received an
email.

components and
received training
materials includ-

in a longitudinal
patient-partnered
clinical experi-

ing examples andence (about 6
the interview
guide.

face-to-face and
2 virtual clinical
sessions).

Faculty attended
2 or more presen-

Clerkship stu-
dents attended a

1 month8N/A✓N/AThe University of
Chicago Pritzker
School of Medicine

• Clerkship stu-
dents were en-
couraged to uti-
lize the H&P 360

tations on the
H&P 360.

1-hour virtual
training session
with backgroundduring COVID-
about the H&P19 follow-up vir-
360 and detailstual visits.
on using a
COVID-19–spe-
cific note tem-
plate. The sup-
porting interview
guide and pocket
card were lever-
aged as needed.

Faculty supervis-
ing postclerkship

Postclerkship stu-
dents received an

1 month24✓N/AN/AThe University of
Chicago Pritzker
School of Medicine

• Postclerkship
students were en-
couraged to uti-
lize the H&P 360

students received
an email.

email from their
course director
with backgroundin an internal
about the H&Pmedicine subin-
360 and instruc-ternship for 1 ad-
tions to accessmission per call
H&P 360 tem-cycle.
plates. The sup-
porting interview
guide and pocket
card were lever-
aged as needed.

Email introduc-
tion and follow-

A 2-hour interac-
tive in-person

Elective (1
month) and

39✓N/AN/AUniversity of Michi-
gan School of
Medicine

• All students uti-
lized the H&P
360 in an outpa-
tient setting.

up, which includ-
ed teaching tips,

seminar with case
examples. The

longitudinal
clinics (9
months) pocket cards, pro-

files, and cases.
supporting inter-
view guide and
pocket card were

• Of the 39 stu-
dents, 8 used it
in a community-

leveraged as
needed.

based elective
and 31 used it in
a longitudinal
clinic setting.

• Students were
encouraged to
apply the H&P
360 in every en-
counter.
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How the H&P
360 was intro-
duced to faculty
and topics cov-
ered

How the H&P
360 was intro-
duced to students
and topics cov-
ered

Duration of
use

SettingStudents,
n

Learner levelApproaches to intro-

ducing H&Pa 360

Postclerk-
ship

Clerk-
ship

Preclerk-
ship

One in-person
faculty develop-
ment session be-
fore COVID-19;
a self-directed
video for faculty;
and a conference
presentation by
Dr. Brent
Williams from
the University of
Michigan.

Introduced during
an interactive di-
dactic session on
chronic disease
management; the
self-directed
video was also
available for stu-
dents.

12 months/1
academic
year as part
of a longitu-
dinal pro-
gram.

• All students uti-
lized the H&P
360 in a virtual
and longitudinal,
interprofessional,
home-based ser-
vice-learning
program.

118N/A✓N/AHerbert Wertheim
College of Medicine
at Florida Internation-
al University

aH&P: history and physical.
bN/A: not applicable.

Settings
At FIU, the investigators had to alter their initial implementation
strategy due to the COVID-19 pandemic. The project team
completed 1 in-person faculty orientation; subsequent sessions
were delivered virtually as an online module tailored to both
faculty and students. For students, the team relied solely on the
online module, as the planned in-person session was canceled
due to the pandemic.

At UC, initial implementation plans were also disrupted by the
COVID-19 pandemic, which led to medical students being
removed from traditional clinical settings. During this period,
an innovative program was developed in which clerkship
students conducted phone outreach to patients newly testing
positive for COVID-19. Taking advantage of this novel
opportunity, the H&P 360 was used to help structure these
outreach calls. Because of the small number of students and
faculty involved, an in-depth, interactive training program for
both faculty and students was offered via Zoom meetings. In
the later implementation of the H&P 360 for preclerkship
students, a virtual orientation over Zoom was incorporated into
their Clinical Skills course. Because of the large number of
faculty serving as preceptors for this course, only new faculty
preceptors—who were required to attend a mandatory
orientation session—received virtual training on the H&P 360
framework. Preceptors who were not new to the program and
for whom orientation attendance was not required received
emailed communication about the H&P 360. Implementation
for postclerkship students was further modified to email
communication only. These students had rolling start times each
month, and there was no formal orientation session during the
clerkship to integrate separate training. The number of clinical
faculty preceptors for postclerkship students was quite large,
also with rolling start times every 2 weeks, making email
communication regarding the H&P 360 the most feasible
approach.

At UM, the H&P 360 was implemented during the postclerkship
period in 2 settings: a 1-month clinical elective focused on
underserved populations before the pandemic (8 students over
2 months), taught by 1 of the authors (BW), and longitudinal
weekly clinics in primary care settings over 9 months during
the pandemic (31 students). The longitudinal clinic rotation was
chosen due to the faculty coordinator’s interest in implementing
the H&P 360 and its suitability for continuity settings, where
the domains can be explored with patients over time. For the
longitudinal rotation, students received a 2-hour introduction
to the H&P 360, including case examples. Precepting faculty
were sent introductory materials, teaching tips, and written case
examples via email both at the start and several months into the
longitudinal clinics. Many longitudinal clinics transitioned to
telemedicine visits during the pandemic. In both rotations,
students were encouraged—but not required—to use the H&P
360, or portions of it, in every encounter.

Survey Structure
Data collection consisted of a student survey on using the H&P
360 in undergraduate medical education settings. As the survey
focused specifically on the use of the H&P 360, previously
published surveys were not applicable. Theoretical frameworks
guiding survey development included Bloom’s taxonomy of
learning objectives [26], which emphasizes synthesis and
application of knowledge rather than factual recall, and the
Expectancy-Value Theory of Motivation [27], which posits that
learner motivation is influenced by the perceived value of new
information.

The survey consisted of an initial section asking for examples
of a question relevant to each of the 5 domains from the H&P
360, followed by 14 Likert-type items (response scale:
1=strongly disagree to 5=strongly agree) and 3 open-ended
questions. The Likert-type items were developed using a
“blueprint” of 7 potential impact areas of the H&P 360, designed
by the authors. Source items were either adapted from a 10-item
version used in a previous study [17] or newly created. To
minimize the response burden, the survey was limited to 15
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items or fewer. Items were reviewed for sensibility by small
groups of medical students and residents not involved in the
study, resulting in minor modifications. The final instrument
included 14 Likert-type items. Two items were modified or
omitted at some sites and thus were not included in the analyses.
The analyzed items are shown in Tables 2 and 3. The 7 areas
from the “blueprint” and their corresponding item numbers were
perceived usability of the H&P 360 (items 1, 2, and 3); impact
on history-taking (item 4); perceived clinical value added (items
5 and 6); promotion of understanding patients’ goals (item 7);
enhancement of patient-provider relationships (item 8);
facilitation of care planning (item 9); and promotion of inclusion
of other health professionals (item 10). Two additional items
were included as global measures of educational and clinical

value, respectively (items 11 and 12). By covering a broad range
of topics, results from individual items could be used
independently by educators to inform a wide spectrum of
educational and research activities.

The 3 open-ended questions were designed to elicit specific
feedback about the H&P 360: “Name two (or more) aspects of
the H&P 360 you found helpful”; “Name two (or more) aspects
of the H&P 360 you found challenging”; and “What changes
would you recommend for the H&P 360?” A systematic review
of the open-ended comments is not included in this paper.
Instead, a subset of comments reflecting students’ perceived
value and limitations of the H&P 360 is provided in Multimedia
Appendix 2.

Table 2. Mean student survey scores (Likert scale 1-5)a by school.

All UCe students

(N=19) (N=31)b,
mean (SD)

All UMd students
(N=13), mean (SD)

All FIUc students
(N=17), mean (SD)

All students (N=49)

(N=61)b, mean (SD)

Student survey scores by school

Usability

4.05 (0.97)4.15 (0.69)4.18 (0.64)4.12 (0.78)1. The H&Pf 360 was easy to use

3.89 (1.20)4.62 (0.51)4.35 (0.61)4.24 (0.90)2. Elements of the H&P 360 are potentially useful in all
patient interactions

4.16 (0.73)4.31 (0.75)3.59 (0.94)4.03 (0.84)3. I plan to use the H&P 360 during other rotationsb

Impact on patient care

4.26 (0.56)4.46 (0.52)3.59 (0.87)4.08 (0.76)4. The H&P 360 changed some of the questions I ask
patients during the encounter

3.53 (1.07)4.15 (0.69)4.06 (0.90)3.88 (0.95)5. The H&P 360 helped create a more comprehensive
problem list

4.26 (0.58)4.46 (0.78)3.82 (1.01)4.18 (0.79)6. The H&P 360 added valuable information that I would

not otherwise know about the patientb

4.13 (0.72)4.23 (0.44)4.12 (0.78)4.15 (0.68)7. The H&P 360 helped me better understand patients’

goalsb

4.35 (0.66)4.08 (0.64)4.12 (0.70)4.24 (0.67)8. Using the H&P 360 facilitated a stronger provider-

patient relationshipb

3.68 (1.00)4.00 (0.41)4.00 (0.87)3.88 (0.83)9. I was able to develop management plans that incorpo-
rated information from the H&P 360

Overall impact on student learning

4.16 (0.64)4.31 (0.63)4.06 (0.66)4.16 (0.64)10. The H&P 360 helped me learn to be a better clini-

cianb

4.00 (0.75)4.31 (0.63)4.06 (0.75)4.10 (0.71)11. The H&P 360 helped improve the care I provided
to my patients

a1=strongly disagree to 5=strongly agree.
bThese are items with a greater number of respondents because an abbreviated version of the survey was completed by preclinical students at UC.
cFIU: Florida International University.
dUM: University of Michigan.
eUC: University of Chicago.
fH&P: history and physical.
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Table 3. Mean student survey scores (Likert scale 1-5)a by clerkship status.

Postclerkship students
(N=24), mean (SD)

Clerkship students
(N=25), mean (SD)

Preclerkship students
(N=15), mean (SD)

Mean student survey scores

Usability

3.92 (0.88)4.32 (0.63)N/Ac1. The H&Pb 360 was easy to use

4.08 (1.02)4.40 (0.76)N/A2. Elements of the H&P 360 are potentially useful in all patient
interactions

4.08 (0.88)3.84 (0.90)4.33 (0.49)3. I plan to use the H&P 360 during other rotations

Impact on patient care

4.25 (0.53)3.92 (0.91)N/A4. The H&P 360 changed some of the questions I ask patients
during the encounter

3.67 (1.21)4.08 (0.86)N/A5. The H&P 360 helped create a more comprehensive problem list

4.29 (0.75)4.04 (0.93)4.25 (0.45)6. The H&P 360 added valuable information that I would not oth-
erwise know about the patient

4.13 (0.61)4.12 (0.83)4.25 (0.45)7. The H&P 360 helped me better understand patients’ goals

4.13 (0.68)4.36 (0.70)4.17 (0.58)8. Using the H&P 360 facilitated a stronger provider-patient rela-
tionship

3.67 (0.82)4.08 (0.81)N/A9. I was able to develop management plans that incorporated infor-
mation from the H&P 360

4.00 (1.02)4.08 (0.86)3.75 (0.97)10. The H&P 360 facilitated care planning that included other
health professionals

Overall impact on student learning

4.08 (0.12)4.20 (0.65)4.25 (0.45)11. The H&P 360 helped me learn to be a better clinician

4.00 (0.72)4.20 (0.71)N/A12. The H&P 360 helped improve the care I provided to my patients

a1=strongly disagree to 5=strongly agree.
bH&P: history and physical.
cN/A: not applicable.

The survey was administered online by all 3 sites approximately
3-8 months after implementation. Six items that presumed
experience in clinical care were not administered to preclinical
students participating in this study; this omission applied only
to a subset of students at 1 site. Data were aggregated across all
sites to calculate mean scores and SDs for each survey item,
allowing comparisons by institution and by clerkship status.
Because of the small number of respondents in each subgroup,
we were limited to analyzing descriptive statistics and were
unable to conduct psychometric analyses or hypothesis testing
to statistically compare subgroups. However, the descriptive
analysis was still useful for aggregating data across multiple
sites and generating hypotheses. Data analysis was conducted
using STATA version 13.0 (StataCorp). See Multimedia
Appendix 3 for the supporting CHERRIES (Checklist for
Reporting Results of Internet E-Surveys) document.

Ethics Considerations
The UM received exempt institutional review board status from
the Institutional Review Boards of the UM Medical campus.
FIU received exempt institutional review board status from The
FIU Office of Research Integrity. The UC received exempt
institutional review board status from the BSD/UCMC
Institutional Review Boards at the UC. Lastly, the AMA
confirmed that this study was not deemed to be research by the
University of Illinois Chicago Institutional Review Board. All

4 institutions confirmed that all methods were carried out in
accordance with relevant guidelines and regulations.

Results

Summary of the Survey Findings
The Likert-type survey items were organized by consensus
among the authors into 3 sets to identify patterns and facilitate
discussion: Usability (3 items); Impact on Patient Care (7 items);
and Overall Impact on Student Learning (2 items). Results are
presented for all student respondents by institutional site in
Table 2 and by learner-level subgroups in Table 3. Of the 207
students, 61 (29.5%) responded to the survey. Institutional
response rates were as follows: FIU, 17 out of 118 (14.4%)
students; UM, 13 out of 39 (33.3%) students; and UC, 31 out
of 50 (62.0%) students.

Among all students, mean ratings on the 3 survey items related
to usability (ease of use, use in all encounters, and intention to
use in other rotations) were high, with mean (SD) scores ranging
from 4.03 (0.84) to 4.24 (0.90) (Table 2). Some students’
comments suggested that efficiently using the H&P 360 requires
practice. One postclerkship student commented: “(The H&P
360)...is quite long so it was challenging to hit aspects of each
domain while attempting to time manage. However, hitting
1-item from each domain, chosen on a case-by-case basis, seems
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quite doable.” Several students raised concerns about the
awkwardness of asking some questions, particularly during
virtual outreach calls to patients who had newly tested positive
for COVID-19. One clerkship student commented: “It did not
always feel natural to fit into the conversation with every patient.
Some were not very open to conversation, which is
understandable since we were strangers calling them out of the
blue.”

Students also found that the H&P 360 positively affected patient
care by expanding the range of information available for clinical
decision-making and promoting stronger patient-clinician
relationships. Mean ratings across the 5 related items ranged
from 3.88 (SD 0.95) to 4.24 (SD 0.67; see Table 3 for details).
Student feedback on clinical impact emphasized the benefits of
the H&P 360 in building rapport. One clerkship student
commented: “It helped me build rapport with my patient and
have a better [understanding] of their life and how it affects
their health.” Others mentioned that the H&P 360 helped build
trust and identify high-risk situations. See Multimedia Appendix
2 for additional relevant student comments.

Students also found that the H&P 360 facilitated their learning
and development as clinicians, with mean ratings of 4.10 (SD
0.71) and 4.16 (SD 0.64) for the items “the H&P 360 helped
me...improve the care I provided to my patients” and “…be a
better clinician,” respectively. One postclerkship student
commented: “The H&P 360 was helpful in...[r]eturning the
humanity to medicine: patients are people first—Helping to
understand some of the barriers to health and disease prevention
that might not otherwise be apparent.”

Site-Specific Survey Findings
Some variation in student survey responses was observed across
institutions (Table 2). For 2 items related to using the H&P 360
to develop problem lists and management plans, student ratings
at UC were lower than those at UM or FIU. For 3 items—related
to using the H&P 360 in other rotations and its role in changing
some questions and adding valuable information—student
ratings at FIU were lower compared with UC and UM.

Survey Findings by Learner Levels
Across learner levels, some variation in student survey responses
was noted for a minority of items (Table 3). For example,
preclinical students gave relatively low ratings on the item
related to facilitating care planning that included other health
professionals compared with their responses on other items.
While clerkship students valued the H&P 360 in all patient
interactions and for facilitating stronger patient relationships,
their ratings were relatively low for items related to the H&P
360 changing the questions they asked and their plans to use it
in future rotations. Postclerkship students gave high ratings for
9 of the 12 questions. Lower ratings were observed for items
related to ease of use, creating a more comprehensive problem
list, and the ability to develop management plans incorporating
information from the H&P 360. The phrasing of the item on
time burden evolved over time and was therefore not
administered consistently across or within institutions.

Discussion

Principal Findings
Previous work has documented the advantages of the H&P 360
over the traditional H&P during single inpatient encounters [17]
and with standardized patients [3]. This study examined the use
of the H&P 360 across a broad range of routine, longitudinal
clinical teaching settings. Medical students at 3 institutions,
spanning different levels of training and diverse ambulatory,
inpatient, community, and virtual settings, found the H&P 360
useful and reported a positive impact on patient care and their
own learning. The perceived benefits of the H&P 360 include
helping students gather relevant information on patients’ goals
and circumstances, as well as potential barriers and facilitators
of health. It also enhances patient-provider relationships and
encourages interprofessional care planning. Compared with the
traditional H&P, student feedback suggests that the H&P 360
made them better clinicians. We can further speculate that by
using the H&P 360, students develop a more complete picture
of the patient—not just signs, symptoms, and diagnoses—but
also the social and human narrative context that critically
influences the presentation, management, and ultimately the
outcomes of disease conditions. We suspect that gathering this
more complete picture of patients’ lives is one factor
contributing to students’ perception that the provider-patient
relationship was enhanced by using the H&P 360. An important
area for future investigation is the mechanism behind this
enhanced relationship. Perhaps it is this more complete
understanding of the patient, combined with improved patient
rapport, that prompted the student comment that the H&P 360
“...return(ed) the humanity to medicine.”

Implication of Findings
The observed variation across institutions and learner
levels—though limited by small sample sizes and collinearity
between institutions and learner levels—may offer insights into
factors influencing medical students’ perceived value of the
H&P 360. Here, we present 3 speculative observations based
on these data to encourage future research and application of
the H&P 360. First, the teaching setting for the FIU students
included in this study was a community-based, longitudinal,
interprofessional environment with an established strong
emphasis on comprehensive assessment and interprofessional
care. As such, FIU students may have been less likely to
perceive that the H&P 360 changed questions asked or added
valuable information beyond their prior practice. Additionally,
during the study period, FIU students conducted visits virtually
due to COVID-19. Second, UC provided a relatively unique
perspective on implementation efforts by including preclinical
students and applying the H&P 360 in telehealth settings.
Although the very high perceived value of the H&P 360 among
both preclinical students and clinical-year students in telehealth
settings is striking and promising, further investigation in other
settings and institutions is needed to contextualize these findings.
Finally, variation among institutions may reflect differences in
overall emphasis on SDOH; the role of faculty in promoting or
minimizing the study findings and application of the H&P 360;
or differences in its use across inpatient, outpatient, and virtual
settings.
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Synthesizing evidence on the H&P 360 from this and previous
studies, along with input from faculty and students and our own
clinical teaching experience, we suggest that incorporating the
H&P 360 into routine clinical practice involves at least 4
dimensions of learning. The general patterns and variations
observed across different learner levels and clinical settings in
this study support and shed light on each of these dimensions.

First, learners and educators using the H&P 360 will need to
integrate domain-based thinking alongside checklist-based
approaches in data gathering. Currently, early medical students
are taught to take a history by following a memorized list of
specific questions. Over time, an implicit process develops,
where clinicians tailor questions, diagnoses, and management
plans based on patient-specific information [28]. The direction
a clinician takes for follow-up inquiry is likely influenced by
many factors, including training experiences, knowledge and
clinical skills in managing a wide range of issues (eg, emotional
well-being, food insecurity, or safe housing), and local practice
norms. Consequently, this approach is likely to vary widely
among clinicians. Some naturally explore psychosocial
dimensions, while others remain more narrowly focused on
biomedical factors. To reduce this variation and better address
the role of psychological and social factors in patients’ health,
the H&P 360 provides uniform, systematic prompts that help
clinicians recognize social and psychological determinants of
health. The H&P 360 represents a fundamental shift in learning
to gather patient information by introducing 6 domains as
general reference points alongside the traditional checklist
focused on biomedical information.

For early learners, balancing domain-based thinking with a
checklist approach can be disconcerting as they decide which
specific content to include or exclude within the nonbiomedical
domains. This challenge aligns with student feedback that the
H&P 360 initially feels long and overwhelming when seen as
a checklist of individual items, but becomes manageable and
useful when viewed as a set of domain-based prompts that can
be selectively explored—or revisited over multiple patient
encounters. This is also consistent with findings that senior
medical students using the H&P 360 identify and apply
significantly more psychosocial information in their care
planning than those using the traditional H&P [17]. Additionally,
our finding that preclinical students found the H&P 360 added
valuable information, helped them understand patients’ goals,
and facilitated stronger patient-provider relationships suggests
that early learners can successfully incorporate domain-based
thinking into routine data gathering. The interview guide that
accompanies the H&P 360 can be a valuable resource in this
regard. It helps students decide which domain to focus on and
also supports faculty in navigating these domains during
classroom teaching. See Multimedia Appendix 4 for the H&P
360 interview guide. Further exploration of domain-based
thinking among medical learners is warranted to identify the
best ways to provide a data-gathering framework that is both
accessible in the early stages and comprehensive in the later
stages of learning. We are particularly interested in methods
for—and the implications of—incorporating patients’ values,
priorities, and goals into every clinical encounter [29,30].

Second, once familiar with domain-based thinking, medical
students need to develop skills in deciding which specific
information within a domain is most relevant to a given patient
encounter. The finding that clerkship and postclerkship students
from both inpatient and outpatient settings found the H&P 360
added valuable information and enhanced patient care suggests
that students perceive tailoring domain-based questions to
individual patients and clinical contexts as useful and facilitative
for patient care.

Importantly, many students’ comments revealed the emergence
of skills in “modularizing” components of the H&P 360—using
only those most relevant to a particular clinical context without
feeling compelled to cover every domain.

Third, students need to manage the emergent information
through further inquiry or redirection. As reflected in some
student comments, medical students can feel compelled to fully
elucidate or address the complex behavioral or social drivers
of patients’ health once identified. They also recognized that
some behavioral or social needs uncovered during this process
are important but do not require immediate action. Students
should then redirect the interview to address matters of
immediate concern (eg, potentially serious symptoms or a plan
for initial hospital treatment), while simultaneously developing
a plan to address longer-term issues. This process of identifying,
prioritizing, and guiding the interview to optimize both
disease-specific and contextual information has been
demonstrated in the area of diagnostic reasoning, where a
clinician listens and generates hypotheses, gathers data to test
these hypotheses, and, depending on the results, offers treatment
or pursues further diagnostic action [31]. We suggest that the
domain-based framework of the H&P 360 facilitates the
application of advanced interview skills not only to diagnostic
assessment but also to management and care planning that better
account for patients’ psychosocial and environmental realities.

Finally, the new information elicited with the H&P 360 must
be applied to clinical management planning. Our data suggest
that, while learners generally found that information from the
H&P 360 enhanced care planning, ratings in this area were
lower than for other measures and lower than those observed
in previous studies [3,17], particularly among early learners.
We believe these findings highlight the complexity of
incorporating social and behavioral information into care
planning—for example, in discharging a patient facing
homelessness or supporting medication adherence limited by
insurance, income, transportation, or behavioral factors. By
bringing these “background” issues to the forefront early in
training, students can develop skills to mobilize interprofessional
teams and utilize local resources as part of routine patient care.
We also anticipate that by directly addressing SDOH—rooted
in racial, ethnic, and socioeconomic inequities—learners will
be better equipped to recognize and manage systemic and
personal implicit biases that negatively impact care.

Although not emphasized in the student-oriented results
presented here, our study suggested that faculty play an
important role in promoting the effective use of the H&P 360.
Faculty development and feedback methods varied across
participating sites, ranging from interactive seminars to entirely
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email-based communication, and faculty “buy-in” likely varied
both within and across sites. At all sites, faculty were provided
with information on the purpose, content, and suggested best
practices for using the H&P 360. Anecdotally, however, learners
reported little awareness or receptivity among teaching faculty
toward using the H&P 360 domain framework in teaching and
clinical management—except at 1 site where in-person faculty
development was conducted before the COVID-19 pandemic.
As professional development is influenced by cues from
influential social sources, as well as practice resources and
norms [22], effective application of the H&P 360 will likely
require its incorporation into local teaching and clinical
practices. Faculty development and the use of the 7-domain
framework in teaching and clinical practice represent important
areas for future investigation.

Limitations
Our study was limited by small sample sizes, which prevented
more rigorous statistical analyses of the Likert-type scale data
and further qualitative analysis. However, both in this work and
in previous studies, student responses to the H&P 360 have
been primarily positive. Additionally, it is important to
acknowledge that some students experienced difficulties
implementing the H&P 360 during virtual interactions and in
specific clinical encounters. More implementation training on
how to utilize the H&P 360 in different scenarios might be
helpful for students. The survey also had a low response rate at
some institutions, which may be attributable to several factors.
The survey was optional and not required at all 3 sites. In some
cases, faculty were unable to administer the survey immediately
after course completion due to time constraints.

Lastly, this project took place at the beginning of the pandemic,
which introduced many competing priorities and adjustments
to the overall learning environment. The overall impact of
response rates on the results is difficult to estimate, as rates
varied by institution and were likely influenced by additional
local factors. Information on factors that could promote or limit
the effective application of the H&P 360 was not explored
beyond the data collected from the student surveys. For example,

curricular content encountered by students before the H&P 360,
as well as organizational culture, could influence its application
at each institution. Exploration of these factors was outside the
scope of this study. Survey data were limited by too few
observations in relevant substrata (eg, inpatient vs outpatient;
longitudinal vs short-term; virtual vs face-to-face; and
institutional vs community-based clinical settings) to permit
meaningful subgroup analyses exploring additional variables
that may impact the implementation of the H&P 360 in different
settings.

Conclusions
The H&P 360 provides an enhanced template for data gathering
that includes general prompts addressing key dimensions of
human health not captured by the traditional H&P, such as
patients’ values, priorities, and goals. Our findings support the
usability of the H&P 360 as a more comprehensive approach
for medical students to gather patient information. Among early
learners, it may be best to include a few specific illustrative
items under each domain to familiarize students with the
domains without requiring higher-order clinical knowledge or
skills. Among later learners, the now-familiar domains can be
used to promote more complete data gathering and to develop
skills in integrating patients’goals, psychosocial and behavioral
factors, and interprofessional teams into care planning. The
H&P 360 may be particularly useful for making health inequities
and their root causes more visible in routine clinical encounters,
while guiding management planning to address them. Future
work should measure its effects on patient care and outcomes.

Relevant topics for future investigation related to the H&P 360
include influences on students’ use of the H&P 360 at different
developmental stages; its use to identify and address SDOH;
and methods and outcomes of faculty development to promote
routine incorporation of domain-based thinking into clinical
teaching and practice. To facilitate further investigation and
implementation of the H&P 360 among medical schools, a set
of tools and resources is available on the AMA website or
authors may be contacted directly for further information.
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Abstract

Background: It is well established that frontline health care staff are particularly at risk of stress. Resilience is important to
help staff to manage daily challenges and to protect against burnout.

Objective: This study aimed to assess the usability and user perceptions of a resilience training web app developed to support
health care keyworkers in understanding their own stress response and to help them put into place strategies to manage stress and
to build resilience.

Methods: Nurses (n=7) and other keyworkers (n=1), the target users for the resilience training web app, participated in the
usability evaluation. Participants completed a pretraining questionnaire capturing basic demographic information and then used
the training before completing a posttraining feedback questionnaire exploring the impact and usability of the web app.

Results: From a sample of 8 keyworkers, 6 (75%) rated their current role as “sometimes” stressful. All 8 (100%) keyworkers
found the training easy to understand, and 5 of 7 (71%) agreed that the training increased their understanding of both stress and
resilience. Further, 6 of 8 (75%) agreed that the resilience model had helped them to understand what resilience is. Many of the
keyworkers (6/8, 75%) agreed that the content was relevant to them. Furthermore, 6 of 8 (75%) agreed that they were likely to
act to develop their resilience following completion of the training.

Conclusions: This study tested the usability of a web app for resilience training specifically targeting National Health Service
keyworkers. This work preceded a larger scale usability study, and it is hoped this study will help guide other studies to develop
similar programs in clinical settings.

(JMIR Med Educ 2025;11:e51101)   doi:10.2196/51101

KEYWORDS

resilience; workplace stress; National Health Service; NHS keyworker; digital learning; digital health; usability; feasibility; mental
health; pilot study; learning; training; exercise; primary care provider; health care professional; occupational health; worker;
hospital; emergency; survey; questionnaire; mobile phone

Introduction

Resilience allows individuals to manage everyday challenges
and changes. For health care professionals who are working in
highly emotive and stressful situations, resilience skills are
particularly important [1]. It is well established that frontline
staff such as nurses are particularly at risk of stress due to factors
such as long shifts, organizational pressures, and the emotional
impact of their work [2]. During the COVID-19 pandemic, there
were high rates of mental health problems among health care
staff. For example, a survey of 255 nurses working with
respiratory patients found 21% to be experiencing moderate or

severe symptoms of anxiety and 17.2% to be experiencing
depression. A total of 18.9% scored low or very low on a
measure of resilience [3]. A study of 1106 physicians also
reported high levels of anxiety and low levels of resilience
during the pandemic [4]. Building emotional resilience is
therefore imperative to prevent burnout in health care staff, to
keep them healthy both physically and mentally, to improve
well-being, and to ensure job retention in the workplace [1].

One way that employers can meet this need is through the
provision of resilience training. Key benefits of resilience
training include improvements in mental health and well-being,
social support, self-efficacy, and coping. Further benefits include
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improved ability to adapt to pressures and demands in the
workplace and other areas of life [5]. In health care settings,
nurse resilience interventions have been highlighted as a
potential way of enhancing staff coping and well-being, job
satisfaction, and retention [2]. Greater nurse resilience has also
been associated with better work performance [6].

A constraint of traditional resilience training programs is the
time required to attend in person, which can exclude certain
staff groups, such as nurses, from participation. Smartphone
apps have the potential to offer training in resilience to large
numbers of people while overcoming barriers, such as stigma,
time, and acceptability, and can be integrated easily into the
wider organizational well-being strategy [7-11].

The aim of this study was to evaluate whether health care
keyworkers would be willing to carry out resilience training via
an online platform specifically designed to enable them to
understand their own stress response and put in place strategies
to manage stress, build emotional resilience, and maintain
well-being. The data collected would generate important
information for future implementation, while contributing
feedback for a more refined usability study with this population.

Methods

Participants
The recruitment process was carried out by the Medical Devices
Testing and Evaluation Centre (MD-TEC) team. A study sample
was recruited from the University Hospitals Birmingham
National Health Service (NHS) Foundation Trust, and
participation was incentivized with Continuing Professional
Development credits for participation. This study was advertised
over the web via the internal trust-wide communications bulletin
and targeted emails. There was not an enforced inclusion
criterion, but this study requested for participants who were a
nurse or health care professional and worked in either the
emergency department, intensive care unit, or critical care.

Ethical Considerations
This study was run as a formative usability study by MD-TEC
with human participants. The University of Sheffield Re-Use
of Existing Data Questionnaire was completed, and the
Psychology Research Ethics Committee deemed this study
exempt from ethical approval because the data were fully
anonymized. A short self-declaration form was submitted. This
application went to the Psychology Departments Ethics
Administrator for a final check before a letter of confirmation
was issued.

Informed consent was derived through the sharing of a
recruitment flyer with potential participants. This explained the
research and its function as part of medical device usability
testing for further development.

All the data were received fully anonymized from MD-TEC
post study. The participants were not personally identifiable by
the researchers. Research participants were offered Continuing
Professional Development credits for their participation. They
self-selected for and undertook the research voluntarily.

The training web app was developed by the third author without
funding. The content of the training web app drew on the
Skills-Based Model of Personal Resilience [12] and included a
selection of evidence-based skills and exercises to regulate
distress emotions and build positive emotions, such as slow
rhythmic breathing and mindfulness practice. The selection of
skills and exercises were chosen for their capacity to provide
maximum benefit to participants, calming stress, and facilitating
improved coping, in the context of this brief trial.

Bennion et al [8] highlight four key indicators of quality drawn
from effective digital psychotherapy approaches. These include
clinician involvement, academic involvement, research, or other
evidence and use of specific psychological approach or theory.
The intervention followed these recommendations, drawing on
academic and clinical theory [13] and involving clinicians,
academics, and computer scientists in its development to ensure
greater quality and effectiveness.

The web-based training was published using Articulate Storyline
(Articulate Global, LLC) and accessed via a web browser. It
consisted of both written and spoken content on a series of
slides, short videos, and experiential exercises which could be
moved through at participants’ own pace using “previous” and
“next” buttons. The estimated time to complete the training was
20 minutes.

Pretraining Questionnaire
The pretraining questionnaire captured basic demographic
information: gender, age range, job role, current area of work,
current band, and years of nursing experience. Current job stress
was rated on a 5-point scale (never, hardly ever, occasionally,
sometimes, and very). Participants were also asked whether
they had heard of or previously undertaken any resilience
training.

Posttraining Feedback Questionnaire
The posttraining feedback questionnaire focused on 6 areas:
app design and navigation, app content, app impact, app training
exercises, app relevance, and app access. Each question was
posed on a Likert scale with five possible answer options to
allow the user to respond to each statement on a range from
“strongly agree” to “strongly disagree.”

Procedure
Upon contacting the MD-TEC team to participate, interested
individuals were provided the opportunity to ask any questions
about participation in this study. If willing to consent,
participants were then sent the link and password to access the
training. The training and surveys were hosted on the MD-TEC
Software Usability Testing Site (MD-TEC), and thus could be
completed on any device with internet access. Once logged in
on an internet browser, individuals were presented with the
precourse survey before completing the full training module.

Once the training module was completed, participants were
taken to a landing page and requested to click a link to take
them to the feedback survey. They were reminded at this point
that no identifiable information would be collected from them.
As the surveys were completed anonymously, participants who
completed the training and survey were asked to inform the
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MD-TEC team via email once they had done so. They were
then sent a certificate toward Continuing Professional
Development for their time contributed to research, which they
could add to their personal records. The total time for each
participant to complete the training module and feedback survey
was approximately 45 minutes.

Statistical Analysis
This study did not use a specific sample size calculation as it
was focused on app usability. It instead aimed to achieve at
least 5 participants which is deemed an optimal number to reveal
77% to 85% of problems [14]. Data were analyzed using IBM
SPSS (version 26; IBM Corp). The pretraining and posttraining
feedback questionnaires were summarized as a mix of
continuous variables with medians and categorical ordinal
variables with percentages.

Results

Participants
The age of participants ranged from 25 to 64 years. The total
sample (N=8) was comprised of 8 (100%) females, 7 (87.5%)
nurses, and 1 (12.5%) keyworker of other professions. Grades
ranged from 5 to 7 with a median of 6 (IQR 5-6). Five of the
participant’s had over 15 years of nursing experience. All 8
participants completed baseline measures and posttraining
measures.

Pretraining Questionnaire

Sample Overview
Of the 8 participants who completed this study, 3 (37.5%)
worked in the hospital’s intensive care unit, 1 (12.5%) worked
in the emergency department, and 4 (50%) worked in other
undisclosed areas of the hospital.

Current Role Stress
Most participants (6/8, 75%) rated their current role stress as
“sometimes” stressful, while 1 of 8 (12.5%) said “occasionally”
stressful and 1 of 8 (12.5%) said “very” stressful.

Awareness and Knowledge of Resilience Training
Most participants (6/8, 75%) had heard of resilience training,
and those that had taken part (4/8, 50%) had done so in a
face-to-face setting.

Posttraining Feedback Questionnaire

App Design and Navigation
Feedback regarding the design of the training was predominantly
positive. All participants found the training easy to navigate, 6
of 8 (75%) deemed the default speed at which the training
progressed to be acceptable, and 7 of 8 (97.5%) thought the
appearance of the buttons was OK.

App Content
Feedback for the content indicated that all participants (8/8,
100%) found the training easy to understand, 6 of 8 (75%) felt
there was enough text content, 4 of 8 (50%) felt there was
enough spoken content, and 5 of 8 (62.5%) felt there were
enough interactive exercises.

App Impact
A large number of the participants (5/7, 71%) agreed that the
training increased their understanding of both stress and
resilience, while 6 of 8 (75%) agreed that the resilience model
had helped them to understand what resilience is.

App Training Exercises
The training exercise feedback was positive but varied. For the
breathing and positive tips exercises, 6 of 8 (75%) participants
agreed they were likely to try the exercises again in the future.
The mindfulness exercise had 4 of 8 (50%) participants agree
they were likely to try the exercise again.

App Relevance
There was a high level of agreement that the training was
relevant to nurses, with 6 of 8 (75%) participants agreeing that
the content was relevant to them.

Furthermore, 6 of 8 (62.5%) participants agreed that they were
likely to act to develop their resilience following completion of
the training.

Access to Training
All the participants indicated a different personal preference to
how they would prefer to access the training. Participants felt
the package should be made available across all platforms to
allow the training to be completed where and when it was most
convenient to them. When asked their preferred location of
access, 5 of 8 (62.5%) indicated their preference as being “at
home.”

Discussion

Principal Findings
We explored the perceived usability and feasibility of a
resilience training web app created for NHS health care
keyworkers. Data collected covered a number of areas: design
and navigation, content, impact, and relevance. The results
showed that 100% (8/8) of participants found the training easy
to understand and agreed that it had increased their
understanding of both stress (5/7, 71%) and resilience (6/8,
75%). Three-quarters of participants agreed that the content was
relevant to them, and this corresponded with the number of
participants rating their current role as “sometimes” stressful.
Furthermore, three-quarters of participants agreed that they were
likely to take action to develop their resilience following
completion of the training. This information was used to inform
the design of a larger usability study.

A total of 8 participants were recruited, with 7 being from the
target population. All participants completed the process from
start to finish. Participants successfully carried out what was
required of them based on this study’s protocol, although some
participants did not complete all the questions asked on the
posttraining questionnaire. There was no indication given as to
why this was the case. In a follow up usability study [13]
validation checks were put in place within the surveys to stop
questions from being missed by mistake.
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The findings of this study indicated that participants found the
training app design and navigation acceptable and usable.
However, the measure used was not a standard model of system
usability (eg, International Organization for Standardization,
2018). This study’s design was updated to use two validated
measures (the System Usability Scale and the Usability Metric
for User Experience) to strengthen the robustness of a follow-up
usability study [14]. Adding these two additional validation
measures to this study’s design helped to strengthen assessment
of the training app’s usability.

Participants indicated that the training was easy to understand
and that there was enough text content; however, they also
indicated that there was a need for the training to have more
spoken and interactive content. This fits with a recent study
[15] in which nurses’ interactive behavior was identified as an
influencing aspect of nurse satisfaction with online learning.
Based on these findings, we recommend the training’s
interactive content be revisited in its next design iteration.

Most participants perceived that the training increased their
understanding of both stress and resilience and that the resilience
model had helped them to understand what resilience is. A more
robust method of measurement was required to further explore
the impact of the training and this study’s design was updated
to incorporate ratings of perceived knowledge regarding stress
and resilience. These new scales were used in a follow up
usability study [14] and found to increase significantly between
pre- and postapp training.

The training exercise feedback was positive but varied. Both
the breathing and positive tips exercises were well received,
with participants agreeing they were likely to try the exercises
again in the future. However, only half of the participants agreed
that they would try the mindfulness exercise again. This may
have been due to the difficulty in carrying out the exercise in a
busy work environment.

Many participants agreed that the training was relevant to them
and believed that they were likely to act to develop their
resilience following completion of the training.

Limitations
Recognized limitations of usability studies include that testing
is conducted in an artificial situation and personal preferences
of the participants are not representative of the wider user
population [16]. The digital training app used in our study is an
early prototype. This may need multiple design developments
to create a smartphone app that can be used to deliver the
resilience training. The aim of this formative usability study
was to assess the acceptability and user perceptions of the
current version of the training program. As such, this study is
part of the iterative product development process and is different
to a summative usability study, conducted for validation and
regulatory purposes [17].

This study had a single-group design and advertised for a
specific group; however, anyone employed by the trust who
contacted MD-TEC regarding this study could be involved.
This was done primarily to allow anyone employed by the trust
to gain access to training that could benefit them. Potential
participants who were unaware of this clause may have been

lost because of this decision. The initial training materials were
designed with nurses in mind but were not specifically tailored
for the demographic. This may have changed participants’ initial
perception of the suitability of the training to them personally.
A single-group design can limit the ability to draw definitive
conclusions about the effectiveness of the training due to its
lack of a control or comparison group [18]. However, since this
study was focused on the usability of the training and not the
effectiveness, and it was not seeking to make a comparative
analysis, a single-group design was appropriate.

This study limited its evaluation to perceived usability, which
was not obtained through laboratory-based observations. As
such, the positive ratings reported may not be representative of
true user experience. A heuristic evaluation of the training to
detect usability problems was not carried out, due to pandemic
restrictions making this problematic to implement. This study
used quantitative scales and measures to collect data but did
not use qualitative measures to gain deeper insight into what
NHS health care staff felt about the training. A measure of time
spent using the training was not collected. This could have also
given an indication of acceptability. This study used two single
Likert scales to measure perceived increases in knowledge about
stress and resilience. Studies have shown that perceptions of
learning may not reflect knowledge gains, when compared with
evidence of actual learning [19]. A more robust method of
measuring knowledge retention would have benefitted this study.
This could have been achieved by having a pre- and postquiz
based on the content of the training to see what knowledge was
retained.

While the majority of participants gave positive responses in
the evaluation of this study, the generalizability of these
outcomes is limited due to the disproportionate number of
female participants and participants from a nursing background.
Only 1 (12.5%) participant was from a different professional
group. This limits the inferences that can be drawn about
usability and acceptability of the training to male participants
and those with other keyworker roles. It is recommended that
future studies recruit a more representative sample to enhance
generalizability of the results.

Conclusions
Overall, the resilience training module was well received by
the participants. The participants felt the package was easy to
navigate. There was a high level of agreement that the visual
delivery of the training was acceptable, as well as the speed at
which this was delivered.

A number of techniques demonstrated during the training were
also well received, with 6 of 8 participants agreeing that they
would use them in future stressful situations. Mindfulness was
the only exercise that received more varied feedback, with half
agreeing on its utility in the work environment.

Health care staff participating in this study largely agreed that
the training was relevant to their group and that the tone of the
delivery was appropriate. No clear preference regarding how
to access the training was identified, highlighting the need for
accessibility via computer, tablet, and smartphone. Participants
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expressed a wish to to access the training when they have a
moment of need and the opportunity in their busy working day.

Future Directions
As one of the first NHS web-based resilience programs to be
tested, this first usability study aimed to understand whether
web-based training for resilience is deemed usable and
acceptable by health care staff. The results of this study will be
used to expand and build upon the initial prototype to make a
more interaction enriched version of the training.

This study also provided an understanding of the program’s
limitations and highlighted some aspects which require further
adaptation for delivery via a new medium. Future research
would aim to evaluate the impact of including greater
interactivity on engagement and learning. It would also aim to
extend the accessibility and acceptability of the program to a
wider audience by developing an effective prototype for a
smartphone app.

This study was run externally by MD-TEC, who had their own
processes for running usability studies of this nature. This

study’s design covered some of the key factors required for an
effective online survey, but it could have been further improved
by seeking acknowledgment with MD-TEC regarding the
CHERRIES (Checklist for Reporting Results of Internet
E-Surveys) checklist [20].

It is clear from the results that there is a need for future research
to evaluate how skills-based learning using web-based training
impacts long term resilience. A larger scale study would allow
for more in-depth investigation of the impact of such training
on participants’ levels of stress and resilience as well as their
perspectives on acceptability.

Given the diversity of NHS staff, it will be important for any
future study to gather a wide set of demographic information
to investigate acceptability and generalizability across diverse
populations. With increasing awareness (ie, gained through the
COVID-19 pandemic) of the pressures faced by all NHS staff,
across a breadth of ethnic and socioeconomic groups, a larger
scale study would allow for a wider inclusion criterion covering
all NHS staff groups.
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Abstract

Background: Telenursing has become prevalent in providing care to diverse populations experiencing different health conditions
both in Israel and globally. The nurse-patient relationship aims to improve the condition of individuals requiring health services.

Objectives: This study aims to evaluate nursing graduates’ skills and knowledge regarding remote nursing care prior to and
following a simulation-based telenursing training program in an undergraduate nursing degree.

Methods: A cohort study assessed 114 third-year nursing students using comprehensive evaluation measures of knowledge,
skills, attitudes, self-efficacy, and clinical skills regarding remote nursing care. Assessments were conducted at 2 critical time
points: prior to and following a structured simulation-based training intervention.

Results: Participant demographics revealed a predominantly female sample (101/114, 88.6%), aged 20‐50 years (mean 25.68,
SD 4.59 years), with moderate to advanced computer and internet proficiency. Notably, 91.2% (104/114) had no telenursing
exposure, yet 75.4% (86/114) expressed training interest. Statistical analyses demonstrated significant improvements across all
measured variables, characterized by moderate to high effect sizes. Key findings included substantial increases in telenursing
awareness, knowledge, skills, attitudes and self-efficacy; significant reduction in perceived barriers to remote care delivery; and
complex interrelation dynamics between variables. A multivariate analysis revealed nuanced correlations: higher awareness and
knowledge were consistently associated with more positive attitudes and increased self-efficacy. Positive attitudes correlated
with enhanced self-efficacy and reduced perceived barriers. Change score analyses further indicated that increased awareness
and knowledge facilitated more positive attitudinal shifts, while heightened awareness and positive attitudes corresponded with
decreased implementation barriers.

Conclusions: The study underscores the critical importance of integrating targeted telenursing training into nursing education.
By providing comprehensive preparation, educational programs can equip students to deliver optimal remote care services. The
COVID-19 pandemic has definitively demonstrated that remote nursing will be central to future health care delivery, emphasizing
the urgent need to prepare nursing students for this emerging health care paradigm.

(JMIR Med Educ 2025;11:e67804)   doi:10.2196/67804

KEYWORDS

simulation-based training program; telenursing; simulation; program; training; nursing student; nursing care; Israel; nurse-patient
relationship; telehealth nursing; remote nursing care; undergraduate; cohort study; knowlege; self efficacy; skills; attitudes

Introduction

Background
In recent decades, telehealth—the use of information and
communication technology in health care—has become a global
priority [1]. Telenursing, a subset of telehealth defined as “the
use of technology to deliver nursing care and conduct nursing
practice” [2], has emerged as a significant health care option.
Indeed, telenursing enables patients to access health care
providers remotely through various technologies, including
mobile devices, computers, and videoconferencing [3]. The
American Nurses Association defines telenursing as the use of

“technology to deliver nursing care and conduct nursing
practices” [4].

Telenursing offers numerous benefits, including improved access
to care, savings in time and resources, and enhanced self-care
opportunities [5]. Telenursing has been found effective in
reducing the number of outpatient and emergency room visits,
shortening hospital stays, and lowering health care costs [6]. It
has also proved beneficial in educating patients, promoting
self-care competence, and providing cost-effective mental health
support [7], as well as in providing care for chronically ill
patients [5], oncology patients [6] and palliative care [8].
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The COVID-19 pandemic accelerated the adoption of
telenursing by emphasizing its crucial role in disaster and public
health emergency responses [9]. This shift highlighted the need
for integrating telenursing concepts into nursing education at
both undergraduate and graduate levels [3,10].

Despite the growing importance of telenursing, it is often
underrepresented in nursing curricula. Poreddi et al [11] found
that while nurse interns generally hold positive perceptions of
telenursing, their knowledge of the subject is limited. This gap
underscores the need to incorporate telenursing concepts into
nursing education in order to prepare future health care providers
for an increasingly digital environment. Nurses play an
indispensable role in telehealth implementation, with their skills
and attitudes serving as supportive factors [12].

Nevertheless, telenursing also entails challenges. Indeed, to
provide optimal care without physical contact nurses must
possess high-level clinical and interpersonal skills [13,14]. A
lack of sufficient knowledge and skills constitutes the main
obstacle in telenursing [15]. Previous studies have reported that
telehealth education in nursing programs is inadequate [16]. To
acquire the skills and develop the competencies required for
telenursing, students must practice the use of screen technology
and virtual access to remote patients, and telenursing should be
introduced early in the nursing curriculum [17].

Simulation-based learning has been identified as an effective
method for teaching telenursing skills. This approach allows
students to practice in a safe and realistic environment in which
they can improve their cognitive, emotional, and psychomotor
abilities [18,19]. Studies have shown that simulations positively
affect self-efficacy, academic motivation, and the acquisition
of clinical skills [20,21]. Moreover, experiential education can
be used to augment such crucial factors as perceived usefulness,
self-efficacy, and innovativeness, thus enhancing our
understanding of the effectiveness and implications of
telenursing [22].

Glinkowski et al [23] examined telehealth among college
nursing students. They found that 67% (207/308) of participants
were willing to engage in telehealth services and 69.49%
(214/308) agreed that telehealth should be included as part of
the nursing education curriculum. Indeed, enhancing
understanding of telenursing and establishing a robust human
infrastructure among future nursing professionals are of critical
importance. Receptiveness and adaptability have emerged as
crucial factors in shaping the quality of health care services
provided through telenursing [24]. Studies that examined nursing
and medical students in the United States and Poland revealed
positive perspectives and attitudes toward telehealth and
telenursing. Yet, these studies also revealed knowledge gaps
among these students, as well as erroneous beliefs regarding
the advantages and possibilities of using telenursing in health
practice [25-28]. Adequate education is needed to overcome
this lack of knowledge and improve students’attitudes, including
more telenursing content [29].

According to Assaye et al [30], the most significant factors
influencing perceptions of telenursing among health care
providers include technology availability, web access, and lack
of telemedicine training. Indeed, nurses with insufficient

education and training in the use of technology face difficulties
in implementing telenursing [31]. To overcome these difficulties,
students must develop a positive and unprejudiced attitude,
while acquiring comprehensive knowledge and acknowledging
the limitations of these technologies [32].

Despite the importance of integrating telenursing in nursing
study programs, in Israel this topic has not been incorporated
into the nursing director’s core program and is not taught in
practical nursing training programs. Although studies have been
conducted on the use of telenursing, very few have examined
the issue of training nursing students to use it. Implementing
and evaluating such a training program have the potential to
help integrate telenursing into the nursing director’s core
program.

In conclusion, despite the increasing importance of telenursing
in health care delivery, particularly in view of recent global
events, its integration into nursing education remains limited,
particularly in certain countries, such as Israel. Further research,
educational initiatives, and pilot training programs are needed
to bridge this gap and ensure that future nurses are adequately
prepared for the evolving landscape of health care delivery.

This study evaluates the skills and knowledge of third-year
nursing students regarding remote nursing care before and after
participation in a simulation-based training program on
telenursing as part of their undergraduate nursing degree. To
the best of our knowledge, very few studies to date have
evaluated programs that use simulation to train nursing students
in the provision of nursing care from a distance (telenursing).

Hypotheses
This study tests 3 hypotheses. The first hypothesis posits that
participation in telenursing training will lead to increased
awareness, knowledge, and understanding of required skills in
telenursing practice. We expect to observe improved attitudes
toward telenursing and enhanced self-efficacy, while
simultaneously seeing a reduction in perceived barriers to
telenursing implementation. The second hypothesis suggests
that there will be significant positive correlations between
nursing students’ self-efficacy in telenursing and their
awareness, knowledge, skill perceptions, and attitudes toward
telenursing. Conversely, we anticipate that barriers to telenursing
will demonstrate a negative correlation with self-efficacy levels.
The third hypothesis proposes that nursing students’ awareness,
knowledge, skill perceptions, and attitudes toward telenursing
will serve as significant predictors of both initial self-efficacy
levels prior to training and the magnitude of change in
self-efficacy following the intervention.

Methods

Participants
Participants in this study included 114 nursing students in their
third year of studies. Most participants were female (101/114,
88.6%), between the ages of 20 and 50 years (mean 25.68, SD
4.59 years), and studying for a first undergraduate degree
(107/114, 93.9%) (rather than attempting a career change).
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Instruments
The questionnaire included 6 sections:

1. The Awareness of Telenursing questionnaire included 6
items, scored on a scale of 1-3 (1=know about it, 2=heard
about it, and 3=know nothing about it). Sample item:
“Telenursing is the most advanced service provided in
nursing.” Internal consistency was acceptable in the pretest
(α=.70) but low in the posttest (α=.48). A higher mean
score reflects higher awareness of telenursing.

2. The Knowledge of Telenursing questionnaire included 10
dichotomous items, scored 0 or 1. Sample item:
“Epidemiological patient surveys can be conducted via
telenursing.” Low to acceptable internal consistencies were
found in the pretest (α=.75) and the posttest (α=.54). A
higher summary score reflects a higher level of knowledge
of telenursing.

3. The Skills Required for Telenursing questionnaire included
10 items, scored on a scale of 1-5, with 1 indicating a low
level and 5 indicating a very high level. Respondents were
asked to rate the extent to which they felt that nurses need
specific skills for using telenursing. Sample item: “High
listening skills and high question asking skills are required
for telenursing.” High internal consistencies were found in
the pretest (α=.91) and in the posttest (α=.90). A higher
mean score reflects a higher level of skills required for
telenursing.

4. The Attitudes About Telenursing questionnaire included
13 items, scored on a scale of 1-5, with 1 indicating that
the respondent does not agree at all and 5 indicating a very
high level of agreement. Sample item: “I believe that
telenursing facilitates the provision of equitable service to
all patients.” High internal consistencies were found in the
pretest (α=.89) and the posttest (α=.89). A higher mean
score reflects more positive attitudes about telenursing.

5. The Barriers to Telenursing questionnaire included 9 items,
scored on a scale of 1-5, with 1 indicating that the
respondent does not agree at all and 5 indicating a very high
level of agreement. Sample item: “I did not invest so many
years studying just to work in front of a computer. I will
miss personal contact with patients and meeting them face
to face.” Good internal consistencies were found in the
pretest (α=.79) and the posttest (α=.82). A higher mean
score reflects a higher level of barriers to using telenursing.

6. The Self-Efficacy in Telenursing questionnaire included
10 items, scored on a scale of 1-5, with 1 indicating that
the respondent does not feel certain and 5 indicating that
the respondent feels very certain in being able to help the
patient follow instructions given over the telephone and
understand complex cases presented in that manner. High
internal consistencies were found in the pretest (α=.91) and
the posttest (α=.95). A higher mean score reflects higher
self-efficacy.

Procedure
This study is a cohort intervention study conducted among all
third-year nursing students in the college, which examined level
of knowledge, skills and attitudes regarding self-efficacy and

clinical skills for telenursing, and willingness to use this method
at 2 points in time—prior to and following training.

The training took place in two stages: (1) the students were
taught by the course lecturer, who works in this field. Topics
of study included diverse nursing practices, ethical aspects of
telehealth, clinical skills including communications skills,
challenges in telenursing, and tools for coping with complex
issues arising from telenursing. (2) Students practiced
telenursing through simulations in various nursing areas. During
the simulations they practiced treating patients using the
telenursing tools and communications skills they had learned
and conducted virtual patient assessments and physical
examinations.

The participating students answered a questionnaire assessing
the research variables prior to and following training.

Ethical Considerations
The study was approved by the College Ethics Committee,
Emek Yezreel Academic College (approval no. YVC
EMEK-2023‐87). Students were recruited via the researcher’s
research assistant, who asked for volunteers. Before completing
the questionnaires, participants were told that participation was
voluntary and that they could drop out of the study at any time.
They were informed that their opinions were important for
constructing the departmental training program and were
therefore encouraged to express them. Participants signed
informed consent forms prior to participation. All students in
the cohort agreed to participate in the study with no
compensation provided. The participants’ privacy and identity
were protected, and confidentiality was assured in that no
identifying information was asked. The study objectives were
explained to the participants and the study was conducted
according to the academic ethical code.

Data Analysis
The data were analyzed with SPSS (version 29; IBM Corp).
Descriptive statistics were used for the participants’
demographic characteristics and study variables. As the variable
of skills required for telenursing (pre and post) was negatively
skewed (preskewness −1.74, SE 0.23; postskewness −3.20, SE
0.23), it underwent exponential transformation. Time differences
were assessed with 2-tailed paired t tests, using Cohen d for
effect sizes. Change scores were computed as residual gain
scores between the pre- and posttests, and Pearson correlations
were calculated between the study variables regarding the pretest
scores and the change scores. Multiple linear regressions were
calculated for self-efficacy in telenursing, using pretest scores
and change scores. Awareness, knowledge, skills, attitudes, and
barriers to telenursing were defined as predictors.

Results

Descriptive Results
Most participants have initially reported a moderate (54/114,
47.4%) or advanced (58/114, 50.9%) level of knowledge in
using computers and the web. Most have not been exposed to
telenursing (104/114, 91.2%) but were interested in training in
it (86/114, 75.4%). Participants’ age was generally not
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associated with the study variables (P=.07 to P=.94) and was
thus not controlled for. Other demographic variables had low
variance. Thus, the first hypothesis was assessed with a series
of 2-tailed paired t tests. Significant changes were noted in all
variables with moderate to high effect sizes (Table 1).

Awareness of telenursing, knowledge of telenursing, skills,
attitudes, and self-efficacy in telenursing have all significantly
increased following participation in the training program, and
barriers to telenursing have significantly decreased.

Table . Means, SDs, t values, and Cohen d values for the study variables by time (N=114)a.

Cohen dt113 (P value)Posttest, mean (SD)Pretest, mean (SD)

1.8515.18 (<.001)2.54 (0.36)1.75 (0.48)Awareness of telenursing

0.766.18 (<.001)8.42 (1.55)6.84 (2.48)Knowledge of telenursing

0.363.80 (<.001)4.77 (0.38)4.60 (0.55)Skills required for telenurs-
ing

1.049.78 (<.001)4.06 (0.62)3.41 (0.62)Attitudes about telenursing

0.45−4.52 (<.001)2.63 (0.74)2.94 (0.61)Barriers to telenursing

0.464.88 (<.001)4.04 (0.73)3.69 (0.79)Self-efficacy in telenursing

aRanges: awareness of telenursing 1-3; knowledge of telenursing 0-10; and skills, attitudes, barriers for telenursing, and self-efficacy in telenursing 1-5.

Pearson correlations were calculated among the study variables
regarding the pretest and change scores. Significant associations
were found (Table 2). In the pretest, higher awareness of
telenursing, higher knowledge of telenursing, and perception
of the higher skills required for telenursing were associated with

more positive attitudes and higher self-efficacy regarding
telenursing. Furthermore, more positive attitudes about
telenursing were associated with higher self-efficacy in
telenursing and with lower barriers to it.
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Table . Pearson correlations between the study variables for the pretest scores and the change scores (N=114).

654321

Pretest

    1. Awareness of
telenursing

0.20–0.130.190.120.131        r

.04.16.04.19.18—a        P value

    2. Knowledge of
telenursing

0.23–0.060.380.1510.13        r

.02.53<.001.11—.18        P value

    3. Skills required
for telenursing

0.190.030.2210.150.12        r

.04.75.02—.11.19        P value

    4. Attitudes
about telenursing

0.20–0.2710.220.380.19        r

.04.004—.02<.001.04        P value

    5. Barriers to te-
lenursing

0.061–0.270.03–0.06–0.13        r

.51—.004.75.53.16        P value

    6. Self efficacy
in telenursing

10.060.200.190.230.20        r

—.51.04.04.02.04        P value

Change scores

    1. Awareness of
telenursing

0.14–0.220.23–0.110.251        r

.14.02.01.26.006—        P value

    2. Knowledge of
telenursing

0.02–0.080.230.0110.25        r

.85.42.01.95—.006        P value

    3. Skills required
for telenursing

0.210.010.1210.01–0.11        r

.02.93.20—.95.26        P value

    4. Attitudes
about telenursing

0.37–0.3810.120.230.23        r

<.001<.001—.20.01.01        P value

    5. Barriers to te-
lenursing

–0.231–0.380.01–0.08–0.22        r

.02—<.001.93.42.02        P value
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654321

    6. Self efficacy
in telenursing

1–0.230.370.210.020.14        r

—.02<.001.02.85.14        P value

aNot applicable.

Regarding the change scores, higher awareness of telenursing
was associated with higher knowledge of telenursing and both
were associated with more positive attitudes regarding it.
Furthermore, higher awareness of telenursing and more positive
attitudes regarding it were associated with lower barriers to
telenursing. Finally, the higher skills required for telenursing,
more positive attitudes about it, and lower barriers were
associated with higher self-efficacy in telenursing.

Associations With and Change in Self-Efficacy
Two multiple linear regressions were calculated to evaluate the
associations between awareness, knowledge, skills, attitudes
and barriers to telenursing, and self-efficacy in telenursing
regarding the pretest and the change between the pretest and
the posttest. Level of knowledge in using the computer and the
web (0: moderate and low, 1: advanced) was entered first, and
the study variables or change in the study variables was entered
second (Table 3).

Table . Multiple linear regressions for self-efficacy in telenursing with awareness, knowledge, skills, and attitudes and barriers to telenursing (N=114).

Change scoresbPretest scoresa

P valueβB (SE)P valueβB (SE)

.58−.05−0.10 (0.18).01c.230.36 (0.14)Level of computer
knowledge (ad-
vanced)

.73.030.03 (0.10).03c.190.32 (0.14)Awareness of te-
lenursing

.27−.10−0.10 (0.09).02c.220.07 (0.03)Knowledge of te-
lenursing

.04c.190.19 (0.09).54.060.01 (0.01)Skills required for
telenursing

<.001c.360.36 (0.10).09.170.21 (0.12)Attitudes about te-
lenursing

.34−.09−0.09 (0.10).53.060.07 (0.11)Barriers to telenurs-
ing

aR2=0.23, P<.001; F6, 107=5.20, P<.001.
bR2=0.21, P<.001; F6, 107=4.64, P<.001.
cThese values are significant.

Both regression models were found significant, with 23% and
21% of the variance in the pretest score and in the change score,
respectively, being explained by them. Regarding the pretest
score, higher awareness and more knowledge of telenursing
were associated with the perception of higher self-efficacy in
telenursing. Regarding the change score, greater improvement
in the perceived skills required for telenursing and a higher
positive change in the attitudes regarding telenursing were
associated with a greater improvement in the perception of
self-efficacy in telenursing.

Discussion

This study aimed to examine how a simulation training program
on telenursing affected awareness, knowledge, skills, attitudes,
self-efficacy, and perceived barriers regarding telenursing among
third-year nursing students. The results demonstrate significant
improvements across all measured variables, with moderate to

high effect sizes, suggesting that the implemented training
program was effective. Moreover, the higher skills required for
telenursing, more positive attitudes regarding it, and lower
barriers were associated with higher self-efficacy in telenursing.
These findings emphasize that the simulated experiences served
as effective interventions, providing students with innovative
learning opportunities [33].

The substantial increase in participants’ awareness and
knowledge of telenursing reflects the growing recognition that
it is a critical component of modern health care delivery [1,3].
This increase is particularly noteworthy, given that most
participants (104/114, 91.2%) had no prior exposure to
telenursing, despite their initial moderate to advanced levels of
computer and web proficiency. Findings regarding the posttest
score of awareness of telenursing and its change score may be
biased in unknown ways and should be regarded with caution.
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Vaidya [34] recently emphasized the need to offer simulation
telehealth education to undergraduate, graduate and health care
practitioners in an effort to achieve a more effective remote
diagnosis and treatment management for patients in need, such
as those living with chronic disease.

The findings of this study are also in line with those of Mun et
al [35], which indicated that nursing students lacked substantial
awareness regarding telenursing. Nevertheless, the results also
portrayed a positive outlook. Indeed, according to Kazawa et
al [36], engaging in telenursing helps students enhance their
understanding of telehealth practices, develop critical thinking
skills, and broaden their knowledge of how to manage and
address patient needs in a virtual care setting. Chang et al [37]
also found that nurses with telehealth experience have
significantly higher perceptions of its usefulness than those with
no such experience, and these perceptions correlated positively
with attitudes and behavioral intentions. These findings imply
that providing nursing students with telenursing education can
help them understand and harness this method [28]. Moreover,
telenursing education was shown to have a significant impact
on nurses’ knowledge, attitudes, and awareness of future work
[8,11]. Telehealth simulation was shown to improve nursing
students’ professional skills [38].

This study goes a step further by demonstrating that targeted
training can significantly improve attitudes. This finding is
crucial, as positive attitudes are likely to translate into greater
willingness to engage with and implement telenursing practices
in future professional roles. Nurses with prior telehealth
knowledge had more positive attitudes toward telenursing than
those who had never encountered telehealth-related information,
and their attitudes toward telenursing correlated positively with
their intentions to engage in telehealth [37]. Moreover, nursing
students’attitudes toward telenursing demonstrated a significant
correlation with telenursing experience, observation of
telenursing during clinical practice, and exposure to telenursing
education [35].

The decrease in perceived barriers to telenursing following the
training program is a particularly encouraging outcome of this
study. It suggests that the program has effectively addressed
common concerns and obstacles associated with telenursing
implementation and has the potential to offer a smoother
integration of these practices in future health care settings.

Indeed, to prepare for their future roles, nursing students need
telenursing education [35]. Previous studies examining nursing
students reported positive prospects for telenursing, alongside
negative perceptions associated with a lack of awareness [28,39].
Furthermore, Mun et al [35] found that nursing students who
had a negative outlook regarding telenursing noted its
impracticality as compared with face-to-face nursing, as well
as the lack of patient contact, challenges faced by older
individuals, and accessibility issues for low-income or rural
residents. The assumption is that these limited perceptions derive
from a lack of formal education in telenursing [40]. This type
of education has the potential to enhance knowledge and
attitudes regarding telenursing [41]. Indeed, significant
improvements in understanding the use and role of telenursing

were found among individuals who had undergone telehealth
education [42].

This study found that skills and self-efficacy improved following
the intervention. These findings are in line with a previous study
that found a significant enhancement in skills and self-efficacy
following training [37], thus indicating that telenursing
education plays a crucial role in improving the type of
specialized knowledge required for clinical telenursing. These
findings suggest that nursing students need formal education in
telenursing. Such education will enhance their competency and
nurture a positive attitude, facilitating the seamless integration
of telenursing into the digital health care era [35]. Our findings
also corroborate those of Reierson et al [17], who emphasized
the importance of introducing and practicing telenursing at the
beginning of nursing curricula.

Moreover, our study found differences in the predictors of
self-efficacy. Prior to the intervention, self-efficacy was a
function of awareness and knowledge, whereas following it
self-efficacy correlated with a change in skills and attitudes. To
the best of our knowledge, almost no intervention studies have
been conducted on the role of education in promoting
telenursing. Kazawa et al [36] found that telenursing education
is essential in expanding nursing students’knowledge and skills.
Moreover, Mun et al [35] found that self-efficacy regarding
telenursing among nursing students was associated with
telenursing experience, education, and attitudes toward
telenursing. Knowledge regarding advance care planning was
also found to be associated with self-efficacy [43,44]. Bandura
[45,46] also found a relationship between knowledge and skills,
which translates into action by increasing self-efficacy to
overcome barriers, and Mata et al [47] found that skills can
improve health professionals’ performance and self-efficacy.

Former studies of simulation-based instruction in nursing and
telehealth were done by Parmeter et al [48], using a posttest-only
design. Following peer-to-peer telehealth simulation scenarios
via Zoom (Zoom Video Communications, Inc), the students
demonstrated a high score of confidence and telehealth
performance. These results align with the findings of this study.

These findings have significant implications for nursing
education and practice. First, they strongly support the
integration of telenursing into nursing curricula, as advocated
by Asimakopoulou [3] and Puro and Feyereisen [10]. Moreover,
the success of the simulation-based training program in this
study is in line with previous research highlighting the
effectiveness of simulations in nursing education [20,49].
Simulation can also play an important role in helping students
acquire and improve their self-efficacy and nursing skills [50].
Our findings suggest that similar approaches may be valuable
in preparing nursing students for the growing prevalence of
telenursing in health care delivery.

This study presents 3 key limitations. First, the absence of a
control group limits the ability to conclusively attribute observed
changes solely to the training program. Future research should
incorporate a parallel control group design to enable a more
rigorous comparative analysis and establish clearer causal
relationships. Second, the focus on immediate posttraining
outcomes prevents understanding of long-term telenursing
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competency retention and clinical application. Implementing a
longitudinal study design with multiple follow-up assessments
at 3, 6, and 12 months posttraining would provide insights into
knowledge and skill sustainability. Third, the study’s recruitment
from a single college limits the generalizability of the findings
across nursing student populations in Israel. Expanding the
research to multiple educational institutions, potentially
including diverse geographic and institutional contexts, would
enhance the external validity of the results. Cronbach α value
for awareness of telenursing was acceptable at pretest (α=0.70)
but low at posttest (α=0.48). This finding indicates that the
posttest score of awareness of telenursing has a low reliability,
and the relevant findings should be regarded with caution. That
is, the findings regarding the posttest score of awareness of
telenursing and its change score may be biased in unknown
ways and should be regarded with caution. Future studies are
advised to validate a modified version of this questionnaire or
use a different one.

Future research should address these methodological limitations
by integrating control groups, longitudinal designs, and
multi-institutional sampling to comprehensively evaluate
telenursing training programs and their broader implementation
potential. In addition, research exploring the implications of

telenursing training on patient outcomes and health care system
efficiency would provide critical empirical evidence to support
broader program implementation.

In conclusion, this study provides compelling evidence for the
effectiveness of a simulation-based telenursing training program
in enhancing nursing students’ competencies across multiple
domains of telenursing. The findings underscore the importance
of integrating telenursing education into nursing curricula in an
effort to prepare future health care providers for the evolving
landscape of health care delivery.

To implement these findings effectively, health care
organizations should provide hands-on telenursing training
through structured workshops and regular skill refresher
seminars for practicing nurses. The Ministry of Health should
establish standardized telenursing protocols and mandate their
adoption across all health maintenance organizations to ensure
consistent quality of care. Medical schools should integrate
practical telenursing simulations into their core curriculum,
while practicing health care professionals should complete
required continuing education modules which include hands-on
simulation training to maintain their competency in virtual care
delivery.
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Abstract

Background: During the COVID-19 lockdown, it was difficult for residency training programs to conduct on-site, hands-on
training. Distance learning, as an alternative to in-person training, could serve as a viable option during this challenging period,
but few studies have assessed its role.

Objective: This study aims to investigate the impact of distance learning during the lockdown on residents’ self-assessed
competency development and to explore the moderating effect of poor mental health on the associations. It is hypothesized that
radiology residents who were trained through distance learning during the lockdown were more likely to report higher self-assessed
competency compared to those who did not receive organized, formal training.

Methods: A cross-sectional survey was conducted in 2021 among all of the radiology residents in 407 radiology residency
programs across 31 provinces of China. To estimate the long-term outcomes of radiology residents’ training after the initial
COVID-19 outbreak, this study measured 6 core competencies developed by the US Accreditation Council for Graduate Medical
Education reported by radiology residents. Multiple linear regression and moderating effect analysis were conducted to examine
the associations between distance learning, mental health status, and self-assessed competencies. Mental health status moderated
the association between distance learning and self-assessed competency of radiology residents.

Results: A total of 2381 radiology residents (29.7% of the 8,008 nationwide) met the inclusion criteria and were included in
the analysis. Among them, 71.4% (n=1699) received distance learning during the COVID-19 lockdown, and 73.2% (n=1742)
reported mental health struggles ranging in severity from slight to extremely severe. Radiology residents who were trained through
distance learning (β=0.35, 90% CI 0.24‐0.45) were more likely to report higher self-assessed competencies. This was particularly
true for the competency of “interpersonal and communication skills” (β=0.55, 90% CI 0.39‐0.70). Whereas, the competency
of “patient care and technical skills” (β=0.14, 90% CI 0.01‐0.26) benefited the least from distance learning. Poor mental health
significantly moderated the relationship between distance learning and competency (β=−0.15, 90% CI −0.27 to −0.02).

Conclusions: Distance learning, a means of promoting enabling environments during the COVID-19 lockdown, serves its
purpose and helps generally improve residents’ self-assessed competencies, though different competency domains benefit
unequally. The impact of mental health status calls for special attention so that distance learning can fulfill its potential.

(JMIR Med Educ 2025;11:e54228)   doi:10.2196/54228

KEYWORDS

radiology residents; distance learning; mental health status; self-assessed competency; ACGME competencies; Accreditation
Council of Graduate Medical Education
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Introduction

The COVID-19 pandemic threatens the health of people globally
and has brought unprecedented pressure to health systems [1,2].
The national public health system plays a vital role in fighting
against pandemics by taking measurements such as surveillance
and epidemiological investigations [3], case finding and
management [4], and collective quarantine of close contacts
[5]. However, potential challenges including insufficient alerts,
low efficiency of reporting to higher authorities, and workforce
shortages still exist [1]. Of note, the training of health care
providers and the improvement of their professional skills have
been underscored for their great significance in medical service
delivery and health systems resilience [6-8].

Residency training systems serve the purpose of cultivating a
qualified health workforce [9]. Standardized residency training
(SRT) was initiated in 2013 in China, aiming to train doctors
to meet the needs of population health [10]. With the increasing
trend of competency-based medical training in global medical
education, the assessment of competencies has gained ground
in practice [11]. The US Accreditation Council of Graduate
Medical Education (ACGME) identified 6 core competencies
for physicians (ie, patient care [PC], medical knowledge [MK],
system-based practice [SBP], practice-based learning and
improvement [PBLI], professionalism [PROF], and interpersonal
communication skill [ICS]) [11] and implemented milestones
by the Next Accreditation System initiative in July 2013 [12].
Residency education and competency-based practice assessed
by the milestones are common requirements of ACGME and
have been used in residency training in China [9,13].

COVID-19 has changed medical education dramatically,
especially during the lockdown period. The impacts of
COVID-19 on medical education in radiology, surgery, and
emergency medicine have gained attention [14-16]. Radiology
is related to other medical specialties and all levels of health
care delivery [17]. Radiology residents were typically required
to rotate between different specialties to obtain knowledge and
clinical skills [18]. The mandatory social distancing challenged
the traditional training on radiology trainee approaches such as
teaching at workstations [19]. In China, SRT in radiology spans
3 years and involves workstation-based training throughout
rotations in various specialties and departments [9]. In the first
year, residents undergo rotations in the departments of radiology,
ultrasound medicine, nuclear medicine, pathology, and relevant
clinical departments. In the second and third years, they receive
advanced rotational training within radiology subspecialties
such as computed tomography, magnetic resonance imaging,
x-ray, and interventional radiology [9]. Due to COVID-19, the
mode of residency training has been switched from traditional
in-person classes to distance learning [20], posing challenges
to the effectiveness of rotational training and the developing
competency of residents.

Numerous benefits have been found for distance learning. For
instance, residents can schedule more flexibly and access the
courses more easily [21]. They can learn at their own pace with
the help of recorded lectures and communicate with
professionals and peers on the web at their own convenience

[22]. The positive acceptance and a higher level of satisfaction
with distance learning have been reported by residents in Canada
and the United States [21,23]. However, the practice of digital
readout in distance learning is similar to the experience of
in-person reading, in addition to the difficulties of gauging body
language during practical operations or in the use of medical
instruments [24], which may lead to unsatisfactory outcomes
in radiology education. Meanwhile, the COVID-19 pandemic
has impacted the mental health status of health care professionals
dramatically [25]. Students who experienced distance learning
during the pandemic had been found to have psychological
distress [26,27]. According to the Job Demands-Resources
model, mental health is a personal resource that helps residents
to deal with job challenges by moderating their performance
[28-31]. Accordingly, it is of great importance to take care of
the mental health of residents who have experienced distance
learning [32]. To date, during the COVID-19 lockdown, when
workstation-based training was difficult to deliver, the role of
distance learning remains unclear. It is also uncertain whether
psychological status affects the effectiveness of distance
learning.

In sum, the COVID-19 lockdown had brought substantial
challenges to radiology training programs, which had to
transition from face-to-face instruction to remote learning. In
the meantime, mental distress caused by factors such as social
distancing may make residency training rather difficult. Given
that distance learning remains a primary alternative when
traditional teaching is not feasible (such as during pandemic
outbreaks and lockdowns), yet few studies have explored its
effects, we aimed to investigate the impact of distance learning
on the development of self-assessed competencies as well as
the moderating effect of mental health status. We hypothesize
that radiology residents who received distance learning during
the COVID-19 lockdown were more likely to report higher
self-assessed competencies compared to those who did not
receive organized, formal training during the same period (ie,
nondistance learners) and that this association was moderated
by poor mental health. To test this, we used a nationwide survey
dataset of radiology residents in China, which collected
information on distance learning and mental health status during
the lockdown (January-May 2020), and self-assessed
competencies 6 months later. Previous studies have shown a
strong positive correlation between the assessments by Clinical
Competency Committees and residents’ self-evaluations using
the milestones. This suggests that residents are generally able
to accurately assess their own competencies, which in turn
supports the validity of using milestone assessments as an
effective measure of self-assessed competency in this study
[33].

Methods

Ethical Considerations
The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the institution review
board of Tsinghua University, China (20210140). Informed
consent was obtained before the research started, and data were
deidentified to ensure participant privacy. Participation in this
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survey was voluntary, participants did not receive any incentives
to take part in the study.

Study Setting and Population
A nationwide retrospective cross-sectional survey was conducted
on the web by the Chinese Association of Radiologists (CAR)
during December 1, 2020, to April 30, 2021, targeting all the
radiology residents in 407 radiology residency programs across
31 provinces of China.

To complete the distribution of the questionnaire and to ensure
the participation of the radiology residents, we contacted the
directors of the targeted hospitals’ radiology departments by
email or telephone to inform them of the purpose and details of
the survey initiated by the CAR. The directors were then
instructed to share the link of the questionnaire posted on the
popular web-based survey platform “Wenjuanxing” with
radiology residents. Anonymous responses to the questionnaire
were submitted. All participants were informed that the
questionnaire could only be filled out once, that participation
was completely voluntary, and that they could withdraw at any
time without penalty. During the 5-month survey period, the
research team cooperated well with the CAR for the monitoring
of the participation. If there was a low rate of submission, the
CAR would require the hospital to improve the quality and
quantity of their survey response. This proactive approach could
help increase the number of responses and the representativeness
of the population. Residents who did not undergo residency
training during the COVID-19 epidemic between January and
May 2020 would be excluded.

Measures and Outcomes

Distance Learning
Distance learning was asked “Was your training institution
changed the teaching arrangements to the form of distance
learning to reduce the negative impact during the initial
COVID-19 outbreak?” The response options were either “yes
or no.” In contrast, nondistance learning participants (ie,
nondistance learners) were those who did not receive organized,
formal training during the same period. They primarily stayed
at home on leave, reported daily health status, and engaged in
delayed teaching plans or self-directed learning.

Mental Health Status
Mental health status was measured by the question “Did you
suffer psychological distress during the initial COVID-19
outbreak? (from January to May 2020 in China).” A 5-point
Likert scale was used to measure the degree of mental health
struggles: 1=no impact, 2=mild impact, 3=moderate impact,
4=severe impact, and 5=extremely severe impact. Radiology
residents can choose any rating between 1 and 5 (single choice).
The variable is correlated with long-term mental health
(depression and burnout) measured by the Depression and
Anxiety Stress Scale—Depression and Maslach Burnout
Inventory scales (Multimedia Appendix 1). The Cronbach α
reliability coefficient for depression and burnout was 0.930 and
0.957, respectively.

Self-Assessed Competency
Milestone-based assessment of competencies for residence is
one of the common requirements of the ACGME [11].
Self-assessment plays a key role in this process by fostering
reflection on professional actions, identifying learning needs,
and enabling residents to develop and refine personalized
improvement plans [34]. Moreover, residents’ self-assessments
showed a strong alignment with the Clinical Competency
Committee evaluations across postgraduate year levels
[33,35,36]. To estimate the long-term outcomes of radiology
residents’ training after the initial COVID-19 outbreak, our
study measured 6 core competencies developed by the ACGME
that were assessed by radiology residents themselves. As is
suggested by the experts, we selected 9 subcompetencies from
diagnostic radiology milestones to represent the 6 ACGME core
competencies: 2 PC subcompetencies, 2 MK subcompetencies,
2 PBLI subcompetencies, 1 SBP subcompetency, 1 PROF
subcompetency, and 1 ICS subcompetency.

A dedicated section of the questionnaire is designed to assess
9 subcompetencies with 9 single-choice questions. Radiologists
are able to select a score ranging from 0 to 9 for each
competency. Examples of milestone sets for each
subcompetency are shown in Figure 1. The primary outcome
was self-evaluation milestone (SEM) scores (range 0‐9 scores)
for 9 subcompetencies and the average SEM scores.
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Figure 1. Milestone sets for patient care 1 (image interpretation) and professionalism (self-awareness and help-seeking).

Sociodemographic Characteristics
The sociodemographic information included age (≤27 or >27
years), sex (male or female), educational level (bachelor’s degree
or master’s degree or above), training year (the second year or
the third year), training sites level (grade-a tertiary general
hospital, grade-a tertiary specialized hospital, grade-b tertiary
general hospital, or others), undergraduate major (clinical
medicine, medical imaging, or others), working hours per week
(≤40, 40‐48, or >48), annual after-tax income in 2020
(analyzed as continuous variable), and types of residents
(professional master or nonprofessional master).

Statistical Analysis
The SEM scores of radiology residents for 9 subcompetencies
were reported by means and SDs). The differences in SEM
scores of residents between distance learning and nondistance
learning were compared using independent samples 2-tailed t
test. To explore the association between distance learning and
competencies, multiple linear regression (MLR) models were
constructed. The dependent variables were SEM scores of 9
subcompetencies, and the key explanatory variable was distance
learning. The moderating effect of mental health on distance
learning was explored by the MLR model. The significance of
the moderating effect was tested by simple slope analysis. All
models were controlled for participants’ characteristics. A
variance inflation factor was used to detect the multicollinearity
of independent variables for all models (variance inflation factor
scores <3). A P value of <.05 was considered statistically

significant for 2-tailed tests (t test or chi-square test). A
conservative level of P value of <.10 was used to assess potential
moderators in the regression, which was reported by a
coefficient (β) and 90% CIs [37,38]. All statistical analyses
were performed by STATA (version 17.0; StataCorp LLC).

Results

Participants’ Characteristics
Of the 8008 targeted radiology residents, 2381 (overall effective
response rate: 29.7%) participated in this survey (Figure 2). As
is shown in Table 1, the mean age of the participants was 27.8
(SD 2.4) years. In total, 58.5% (n=1392) of them were female,
and 50.5% (n=1202) were in the third-year training. The
majority of the participants received training in a grade-a tertiary
hospital (n=2310, 97%), had a bachelor’s degree (n=2187,
91.9%), and their undergraduate major was medical imaging
(n=2016, 84.7%). The median annual after-tax income was
40,000 RMB (IQR 10,000‐60,000; a currency exchange rate
of 1 RMB=US $0.145 is applicable), with 25.8% (n=614) of
them earning more than 60,000 RMB (about US $ 8698.9). The
average working hours per week was 44.3 (SD 12.5) hours, and
23.1% (n=551) of the participants worked more than 48 hours
per week. During the initial COVID-19 outbreak from January
2020 to May 2020, 71.4% (n=1699) of the radiology residents
participated in distance learning, and 73.2% (n=1742) of them
reported slight or severe mental health struggles. In total, 35.8%
(n=853) of the participants contributed to the prevention and
control of COVID-19.
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Figure 2. Flowchart of the study design. ACGME: Accreditation Council for Graduate Medical Education; SRT: standardized residency training.
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Table . Characteristics of participants in China.

P valueDistance learningTotal (N=2381)Variables

No (n=682)Yes (n=1699)

.36Region, n (%)

282 (29.9)663 (70.2)945 (36.7)East

138 (27.8)358 (72.2)496 (20.8)Central

227 (28.8)561 (71.2)788 (33.1)West

35 (23)117 (77)152 (6.4)Northeast

.2827.7 (2.4)27.8 (2.4)27.8 (2.4)Age (years), mean (SD)

.49378 (29.2)915 (70.8)1293 (54.3)≤27, n (%)

.49304 (27.9)784 (72.1)1088 (45.7)>27, n (%)

.02Sex, n (%)

309 (31.2)680 (68.8)989 (41.5)Male

373 (26.8)1019 (73.2)1392 (58.5)Female

.63SRTa training years, n (%)

343 (29.1)836 (70.9)1179 (49.5)Second year

339 (28.2)863 (71.8)1202 (50.5)Third year

.34SRT sites level, n (%)

661 (28.6)1649 (71.4)2310 (97)Grade-A tertiary general
hospital

12 (23.5)39 (76.5)51 (2.1)Grade-A tertiary specialized
hospital

7 (46.7)8 (53.3)15 (0.6)Grade-B tertiary general
hospital

2 (40)3 (60)5 (0.2)Others

.55Education level, n (%)

630 (28.8)1557 (71.2)2187 (91.9)Bachelor’s degree

52 (26.8)142 (73.2)194 (8.2)Master’s or doctoral degree

.12Undergraduate major, n (%)

108 (31.2)238 (68.8)346 (14.5)Clinical medicine

572 (28.4)1444 (71.6)2016 (84.7)Medical imaging

2 (10.5)17 (89.5)19 (0.8)Others

.007Type of residents, n (%)

194 (25.1)580 (74.9)774 (32.5)Professional master

488 (30.4)1119 (69.6)1607 (67.5)Nonprofessional master

.0246,600

(10,000-70,000)

42,700

(9600-60,000)

43,800

(10,000-67,000)

Annual after-tax income

(RMBb), median (IQR)

.12178 (25.8)513 (74.2)691 (29)≤10,000, n (%)

.12165 (29.2)400 (70.8)565 (23.7)10,001‐40,000, n (%)

.12144 (28.2)367 (71.8)511 (21.5)40,001‐60,000, n (%)

.12195 (31.8)419 (68.2)614 (25.8)>60,000, n (%)

.0145.3 (14.0)43.9 (11.8)44.3 (12.5)Working hours per week
(hours), mean (SD)

.43363 (27.7)948 (72.3)1311 (55.1)≤40, n (%)

.43150 (28.9)369 (71.1)519 (21.8)41‐48, n (%)
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P valueDistance learningTotal (N=2381)Variables

No (n=682)Yes (n=1699)

.43169 (30.7)382 (69.3)551 (23.1)>48, n (%)

<.001Mental health impact during the initial COVID-19 outbreak, n (%)

170 (26.6)469 (73.4)639 (26.8)No impact

346 (27.7)903 (72.3)1249 (52.5)Mild impact

121 (30.5)276 (69.5)397 (16.7)Moderate impact

34 (43)45 (57)79 (3.3)Severe impact

11 (64.7)6 (35.3)17 (0.7)Extremely severe impact

.90COVID-19–related work participation, n (%)

243 (28.5)610 (71.5)853 (35.8)Yes

439 (28.7)1089 (71.3)1528 (64.2)No

aSRT: standardized residency training.
bA currency exchange rate of 1 RMB=US $0.145 is applicable.

SEM Scores of Radiology Residents Between Distance
Learning and Nondistance Learning
The mean score of competencies and a comparison of
subcompetencies scores were presented in Table 2. The overall
average score of radiology residents’competency was 3.37 (SD
1.47). The average score of participants who received distance
learning was 3.46 (SD 1.49), higher than those who did not
(mean 3.13, SD 1.39; P<.001). Residents who received distance
learning outperformed in all subcompetencies than those without

distance learning during the initial COVID-19 outbreak (PC-1:
P=.007; MK-1: P=.004; and others: P<.001), except for PC-2
(P=.09; Table 2). Due to the low response rate, Mann-Whitney
tests were performed. The results were similar (Multimedia
Appendix 2). For radiology residents who had not participated
in COVID-19–related activities (1528/2381; Multimedia
Appendix 3), the differences between residents’ competencies
or subcompetencies showed the same trends, except for the
PC-1 (P=.10).
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Table . Self-evaluation milestone scores for radiology residents between distance learning and nondistance learning.

P valueDistance learningTotal (N=2381), mean (SD)Diagnostic radiology sub-
competencies

No (n=682), mean (SD)Yes (n=1699), mean (SD)

PCa

.0073.75 (1.72)3.96 (1.68)3.90 (1.69)PC-1: image interpretation

.092.16 (1.65)2.28 (1.81)2.25 (1.77)PC-2: competence in proce-
dures

MKb

.0043.59 (1.73)3.82 (1.76)3.75 (1.75)MK-1: diagnostic knowl-
edge

<.0013.29 (1.81)3.62 (1.92)3.53 (1.90)MK-2: imaging technology
and image acquisition

SBPc

<.0012.61 (1.80)2.96 (1.90)2.86 (1.88)SBP-1: system navigation
for patient-centered care

<.0013.21 (1.80)3.71 (1.98)3.57 (1.95)SBP-2: contrast agent safety

PBLId

<.0013.02 (1.78)3.34 (1.86)3.25 (1.84)PBLI: evidence-based and
informed practice

PROFe

<.0013.20 (1.83)3.61 (1.92)3.49 (1.90)PROF: self-awareness and
help-seeking

ICSf

<.0013.33 (2.03)3.87 (2.11)3.72 (2.10)ICS: patient- and family-
centered communication

<.0013.13 (1.39)3.46 (1.49)3.37 (1.47)Average (all subcompeten-
cies)

aPC: patient care.
bMK: medical knowledge.
cSBP: system-based practice.
dPBLI: practice-based learning and improvement.
ePROF: professionalism.
fICS: interpersonal communication skill.

Association Between Distance Learning and
Competencies Among Radiology Residents
As is shown in Figure 3 (see also Multimedia Appendix 4),
MLR analyses showed that radiology residents who were trained
through distance learning were more likely to report high
competencies (β=0.35, 90% CI 0.24‐0.45) after adjusted by
participants’ characteristics, including age, sex, educational
level, training years, working hours per week, annual after-tax
income in 2020, and types of residents. This was particularly
evident in the competencies of “interpersonal and

communication skills” (β=0.55, 90% CI 0.39‐0.70) and
“contrast agent safety” (β=0.52, 90% CI 0.38‐0.67). Whereas,
the competency of “patient care and technical skills” benefited
the least from distance learning (β=0.14, 90% CI 0.01‐0.26).
The effect of each explanatory variable on the overall average
SEM score is shown in Multimedia Appendix 5. Factors
associated with higher competencies included older age (>27
years: β=0.12, 90% CI 0.01‐0.22), being male (β=0.28, 90%
CI 0.18‐0.37), and having a longer SRT training year (third
year: β=0.51, 90% CI 0.41‐0.61).
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Figure 3. Associations between distance learning and competencies among residents. ICS: interpersonal communication skill; MK: medical knowledge;
PBLI: practice-based learning and improvement; PC: patient care; PROF: professionalism; SBP: system-based practice.

The Moderating Effect of Mental Health Status
Between Distance Learning and Competencies
The association between mental health status and competencies
is shown in Multimedia Appendix 6. We controlled the
covariates mentioned earlier to investigate the moderating effect
of mental health on the association between distance learning
and competencies. As is shown in Table 3, there was a
significant association between distance learning and radiology
residents’ competencies (β=0.63, 90% CI 0.34‐0.91; P<.001)
and was moderated by mental health status (β=–0.15, 90% CI

−0.27 to −0.02; P=.06). The relationship between distance
learning and competencies at low and high (mean−SD and mean
+ SD, respectively) mental health scores is shown in Figure 4.
Poor mental health caused by the pandemic may offset the
positive effect of distance learning on residents’ competencies.
The highest level of competencies was found in individuals who
reported less mental distress and adopted distance learning.
Furthermore, the moderating effect of poor mental health on 4
subcompetencies (ie, MK-1, MK-2, SBP-2, and ICS) was similar
to it on total competencies (P<.10; Multimedia Appendix 7).
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Table . The moderating effects of mental health status on the association between competencies and distance learning.

Multiple linear regression modelsVariables

P value90% CIβ (SE)

<.0010.34 to 0.910.63 (0.17)Distance learning

.28–0.17 to 0.04–0.07 (0.06)Mental health status

.06–0.27 to –0.02–0.15 (0.08)Interaction (distance learning*men-
tal health status)

Age (years) (reference ≤27)

.070.01 to 0.220.12 (0.06)>27

Sex (reference=male)

<.001–0.37 to –0.17–0.27 (0.06)Female

Education (reference=bachelor’s degree)

.100.01 to 0.380.19 (0.11)Master’s or doctoral degree

Training year (reference=second year)

<.0010.41 to 0.610.51 (0.06)Third year

Working hours per week (reference ≤40 hours per week)

.93–0.12 to 0.130.01 (0.07)40‐48

.86–0.11 to 0.130.01 (0.07)>48

.26–0.01 to 0.030.01 (0.01)Income

Type of residents (reference=nonprofessional master)

.70–0.17 to 0.10–0.03 (0.08)Professional master

Figure 4. The moderating effect of mental health on the relationship between distance learning and average competencies. Two lines are the visual
representation of different moderation effects of distance learning on competencies when the mental health status is at its +1SD and –1SD.
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Discussion

Principal Findings
Based on a national survey of radiology residents in China, our
study found that radiology residents who received distance
learning were more likely to report high proficiency in key
competencies after 1 year. This was particularly true for learning
knowledge and communication skills but was less evident in
obtaining technical skills. In addition, we found a significant
moderating effect of mental health status on the association
between distance learning and competencies during COVID-19.

Web-based training programs are proposed to mitigate the loss
of learning from clinical rotations during the pandemic [39,40].
Consistent with the results of previous findings that distance
learning has the potential to improve learners’ academic
performance, skill development, and engagement [39,41], our
study observed a positive impact of distance learning on
radiology residents’ self-assessed competencies. However, it
should be noted that the impact of distance learning on
professional competency varies among radiology residents. Our
study enriches the understanding of distance learning by using
milestones of 9 subcompetencies for 6 core competencies. We
also assessed the long-term outcomes of distance learning among
radiology residents in the initial stage of the COVID-19
pandemic (between January and May 2020). These findings can
be used to help inform evidence-based policies to improve
residency training in the future.

Knowledge gain is an important indicator of what trainees have
learned during SRT training [42]. The radiology residents in
our study reported a substantial gain of knowledge and
communication skills during SRT, particularly in ICS
competency and SBP competency that include clinical
knowledge and medical humanities, with a regression coefficient
>0.5. Whereas, the effect of distance learning on professional
attitudes (PROF) and professional growth in clinical practice
(PBLI) was moderate, with a regression coefficient between
0.3 and 0.4, which is in line with previous studies [43-45].
Distance learning was found to be supportive in the continuity
of teaching and learning during COVID-19 [39], which might
explain why residents who received distance learning reported
a higher score in the competence of medical knowledge than
nondistance learners. In addition, radiology residents are able
to participate in web-based conferences and conduct digital
medical consultations to enhance their competency of
communication [43], though it could be hard to evaluate their
body language in distance learning [46]. Our findings validated
the positive role of distance learning in fulfilling the objectives
of training by creating an enabling environment, especially in
the domain of knowledge and communication. In other words,
distance learning can help keep the consistency of residency
programs during pandemics, facilitating the resilience and
recovery of health systems.

Our findings showed that competence in procedures (PC-2)
benefited the least from distance learning, followed by
competencies in technical skills (including PC competencies
that reflect radiology residents’ professionalism and MK
competencies that reflect mastery of professional knowledge

and imaging technology). The result is consistent with previous
findings that most medical students feel unable to acquire
practical clinical skills through web-based teaching during
COVID-19 [47]. This could be explained by the reduction in
daily cases due to COVID-19, which was one of the deficiencies
in distance learning [20]. To address this challenge, new
technologies such as touchscreen Anatomage Table and Touch
Surgery application have been used to strengthen trainings of
plastic surgery [48]. These new approaches can be integrated
into web-based residency training to compensate for the shortage
of training in technical skills with distance learning. Other
training programs, such as competence in procedures, could
also be carried out among radiology residents in the
post–COVID-19 era.

Health professional education involves maintaining a sense of
purpose and mental well-being (eg, balance work life, stress,
depression, burnout, and more) among residents [49-51]. Our
study extended the prior results by identifying that poor mental
health moderates the relationship between distance learning and
competency among radiology residents. During the COVID-19
pandemic, physicians experienced more mental health disorders
[52] with negative impacts (eg, higher turnover intention and
lower work performance) [53,54]. However, good mental health
may help trainees to receive distance learning consistently [55].
When trainees are in a suboptimal mental status, they tend to
have negative attitudes toward learning and are discouraged
from receiving distance learning continuously [55]. Health
workforce is the backbone of health systems in response of
pandemics [56]. In addition to the structural changes required
for the improvement of health systems’ resilience, it could also
be necessary to provide long-term psychological support for
the health workforce to help them overcome psychological
distress [57]. In summary, several recommendations can be
drawn from this study: (1) distance learning can be used for
transferring knowledge to residents particularly when challenges
exist in the traditional offline approaches; (2) clinical skills have
a crucial role in offline training, which should be noted and well
used by training institutions; (3) instructors could use a scientific
and caring approach with a special focus on learners’
psychological well-being when preparing material and
organizing courses; and (4) physicians who have engaged in
distance learning could enhance their learning experience
through an enhancement of their offline learning environment.
This promotes a better psychological state for learning to
become more effective.

Health system resilience is critical in training the required
competencies of the health workforce [49]. In addition to
competency-based education, the COVID-19 pandemic
highlighted the application of digital interprofessional education
[58]. In the future, distance learning may help physicians gain
knowledge and skills in public health, interprofessional
communication, and teamwork. In this regard, remote residency
training should be developed as a holistic educational concept
rather than a mere substitution for traditional in-person learning.
Distance learning enables physicians to have a flexible schedule,
a feasible access to classes, and an opportunity to keep a good
balance between work and life [14]. What is more, the
facilitation of distance learning contributes to the sharing of
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high-quality educational resources in the post–COVID-19 era.
In particular, for health professionals in resource-constrained
places (eg, rural areas in western China), the provision of
high-quality distance learning could help them overcome
geographical constraints and thus reduce inequalities in access
to education [49,59]. Nevertheless, it is not possible to replace
in-person teaching with distance learning completely. An
integrated model of the 2 is encouraged to maximize the
advantages of different teaching modalities.

Limitations
This study has several limitations. First, we used SEM for the
self-evaluation of radiology residents’ competencies; results
may be influenced by the Dunning-Kruger effect, where
participants with lower abilities tend to overestimate their
competencies and the potential self-reporting bias [60]. Second,
the lower response rate may be subject to selection bias, as our
survey is voluntary in nature. However, based on sample size
calculations [61], we obtained 1573 valid samples
(precision=5%; baseline proportion=0.50), which accurately
represent the characteristics of the residents. Importantly, this
represents the largest nationally representative sample of
radiology residents in China to date, which may help to
minimize the potential bias. Third, although mental health status

was asked by a single question based on the self-report
psychological distress on a Likert scale, this variable is
correlated with long-term mental health status (depression and
burnout). Other potential moderating factors that may influence
learning status, such as the design of the web-based course,
courseware, and teaching styles, could be explored in future
research. Fourth, the generalization of the results is another
limitation of our study [49].

Future Directions
As distance learning is anticipated to be applied across various
fields, additional research is warranted to substantiate our
findings. Longitudinal studies are recommended for future
research to fully assess the long-term effects of distance learning
on competence and mental health.

Conclusions
Distance learning helps mitigate the negative impact of the
COVID-19 lockdown on the education of health professionals.
Meanwhile, attention should be paid to the disadvantages of
distance learning and the mental health status of learners, as
they may negatively influence the effectiveness and
sustainability of distance learning. Our study provides insights
into the role of distance learning in residency training during
the pandemic.
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PC: patient care
PROF: professionalism
SBP: system-based practice
SEM: self-evaluation milestone
SRT: standardized residency training
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Abstract

Background: The COVID-19 pandemic challenged medical educators due to social distancing. Podcasts and asynchronous
learning platforms help distill medical education in a socially distanced environment. Medical educators interested in providing
asynchronous teaching should know how these methods performed during the pandemic.

Objective: The purpose of this study was to assess the level of engagement for an emergency medicine (EM) board review
podcast and website platform, before and during the COVID-19 pandemic. We measured engagement via website traffic, including
such metrics as visits, bounce rate, unique visitors, and page views. We also evaluated podcast analytics, which included total
listeners, engaged listeners, and number of plays.

Methods: Content was designed after the American Board of EM Model, covering only 1 review question per episode. Website
traffic and podcast analytics were studied monthly from 2 time periods of 20 months each, before the pandemic (July 11, 2018,
to February 31, 2020) and during the pandemic (May 1, 2020, to December 31, 2021). March and April 2020 data were omitted
from the analysis due to variations in closure at various domestic and international locations. Results underwent statistical analysis
in March 2022.

Results: A total of 132 podcast episodes and 93 handouts were released from July 11, 2018, to December 31, 2021. The mean
number of listeners per podcast increased significantly from 2.11 (SD 1.19) to 3.77 (SD 0.76; t test, P<.001), the mean number
engaged per podcast increased from 1.72 (SD 1.00) to 3.09 (SD 0.62; t test, P<.001), and the mean number of plays per podcast
increased from 42.54 (SD 40.66) to 69.23 (SD 17.54; t test, P=.012). Similarly, the mean number of visits per posting increased
from 5.85 (SD 3.28) to 15.39 (SD 3.06; t test, P<.001), the mean number of unique visitors per posting increased from 3.74 (SD
1.83) to 10.41 (SD 2.33; t test, P<.001), and the mean number of page views per posting increased from 17.13 (SD 10.63) to
33.32 (SD 7.01; t test, P<.001). Note that, all measures showed a decrease from November 2021 to December 2021.

Conclusions: During the COVID-19 pandemic, there was an increased engagement for our EM board review podcast and
website platform over a long-term period, specifically through website visitors and the number of podcast plays. Medical educators
should be aware of the increasing usage of web-based education tools, and that asynchronous learning is favorably viewed by
learners. Limitations include the inability to view Spotify (Spotify Technology S.A.) analytics during the study period, and
confounding factors like increased popularity of social media inadvertently promoting the podcast.

(JMIR Med Educ 2025;11:e58100)   doi:10.2196/58100

KEYWORDS

asynchronous learning; medical education; podcast; COVID-19; emergency medicine; online learning; engagement; web-based;
online study; online class; videoconferencing; assessment; effectiveness; challenges; knowledge retention; performance; virtual
learning; pre-pandemic; post-pandemic
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Introduction

As the field of medical education evolves, web-based media
and digital study tools are finding larger audiences each year
[1]. The COVID-19 pandemic dramatically changed the
landscape of medical education. Suddenly in March and April
2020, all learning was switched to remote platforms, greatly
challenging educators and hastening the switch to web-based
media [2-4].

Previous studies have demonstrated that podcasts have positive
effects on knowledge retention and test performance [5,6].
Multiple studies have previously been published on the
effectiveness of remote learning during the COVID-19 pandemic
via remote learning and web-based modules [7,8]. Most recently,
1 study aimed to measure podcast and blog utilization during
the early months of the COVID-19 pandemic [9]. This study
found an increase in blog page views during the early months
of the pandemic, but no statistical change in podcast usage.
However, this study had a short measurement period (January
to May 2020). In addition, the study made measuring educational
content related to COVID-19 a secondary outcome. As
asynchronous teaching continues to increase in popularity among
students in the wake of the pandemic, medical educators should
be curious about the popularity of such materials during a time
in which in-person education was severely limited or paused
altogether. The purpose of this study was to assess the level of
engagement for an emergency medicine (EM) board review
podcast and platform, comparing before COVID-19 to during
the COVID-19 pandemic over a period of 34 months. Our
secondary outcome was to measure important website variables
that have previously not been mentioned in medical education
literature, especially in the setting of the pandemic. We
hypothesized that the pandemic would increase the number of
website visitors, page views, and podcast episode plays.

Methods

Overview
This retrospective analysis was conducted from March 5, 2022,
to April 30, 2022. Data were collected by the study authors from
July 11, 2018, when the first podcast episode was released, to
December 31, 2021. Emergency Medicine Board Bombs
(EMBB) was launched by 2 academic EM physicians in July
2018. The goal of this asynchronous educational platform was
to increase first-time pass rate among residents and attendings
taking their in-service exam and boards, respectively. EMBB
is a peer-reviewed resource and functions at no cost to the
learner. EMBB has never been formally assigned to any formal,
academic curriculum; its educational platform is entirely free
and open access to all learners. The website has podcasts and
printable study guides that function as summaries of various
common pathologies encountered in the emergency department
and on-the-board exams.

Platform Development
Each podcast episode was structured to quickly cover one
multiple-choice question, a discussion of correct and incorrect
answers, and the relevant subject matter. Audio-editing was

conducted using Apple Garageband, a free service provided to
those who own Apple hardware. The podcast was available for
free streaming on a designated website, emboardbombs, as well
as dedicated podcast platforms (Apple Podcasts, Soundcloud
[SoundCloud Global Limited & Co KG], and Spotify [Spotify
Technology S.A.]). Questions for each episode were modeled
after the American Board of Emergency Medicine (ABEM)
certification exam. The Model of the Clinical Practice of
Emergency Medicine (EM Model), serves as the basis for
ABEM content and was followed in drafting podcast episodes
[10]. A peer review process was used to develop multiple-choice
questions. Each question was written by an EM physician with
an academic appointment and was shared with 2 other academic
physicians for review before it was featured on the podcast.

Medical source material was derived from Tintinalli’s
Emergency Medicine as well as UpToDate and EB Medicine
[11-13]. The educational platform was self-funded by the
creators and developed on their own time and schedule. No
financial support or aid was received. In terms of dedicated time
and monetary investment, the cost of equipment and software
totaled nearly US $400 annually. In terms of hourly
commitment, approximately 5‐10 hours weekly is needed to
record, edit, and publish podcast episodes, as well as write and
publish study guides. The podcast was not formally added to
any curriculum. It was disseminated by word of mouth. No
marketing or paid advertising was used.

Variable Definitions
Podcast analytics were derived from Apple Podcasts Connect
which is a free service provided for all Apple Podcast hosts. It
provides data on total listeners, engaged listeners, and number
of plays [14]. Listeners were defined by Apple as the number
of unique devices that played more than 0 seconds of an episode.
Engaged listeners were defined as the number of devices that
played at least 20 minutes or 40% of an episode within a single
session. Of note, pausing or stopping an episode did not count
as starting a new session. Number of episode plays was based
on the number of unique devices where the play duration is
more than 0 seconds. At the time of our data collection during
the pandemic, Spotify did not publish podcast statistics, and
therefore, their user data could not be obtained.

The website learning platform was hosted on Squarespace.
Website traffic analytics were derived from Squarespace, which
measured traffic using variables such as website visits, website
bounce rate, website unique visitors, and website page views
[15]. Visits were defined as the total number of browsing
sessions per visitor on the website within a 30-minute period.
A browser cookie from Squarespace was used to track views
within a 30-minute period. The bounce rate was defined as the
number of visitors who navigate away from the website after
viewing 1 page. Unique visitors were defined as the total number
of new IP addresses that visited the website. Page views were
defined as the total number of views across all pages on the
website. Page views count the number of times a page is viewed.
Furthermore, 1 visit consists of 1 or more pages.
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Data Collection
Website traffic and podcast analytics from July 11, 2018, to
February 28, 2020, were compared with those from May 1,
2020, to December 31, 2021. May 1, 2020, was chosen as the
transition date because, during March and April 2020, various
schools and residency programs began switching to remote
learning. As the pandemic evolved, medical schools and
graduate medical education sites began suspending in-person
rotations. The Accreditation Council for Graduate Medical
Education announced in mid-March that all in-person
educational activities, meetings, and site visits were to migrate
to virtual occurrences only [16]. By the end of April 2020, all
nonessential, in-person educational activities had ceased [17].

Statistical Analysis
All collected data were organized in a Microsoft Excel
spreadsheet and analyzed using statistical software JMP Pro
16.0.0 (SAS Institute Inc) in March 2022. All numerical data
were summarized using mean and SD. Variations in monthly
data from before COVID-19 and during COVID-19 periods
were compared using the Levene test, whereas the means per
month were compared using a 2-sample t test after accounting
for differences in variations if any [18,19]. In addition, a
nonparametric Mann-Whitney U test was also used to compare

analytics from 2 time periods. Time series plots were used to
study trends in monthly data. A significance level of 0.05 was
used to determine the significance of outcomes.

Ethical Considerations
The Institutional Review Board was approached for ethics
approval but reported that the study did not meet the criteria for
human candidates research, and therefore, no approval was
required.

Results

During the study period from July 11, 2018, to December 31,
2021, a total of 132 podcast episodes and 93 study guides were
created. The first podcast episode was released on July 11, 2018.

From July 11, 2018, to February 28, 2020, 68 episodes were
released, along with 30 study guides. From May 1, 2020, to
December 31, 2021, 59 podcasts were released, and 53 handouts
were published. Note that 5 episodes and 10 handouts were
released during March-April 2020, which were also available
to learners during the COVID-19 pandemic. This resulted in a
total of 225 postings (132 podcasts and 93 handouts) being
available to learners during the COVID-19 pandemic (Table
1).

Table . Number of podcasts, handouts, and total postings before, in-between, and during COVID-19 periods.

Postings, nHandouts, nPodcasts, nPeriod

983068Before COVID-19

15105In-between period

1125359During COVID-19

22593132Total

The time series presented in Figure 1 show month-to-month
changes in podcast and website visit analytics before the
COVID-19 and during COVID-19 periods and differences in
changing patterns. Although higher outcomes were observed
during the COVID-19 period in all 6 podcast and website visit
measurements compared with before the COVID-19 period, not
all changes showed linear patterns of increase. In fact, the
number of unique visitors, visits, and page reviews showed
decreasing trend after reaching a peak around the middle of the
COVID-19 period. However, at the end of the 20-month period,
they still remained higher than before the COVID-19 level.
During the before the COVID-19 period, number of listeners
per month steadily increased from 39 to 338. During the
COVID-19 period, it continued to increase, reaching a maximum
number of listeners at 672. A similar trend was observed for
number engaged per month, increasing from 28 to 289 during
the before the COVID-19 period and reaching a maximum of
555 during the COVID-19 period. Although a similar trend was
observed for the total number of plays with an increase from
412 to 11,879 during the before the COVID-19 period, a sharp
drop was observed during the period of uncertainty (March-April
2020). Again, during the COVID-19 period, total number of
plays increased from 4547 to 14,296. Number of visits during
the before the COVID-19 period increased from 218 to 1064;
there was further increase in the COVID-19 period, reaching

4664 in January 2021. The number of visits started declining
thereafter, reaching a low of 1879. The number of unique
visitors and page views showed patterns similar to that of the
number of visits. The number of unique visitors increased
steadily during the before the COVID-19 period from 138 to
620. It increased to 3222 in January 2021 but started declining
to a low of 2293. The number of page views also increased
steadily during the before the COVID-19 period from 610 to
3405; in the COVID-19 period, it increased to 11,326 in
November 2020, only to steadily decrease to a low of 5389 in
December 2021. Note that all measures showed a decrease from
November 2021 to December 2021.

Comparison of podcast and website visit analytics are presented
in Table 2. It shows that regardless of differences in the number
of podcasts and handouts available during the 2 time periods,
variation in analytics from month to month did not differ
significantly during the 2 time periods under study except for
bounce rate and number of visitors. Significantly higher
variation as measured by SD was observed in bounce rate (0.07
vs 0.05; Levene test, P=.036) and number of unique visitors
(523.45 vs 179.62; Levene test, P=.0049) during COVID-19
pandemic compared with the before the COVID-19 period.
Percent increase in mean analytics from before the COVID-19
period to during the COVID-19 period ranged from 24%
(bounce rate, 0.55 to 0.30 per 100 postings, n=20) to 539%
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(unique visitors, 3.74 to 10.41 per posting, n=20) with the mean
number of unique visitors showing the highest percent increase
and the bounce rate the lowest. The number of visits increased
by 504% (5.85 to 15.39 per posting, n=20) whereas the number
of listeners, engaged, and total plays each increased by more
than 200% (listeners: 2.11 to 3.77 per podcast, n=20; engaged:

1.72 to 3.09 per podcast, n=20; total plays: 42.54 to 69.23 per
podcast, n=20). Percent increases in the average monthly
analytics indicate considerable increase in visits and usage of
podcasts from before COVID-19 to during the COVID-19
period.

Figure 1. Monthly change in podcast and website visit analytics before COVID-19 and during COVID-19 periods. The arrowhead marks the start of
the pandemic.

JMIR Med Educ 2025 | vol. 11 | e58100 | p.535https://mededu.jmir.org/2025/1/e58100
(page number not for citation purposes)

Briggs et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Comparison of podcast and website visit analytics before the COVID-19 and during the COVID-19 periods.

Increase in
mean, %

P value (t test)P value (Levene
test)

RangeMean (SD)nAspect and period

247.31<.001.54Listeners

39-338143.20 (80.93)20Before COVID-
19

270-672497.35 (99.84)20During COVID-
19

247.84<.001.48Engaged listeners

28-289117.15 (68.17)20Before COVID-
19

218-555407.50 (82.19)20During COVID-
19

215.88<.001.95Number of total episode plays

412-11,8792892.85
(2764.59)

20Before COVID-
19

4547-14,2969137.80
(2315.19)

20During COVID-
19

504.3<.001.06Website visits

178-1064573.20 (321.17)20Before COVID-
19

1879-46643463.85
(689.29)

20During COVID-
19

24.07<.001.03Website bounce rate

46%-62%0.54 (0.05)20Before COVID-
19

52%-75%0.67 (0.07)20During COVID-
19

538.99<.001.004Website unique visitors

114-620366.55 (179.62)20Before COVID-
19

1170-32222342.20
(523.45)

20During COVID-
19

346.6<.001.27Website page views

443-34051678.60
(1041.70)

20Before COVID-
19

5183-11,3267496.65
(1577.68)

20During COVID-
19

Although periods of similar length (ie, 20 months each) were
used for comparison, the number of postings available during
these 2 periods differed considerably because as new postings
were made available, the earlier postings were still available
for review for visitors. To account for the differences in the
number of postings, analytics were adjusted by computing
outcome per posting available. For example, number of listeners
per podcast was computed as follows:

• Before COVID-19: # of listeners/podcast = # listeners/68
• During COVID-19: # listeners/podcast = # listeners/132

Note that this accounts for all podcasts that were available to
listeners. Before COVID-19 accounts for all podcasts put out
during that time and during COVID-19 used all podcasts

available, that is, those that were put out before COVID-19,
in-between, and during COVID-19 periods. Number of engaged
and total plays were adjusted similarly by number of podcasts.
Number of visits, unique visitors, and page views were adjusted
similarly using all postings (ie, podcasts plus handouts). Bounce
rate was adjusted similarly using per 100 postings because rate
of per posting resulted in very small numbers and this change
from per posting to per 100 postings does not affect the outcome
of statistical tests.

Resulting comparisons of outcomes are listed in Table 3, which
shows a significant increase in mean rates for all analytics except
mean bounce rate per 100 postings from before COVID-19 to
during COVID-19. Bounce rate per 100 postings showed a
significant decrease from before COVID-19 to during
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COVID-19 (0.55 to 0.30 per 100 podcasts; t test, P<.001). Mean
number of listeners per podcast increased significantly from
2.11 (SD 1.19) to 3.77 (SD 0.76; t test, P<.001), mean number
engaged per podcast increased from 1.72 (SD 1.00) to 3.09 (SD
0.62; t test, P<.001), and mean number of plays per podcast
increased from 42.54 (SD 40.66) to 69.23 (SD 17.54; t test,
P=.0122). Similarly, mean number of visits per posting increased

from 5.85 (SD 3.28) to 15.39 (SD 3.06; t test, P<.001), mean
number of unique visitors per posting increased from 3.74 (SD
1.83) to 10.41 (SD 2.33; t test, P<.001); and mean number of
page views per posting increased from 17.13 (SD 10.63) to
33.32 (SD 7.01; t test, P<.001). Even nonparametric
comparisons using Mann-Whitney U test gave the same results.

Table . Comparison of podcast and website visit analytics rates per posting available to viewers before COVID-19 and during COVID-19 periods.

P value (Mann
Whitney U test)

P value (t test)Median (IQR)RangeMean (SD)nAspect and period

<.001<.001Listeners per podcast

1.60 (1.26-2.86)0.57-4.972.11 (1.19)20Before COVID-
19

3.83 (3.34-4.27)2.05-5.093.77 (0.76)20During COVID-
19

<.001<.001Engaged per podcast

1.34 (1.06-2.30)0.41-4.251.72 (1.00)20Before COVID-
19

3.22 (2.62-3.47)1.65-4.203.09 (0.62)20During COVID-
19

<.001.0122Number of total episode plays per
podcast

29.71 (18.36-
56.81)

6.06-174.6942.54 (40.66)20Before COVID-
19

69.95 (56.13-
81.99)

34.45-108.3069.23 (17.54)20During COVID-
19

<.001<.001Website visits per posting

5.07 (2.68-9.08)1.82-10.865.85 (3.28)20Before COVID-
19

15.64 (13.80-
17.41)

8.35-20.7315.39 (3.06)20During COVID-
19

<.001<.001Website bounce rate per 100
postings

0.54 (0.51-0.59)0.47-0.630.55 (0.05)20Before COVID-
19

0.30 (0.27-0.32)0.23-0.330.30 (0.03)20During COVID-
19

<.001<.001Website unique visitors per post-
ing

3.60 (2.03-5.53)1.16-6.333.74 (1.83)20Before COVID-
19

10.65 (9.14-
11.84)

5.20-14.3210.41 (2.33)20During COVID-
19

<.001<.001Website page views per posting

13.98 (6.85-
28.35)

4.520-34.74517.13 (10.63)20Before COVID-
19

32.49 (28.39-
38.13)

23.036-50.33833.32 (7.01)20During COVID-
19
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Discussion

Principal Findings
The results demonstrate that our online EM board review
podcast and platform experienced significantly increased levels
of engagement during the COVID-19 pandemic. Our learning
platform included multiple media, such as PDF study guides,
video and picture-based modules, and online question banks.
The aim was for the podcast and handouts to be integrated into
an asynchronous study plan, as the platform provided easy
accessibility and use.

Implication of Findings
The COVID-19 pandemic disrupted medical education, forcing
learners in both medical school and residency to navigate vast
amounts of information, largely in isolation. This shift from
interactive, in-person learning raised concerns about students
overextending themselves, leading to only a surface-level
understanding of the material. One study comparing first and
second-year medical student education during the pandemic
highlighted the importance of face-to-face learning, finding that
the first-year medical students in isolation performed worse
than the previous year’s first-year medical students [20]. Another
retrospective study performed at the University of Hawaii Burn
School of Medicine demonstrated that fourth-year medical
students who were enrolled during the pandemic displayed
improved note-taking with a 9-point increase in exam scores,
yet worse physical examinations in their standardized patient
encounters with a 12-point average decrease in scores [21].

In response, many innovative educational tools have emerged
to attempt to provide asynchronous learning. Online resources
like the one in this study are unique. Diverse topics are
integrated into a single, cost-effective, and efficient platform,
with podcast episodes <20 minutes, as well as downloadable
PDF handouts. This model is beneficial for both visual and
auditory learners.

While other learning platforms were not analyzed during this
study period, valuable information was collected from this
study’s podcast. EMBB offers a humanistic aspect to learning
with the dual physician hosts, pertinent banter, and narrative
medicine aspect, of which may anthropomorphize the learning
despite pandemic isolation.

Comparison With the Literature
Podcasts have been welcomed by those looking for a
nontraditional method of learning in recent years, most notably
those practicing in EM, where it is the most represented specialty
that regularly hosts podcasts [22-24]. A survey in 2014 showed
EM residents devote more time to podcasts than journals, citing
podcasts as “the most beneficial” for education [22]. In another
large survey, 80% of EM residents had listened to medical
podcasts at least once [25].

Traditional lectures continue to be replaced by various digital
teaching methods and this was hastened by the arrival of
COVID-19. Podcasts’ major benefit is their customization to
fit learner’s educational goals as well as time constraints,

allowing users to optimize their study goals while balancing
work and private life.

Feasibility of Implementation
In terms of feasibility, the podcast required a dedicated amount
of time and monetary investment. The cost of standard
microphones, basic recording software, and a website to host
the podcast required approximately US $300 to 400 annually.
As discussed in the methods section, the hourly commitment
was close to 5‐10 hours weekly.

Next Steps
A review of “Learning Through Listening: A Scoping Review
of Podcast Use in Medical Education” examines podcasts for
learning across many specialties, most often referencing
anesthesia, with some reference to EM [26]. The data cited an
increase in retention of information pre- and posttest for medical
students, who are not specialized in EM compared with the level
of a resident or attending physician. The review briefly mentions
a podcast that improved EM in-training exam scores and a
podcast that reportedly worsened in-training exam scores. The
data gleaned from this study are of interest, but due to varied
in-training exam scores, a comparative study is needed that
examines test performance matching which podcast was used
most for learning. Another future area of study will be to observe
if the effects of the COVID-19 pandemic on asynchronous
web-based learning are long-term.

Limitations
Our study is limited in generalizability due to it only measuring
one specific podcast and website platform. A restricted sample
size is one limitation of this study. Spotify and Android (Google)
do not publish podcast statistics nor track individual usage, and
therefore user data from both these platforms could not be
obtained. According to Reuters in a survey of 2012 listeners,
20% used Apple Podcasts as their app of choice from
2019‐2020, which is the second largest market share [27].
Previous studies have used podcast episode downloads as a
metric for engagement. Despite the appeal of using number of
downloads as a measurement, accurate analytics are difficult to
obtain and fraught with bias. Downloads are defined differently
depending on the podcast host. In addition, there have been
reports that these numbers can be unreliable due to bot traffic
and there can be manipulation of download data by hosts
[28,29].

Another limitation is association versus causation. Given the
retrospective study design and nature of COVID-19, it is
difficult to completely credit the pandemic for increased podcast
engagement. Confounding variables could also be a limitation,
such as increased usage of social media during quarantine
resulting in better promotion of the podcast and website.

One potential confounding variable was the launch of a
procedural module in May 2020. This web-based learning
instruction was an airway module, with recorded intubation
videos and a pre- and postassessment. However, when reviewing
website analytics, this was not a frequently viewed page on the
website, accounting for only 2.59% of total website page views.
It cannot entirely account for the sudden increase in website
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visitors and podcast listeners. Thus, in this study, we can only
establish differences observed in analytics between 2 time
periods.

No quantitative data were tracked regarding listener exam
performance, in particular in-training or board examinations.
The purpose of this study was to assess the level of engagement
for an EM board review podcast and website platform, before
and during the COVID-19 pandemic. Future research should
be aimed at assessing whether this educational intervention is
an effective form of test preparation.

Conclusion
During the COVID-19 pandemic, there was an accelerated level
of engagement for our EM board review podcast and website
platform over a long-term period. This educational platform is
a feasible, low-cost asynchronous study tool. Medical educators
should be aware of the increasing usage of web-based education
tools, and that asynchronous learning is favorably viewed by
learners.
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Abstract

Background: Since the COVID-19 pandemic, residency candidates have moved from attending traditional in-person interviews
to virtual interviews with residency training programs. This transition spurred increased social media engagement by residency
candidates, in an effort to learn about prospective programs, and by residency programs, to improve recruitment efforts. There
is a paucity of literature on the effectiveness of social media outreach and its impact on candidates’ perceptions of residency
programs.

Objective: We aimed to determine patterns of social media platform usage among prospective residency candidates and social
media’s influence on students’ perceptions of residency programs.

Methods: A cross-sectional survey was administered anonymously to fourth-year medical students who successfully matched
to a residency training program at a single institution in 2023. These data were analyzed using descriptive statistics, as well as
thematic analysis for open-ended questions.

Results: Of the 148 eligible participants, 69 (46.6%) responded to the survey, of whom 45 (65.2%) used social media. Widely
used social media platforms were Instagram (19/40, 47.5%) and Reddit (18/40, 45%). Social media influenced 47.6% (20/42) of
respondents’ opinions of programs and had a moderate or major effect on 26.2% (11/42) of respondents’ decisions on program
ranking. Resident-faculty relations and social events showcasing camaraderie and wellness were the most desired content.

Conclusions: Social media is used by the majority of residency candidates during the residency application process and influences
residency program ranking. This highlights the importance of residency programs in leveraging social media usage to recruit
applicants and provide information that allows the candidate to better understand the program.

(JMIR Med Educ 2025;11:e59417)   doi:10.2196/59417

KEYWORDS

social media; residency recruitment; Instagram; Reddit; medical students; student; residency; residency training; social media
engagement; training programs; social media usage; cross-sectional survey; survey; residency training program; thematic analysis

Introduction

Since the 2020‐2021 residency application cycle, the
Association of American Medical Colleges and Liaison
Committee on Medical Education have recommended that
programs conduct virtual interviews exclusively for residency
applicants [1,2]. This recommendation allows for a more
equitable residency application process, as it offloads financial
and time burdens from the applicant involved with traveling,
the applicant pool, bias, and interview flexibility; however,
having an exclusively virtual process also comes with a loss of
applicants developing rapport with faculty and residents and
appreciating resident camaraderie, program culture, and what
resident daily life is like [1,3].

Students and residency programs have both turned toward social
media to lessen this void. Residency applicants turn to social

media to gather more information about residency programs,
such as details about the work environment and facilities, and
residency programs use social media to promote their programs
and institutions and highlight their culture, personnel, and
network [4-8]. This has been shown to increase the number of
programs applicants can apply to [9]. Residency programs must
embrace this digital shift to adapt to the postpandemic landscape
and efforts to enhance diversity and equity in medical education.
Thus, social media remains an important platform for residency
applicants and programs alike.

Despite its widespread usage, there is a lack of information on
the impact that applicants across different specialties derive
from residency programs’ social media accounts. There have
been single-specialty studies that have shown that social media
is used by prospective applicants during the residency
recruitment process, but limited studies across specialties have

JMIR Med Educ 2025 | vol. 11 | e59417 | p.541https://mededu.jmir.org/2025/1/e59417
(page number not for citation purposes)

Jandu & CareyJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.2196/59417
http://www.w3.org/Style/XSL
http://www.renderx.com/


been performed [4,10-12]. In this study, we performed a survey
across multiple specialties to elucidate the patterns of social
media consumption and its influences on medical students’
selection of a residency program.

Methods

Population and Setting
The study population consisted of fourth-year medical students
who graduated in 2023 from an allopathic medical school in
Massachusetts and who participated in the residency match
program during the 2022‐2023 cycle.

Ethical Considerations
The survey was approved by the institutional review board and
deemed not human research (STUDY00001121). The survey
contained a description containing the risks of participation in
the study, and completion of the survey implied voluntary,
informed consent. No personally identifiable information was
collected, and no incentives were offered.

Survey Development and Distribution
We developed the survey based on guidelines by Artino et al
[13]. After a literature review, a focus group was held to learn
more about medical students’ use and opinions of social media.
This information was synthesized, and survey items were created
using a combination of a Likert scale, yes or no, and open-ended
questions; the survey explored demographic data, the use of
social media and types of platforms, preferred social media
content, and the impact of social media on residency programs.
The survey was reviewed by faculty and fellows and assessed
for acceptability, feasibility, and content validity of survey
questions. We performed cognitive interviews for the questions
and then piloted and revised the survey for clarity based on user
feedback from medical students. The survey had a total of 5
pages with 6 or less questions per page, and answers could be
changed. The survey was then distributed to all students at our
institution who graduated in May 2023.

All fourth-year medical students who graduated in 2023 at
UMass Chan Medical School were eligible for the survey and
emailed a link to the anonymous electronic survey (Multimedia
Appendix 1). Study data were collected and managed using the
Qualtrics XM platform. The survey was distributed in May 2023

and was open for 28 days. In total, 5 reminders were sent to
nonrespondents and nonfinishers at 3, 7, 14, 18, and 23 days.
To avoid duplicates, each participant was sent an individual
link via Qualtrics.

Outcomes Measured
The outcomes measured included demographic data; social
media platform use (platforms that were used daily, platforms
used for residency programs, and the influence of social media
on stages of the residency application process); content posted
on social media platforms (student content that was trusted, not
trusted, desired, deterrents, and then helpful); nonsocial media
resources used for learning about residency programs; and
reasons why participants did not use social media.

Data Analysis
We performed simple descriptive statistics for survey questions.
Nominal variables were reported as percentages and frequencies.
Ordinal variables were presented as percentages. Data analysis
was conducted using Prism GraphPad (version 9.5.1).

We performed a thematic analysis using an inductive
constructivist approach on deidentified responses to open-ended
questions of fully completed questionnaires [14,15]. Coders (SJ
and JLC) independently reviewed responses via open coding,
systematically generating a preliminary list of codes for each
question. Using methods outlined by Nowell et al [15], these
were merged into concepts, and themes were generated via
constant comparison, returning to raw data, and iterative
modification to develop a consensus on themes.

Results

There were 69 respondents out of 148 eligible students in our
study. Of these, 5 were excluded from the analysis because of
incomplete survey responses, with a completion rate of 92.8%.
The median age of survey respondents was 27 years old (range
24‐39; IQR 27‐29 years). In this cohort, 42.9% identified as
a man and 57.8% identified as a woman. Further, 100% of
respondents matched in the 2022‐2023 cycle, and 73.4%
matched in the Northeast Region. The most popular specialties
were internal medicine (25%), pediatrics (15.6%), and
emergency medicine (9.4%) (Table 1).
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Table . Demographic characteristics.

Participants, n (%)Characteristics

Gender

37 (57.8)    Women

27 (42.9)    Men

0 (0)    Transgender or nonbinary

Race or ethnicity

0 (0)    American Indian or Alaska Native

13 (20.3)    Asian

0 (0)    Black or African American

0 (0)    Native Hawaiian or other Pacific Islander

2 (3.1)    Hispanic White

44 (68.8)    Non-Hispanic White

2 (3.1)    Other-Hispanic

3 (4.7)    Multiracial-Asian or White

Specialty

3 (4.7)    Anesthesiology

6 (9.4)    Emergency medicine

4 (6.3)    Family medicine

15 (25.0)    Internal medicine

1 (1.6)    Internal medicine—pediatrics

1 (1.6)    Neurological surgery

1 (1.6)    Neurology

5 (7.8)    Obstetrics-gynecology

2 (3.1)    Ophthalmology

2 (3.1)    Orthopedic surgery

1 (1.6)    Otolaryngology

1 (1.6)    Pathology

10 (15.6)    Pediatrics

4 (6.3)    Psychiatry

1 (1.6)    Radiation oncology

3 (4.7)    Radiation—diagnostic

3 (4.7)    Surgery—general or preliminary

Region matched

47 (73.4)    Northeast

1 (1.6)    Southeast

3 (4.7)    West

7 (10.9)    Southwest

6 (9.4)    Midwest

Social media platforms daily use

3 (4.7)    Discord

20 (31.8)    Facebook

46 (73.0)    Instagram

12 (19.1)    Reddit
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Participants, n (%)Characteristics

18 (28.6)    Snapchat

10 (15.6)    Twitter (X)

14 (22.2)    TikTok

The primary social media platform used was Instagram, with
73% (46/63) reporting daily use, followed by Facebook (20/63,
31.8%) and Snapchat (18/63, 28.6%) (Table 1). Among the
respondents, 65.2% (45/69) reported using social media to learn
about prospective residency programs. The most frequently
used platforms for this purpose were Instagram, Reddit, and
YouTube (Figure 1). Facebook, Snapchat, and TikTok were
rarely or never used to learn about residency programs.

Social media had a moderate or major effect on 47.6% (20/42)
of respondents’ opinions about programs, while it had a lesser
effect on respondents’ decision to apply (6/42, 14.3%) or
interview (5/42, 11.9%) at a program. However, 26.2% (11/42)
of respondents indicated that social media had a moderate or
major effect on their decision to rank a program (Figure 2).

Figure 1. Frequency of social media platform usage when learning about residency programs.

Figure 2. Social media influence on students’ residency application process.
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Among the 34.4% (22/64) of respondents who did not use social
media, common reasons for abstaining included a perception
that information could be easily distorted, social media can lead
to mistrust and misrepresentation of the programs, lack of
personal social media accounts, and limited usefulness or

applicability of information resulting from the variable quality
of social media posts. The sources trusted were the official
program website, Fellowship and Residency Electronic
Interactive Database Access (FREIDA), word of mouth, and
personal contacts (Table 2).

Table . Resources used and reasons that students did not use social media.

Themes

Resources used • Program website
• FREIDAa

• Word of mouth
• Current or past residents
• Institutional contacts

Reasons that students did not use social media • Mistrust of social media
• Programs could be misrepresented
• Irrelevant and not applicable postings that were unhelpful
• Posts were not authentic
• Respondents did not have or use social media personally and profes-

sionally
• Variability in posts

aFREIDA: Fellowship and Residency Electronic Interactive Database Access.

The content deemed most valuable was resident and faculty
relations (89.5%), followed by social events (86.8%) and
education (60.5%) (Table 3). Thematic analysis revealed that
students were attracted to posts emphasizing camaraderie,
diversity, resident wellness, a genuine representation of the
program’s personality, and program and curriculum information.

Participants particularly valued “Day in the Life” posts that
visually depicted people, facilities, and location, as well as
content that focused on personal experiences or resident
wellness, highlighted unique attributes of the program, and
provided information on the application process (Table 4).

Table . Desired social media content when researching residency programs.

Participants, n (%)Content

33 (86.8)Social events

13 (34.2)Research

12 (31.6)Didactics

23 (60.5)Education

34 (89.5)Resident and faculty relations

2 (5.3)Other
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Table . Themes and quotes of content that students deemed helpful, attractive, deterrents, trusted, and not trusted.

QuotesThemes

Content that attracted students to a program

“Seeing the residents spending time together and
enjoying it, even if they were posting them
working on the floor together”

Camaraderie among residents and faculty; diver-
sity of the program

“Camaraderie evident on posts”Resident wellness

“Multiple social events with residents of all
classes, photos with attendings and residents to-
gether”

Content invoking a genuine feeling and showcas-
ing its personality; informational content about
the program and curricula

Content that students deemed helpful in learning more about programs

“When it was active, showed personality of pro-
grams/residents”

Visualizing people, facility, and location; show-
casing program’s unique features; informational
posts on the program; “Day in the Life”; resident
wellness including what they do in their time off;
personal experiences about a program; focus on
advocacy

Content that deterred students

“Less activity or presence on social media left
an impression of overworked residents who
didn’t have time to post, or programs with less
wellness/bonding activities to show off”

Minimal to no social media posts; lack of repre-
sentation of multiple resident and faculty; nega-
tive personal anecdotes

“Too much of one person”Perception of ingenuine postings

“No photos of residents and attendings”Lack of types of content: photos and resident
highlights

Content trusted by students

“Reddit, student doctor network, because people
post anonymously and be honest about the nega-
tive aspects of their program”

Personal endorsements; resident-driven content;
perspectives from residents and applicants;
anonymous online platforms

Content not trusted by students

“Social media posts are curated, and I don’t trust
that it’s a true reflection of the day-to-day or vibe
of the program”

Curated social media posts

“The promo videos for each program on the
website because you can highlight very small
parts.”

Program websites; promotional videos

“Statements about the quality of the program, if
they are happy, etc. I would not trust because the
residents know the recordings will be posted.
Hard to be honest when you can’t be anony-
mous.”

Nonanonymous content (subject to bias)

“Chat/discussion boards due to potential for bias”Reddit, Discord, and chat/discussion boards
(subject to bias)

“Message boards like Reddit I consider less reli-
able as anyone could share their experience with
a good versus bad interview, I find these sites
are very polarizing good or bad.”

Content from individuals outside the program;
content from nonprogram accounts

In a thematic analysis among all participants, anonymous digital
platforms such as Reddit and Discord were considered
trustworthy by some (n=3), although others perceived them as
subject to bias and could be polarizing (n=15). Respondents
also reported that nonanonymous content could also be subject
to bias, noting that individuals posting may not want to be honest
about negative aspects of a program when posting anonymously.
Content from individuals outside the program and from

nonprogram accounts was generally not trusted, as content could
be posted and “filled with trolls,” individuals who post
intentionally provocative or inflammatory content. Finally,
curated social media posts, program websites, and promotional
videos were also listed among content that was not trusted (n=8),
as it may only highlight certain aspects of the program (Table
4).
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Discussion

Principal Findings
Our study revealed that Instagram was the most commonly used
social media platform within our cohort. Instagram has
experienced the greatest growth among new residency-specific
social media accounts since March 2020, and its predominant
demographic characteristics are similar to those of most
prospective residents [12,16-18]. It has also been cited to be the
most used platform, compared to Facebook and Twitter [19].

Interestingly, although the majority of students in this cohort
reported using Facebook daily or weekly, it was almost never
used to learn about residency programs by our respondents.
Despite Facebook being commonly cited and compared to other
platforms, it was only used more than Twitter by family
medicine applicants. Otolaryngology, anesthesia, and plastic
surgery applicants all used Facebook less than Twitter, with all
specialties citing Instagram as the most used platform
[4,7,19-21]. Facebook as a platform was shown to have the least
growth, the least total number of accounts across specialties,
and the least utilization among most specialties in comparison
to Instagram and Twitter [17,19,20]. It is unclear why students
did not use Facebook to learn about residency programs, despite
their overall frequent use. One possible reason is the lack of
Facebook posts by residency programs. To maximize the
effectiveness of their social media presence, programs might
consider focusing on Instagram rather than Facebook or linking
the 2 platforms, thereby reaching 2 platforms with 1 post.

We found Reddit to be the second most popular platform. Reddit
has been used by anesthesia and emergency medicine applicants
as sources of information but was not this highly ranked by
prior studies [20,22]. Its design facilitates ease of information
exchange, and its built-in anonymity affords users the
opportunity to post content without fear of repercussions.
Students acknowledged that while anonymity introduces the
potential for bias, anonymous online chat and discussion boards
still have the potential to be trustworthy sources of information.
Additionally, it is worthwhile for programs to note that negative
anecdotes published on Reddit or similar platforms can deter
students from programs and can be seen by those without social
media accounts. The increasing popularity of Reddit suggests
that it is a worthwhile avenue for social media outreach during
the residency application season [22].

As social media influence the residency process, respondents
are affected by their opinion and rank of a program. Social
media can positively influence the opinions of programs,
congruent with prior urology, otolaryngology, and plastic
surgery studies, with a quarter of students’ decisions affected
by social media when creating their “rank list” [7,8,23].
However, as compared to Naaseh et al [9], who found 74% of
respondents increased the number of programs they applied to
due to social media, we found no significant effect when
applying to programs found in our study despite the positive
overall impression of the program in our study along with
anesthesia, general surgery, and family medicine [4,9,11,20].
Based on studies, social media can influence opinion and rank
of a program, which may ultimately change where a student

matches for residency and whether a residency program is able
to fill all its residency positions.

Regardless of surgical or nonsurgical specialty, posts that
showcase resident and faculty relations, social events, and
educational material are seen as the most desired content. As
seen in our study, applicants desire a sense of camaraderie and
resident wellness where “the residents are spending time
together and enjoying it even if they were posting them working
on the floor together” [19,21]. Consistent with prior studies,
applicants are interested in the resident life in and outside of
the hospital [19]. “Day in the Life” posts, where residents
showcase a typical working day, can help students understand
what their day-to-day life will be like at a particular program.
They can also help to showcase aspects of the program that are
difficult to show within the virtual interview setting, such as
personnel interactions, diversity, and wellness [11,21]. Finally,
they can be an adjunct to highlight specific program information,
including curricula, electives, rotations, research, conferences,
and even interview-specific information. These are all aspects
sought by students in their evaluation of a program’s social
media presence and can be leveraged in the recruitment of
residency candidates.

Importantly, social media can also have a negative influence
on prospective applicants. Our study shows that social media
accounts that do not consistently post or save content can leave
the “impression of overworked residents who did not have time
to post, or programs with less wellness or bonding activities to
show off,” consistent with prior investigations [24]. Negative
anecdotes and comments left on anonymous platforms by single
individuals, although possibly isolated, nonrepresentative
experiences, can have a profound negative influence on an
applicant’s perception of a program, and it can be exceptionally
difficult to correct these views. Programs must keep in mind
that the amount and content a program posts and anonymous
negative anecdotes can contribute to a negative opinion of a
program, potentially affecting the application and rank process.

In our cohort, approximately one-third of the applicants did not
use social media and reported using other resources. Thus, it is
imperative to ensure that the official program website and
Google are updated and accurate. Traditional resources include
FREIDA, Doximity, word of mouth, current and past residents,
and contacts within the institution [4,11,12]. These are all highly
trusted content used by both social media users and nonusers.

With Instagram being the most popular social media platform,
residency programs would likely benefit the most from using
Instagram as their main social media platform [9,12,19,20].
Although an exact threshold is unknown, students associate less
frequent Instagram posts with decreased resident wellness, and
frequently posting information about residents, faculty, and
program information is important for a program’s image.
High-impact posts might feature a particular resident for a “Day
in the Life,” social activities both inside and outside of the work
environment, and highlights from resident wellness days and
resident-faculty interactions. These can be categorized and
saved, enabling prospective applicants to easily view them at
later dates. Efforts should focus on creating authentic posts that
showcase the people, diversity, and culture of the program in a
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fun manner while taking care to avoid professional, ethical, and
legal violations [25]. Students want a glimpse of what it is like
to be a resident at a particular program, and posts containing
pictures and videos can enable them to see and understand the
program better in the current landscape of recruitment.

Limitations
As this is a survey-based study, the survey is subject to selection
and response bias, with potential inaccuracies in the participants’
recollection of their social media usage and influence in the
residency application process. However, this is the first survey
across specialties to delve into the social media usage throughout
their residency application process; it has to be done after Match
day. We attempted to limit response bias by ensuring anonymity
and distributing this survey between match day and prior to
graduation to all students in this class. We had no responses
that indicated they did not match and did not ask whether any
applicants went through the SOAP (Supplemental Offer and
Acceptance Program) process. Thus, it is possible that those
likely to respond may have been those who used social media
throughout the application process and those who did not have
to go through the SOAP process. Further studies could look at
social media use in those that matched during the NRMP
(National Resident Matching Program) or the SOAP process to
see if there was a difference. Questions could also directly ask
about positive and negative influence to gain more information
on the drawbacks of social media while being a neutral question
stem.

Although the survey was developed based on the guidelines of
Artino et al [13], it needs to be further validated in the future.
This was a single-center study from an allopathic medical
school, limiting the generalizability of the findings, as social
media patterns may vary among regions and medical schools.
Thus, a multi-institutional study that examines applicants’ use
of social media throughout their application, interview season,
and ranking process is needed to further elucidate information
to be used by programs. Studies could delineate the widespread
use of social media by specialties, as well as whether the
applicants matched into their specialty of choice or not. Specific
content that students are interested in could also be looked at
for specialty (ie, procedural-based vs non–procedural-based
specialties or adult vs pediatric specialties).

Conclusions
This study offers important insights into the effects of social
media on residency recruitment from the student perspective.
Students use social media platforms, specifically Instagram, to
make informed decisions in their residency application process;
therefore, programs can use these platforms to augment their
recruitment. This information can help programs develop their
social media platforms to cater to their target audience and
mitigate the potential negative influence of social media. With
the increasing popularity of social media among this generation
of applicants, its use in the residency match process is expected
to increase, with the current leading social media platforms
being Instagram and Reddit.
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Abstract

Background: Social media (SM) has become an integral part of many medical students’ lives, blurring the lines between their
personal and professional identities as many aspects of their medical careers appear online. Physicians must understand how to
responsibly navigate these sites.

Objective: This study aimed to identify how medical students use SM and their awareness and adherence to ethical guidelines
of e-professionalism.

Methods: This is a cross-sectional study delivered as an online voluntary survey to senior medical students at King AbdulAziz
University Hospital in Jeddah, Saudi Arabia. We investigated how many students used SM, their privacy settings, their possible
breaches of ethical standards, and their portrayal of their training institute online.

Results: A total of 400/1546 (26%) senior medical students responded to our survey. Among the participants, 95/400 (24%)
had public SM accounts, while 162/400 (41%) had both private and public accounts. As for breaches in e-professionalism, 11/400
(3%) participants posted a picture of a patient on SM without their permission, while 75/400 (20%) posted part of an excised
organ or x-ray on SM without their permission, and 60/400 (16%) discussed a patient. With regards to sharing medical school
information, 108/400 (29%) discussed an incident at their medical school, and 119/400 (31%) participants shared a lecture online
without the presenter’s permission. Approximately 66% of the participants reported that they were unaware if their institution
had a professional code of conduct for SM use, and 259/371 (70%) did not receive training on the professional use of SM.

Conclusions: Medical students must be taught to recognize inappropriate online behavior, understand their role as representatives
of their medical school, and know the potential repercussions of unprofessional conduct on SM. This could be accomplished by
providing workshops, regular seminars on e-professionalism, and including principles of SM conduct in existing ethics courses.

(JMIR Med Educ 2025;11:e57812)   doi:10.2196/57812

KEYWORDS

e-professionalism; professionalism; social media; medical education; curriculum development; privacy; confidentiality; ethics;
patient confidentiality; cross-sectional; questionnaire

Introduction

Since its founding in 2006, the number of active users of Twitter
(currently known as X) has increased to 237.8 million worldwide
as of January 2023 [1]. Many medical students have grown up
with online social media (SM) profiles. Studies conducted in
Saudi Arabia have demonstrated that 75%‐87% of medical
students use SM [2,3]. Owing to built-in camera-equipped
smartphones, these students can now document their entire lives
through pictures and videos and share them online like a public
diary. Therefore, medical school is an integral part of their lives,
and aspects of it are bound to find their way onto their SM
profiles. However, do medical students understand the rules
and implications of sharing that information online?

In the past decade, medical students have transitioned from
discussing complex patient details with a few colleagues in the
hospital’s breakroom to doing so with hundreds of “followers”
worldwide. During the COVID-19 crisis, SM played a major
role by building bridges across health care communities,
allowing physicians and patients to connect worldwide,
exchange experiences, access the latest health recommendations,
and provide and receive emotional support [4-6]. SM has even
been used as an educational resource, with studies showing that
most students use it to access or share learning material; 30%
do not even use a textbook [7-9]. In addition, students may also
share patient encounters, conflicts between staff, recordings of
lectures, and other occurrences on these SM sites. These medical
student posts eventually become a reflection of their profession
and institution. The images they share are not always
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complimentary. A cross-sectional study in the United States
revealed 9 incidents of medical students posting negative
information about their medical school online [10]. Furthermore,
the same study revealed that 13% of those schools described a
violation of patient confidentiality, and 4% of those incidents
were reported by the patients or their families. Health care
workers’ online posts have also led to dismissals and lawsuits
[4,11,12]. Moreover, several articles document unprofessional
behavior by medical students online, including drinking and
illicit drug use [4,10,12,13].

We hypothesize that many medical school curricula emphasize
disease management and patient care, which are undeniably
important. However, they have not fully evolved to address the
complexities of the modern social and digital landscape, leaving
students underprepared to navigate these challenges effectively.
This gap can inadvertently contribute to lapses in judgment
because students face situations for which they may not have
been adequately equipped. Against this background, our study
aimed to determine whether medical students shared
unprofessional content related to patients or their medical school
that could impact public perception of their institution or
profession. Additionally, we sought to assess their awareness
of and adherence to ethical standards of e-professionalism. A
further objective was to compare our findings within the context
of Saudi culture to those reported in previously published
Western studies.

Methods

Study Design
This is a cross-sectional study that includes senior medical
students and interns at King AbdulAziz University (KAU).
Medical school in KAU lasts 6 years in addition to an internship
year. We defined senior medical students as those in their 4th
to 6th years of training. This group was selected because the
earlier years of medical education focus primarily on
lecture-based and laboratory-based basic sciences, with no direct
patient exposure. We developed a 2-part, 19-item survey and
included 3 demographic questions (age, gender, and year of
training). The question content and design were based on our
primary and secondary research goals. We developed our
research questions through an extensive review of the literature,
aiming to identify common challenges, breaches, and issues
faced by medical students and medical schools in the context
of SM use [4,10,12,14]. We identified common issues among
medical students, including the sharing of confidential patient
information—both textual and visual—on SM, as well as the
dissemination of negative encounters experienced in their
hospitals. Additionally, this study found that numerous lecturers
faced consequences for remarks or actions during lectures that
were unknowingly recorded by students and shared publicly
[15-17]. This prompted us to investigate the frequency of
teaching sessions being recorded without the lecturer’s
permission. Our survey questions were regarding sharing images
of patients, parts of patients, colleagues, and lectures without
permission. We also included questions on whether they
discussed patients or incidents at their medical school online.
To identify the effects students’ online behavior may have on

their professional image, we included questions that addressed
students’ profiles’ privacy or anonymity (eg, Do you use your
real name? Is your profile picture a clear image of yourself?),
and link to their profession (eg, Do you mention the name of
your institution? Do you identify your profession?). We revised
the survey to ensure that the final questions were relevant,
contained appropriate wording, and appeared in a logical order.
A questionnaire was developed using the website Survey
Monkey. The results could only be accessed by the principal
researcher under a password-protected online account. We
shared the survey with 10 medical students from the target group
to ensure that all respondents would similarly interpret the
questions as well as the usability and technical functionality of
the survey platform. After piloting the survey, some questions
were modified (in the question “what social media platform do
you use regularly?” we added options such as Telegram,
Discord, and Reddit). We also changed the wording of some
questions to improve clarity. These 10 students were not
included in this study’s group. The final questionnaire consisted
of 19 questions distributed over 4 pages (Multimedia Appendix
1). The questionnaire does not allow multiple responses for the
whole duration of this study. If a student attempts to take the
survey again using the same browser, they will see a message
that they already took the survey. After final approval of the
questionnaire and design, we invited senior medical students
from years 4, 5, and 6 and the internship year to participate in
the survey voluntarily through an open link. Members of the
research team contacted the chief students of each academic
year in person to explain the purpose and details of this study
to share with all students in their year of training. Then, they
sent the chief students a link to the survey via a WhatsApp
(Meta Platforms, Inc) message to distribute to all students in
their year individually. This message included the name and
contact information of the principal researcher, the duration of
the survey (3 min), and a link to the survey. The message also
informed the students that their responses would be kept
confidential, participation was completely voluntary, there was
no incentive, and their evaluation and training would not be
affected by their decision to participate in the study. We also
included a QR code link on the last slide of anesthesia lectures
given to the target group and invited the students to this study.
The survey link was opened on August 10, 2022, and closed on
June 16, 2023.

Descriptive statistics of variables were presented as counts and
percentages to summarize the characteristics of the participants,
including gender, age, and year of medical school. Chi-square
tests assessed associations between categorical variables, and
Fisher exact tests, as indicated. Univariate and multivariate
logistic regression analyses were performed to identify
predictors of cyberbullying exposure, with odds ratios (ORs)
and 95% CI reported for each predictor. Variables included in
the regression models were gender, age category, year of
medical school, SM privacy status, time spent on SM, and
training on the professional use of SM. Statistical analyses were
performed using Stata (version 12.1 software, StataCorp LP).
Cronbach α was used to measure internal consistency (0.75).
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Ethical Considerations
We obtained institutional review board approval to conduct the
study from KAU’s Ethics Committee (reference #414-‐22).
The online survey began with an informed consent statement
that explained the purpose of the questionnaire and assured
participants that all information would be kept confidential with
no names or contact details recorded in the survey. Participation
was entirely voluntary, with no reward for completing the survey
and no penalty for choosing not to participate. The data were
stored securely under password protection, and only the principal
researcher had access.

Results

We distributed the survey to 1546 participants, of whom 400
responded, yielding a response rate of 26%. Survey completion
rate was 86% and both incomplete and complete surveys were
used in analysis. Approximately half of the participants were
sixth-year students (194/400, 49%), and two-thirds were women
(246/400, 62%), as illustrated in Table 1. Snapchat was the most
used platform (287/400, 72%), followed by Twitter (275/400,
69%) and Instagram (256/400, 64%). Facebook was the least
used platform (8/400, 2%), and only 8/400 (2%) of the
participants reported not using any SM platform at least once
a week.

Table . Characteristics of the participants (N=400).

ValueCharacteristic

Gender, n (%)

154 (38.5)    Male

246 (61.5)    Female

Age (years), n (%)

3 (0.8)    18‐20

378 (94.5)    21‐25

18 (4.5)    26‐30

1 (0.2)    >30

Year of medical schoola, n (%)

16 (4)    Fourth

142 (35.5)    Fifth

194 (48.5)    Sixth

48 (12)    Intern

Platform used at least once a week, n (%)

8 (2)    Facebook

184 (46)    TikTok

287 (71.8)    Snapchat

275 (68.8)    Twitter

256 (64)    Instagram

32 (8)    Reddit

30 (8)    Discord

247 (61.8)    Telegram

25 (6.3)    Own YouTube channel

8 (2)    None

aHas missing value for 1 participant.

Only 95/400 (24%) of the participants had public SM accounts,
whereas 162/400 (41%) had a combination of private and public
accounts. Most of the participants (307/400, 77%) used their
real names on SM, and one-third used their own photos for their
profile image (118/400, 30%). Approximately half of the
participants used SM for more than 3 hours a day (180/400,

47%), whereas only 15/400 (4%) used it for less than 1 hour a
day (Table 2). Most of the participants used SM for
entertainment (340/400, 85%); some used it for networking
with other professionals worldwide (91/400, 29%) and for
staying in touch with family and friends (300/400, 75%).
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Table . Description of social media use among the participants (N=400).

ParticipantsVariable

Privacy status of social media account, n (%)

95 (23.8)    Public

139 (34.8)    Private

162 (40.5)    Some public, some private

4 (1)    Do not use social media

Privacy practices in social media use, n (%)

307 (76.8)    Use of real name on social media

118 (29.5)    Use of a clear photo of self as a profile image

76 (19)    Identify as a King AbdulAziz University student

127 (31.8)    Identify as a medical student

69 (17.3)    None of the above

Time spent on social media, n (%)

15 (3.9)    Less than 1 h/d

27 (7.1)    1 h/d

71 (18.6)    2 h/d

88 (23.1)    3 h/d

180 (47.2)    More than 3 h/d

Reason for social media use, n (%)

91 (22.8)    Networking with other medical students or professionals worldwide

300 (75)    Keeping in touch with family or friends

30 (7.5)    Providing medical advice and advocacy

340 (85)    Entertainment

172 (43)    Medical education

Institution-related SM use practices are presented in Table 3.
Regarding the professional use of SM, only 125/371 (34%) of
the participants said they were aware that their institution had
a professional code of conduct for SM use. Additionally, just
112/371 (30%) recalled having received training in the
professional use of SM. Approximately one-third of the
participants reported checking SM while rounding on patients

(138/382, 36%), discussing an incident that occurred at their
institution online (108/371, 29%), or uploading the content of
a lecture or workshop online without the lecturer’s permission
(119/382, 31%). Only 11/380 (3%) posted pictures of patients
on SM after obtaining the patient’s permission, while 75/381
(20%) posted pictures of parts of a patient (x-ray, excised organ,
etc) on SM without obtaining their permission.
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Table . Number of participants who answered yes to questions regarding institution-related social media use practices, code of conduct, and training
on social media use among the participants.

“Yes” response, n (%)Number of respondentsa, nSurvey question

125 (33.7)371Does your institution have a professional code
of conduct or protocol that addresses the use of
social media?

112 (30.1)371Did you receive any training during medical
school or residency on the rules and regulations
for the professional use of social media?

138 (36.1)382Checked your social media account while
rounding on patients

11 (2.9)380Posted a picture of a patient on social media
without their permission

75 (19.7)381Posted an image of part of a patient (including
excised tumors or organs) or a radiographic im-
age of a patient without a patient’s permission

25 (6.5)382Posted an image of a work colleague or senior
without their permission

119 (31.2)382Uploaded a video or image of a lecture or work-
shop online without the lecturer’s permission

108 (29)371Discussed an incident that happened in your in-
stitution online

60 (16.1)372Discussed a patient you saw at your institution
online

aSome of the values do not add up to the total because of missing values.

Furthermore, many participants used apps to search for medical
information (Table 4). The most common apps were YouTube
(314/340, 92%; Google LLC) and AMBOSS (301/340, 75%;
AMBOSS GmbH), followed by Osmosis (250/340, 74%;

Elsevier) and UpToDate (235/340, 70%). Wikipedia (35/340,
10%; Wikimedia Foundation, Inc) and Medline (40/340, 12%;
Medline Industries, LP) were the least commonly used sources.

Table . Applications used among the participants to look up medical information (N=340).

Participants, n (%)Application

314 (92.4)YouTube

40 (11.8)Medline

235 (69.1)UpToDate

35 (10.3)Wikipedia

301 (75.3)AMBOSS

250 (73.5)Osmosis

40 (11.8)Other:

Other sources were BMJ, Board and Beyond (McGraw Hill),
Dr. Najeeb (DrNajeebLectures.com), MedED (PW MedEd),
Kaplan, Google, ChatGPT (OpenAI), Lecturio, OnlineMedEd,
Mayo Clinic (Mayo Foundation for Medical Education and
Research [MFMER]), Medscape (WebMD LLC), Medicosis
Perfectionalis, Radiopaedia, Healthline (Healthline Media LLC),
NCBI StatPearls (National Library of Medicine), Orthobullet

(Lineage Medical, Inc), WikEM, Telegram (Telegram FZ-LLC),
and Twitter (X Corp).

The associations between SM use practices and gender are
presented in Table 5. Women were more likely than men to
have private SM accounts (96/248, 39% and 43/154, 28%,
respectively; P<.001) and were less likely than men to use a
clear photo of themselves for a profile image (45/248, 18% and
73/154, 47%, respectively; P<.001).
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Table . The association between cyberbullying, social media privacy status, social media privacy practices, and gender among the respondents (N=400).

P valueFemaleMaleSurvey question

.13aExperienced cyberbullying, n (%)

194 (86.2)118 (80.3)    No

31 (13.8)29 (19.7)    Yes

.001bSocial media privacy status, n (%)

42 (17.1)53 (34.4)    Public

96 (39)43 (27.9)    Private

106 (43.1)56 (36.4)    Some public, some private

2 (0.8)2 (1.3)    Do not use social media

Privacy practices in social media use, n (%)

.77a190 (77.2)117 (76)    Use of real name in social media

<.001a45 (18.3)73 (47.4)    Use of a clear photo of self as a
profile image

.85a46 (18.7)30 (19.5)    Identify as a King AbdulAziz
University student

.52a81 (32.9)46 (29.9)    Identify as a medical student

.51a40 (16.3)29 (18.8)    None of the above

aChi-square test.
bFisher exact test.

Of all the participants, 60/400 (16%) reported experiencing
cyberbullying. In univariate analyses, participants with private
SM accounts were less likely to experience cyberbullying
compared to those with public accounts (OR 0.40, 95% CI
0.2-0.9). Additionally, those spending more than 3 hours per
day on SM had significantly higher odds (OR 3.36, 95% CI
1.0-11.5) of experiencing cyberbullying compared to those
spending 1 hour or less per day. Same findings were found in
multivariate analyses but became borderline significant (all had
confidence intervals that narrowly include the null value).

Table 6 presents the association between patient privacy
practices among the participants and the privacy status of the

SM accounts. Participants who reported posting an image of
part of a patient (including excised tumors or organs) or a
radiograph were more likely to have a mix of public and private
accounts (39/75, 52%) than public (21/75, 28%) or private
accounts (15/75, 20%; P<.001). Among the participants who
reported posting an image of a colleague without obtaining
permission, 12/25 (48%) had a public account, whereas 8/25
(32%) and 5/25 (20%) had mixed and private accounts,
respectively (P<.001). Moreover, participants who uploaded
the content of a lecture online without the lecturer’s permission
were more likely to have a public account (37/119, 31%) than
mixed (54/119, 45%) or private (28/119, 24%) accounts.
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Table . Association between the privacy status of social media accounts and patient privacy practices.

P valuePrivacy status of participants who answered “yes” to social media accountsSurvey question

Mixed, n (%)Private, n (%)Public, n (%)

.244 (36.4)2 (18.2)5 (45.5)Posted a picture of a patient
on social media without
their permission

.0139 (52)15 (20)21 (28)Posted an image of part of a
patient (including excised
tumors or organs) or a radio-
graphic image of a patient
without a patient’s permis-
sion

.018 (32)5 (20)12 (48)Posted an image of a work
colleague or senior without
their permission

.00454 (45.4)28 (23.5)37 (31.1)Uploaded a video or image
of a lecture or workshop on-
line without the lecturer’s
permission

.6843 (39.8)36 (33.3)29 (26.9)Discussed an incident that
happened in your institution
online

.1420 (33.3)20 (33.3)20 (33.3)Discussed a patient you saw
at your institution online

Discussion

Our study reveals that a substantial portion of students frequently
share medical school-related content online, with notable
instances of ethical breaches such as discussing patients and
posting images without consent. While most published studies
examine unprofessional online content posted by students, we
investigate how often aspects of their medical school that may
affect public perception appear on their profiles. These results
underscore the urgent need for enhanced e-professionalism
training. Of the students who responded to our survey, 246/371
(66%) were unaware of institutional guidelines addressing the
use of SM, and 259/371 (70%) felt they had not received training
on the professional use of SM. However, most students in our
study (389/400, 97%) refrained from posting images of a patient
online despite not having received e-professional training.
Probably, they recognized this as a breach of the well-known
Hippocratic oath.

This study did uncover some breaches of professionalism. Of
the students who participated in our survey, 60/372 (16%)
discussed patients online, and 75/381 (20%) posted pictures of
a patient’s excised organ or radiological image. Their intention
was likely to share clinical experiences and demystify rare
medical conditions, possibly unaware that they may be violating
privacy regulations. Even if the information is deidentified using
the Health Insurance Portability and Accountability Act’s “safe
harbor” technique, it may not be anonymous [18]. If the clinical
scenario is unique enough, the patient might be recognized or
even appear in the local news [19]. Furthermore, patients or
their families may find the case description or the public’s online
comments hurtful or offensive. In response to several incidents,
the Saudi Ministry of Health developed guidelines requiring
physicians to obtain the patient’s consent before sharing their

images or health information online or submitting it to a journal
[20,21]. Any breach of these guidelines carries a hefty penalty.

When a personal profile is linked to a profession or institution,
it becomes part of its public image, brand, and professional
identity. In our study, in the participants’ SM profiles, 127/400
(31.8%) indicated that they were medical students, and 76/400
(19%) indicated the name of their university. Among them,
91/400 (22.8%) used their accounts to network with other
professionals worldwide, making them representatives of their
institutions and professions. Furthermore, students used
YouTube (314/340, 92%) as a clinical reference more than
websites with verified peer-reviewed content, such as UpToDate
(235/340, 69%) and AMBOSS (301/340, 75%). Among our
participants, 162/400 (41%) had both a public and private profile
(one profile may have reflected a professional identity and the
other a private one). Female students in our study are more
likely than male students to have private profiles (96/248, 39%
and 43/154, 28%, respectively; P<.001) and less likely to use
a clear photo of themselves for their profile image (45/248, 18%
and 73/154, 47%). This gender difference could stem from the
conservative culture in Saudi Arabia or the universally higher
vulnerability of women to online criticism and cyberbullying
[22,23]. Regardless of privacy settings, medical students must
be cautious when deciding what to post on their SM profiles
since the content can be leaked.

Among the students, 119 (37 with a public profile) uploaded
recordings of lectures or workshops without obtaining the
presenter’s permission. This behavior is concerning, as
comments and expressions made by educators or attendees may
be taken out of context by worldwide viewers. Educators often
tailor teaching material to their intended audience. They also
ensure the cultural appropriateness of their expressions and
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comments while observing the audience’s social norms. If
educators are aware that their work will be shared with a wider
online audience, they may decide to change their appearance,
behavior, and lecture content. They may also choose to avoid
comments that may cause controversy among other groups.
These fears have led many UK universities to implement lecture
capture policies to manage the recording and dissemination of
lecture content [24]. The policies address concerns related to
intellectual property rights, emphasizing the need for the
lecturer’s consent before recording and sharing materials.
Furthermore, in our study, 108 students (29 with a public profile)
discussed online incidents that had occurred at their institutions.
These incidents may have been unintentionally misrepresented
by these students. Studies have proven that eyewitness accounts
are not always accurate [25]. Additionally, these incidents may
have been exaggerated online for comedic or dramatic purposes
or unintentionally reveal confidential patient information.
Unfortunately, public criticism of these online posts will be
directed at the students’ profession and medical school [26,27].

Our findings contribute to the growing body of literature on
medical students’ SM use by highlighting specific behaviors
and awareness levels in the context of the Kingdom of Saudi
Arabia. While many of our results align with previous studies,
notable differences were also observed. For instance, similar to
a French study, most of our students used YouTube for medical
education [28]. Although, our numbers (314/340, 92%) are
much higher than those in France (504/762, 66%). However,
only 172/400 (43%) of our students use SM for education
compared to 42/63 (67%) of Canadian students in 2015 [29].
Additionally, 60%‐92% of medical schools in the United States
have also experienced unprofessional online behavior by medical
students [10,14]. Most students in both regions reported using
restrictive privacy settings, with only 20%‐37% of US students
failing to do so [30,31]. However, unlike our American
counterparts, our students are less likely to use a clear profile
photo, with female students being less likely than male students
to do so. By contrast, an American study found that 57% of
medical students had a clear profile photo, with females being
more likely to display one than males [31]. While in India, 80%
of students used a clear profile photo [32]. This discrepancy
may reflect cultural differences in SM use. In Saudi Arabia,
where our study was conducted, cultural norms and societal
expectations may influence their online behaviors. These
findings emphasize the importance of contextualizing SM
behaviors within cultural and geographical frameworks to
develop targeted interventions that address both universal and
region-specific challenges.

This study’s findings are consistent with the results of other
studies suggesting that medical school curricula should be
regularly updated and adapted to the constantly changing clinical
environment, which now includes the internet [4]. Developing
guidelines alone would not be sufficient, as evidenced by the

fact that 51% of US medical schools that reported incidents
already had policies in place addressing online content [10].
Based on our findings, medical schools must integrate
e-professionalism training into their curriculum. This refers to
attitudes and behaviors that reflect traditional professionalism
paradigms but are manifested through digital media [33]. These
guidelines should not be restricted to patient privacy but must
also emphasize respect and consideration for their professors,
colleagues, and medical school. We recommend that medical
schools (1) develop comprehensive e-professionalism guidelines,
(2) implement mandatory training sessions on SM use, (3)
regularly update curricula to reflect the evolving digital
landscape and its impact on professional practice, (4) introduce
regular audits and feedback sessions where students’ SM
activities are reviewed and constructive feedback is provided,
and (5) develop an anonymous reporting system for
unprofessional behavior, ensuring students can report concerns
without fear of retribution.

The limitations of our study include the use of a voluntary
questionnaire that depended on self-reporting. Additionally, the
generalizability of the findings may be limited due to the single
institution sample and cultural context. The potential impact of
self-reporting bias must be acknowledged, as participants might
underreport unprofessional behavior. Moreover, this study did
not account for other possible confounding variables such as
the influence of peers or external SM trends. Two of the
researchers are associate professors and 3 of them are students
at the institution which may have influenced their study design
and interpretation of results. Furthermore, we did not examine
the specific content of medical students’ posts. We are,
therefore, unaware if shared patient information followed Health
Insurance Portability and Accountability Act guidelines and if
posts positively or negatively depicted their school. Future
studies should include content analysis of SM posts as that could
provide deeper insights into the types of information shared and
help identify specific areas for intervention. This analysis
involves categorizing posts into themes such as educational
content, patient confidentiality breaches, and professional
interactions.

In conclusion, this study reveals significant gaps in medical
students’ online behavior that can affect their medical schools’
image, patient care, and reputation. To foster students’
understanding of these issues, e-professionalism must be
included in training curricula and assessments. This curriculum
should include workshops, regular seminars on
e-professionalism, and integration of SM conduct into existing
ethics courses. Now, more than ever, medical schools should
ensure that students develop a sense of belonging and pride in
their institution and care about how it is represented worldwide.
Information-sharing guidelines should strive to strike a balance
between clinical knowledge sharing, protecting patients’privacy,
and reflecting an institution’s values and public image.
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Multimedia Appendix 1
This is a copy of the survey.
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References
1. Aslam S. Twitter by the numbers: stats, demographics & fun facts. Omnicore. 2024. URL: https://www.omnicoreagency.com/

twitter-statistics/ [accessed 2025-03-07]
2. Asiri AK, Almetrek MA, Alsamghan AS, Mustafa O, Alshehri SF. Impact of Twitter and WhatsApp on sleep quality among

medical students in King Khalid University, Saudi Arabia. Sleep Hypn 2018 Jan 26;20(4):247-252. [doi:
10.5350/Sleep.Hypn.2018.20.0158] [Medline: 28090183]

3. Alsuraihi AK, Almaqati AS, Abughanim SA, Jastaniah NA. Use of social media in education among medical students in
Saudi Arabia. Korean J Med Educ 2016 Dec;28(4):343-354. [doi: 10.3946/kjme.2016.40] [Medline: 27907981]

4. Guckian J, Utukuri M, Asif A, et al. Social media in undergraduate medical education: a systematic review. Med Educ
2021 Nov;55(11):1227-1241. [doi: 10.1111/medu.14567] [Medline: 33988867]

5. Avcı K, Çelikden SG, Eren S, Aydenizöz D. Assessment of medical students’ attitudes on social media use in medicine: a
cross-sectional study. BMC Med Educ 2015 Feb 15;15(1):18. [doi: 10.1186/s12909-015-0300-y] [Medline: 25890252]

6. Rosen AO, Holmes AL, Balluerka N, et al. Is social media a new type of social support? Social media use in Spain during
the COVID-19 pandemic: a mixed methods study. Int J Environ Res Public Health 2022 Mar 26;19(7):3952. [doi:
10.3390/ijerph19073952] [Medline: 35409634]

7. Judd T, Elliott K. Selection and use of online learning resources by first-year medical students: cross-sectional study. JMIR
Med Educ 2017 Oct 2;3(2):e17. [doi: 10.2196/mededu.7382] [Medline: 28970187]

8. Jaffar AA. YouTube: an emerging tool in anatomy education. Anat Sci Educ 2012;5(3):158-164. [doi: 10.1002/ase.1268]
[Medline: 22383096]

9. Scott K, Morris A, Marais B. Medical student use of digital learning resources. Clin Teach 2018 Feb;15(1):29-33. [doi:
10.1111/tct.12630] [Medline: 28300343]

10. Chretien KC, Greysen SR, Chretien JP, Kind T. Online posting of unprofessional content by medical students. JAMA 2009
Sep 23;302(12):1309-1315. [doi: 10.1001/jama.2009.1387] [Medline: 19773566]

11. Gibson M. Nursing students expelled for posting photo of a placenta on Facebook. TIME Magazine. 2011. URL: https:/
/newsfeed.time.com/2011/01/04/nursing-students-expelled-for-posting-photo-of-a-placenta-on-facebook/ [accessed
2025-03-07]

12. Greysen SR, Chretien KC, Kind T, Young A, Gross CP. Physician violations of online professionalism and disciplinary
actions: a national survey of state medical boards. JAMA 2012 Mar 21;307(11):1141-1142. [doi: 10.1001/jama.2012.330]
[Medline: 22436951]

13. Barlow CJ, Morrison S, Stephens HON, Jenkins E, Bailey MJ, Pilcher D. Unprofessional behaviour on social media by
medical students. Med J Aust 2015 Dec 14;203(11):439. [doi: 10.5694/mja15.00272] [Medline: 26654611]

14. Greysen SR, Kind T, Chretien KC. Online professionalism and the mirror of social media. J Gen Intern Med 2010
Nov;25(11):1227-1229. [doi: 10.1007/s11606-010-1447-1] [Medline: 20632121]

15. Cardiff university apology after students called “idiots. BBC News. 2021. URL: https://www.bbc.com/news/
uk-wales-55633371 [accessed 2025-03-07]

16. Joseph‐Richard P, Jessop T, Okafor G, Almpanis T, Price D. Big brother or harbinger of best practice: can lecture capture
actually improve teaching? British Educational Res J 2018 Jun;44(3):377-392 [FREE Full text] [doi: 10.1002/berj.3336]

17. MacKay JRD. Show and ‘tool’: how lecture recording transforms staff and student perspectives on lectures in higher
education. Comput Educ 2019 Oct;140:103593. [doi: 10.1016/j.compedu.2019.05.019]

18. Guidance regarding methods for de-identification of protected health information in accordance with the health insurance
portability and accountability act (HIPAA) privacy rule. US Department of Health and Human Services. 2022. URL: https:/
/www.hhs.gov/hipaa/for-professionals/privacy/special-topics/de-identification/index.html [accessed 2025-03-07]

19. Child swallows spongebob squarepants. CBS News. 2015. URL: https://www.cbsnews.com/news/
child-swallows-spongebob-squarepants/ [accessed 2025-03-07]

20. Health ministry warns against negative practices in the media and social media. Ministry of Health Saudi Arabia. 2017.
URL: https://www.moh.gov.sa/Ministry/MediaCenter/News/Pages/News-2017-07-09-001.aspx [accessed 2025-03-07]

21. Saudi guidelines for informed consent. Ministry of Health Saudi Arabia. 2019. URL: https://www.moh.gov.sa/en/Ministry/
MediaCenter/Publications/Pages/Saudi-Guidelines-for-Informed-Consent.pdf [accessed 2025-03-07]

22. Li Q. Cyberbullying in schools: a research of gender differences. Sch Psychol Int 2006;27(2):157-170. [doi:
10.1177/0143034306064547]

23. Wang J, Iannotti RJ, Nansel TR. School bullying among adolescents in the United States: physical, verbal, relational, and
cyber. J Adolesc Health 2009 Oct;45(4):368-375. [doi: 10.1016/j.jadohealth.2009.03.021] [Medline: 19766941]

24. Ibrahim Y, Howarth A, Stone I. Lecture capture policies: a survey of British universities. Postdigit Sci Educ 2021
Jan;3(1):144-161. [doi: 10.1007/s42438-020-00102-x]

JMIR Med Educ 2025 | vol. 11 | e57812 | p.559https://mededu.jmir.org/2025/1/e57812
(page number not for citation purposes)

Farsi et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v11i1e57812_app1.pdf&filename=0e7e8df1-08f5-11f0-8569-6b99ab86ee56.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e57812_app1.pdf&filename=0e7e8df1-08f5-11f0-8569-6b99ab86ee56.pdf
https://www.omnicoreagency.com/twitter-statistics/
https://www.omnicoreagency.com/twitter-statistics/
http://dx.doi.org/10.5350/Sleep.Hypn.2018.20.0158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28090183&dopt=Abstract
http://dx.doi.org/10.3946/kjme.2016.40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27907981&dopt=Abstract
http://dx.doi.org/10.1111/medu.14567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33988867&dopt=Abstract
http://dx.doi.org/10.1186/s12909-015-0300-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25890252&dopt=Abstract
http://dx.doi.org/10.3390/ijerph19073952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35409634&dopt=Abstract
http://dx.doi.org/10.2196/mededu.7382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970187&dopt=Abstract
http://dx.doi.org/10.1002/ase.1268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22383096&dopt=Abstract
http://dx.doi.org/10.1111/tct.12630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28300343&dopt=Abstract
http://dx.doi.org/10.1001/jama.2009.1387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19773566&dopt=Abstract
https://newsfeed.time.com/2011/01/04/nursing-students-expelled-for-posting-photo-of-a-placenta-on-facebook/
https://newsfeed.time.com/2011/01/04/nursing-students-expelled-for-posting-photo-of-a-placenta-on-facebook/
http://dx.doi.org/10.1001/jama.2012.330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22436951&dopt=Abstract
http://dx.doi.org/10.5694/mja15.00272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26654611&dopt=Abstract
http://dx.doi.org/10.1007/s11606-010-1447-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20632121&dopt=Abstract
https://www.bbc.com/news/uk-wales-55633371
https://www.bbc.com/news/uk-wales-55633371
https://bera-journals.onlinelibrary.wiley.com/toc/14693518/44/3
http://dx.doi.org/10.1002/berj.3336
http://dx.doi.org/10.1016/j.compedu.2019.05.019
https://www.hhs.gov/hipaa/for-professionals/privacy/special-topics/de-identification/index.html
https://www.hhs.gov/hipaa/for-professionals/privacy/special-topics/de-identification/index.html
https://www.cbsnews.com/news/child-swallows-spongebob-squarepants/
https://www.cbsnews.com/news/child-swallows-spongebob-squarepants/
https://www.moh.gov.sa/Ministry/MediaCenter/News/Pages/News-2017-07-09-001.aspx
https://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Pages/Saudi-Guidelines-for-Informed-Consent.pdf
https://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Pages/Saudi-Guidelines-for-Informed-Consent.pdf
http://dx.doi.org/10.1177/0143034306064547
http://dx.doi.org/10.1016/j.jadohealth.2009.03.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19766941&dopt=Abstract
http://dx.doi.org/10.1007/s42438-020-00102-x
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Albright TD. Why eyewitnesses fail. Proc Natl Acad Sci U S A 2017 Jul 25;114(30):7758-7764. [doi:
10.1073/pnas.1706891114] [Medline: 28739937]

26. Reimann N. Report: 17 florida medical residents have coronavirus after throwing house party. Forbes. 2020 Jul 27. URL:
https://www.forbes.com/sites/nicholasreimann/2020/07/27/
report-17-florida-medical-residents-have-coronavirus-after-throwing-house-party/ [accessed 2025-03-07]

27. Frehse R, Compinoti MS. Ohio plastic surgeon who livestreamed patient operations on TikTok has state medical license
revoked permanently. CNN Ohio. 2023 Jul 14. URL: https://edition.cnn.com/2023/07/13/us/
ohio-doctor-tiktok-license-revoked/index.html [accessed 2025-03-07]

28. Clavier T, Chevalier E, Demailly Z, Veber B, Messaadi IA, Popoff B. Social media usage for medical education and
smartphone addiction among medical students: national web-based survey. JMIR Med Educ 2024 Oct 22;10:e55149. [doi:
10.2196/55149] [Medline: 39437450]

29. El Bialy S, Jalali A. Go where the students are: a comparison of the use of social networking sites between medical students
and medical educators. JMIR Med Educ 2015 Sep 8;1(2):e7. [doi: 10.2196/mededu.4908] [Medline: 27731847]

30. MacDonald J, Sohn S, Ellis P. Privacy, professionalism and Facebook: a dilemma for young doctors. Med Educ 2010
Aug;44(8):805-813. [doi: 10.1111/j.1365-2923.2010.03720.x] [Medline: 20633220]

31. Walton JM, White J, Ross S. What’s on YOUR Facebook profile? Evaluation of an educational intervention to promote
appropriate use of privacy settings by medical students on social networking sites. Med Educ Online 2015;20(1):26198434.
[doi: 10.3402/meo.v20.28708] [Medline: 26198434]

32. Gupta S, Singh S, Dhaliwal U. Visible Facebook profiles and e-professionalism in undergraduate medical students in India.
J Educ Eval Health Prof 2015;12:50. [doi: 10.3352/jeehp.2015.12.50] [Medline: 26582630]

33. Cain J, Romanelli F. E-professionalism: a new paradigm for a digital age. Curr Pharm Teach Learn 2009 Dec;1(2):66-70.
[doi: 10.1016/j.cptl.2009.10.001]

Abbreviation
KAU: King AbdulAziz University
MFMER: Mayo Foundation for Medical Education and Research
OR: odds ratio
SM: social media

Edited by B Lesselroth; submitted 29.02.24; peer-reviewed by AM Pawar, JH Ye; revised version received 20.12.24; accepted 25.02.25;
published 24.03.25.

Please cite as:
Farsi S, Sabbahi A, Sait D, Kabli R, Abduljabar G
Ethical Use of Social Media and Sharing of Patient Information by Medical Students at a University Hospital in Saudi Arabia:
Cross-Sectional Survey
JMIR Med Educ 2025;11:e57812
URL: https://mededu.jmir.org/2025/1/e57812 
doi:10.2196/57812

© Sara Farsi, Alaa Sabbahi, Deyala Sait, Raghad Kabli, Ghaliah Abduljabar. Originally published in JMIR Medical Education
(https://mededu.jmir.org), 24.3.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Medical Education, is properly cited. The complete bibliographic
information, a link to the original publication on https://mededu.jmir.org/, as well as this copyright and license information must
be included.

JMIR Med Educ 2025 | vol. 11 | e57812 | p.560https://mededu.jmir.org/2025/1/e57812
(page number not for citation purposes)

Farsi et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1073/pnas.1706891114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28739937&dopt=Abstract
https://www.forbes.com/sites/nicholasreimann/2020/07/27/report-17-florida-medical-residents-have-coronavirus-after-throwing-house-party/
https://www.forbes.com/sites/nicholasreimann/2020/07/27/report-17-florida-medical-residents-have-coronavirus-after-throwing-house-party/
https://edition.cnn.com/2023/07/13/us/ohio-doctor-tiktok-license-revoked/index.html
https://edition.cnn.com/2023/07/13/us/ohio-doctor-tiktok-license-revoked/index.html
http://dx.doi.org/10.2196/55149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39437450&dopt=Abstract
http://dx.doi.org/10.2196/mededu.4908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27731847&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2923.2010.03720.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20633220&dopt=Abstract
http://dx.doi.org/10.3402/meo.v20.28708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26198434&dopt=Abstract
http://dx.doi.org/10.3352/jeehp.2015.12.50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26582630&dopt=Abstract
http://dx.doi.org/10.1016/j.cptl.2009.10.001
https://mededu.jmir.org/2025/1/e57812
http://dx.doi.org/10.2196/57812
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Instagram as a Tool to Improve Human Histology Learning in
Medical Education: Descriptive Study

Alejandro Escamilla-Sanchez1,2*, MD, PhD; Juan Antonio López-Villodres1,2*, MD, PhD; Carmen Alba-Tercedor1,

PhD; María Victoria Ortega-Jiménez1,2,3, MD, PhD; Francisca Rius-Díaz4, MD, PhD; Raquel Sanchez-Varo1,2,5, PhD;

Diego Bermúdez1, MD, PhD
1Department of Human Physiology, Human Histology, Anatomical Pathology and Physical and Sports Education, Faculty of Medicine, University of
Malaga, Malaga, Spain
2IBIMA Bionand Platform Biomedical Research Institute, University of Malaga, Malaga, Spain
3Unit of Anatomical Pathology, University Hospital Virgen de la Victoria, Malaga, Spain
4Department of Public Health and Psychiatry, Faculty of Medicine, University of Malaga, Malaga, Spain
5Centre for Networked Biomedical Research in Neurodegenerative Diseases, Madrid, Spain
*these authors contributed equally

Corresponding Author:
Raquel Sanchez-Varo, PhD
Department of Human Physiology, Human Histology, Anatomical Pathology and Physical and Sports Education
Faculty of Medicine
University of Malaga
Bl Luis Pasteur 32, 1st floor
Malaga, 29071
Spain
Phone: 34 952131585
Email: raquelsv@uma.es

Abstract

Background: Student development is currently taking place in an environment governed by new technologies and social media.
Some platforms, such as Instagram or X (previously known as “Twitter”), have been incorporated as additional tools for teaching
and learning processes in higher education, especially in the framework of image-based applied disciplines, including radiology
and pathology. Nevertheless, the role of social media in the teaching of core subjects such as histology has hardly been studied,
and there are very few reports on this issue.

Objective: The aim of this work was to investigate the impact of implementing social media on the ability to learn human
histology. For this purpose, a set of voluntary e-learning activities was shared on Instagram as a complement to traditional
face-to-face teaching.

Methods: The proposal included questionnaires based on multiple-choice questions, descriptions of histological images, and
schematic diagrams about the subject content. These activities were posted on an Instagram account only accessible by second-year
medical students from the University of Malaga. In addition, students could share their own images taken during the laboratory
practice and interact with their peers.

Results: Of the students enrolled in Human Histology 2, 85.6% (143/167) agreed to participate in the platform. Most of the
students valued the initiative positively and considered it an adequate instrument to improve their final marks. Specifically, 68.5%
(98/143) of the student body regarded the multiple-choice questions and image-based questions as the most useful activities.
Interestingly, there were statistically significant differences between the marks on the final exam (without considering other
evaluation activities) for students who participated in the activity compared with those who did not or barely participated in the
activity (P<.001). There were no significant differences by degree of participation between the more active groups.

Conclusions: These results provide evidence that incorporating social media may be considered a useful, easy, and accessible
tool to improve the learning of human histology in the context of medical degrees.

(JMIR Med Educ 2025;11:e55861)   doi:10.2196/55861
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Introduction

Social media platforms are web-based technologies particularly
suited to facilitate the exchange of ideas through collaboration,
interaction, and discussion. The accessibility and low cost of
internet access, together with the high number of users of these
platforms, make social media one of the easiest and most
effective ways to disseminate information. In fact, 4.65 billion
people, equivalent to 58.4% of the world’s population, use social
media [1]. In addition, most current medical students are far
more knowledgeable and experienced with emerging
technologies than preceding generations. Unlike traditional
media (journals or television), social media emphasizes
interactivity, motivation through social connections, and
immediacy [2]. In this sense, the “social constructivism theory”
states that interaction and socialization may help students learn
and construct their knowledge and personal learning processes,
supporting the use of social media for educational activities as
a different tool for teaching and learning [3]. For all these
reasons, social media platforms have progressively been
incorporated into health care and medical education [4].

Technological advances have enabled rapid dissemination of
medical updates through social networks such as Facebook, X
(previously known as Twitter), or Instagram. Thus, students
often have access to significant amounts of information,
including content taught during traditional classes. Nevertheless,
this information has not always been rigorously verified or is
outdated, representing a formative disadvantage for medical
students. Moreover, there is a lack of engagement and even
dropout from classes because traditional education methodology
is considered by the student body to be boring, unnecessary, or
repetitive. Therefore, the faculty must adapt to meet their
specific needs, changing traditional teaching styles and
implementing new e-learning technologies [5].

Recently, the COVID-19 pandemic forced teaching staff to
move further into a virtual education environment and
highlighted the importance of communication between educators
and learners through social media platforms. The rapid and
efficient dissemination of information during the pandemic
illustrated the significant influence of social media in the
dissemination of medical literature and knowledge, not only
among health care professionals but also among the student
body [6,7]. For instance, Chan et al [8] demonstrated the benefits
of using tools such as infographics posted on social media
platforms (such as X and WeChat) to educate frontline health
care workers about respiratory tract management and infection
control in the setting of COVID-19. Thus, the pandemic
prompted a paradigm shift in learning for students and medical
residents by using different platforms (eg, YouTube, Zoom,
Microsoft Teams) as e-learning tools under the new
circumstances. Although face-to-face teaching is possible and
desirable today, the use of social networks as educational
instruments must continue with apps such as Instagram and aim

to share image-based educational content to complement the
classes.

Histology has long been an integral part of the medical
curriculum [9] and continues to provide key information about
biological tissues, physiology, and disease; it is therefore highly
valued in clinical medicine and research. Furthermore,
histopathology is a fundamental tool for diagnosis and prognosis.
In addition, a thorough knowledge of histology is necessary for
the surgical field and in general practice. However, histology
and its nomenclature can be complex to understand for novice
medical students, and consequently, it is often perceived as a
secondary subject without clinical relevance [10]. From a
pedagogical point of view, one of the main goals of histology
courses is to ensure that students acquire the competencies
necessary to understand histophysiology. For example, histology
requires students to develop pattern recognition skills.
Specifically, they must be able to identify what they are
observing based on specific histologic features. Consequently,
histology courses commonly include laboratory practices for
students to train and develop these abilities. In this context, the
study of histology through digital imaging might be a relevant
alternative for the development of their curricula.

Instagram is a social networking service owned by Meta
Platforms Inc that was launched in October 2010. Instagram
allows photo and video sharing accompanied by text. The
information can be shared either publicly or privately. Followers
can archive shared posts, and the account’s owner can track the
number of people reached and give feedback to their followers.
The literature shows that this social network is being used for
educational purposes in medical schools, predominantly in
imaging-related subjects such as radiology [11], ophthalmology
[12], dermatology [13], anatomy [14], fertility [15], pathology
[16], plastic surgery [17], dentistry [18], and (with very few
proposals) in histology [19]. Understanding how students
interact with these novel social media–based teaching
environments and their approaches during e-learning processes
is a matter of high relevance [20]. On the other hand, there is a
lack of evidence on how the use of social networks impacts the
learning and follow-up of Spanish medical students in the first
years of their formation in the field of histology. In the first
courses, the curricula of a Spanish medical degree include a
basic thematic area with fundamental core subjects to obtain
the essential knowledge for the subsequent study of pathological
alterations. Among these subjects, some necessarily require the
use of images, such as anatomy, cytology, histology, and
microbiology. For that purpose, an educational experience was
carried out using the social network Instagram to make the
subject more attractive to the students of the official degree of
Medicine at the University of Malaga in Spain during the
2022-2023 academic year. Our main objective was to test
whether the use of Instagram might facilitate knowledge
acquisition and increase engagement with histology, leading to
a positive impact on students’ qualifications. Additionally, we
aimed to elucidate which type of visual material was more useful
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for medical students. Finally, we determined students’
perceptions of the integration of this tool in medical education.

Methods

Content of Histology in the Degree of Medicine at the
University of Malaga
According to the syllabus for the degree in Medicine at the
University of Malaga, histology is divided into 2 subjects
(Human Histology 1 and 2) that are taught during the first and
second years, respectively. The different didactic content is
distributed sequentially, progressively increasing the theoretical
difficulty (Table 1). First-year students learn general histology

along with some special histology topics (eg, the immune
system). The remaining systems and organs are studied during
the second school year in the subject Human Histology 2. Some
of the potential skills to be developed during these courses are
knowledge about the architecture, morphology, and function of
the different tissues or systems; recognizing the morphology
and structure of tissues by microscopy and imaging techniques;
and how to handle basic laboratory equipment and methodology.
In addition, our curricula include the acquisition of some
transversal competencies such as the capacity for analysis and
synthesis, problem-solving or critical reasoning, and analysis,
together with other abilities and skills (autonomous work,
information management, and oral or written communication
skills).

Table 1. Curricula content of the human histology subjects in the degree in Medicine at Malaga University.

Issues dedicated to each topic, nContent

Human Histology 1

17Tissues (epithelial, muscle, osseous, connective, nervous)

1Stem cells

3Blood and hematopoiesis

1Circulatory system

5Immunity and lymphoid tissues

Human Histology 2

6Digestive system

2Respiratory system

2Urinary system

6Genital apparatus

1Tegumentary system

6Endocrine system

12Nervous system and neurosensorial organs

Sample Size
This study was carried out with 167 students enrolled in the
subject Human Histology 2 in the degree in Medicine at the
University of Malaga during the 2022-2023 academic year. The
final examination was performed by most of the students (153
students), of which 143 participated until the end of the
Instagram experience. Thus, only 10 (6.5%) of the 153 involved
students did not follow our account.

Design of the Instagram Profile
After downloading the free app on a smartphone, a private
Instagram account (username: @histologiauma) was created
for the subject Human Histology 2 at the University of Malaga.
The Instagram profile was linked to an institutional email
address created to receive questions and comments from the
student body of this subject. Students were notified of the
availability of this account and were informed about the
procedure to participate. For instance, they had to register by
giving their real first name and last name. Once we checked
they belong to the subject, the students were accepted as
followers of @histologiauma.

Virtual Microscope Images
The images published in @histologiauma belong to the image
bank of the Histology Unit of the Department of Human
Physiology, Human Histology, Anatomical Pathology and
Physical-Sports Education of the Medical School at the
University of Malaga. During the COVID-19 pandemic, we
introduced a highly interactive, web-based digital microscope
system to view histological images during online practical
lessons, either from classroom or personal computers. This
virtual microscope is currently based on the digitalization of 66
slides, providing the element of real-time dynamic microscopy
and offering students a truly innovative experience at
exceptionally high resolution. Interestingly, this virtual
microscope offers the possibility to capture specific tissue areas
and use these pictures to formulate specific questions.

Account Content Feed
Two software applications were used to design the images:
Canva and Microsoft Office PowerPoint. The free basic mode
of Canva offers access to thousands of templates and 1 million
free photos. Both applications allow drag-and-drop operations
familiar to both average users and design professionals and
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feature templates, photo filters, images, icons, and shapes useful
for customizing histological images (eg, including different
shapes to highlight structures or cells within a tissue, adding
numbers or letters).

During a 3-month trial period, 35 posts were published, of which
5 were announcements about the account rules. The general
process for uploading new content to @histologiauma account
is summarized in Figure 1.

Figure 1. (A) Workflow for uploading a post in @histologiauma account, (B) screenshot of a post from @histologiauma account, (C) multiple-choice
test interface, (D) image of a spinal cord transversal section with Klüver-Barrera staining, and (E) a student’s direct message including a reasoned correct
answer.

Ethical Considerations
The repository of digital images is composed of scanned slides
with anonymized tissue remnants from Virgen de la Victoria
University Hospital, whose patients provided signed informed
consent for educational purposes.

The account @histologiauma was created as a private profile
to be exclusively accessed by those second-year students of the
degree in Medicine at the University of Malaga who voluntarily
requested to participate. Images displaying captures from
@histologiauma have been edited to make students’ profiles
unidentifiable. Moreover, all the surveys were anonymously
filled out by students.

The manuscript is a retrospective case report that does not
require ethics committee approval at our institution since no
demographic nor clinical data from patients were used.

Type of Questions Posted on @histologiauma
The following sections were included in the Instagram platform
for human histology education.

Image-Based Multiple-Choice Questions
There were 13 posts with image-based multiple-choice questions
(Figure 2). Histological images of several organs studied during

the academic year were posted. Different structures or cells
were highlighted with arrows or other shapes (eg, stars, circles,
asterisks). Multiple-choice questions with a single correct
answer were posted, and 4 options were marked with labels A,
B, C, and D in each question. For example, Figure 2 shows a
post that asked students to select the incorrect option from the
following answer choices: “A) Organ: cerebellum; Large yellow
arrow: Pia mater; Red circle: Cerebellar folia; Green star: white
matter; Red star: white matter; Orange star: granular layer; Blue
star: molecular layer; Small yellow arrows: Purkinje cell layer.
Example of pathology: Cerebellar syndrome, nystagmus as a
quick and involuntary eye movement is included. B) Organ:
cerebellum; Large yellow arrow: Dura mater; red circle:
Cerebellar folia; Green star: gray matter; Red star: white matter;
Orange star: granular layer; Blue star: molecular layer; Small
yellow arrows: Purkinje cell layer. Example of pathology:
Cerebellar syndrome, ataxia as a problem to speak is included.
C) Organ: cerebellum; Large yellow arrow: Pia mater; red circle:
Cerebellar folia; Green star: white matter; Red star: white matter;
Orange star: granular layer; Blue Star: molecular layer; Small
yellow arrows: Purkinje cell layer. Example of pathology:
Cerebellar syndrome, ataxia or incoordination of movements
is included. 4) Organ: cerebellum; Large yellow arrow: Pia
mater; red circle: Cerebellar folia; Green star: white matter; Red
star: white matter; Orange Star: granular layer; Blue star:

JMIR Med Educ 2025 | vol. 11 | e55861 | p.564https://mededu.jmir.org/2025/1/e55861
(page number not for citation purposes)

Escamilla-Sanchez et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


molecular layer; Small yellow arrows: Purkinje cell layer.
Example of pathology: Cerebellar syndrome patients develop
dysarthria (difficulty in speaking).” The correct answer is B.

No negative scores were given in the case of wrong answers.
All questions had a single correct answer. Each student provided

their answer, including a brief justification in the form of a
private message on Instagram. They were then notified about
their success or encouraged to try again in case of failure. The
answers were made public 5 days later in a comment,
accompanied by a summary of the most common mistakes.

Figure 2. Screenshot of an image-based multiple-choice question about the cerebellum from the account @histologiauma.

Descriptions or Questions Associated With Histological
Images
This section, consisting of 10 posts, showed histological images
pointing out different structures and components to be identified
by the students. For example, Figure 3 shows a post that
included the following questions: “1) Identify the organ shown
in the image. Is it a tubular or a parenchymatous organ? 2) What
is the green star (A) pointing at? And the yellow star (B)? And

the blue arrow?” Occasionally, comparisons between
pathological and healthy tissues were posted, along with an
introduction to clinical medicine. This section was conceived
in accordance with the curricular competency entitled “From
Histology to Medicine,” which aims to highlight the clinical
aspects of human histology. The correct answer was published
5 days later as a comment on the post, and feedback was given
to the students, as explained for the multiple-choice questions.
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Figure 3. Screenshot of a histological image section (kidney) with the accompanying questions.

Didactic Schemes
This section included 7 posts based on student requests for
visual or explanatory diagrams of the content they found most
difficult. Teachers then prepared specific outlines based on these
requests, avoiding the inclusion of new content. An example is
shown in Figure 4. Diagrams were created using free-design
and educational software, such as PowerPoint or Canva and

stored in a shared Google Drive folder. The link to access the
content was posted on the Instagram account and made available
for 1 week. The content of these diagrams was derived from
the theoretical material already provided to the students, as they
were conceived as a complementary tool to the study. Students
were also encouraged to make their own schemes to learn how
to summarize concepts.

Figure 4. Screenshot of a scheme requested by students about the respiratory tract.

“Do It Yourself” Section
During the practical classes, students were encouraged to take
images of histological slides through the eyepiece of the
microscopes with their own smartphones. Later, they posted

the images for 24 hours in the form of a story on
@histologiauma accompanied by a specific question to be solved
by their classmates. In total, 25 images were shared as stories,
and an example is shown in Figure 5.
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Figure 5. Screenshot of a “Do it yourself” section depicting a histological section of skin that was taken and elaborated on by one of the students.

Teaching Commitment
The teaching staff played a crucial role in providing feedback
to the students, notifying them about their successes or mistakes
through private messages and designing diagrams. Overall, 1
hour of work was required daily during the experience.

Rating
The activity was conceived as a voluntary pilot study. Students
who actively participated could add a maximum of up to 0.50
points to their final mark, regardless of whether their
interventions were successful. Thus, students earned points in
proportion to their level of participation. A score of 10 was
assigned to students who answered 100% of the questions. The
student body was organized in 4 groups according to the rewards
received on @histologiauma (group 1=0-4.4 points; group
2=4.5-6.5 points; group 3=6.5-8.5 points; group 4=8.5-10
points). Therefore, these points served as an indicator of
participation.

Evaluation of the Activity as an Educational Innovation
To explore the influence of this innovative learning tool, data
on student engagement and perceptions were collected during

the lectures and at the end of the course through a final
evaluation. The results were gathered throughout the academic
semester with 3 anonymous surveys using a 5-point Likert scale.
Each topic in the surveys covered a gradient of agreement with
the statement presented (1=strongly disagree, 5=strongly agree).
All questions were designed in Spanish by members of the
teaching staff (AES, RSV, and DB) and later translated into
English for publication.

At the beginning of this educational experience, the opinions
of students about the inclusion of new technologies and the
implementation of social media in our medical school were
assessed through a first survey (called the pre-experience survey;
Textbox 1).

This first survey also included specific questions regarding
students’ perceptions of the use of Instagram in the histology
course (Textbox 2).

The second survey (middle experience; Textbox 3) was
conducted 2 months after the start of the project. This
questionnaire focused on the general operation of the account
and their early perceptions of the experience. The third and final
survey contained the same questions (Textbox 3) and was carried
out during the last week of theory classes.
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Textbox 1. General questions in the initial survey (pre-experience).

1. The university's educational systems are up to date and adapted to the times.

2. Most teachers use social networks as an educational resource.

3. Currently, the use of alternative educational tools is essential.

4. Bringing the basic subjects of a medical degree closer to the reality of professional practice is essential.

5. In general, teachers are concerned about updating educational tools.

Textbox 2. Specific questions for the initial survey (pre-experience).

1. Instagram facilitates access to educational content on histology.

2. Accessing Instagram allows me to consult the content anywhere at any time (eg, bus, train).

3. Test questions are a useful tool to review theoretical or practical content.

4. Downloading the subject outlines helps me to complete histology concepts.

5. I expect to improve my academic grades thanks to this academic experience.

Textbox 3. Specific questions for the 2nd (mid-experience) and 3rd (end of the experience) surveys.

1. I followed the @histologiauma updates daily.

2. I answered test questions.

3. I answered questions shared in the @histologiauma stories.

4. I shared some photographs in the “Do it yourself” section.

5. I answered the image-associated questions.

6. I used @histologiauma when traveling by public transport.

7. I used @histologiauma during class exchanges.

8. The test questions were adequate.

9. The schemes were useful.

10. We received highly personalized attention.

11. Circle the most useful sections of @histologiauma: “Do it yourself,” image-associated questions,” “multiple-choice questions,” “schemes.”

12. I will use @histologiuma to prepare for my final exams.

Statistical Analysis

Raw data from the survey responses were collected and analyzed
using SPSS v.24 (IBM Corp). Descriptive statistics were used
to characterize the data, with a frequency study carried out for
each of the variables evaluated in the different surveys.
Homoscedasticity (equality of variances) and normal distribution
of the data were checked. Data corresponding to students’marks
(score range 0-10) are expressed as mean (SD). Mann-Whitney
tests were conducted to compare overall grades from different
cohorts (groups from different academic years or current cohort
with the extra points versus the cohort without the extra points).
The comparisons between the marks of the different groups
(previously categorized into groups 1-4 according to the level
of participation) and the degree of acquired knowledge
evidenced by the final exam (global marks) were conducted
using 1-way ANOVA followed by a post hoc Bonferroni test.
Pearson correlation coefficients were calculated using the
individual scores according to the students’ participation in

@histologiauma and their final grades. An r>1 indicated a
positive linear correlation between the 2 variables. The
significance was set at 95% of confidence.

Results

Participant Demographics
From the very first post, 73 of 167 students enrolled in Human
Histology 2 followed the account. At the end of the learning
experience, there were 143 followers (143/167, 85.6%), of which
106 students had actively participated during the entire period.
Analytics from these 143 students showed that 76.2% (109/143)
were women and 23.8% (34/143) were men. Most (133/143,
93%) of them were 18 years to 22 years old and in their second
year of the medical degree (139/143, 97.2%). There were only
4 repeaters of this subject, who were concomitantly in the third
year of the degree. Full-time students represented 97.9%
(140/143) of the respondents. The full demographic profile of
the students is shown in Table 2.
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Table 2. Student demographic data (N=143).

Results, n (%)Characteristics

Gender

109 (76.2)Female

34 (23.8)Male

Age (years)

133 (93)18-22

7 (4.9)23-26

2 (1.4)27-30

1 (0.7)31-40

Academic year

139 (97.2)2

4 (2.8)3

Enrollment

140 (97.9)Complete

3 (2.1)Partial

Pre-Experience Test About Students’ Perceptions of
the Use of Social Media and New Technologies in
Medical School Curricula
Of the participants, 83.9% (120/143) considered that the current
educational system requires a significant update. Thus, 97.9%
(139/143) of them strongly believed that the use of social
networks should be significantly improved. Of the students,
99% (141/143) considered that using alternative educational
tools is relevant, and 77.1% (110/143) of the students agreed
that the use of social media such as Instagram facilitates access
to the didactic content. Thereby, 95% (133/143) of the
respondents found the subject more accessible thanks to
@histologiauma, and 99.5% (142/143) believed they might
improve their academic marks thanks to this experience.

Survey About the Students’ Perceptions During the
Experience
Multiple-choice questions (65/143, 45.7%) and image-based
questions (33/143, 22.8%) were the students’ favorite sections,
with 96.5% (138/143) and 99.3% (142/143) of the students,
respectively, considering them highly useful for learning the
subject. In contrast, the schemes and “Do it yourself” sections
were the favorite sections for 12.6% (18/143) and 0.8% (1/143),
respectively, of the students. The remaining 18.1% (26/143)
reported a stated preference for combinations of the different
sections (multiple-choice questions + image-based questions:
17/143, 11.8%; multiple-choice questions + schemes: 5/143,
3.9%; image-based questions + schemes: 3/143, 2.4%). No other
activities were included in the experience. Additionally, 96.7%
(138/143) of the students felt well-supported and guided by the
teaching staff throughout the experience. In addition, students

showed no preference between public transport or the exchange
of classes for visualizing the didactic content available on
Instagram.

Impact of the Experience on Final Marks
The average grade obtained by the students from the Histology
course during the academic year prior to the implementation of
the experience (2021-2022: n=158 students) was 6.49 (SD 1.87)
out of 10, whereas marks from the 2022-2023 cohort were
significantly higher (mean 7.13, SD 1.68; P<.002; n=153),
regardless of the extra points for participating in the experience.
Once the earned points were included, the final outcome was
not significantly different (2022/2023 without extra points:
mean 7.29, SD 1.70; 2022/2023 with extra points: mean 7.13,
SD 1.68; P=.03). Furthermore, the mean final grade from the
4 previous academic courses showed homogeneity in terms of
having lower results (mean 6.12, SD 0.27; n=628 students) in
comparison to our cohort. Overall, our data support that the use
of social media produced a positive impact on students’
performance, even without considering the points for
participating in @histologiauma.

Interestingly, a positive linear correlation between individual
participation scores and final marks (not including the extra
reward points) was found (r=0.439, P<.001). Moreover, the
ANOVA showed significant differences between students’
marks according to their degree of participation (P<.001; Table
3). There was a trend of higher ratings according to the level of
participation. The Bonferroni test showed that group 1 (the least
engaged group with 0-4.4 points) achieved significantly lower
global mean scores than the other 3 groups (all P<.001). Finally,
there were no significant differences among groups 2 to 4 (all
P=.99).
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Table 3. Students’ global marks (without the extra points) and rating obtained according to the degree of participation in @histologiauma.

Global score, mean (SD)Group

5.43 (2.65)Group 1 (0-4.4 points)

7.44 (0.93)Group 2 (4.5-6.5 points)

8.04 (0.51)Group 3 (6.5-8.5 points)

8.27 (1.32)Group 4 (8.5-10 points)

Discussion

Background
Histology is one of the first morphological disciplines faced by
medical students. Since it is necessary to integrate basic
knowledge from other fields (eg, anatomy, cytology, biology,
biochemistry) with spatial awareness, histology is perceived as
a difficult subject by most learners. Moreover, students consider
histology as irrelevant on their board examination (ie, “Spanish
Specialized Health Training examination”) and even for their
future clinical practice [21,22]. Most current medical students
use social networks daily and demand considerable effort from
educators to make the subjects more attractive and dynamic.
Creating a social media account is a free educational option that
enables access to information and allows users to easily connect
with others [23]. Thus, in this work, we analyzed the impact of
using a specific Instagram account (@histologiauma) as a
teaching resource during a histology course (2022-2023).

Principal Findings and Implications
Overall, our data demonstrate that medical students who
followed and interacted with @histologiauma improved their
exam scores compared with those who did not. In fact, a
complete lack or a low level of participation generated
significant differences in comparison with students who actively
engaged with the activity. Most importantly, the enhancement
of final grades compared with previous cohorts was not a direct
consequence of the extra points awarded to the participants.
Thus, improved test performance may serve as indirect and
tangible evidence of better long-term knowledge acquisition
[24]. These results are supported by the previous opinion of the
majority of our students about the positive impact of this
experience on academic results. In the first instance, the
pre-experiment survey already showed that most of our students
believed that social media is rarely used in educational contexts
and considered that it may be relevant to include social media
platforms as teaching tools, not only to increase accessibility
to the content but also to improve their marks. In fact, the results
demonstrated a positive disposition toward this innovative
approach, since 99.5% of the participants believed they could
improve their academic grades thanks to this experience even
before participating in it.

Research on the strength or quality of motivation as a predictor
of academic success has yielded both definitive and inconclusive
findings. In this work, higher engagement and interaction with
the content through the proposed interactive activities may have
helped in the learning process, which was later reflected in the
scores. Indeed, motivation is a determining factor not only for
medical students but also for all students to develop

sophisticated and successful learning strategies. A study on
small group learning found that increased knowledge and
understanding of subject matter increase students’ motivation
for studying and interest in the course content [24]. The “social
constructivist theory” states that socialization can also help
students during their personal learning processes [3]. In this
sense, social media facilitates active interaction and
collaboration by enabling instant communication and motivation
[24,25].

Furthermore, our Instagram activities also served as additional
virtual tests. Testing is no longer considered as only a tool for
evaluation but also for learning [26,27]. Thus, using Instagram
for educational purposes incorporates not only these phenomena
in the process (as it could have been done through a virtual
platform like Moodle) but also other factors that are particularly
relevant for current young students: direct interaction with their
classmates and immediacy, in addition to their own behavior
and daily routine with smartphones and social media. We believe
that all these factors increased the motivation and engagement
of students with histology, leading to greater retention of the
content that was finally reflected as higher scores.

Unfortunately, the information available on social media
platforms might not be updated or subjected to peer review;
thus, it may be invalid, incorrect, or even false. Conversely,
@histologiauma is a platform controlled by our group of
specialized teachers, prepared to guide learners toward
appropriate knowledge according to the content of the subject.
Therefore, the creation of a platform adapted by the teaching
staff to the curricular content is ideal not only to boost interest
but also to prevent students from accessing unreliable
information [28].

Additionally, it is essential to comprehend the preferences of
learners in order to create a quality digital learning environment
[29,30]. During the experience, the image-based questions,
multiple-choice questions, and histological descriptions were
considered very useful by the students. Ultimately, this
knowledge may help teachers to understand the strengths and
weaknesses of the subject matter as well as its impact on
adherence.

Comparison With the Literature
Numerous social media accounts disseminate information about
many different types of pathologies to the general public.
Although our work focuses on a course within the medical
degree program, it is evident that Instagram serves as an optimal
and cost-effective platform for capturing attention through
passive learning in the field of histology and pathology [31]. In
this sense, Nguyen et al [14] reported that 92.5% of students
visit Instagram for educational purposes. Accordingly, 97.9%
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of our respondents strongly believed that social networks should
be implemented in higher education.

As far as we know, many accounts share educational content
about pathology [16,32], but very few are specifically targeted
at histology and assessing the impact of sharing this information
on social media on medical students. Another novelty of our
approach is that we used Instagram as an educational tool
specifically tailored to our students, offering personalized
content directly aligned with the course curriculum. Although
many other studies have examined the use of social media in
education, few have focused on how a targeted, image-based
platform like Instagram can enhance engagement and learning
outcomes in medical education, particularly in a subject highly
reliant on visual materials.

For instance, Essig et al [19] from the School of Medicine at
the University of North Carolina created an experience with the
Instagram profile @InstaHisto in 2020, which is the most similar
to our work in the existing literature. However, one of the main
differences between these profiles could be summarized by the
word “personalization.” Our private account was created solely
and exclusively for second-year students in the medicine degree
program at the University of Malaga, in contrast with their
public profile. Moreover, they examined the impact of the posts
based on the number of views, not focusing on student
interaction but rather on the general public. Instead, our work
aimed to potentiate students’ knowledge acquisition and to
increase engagement with the subject. We also intended to
understand students' perceptions about this educational tool.
Similarly, the work by Essig et al [19] focused on the National
Board of Medical Examiners final exams, reporting that 77%
of their students found the histology content from @InstaHisto
useful for passing the test. In this line, our survey data reflected
a high degree of satisfaction with the utility in the educational
environment of these virtual activities (96.5% and 99.3% with
multiple-choice questions and image-based questions). More
recently, Prabhu and Munawar [11] evaluated 49 Instagram
profiles dedicated to the dissemination and teaching of
radiology, concluding that it is indeed a better application of
this image-based social media platform due to its easy
accessibility and appeal to students. In this line, our data reflect
that 95% of students believe that using Instagram would enhance
their perception of the course and its appeal.

Limitations
In this work, rating grades increased after use of
@histologiauma, even before adding the points awarded for
students’ participation in Instagram. It is noticeable that scarce
involvement led to no or low improvement, and although there
was no significant difference between the most active groups
(G2 to G4), we did find a trend toward higher ratings according
to the level of participation. In this sense, we cannot completely
rule out the influence of other factors masking the impact of
this experience, including other curricular or extracurricular
activities performed during the school year or personal
preferences regarding social media. Nevertheless, as far as we
are concerned, standard students from the same academic course
share identical academic schedules. All other activities
performed during the histology course (such as problem-based

learning or the section “From Histology to Medicine”) were
developed during theoretical classes or practice and were
mandatory. However, we are aware that every academic group
is different and repeating the experience during additional
academic years would yield more reliable data. Relevant to this,
the algorithm used by social media platforms like Instagram
tends to favor posts from accounts with which users interact
more frequently or with related content, creating information
bias for customers [33]. Given this scenario, it is reasonable to
interpret that students who interacted with @histologiauma
above a threshold were later shown our account or similar
profiles in their private feed more often than those who barely
engaged or did not participate in the voluntary activity. This
interaction likely results in students passively reviewing content
each time they visit this platform, which finally positively
impacts their acquisition and assimilation of knowledge and
therefore their final results. However, this may also minimize
the differences between the most active groups.

Another specific limitation of this work is that participating in
these activities was not mandatory, which may have led to
potential selection bias. We cannot rule out that students
following the @histologiauma account were more eager to
participate in additional activities than the general medical
students. However, the high participation rate (85.6% of students
enrolled) notably reduced the impact of this possibility. Even
so, eliminating the optional nature of this activity would have
yielded clearer data. In addition, it is possible that some of our
students do not have an Instagram account because they do not
find social networks attractive. Nevertheless, this was rarely
the case, since we detected very few exceptions of students who
performed the final exam without participating in Instagram
(10 of 153 students). For future editions, we intend to propose
@histologiauma as an educational instrument in a public mode,
encouraging users to create their own hashtags and check the
transcendence of the posts.

On the other hand, the use of social media platforms during the
educational process of histology should be recommended only
as a complement for regular teaching. Evidence that social media
is not a panacea was provided in a separate analysis of 131
students who were using the microblog X during class with the
aim of fostering student-faculty interaction on two campuses.
Although it facilitated discussion, 71% of students found it
distracting [34]. For this reason, it is important to find a balance
between the usual lecture-based methodology and the inclusion
of social media in higher education, not only to meet the
curricular needs of students but also to ensure their engagement
with their studies.

For future research, the sample size may be broadened to
increase the validity and reliability of our findings and include
cohorts from other courses or health science degrees such as
podiatry, physiotherapy, or nursing. Moreover, specific tests
about the content shown on the Instagram account could be
implemented. The inclusion of a longitudinal study to track
students’performance and engagement over multiple semesters
would allow better understanding of the long-term impact of
Instagram-based learning. Although, in general, we detected
typical mistakes of pattern recognition of histological structures,
a range of accuracy-based rewards could be incorporated into
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the activity to avoid participation without true commitment.
Finally, future experiences could explore the impact of different
types of Instagram content (eg, video, live question-and-answer
sessions, different quizzes).

Conclusions
Medical students consider there is inadequate use of social
networks for teaching purposes, probably due to a lack of
updated methodological approaches in the context of university
subjects. Compared with the conventional educational system,
social media platforms have a considerable impact on both
teachers and students as they offer the possibility to easily
connect and collaborate. In fact, one of the main objectives of
medical education is to capitalize on the engaging nature of
social media tools as part of an overall strategy to use a
learner-centered approach. In addition, to increase student
engagement during the first year of the degree in Medicine, it

is desirable to use attractive didactic methods for learning
histology. In this regard, the visual nature of histology is
particularly appropriate for the introduction of new image-based
tools. Thus, the aim of this study was to investigate an
innovative online educational approach for histology based on
an Instagram account specifically designed for medical students.
In this work, we showed that the use of Instagram has great
potential to improve not only the knowledge but also the scores
of students of human histology. Our results provide evidence
that this teaching strategy boosts students’ learning motivation.
In the near future, the classical practical lessons based on the
physical microscope might not be enough to meet the needs of
medical students. Therefore, Instagram may be considered as
a relevant tool for current students to achieve their curricular
objectives in a more dynamic, friendly, and enjoyable way under
the supervision of the faculty.
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Abstract

Background: Although technology is rapidly advancing in immersive virtual reality (VR) simulation, there is a paucity of
literature to guide its implementation into health professions education, and there are no described best practices for the development
of this evolving technology.

Objective: We conducted a qualitative study using semistructured interviews with early adopters of immersive VR simulation
technology to investigate use and motivations behind using this technology in educational practice, and to identify the educational
needs that this technology can address.

Methods: We conducted 16 interviews with VR early adopters. Data were analyzed via directed content analysis through the
lens of the Unified Theory of Acceptance and Use of Technology.

Results: The main themes that emerged included focus on cognitive skills, access to education, resource investment, and
balancing immersion. These findings help to clarify the intended role of VR simulation in health professions education. Based
on our data, we synthesized a set of research questions that may help define best practices for future VR development and
implementation.

Conclusions: Immersive VR simulation technology primarily serves to teach cognitive skills, expand access to educational
experiences, act as a collaborative repository of widely relevant and diverse simulation scenarios, and foster learning through
deep immersion. By applying the Unified Theory of Acceptance and Use of Technology theoretical framework to the context of
VR simulation, we not only collected validation evidence for this established theory, but also proposed several modifications to
better explain use behavior in this specific setting.

(JMIR Med Educ 2025;11:e62803)   doi:10.2196/62803

KEYWORDS

virtual reality; medical education; virtual reality simulation; extended reality; simulation; VR; health professions education; health
education; thematic analysis; evolving technology; qualitative study; qualitative; semistructured interviews; educational experiences;
theoretical framework

Introduction

Background
As technology rapidly advances in immersive virtual reality
(VR) simulation, there is a growing interest among educators
to develop VR simulation curricula for health professions
education. However, there is a paucity of literature to guide
these efforts, and there are no accepted best practices for the
development or implementation of this technology. While
experts anticipate the potential for VR to transform medical
education [1], without a better understanding of the role VR
will play in our training programs, these statements may amount
to nothing more than vague future promises. Therefore,
characterization of the early use of VR is imperative to clarify

its evolving role and gain insights that will allow us to
implement this technology to its fullest potential.

VR Simulation Technology
Immersive VR creates a simulated environment, allowing users
to “step inside” a computer-generated world and engage
authentically with their surroundings [1]. VR offers several
potential benefits for health professions education, including
facilitating distance learning and providing training that is
difficult to deliver via traditional simulation [2]. In addition,
VR shows comparable educational outcomes to high-fidelity
mannequin simulation with more cost-effectiveness [3-7]. Many
institutions are enthusiastic about VR simulation and are already
piloting or studying VR curricula [1,8] However, there is still
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much to learn in order to best guide the development and
implementation of these curricula.

While prior research has concentrated on individual VR
usage-scenarios or software evaluations [9,10], effective
educational interventions require a broader understanding of
the context of our learners [11]. Therefore, we must study VR
user needs across a wider spectrum to guide development that
aligns with the context of health professions training. By
analyzing current VR educational practices, we can better
identify the gaps that this technology can bridge, and move
toward a consensus about how best to use VR simulation in the
future. Without a better understanding of these gaps, we risk
pouring resources into technology for technology’s sake—a
solution looking for a problem [12].

Study of Early Adopters
The technology adoption life cycle categorizes users into 5
groups based on their likelihood to adopt new technology:
innovators, early adopters, early majority, late majority, and
laggards [13]. Our study focuses on early adopters, as they
represent educational stakeholders pioneering the
implementation of VR within authentic educational
environments and collaborating with VR innovators to adapt
the technology to their needs. They therefore have expertise

evaluating VR technology, but unlike the innovators, their
experience is more practical than theoretical.

Unified Theory of Acceptance and Use of Technology
The Unified Theory of Acceptance and Use of Technology
(UTAUT) explains factors that affect the adoption of new
technologies and predicts future technology use [14]. UTAUT
provides a robust theoretical framework for understanding the
drivers incentivizing early adopters to embrace VR as an
educational strategy. The original theory described 4 constructs
as direct determinants of technology usage behavior (Figure 1):
performance expectancy (user expectation that the technology
improves performance), effort expectancy (ease associated with
using the technology), social influence (user perception that
others believe they should be using the technology), and
facilitating conditions (organizational and technological
infrastructure for technology implementation). These
determinants are modified to varying degrees by user gender,
age, or experience [14]. Extensively applied across multiple
fields for assessing new technologies [15], the UTAUT was
expanded to the Unified Theory of Acceptance and Use of
Technology 2 (UTAUT2) with 3 additional constructs: hedonic
motivation (pleasure derived from using the technology), price
value (perceived cost of the new technology), and habit (degree
of automatic use of the technology) [16].

Figure 1. The UTAUT2 from Venkatesh et al [16], used with permission. UTAUT2: Unified Theory of Acceptance and Use of Technology 2.

With validity evidence across multiple fields since 2003,
UTAUT has become one of the most developed and intensive
models to test new technologies [15]. In addition to being
well-validated in multiple settings, UTAUT is an ideal
theoretical framework to explore and better understand thoughts

and behaviors associated with the use of VR simulation
technology. While other theoretical frameworks have been used
to approach VR simulation research, few will allow the isolation
of factors associated with VR specifically rather than those that
apply to simulation in general. Even fewer might facilitate the
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prediction of its use in the future. For example, constructivist
learning theory has been applied to VR simulation because
learners can manipulate a problem and construct learning from
active participation in an engaging experience [17]. Experiential
learning has also been used to contextualize VR simulation
because it provides a safe and forgiving training environment
that facilitates learning by doing [3]. However, these theoretical
frameworks serve better to characterize simulation in general
rather than to focus on the specific experience provided by VR
technology. The use of UTAUT2 on the other hand provides a
structured framework by which we can distinguish the features
of VR technology from other modes of simulation, and by which
we can attempt to predict its future use.

Prior VR research using UTAUT2 focuses primarily on
understanding learner experience and learner acceptance [18,19].
While these concepts are critical for the successful adoption of
evolving technological innovations [20], we must progress
further by investigating how VR simulation can address specific
educational needs and gathering validation evidence for its most
effective future role in the evolving landscape of health
professions education.

Study Aims
To fill this gap in our understanding, this study interviews early
adopters of VR simulation in health professions education, with
the following aims: (1) characterize how early adopters are
adapting VR to meet their educational needs, (2) define the
educational problems or gaps that early adopters are trying to
address with VR, and (3) explore factors influencing the ability
of early adopters to meet their needs with VR.

Methods

Ethical Considerations
This study was approved by the New York University Langone
Institutional Review Board (22‐01346). Informed consent was
obtained from all study participants, and participants had the
ability to opt out or withdraw from the study at any time.
Interview transcripts were deidentified for confidentiality.
Participants were not compensated.

Study Design
This is a qualitative study using thematic analysis of
semistructured interviews. The research methodology is directed
content analysis, starting with a limited code book of 7 a priori
codes defined through the lens of the UTAUT2 theoretical
framework, followed by an exploratory coding phase [21,22].
The research paradigm is postpositivist. Reporting was
completed following the Standards for Reporting Qualitative
Research guidelines [23].

Semistructured Interview Guide
We iteratively developed a semistructured interview guide based
on our research questions and grounded in the UTAUT2
theoretical framework [24,25] (Multimedia Appendix 1). The
interview guide was piloted with local stakeholders to ensure
capture of meaningful data within the 45-minute interview
timeframe.

Recruitment and Sampling
We recruited educational stakeholders who were identified as
“early adopters” of immersive VR simulation technology.
Inclusion criteria were experience educating, implementing, or
researching with VR. Exclusion criteria included technology
developers without educational practice experience, and
participants with experience limited to 360° video, augmented
reality, or nonsimulation immersive learning.

The first 3 participants were recruited as a convenience sample,
as they were known to our research team based on their work
with the American College of Chest Physicians to develop and
pilot an immersive VR simulation program teaching
endotracheal intubation. These participants were recruited as
an entry into the community of VR early adopters, with
subsequent recruitment by snowball sampling. We sought to
map the terrain of VR use-cases by recruiting for maximal
diversity. We asked if participants could identify additional
early adopters who had different experiences (ie, worked with
a different company, in a different learner setting, at a different
institution, or who had differing perspectives on VR
technology). We estimated a sample size of 12‐18 interviews.
Data were iteratively analyzed for thematic saturation, and
recruitment was terminated upon achieving saturation of
meaning [26].

Interviews and Data Analysis
Each participant completed a 45-minute semistructured
interview via Zoom videoconferencing. Interviews were
audio-recorded and transcribed verbatim into a written document
via Speechmatics software with manual verification. Transcripts
were imported to ATLAS.ti (ATLAS.ti Scientific Software
Development GmbH) web, which was used for iterative
qualitative data coding and analysis. First-round coding was
performed via an a priori coding template corresponding to the
UTAUT2 domains. Any additional codes used process coding
and descriptive coding. All codes were approved by 2
independent reviewers (JT and DP) with deliberation over any
discrepancies. Second-round coding then checked all codes
against the initial coding template, collapsing as necessary to
capture any new domains not described by the UTAUT2
framework. Field notes and memos were maintained by both
reviewers. Themes were identified and their interrelationships
characterized [27]. Themes were then shared with study
participants via member checking to ensure the accuracy of our
analyses.

Reflexivity
JT and DP are Pulmonary/Critical Care Medicine physicians.
JT has worked with technology companies and educational
technologists researching immersive VR simulation, but is
relatively suspicious of new technology unless it fulfills a
specific need. DP is also an early adopter, who is a
self-described “gamer” and owns a VR headset for recreational
use. JT, DP, and MF are simulation educators at New York
University. All authors kept memos to practice reflexivity
throughout this study’s period.
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Results

Overview
We completed 16 semistructured interviews. Coding saturation
occurred after 11 interviews and thematic saturation after 12
interviews. Four additional interviews were completed to ensure
saturation of meaning [26]. Participant demographics are
described in Table 1. Our study population included early

adopters from diverse health professions whose educational
interventions targeted the following groups of learners: physician
trainees (premedical students, medical students, residents, and
fellows), advanced practice providers (nurse practitioners and
physician assistants), nurses and nursing students, respiratory
therapists, pharmacists, and emergency service members
(emergency medical technician students and paramedical
students).
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Table . Demographics of interview participants (N=16).

Values (n)Demographics of interview participants

Gender

10    Male

6    Female

Age (years)

8    31‐50

3    51‐65

3    >65

2    Unknown

Technology adoption life cycle group

6    Innovator

6    Early adopter

3    Early majority

1    Unknown

Geography

3    Northeast (United States)

5    Midwest (United States)

4    South (United States)

3    West (United States)

1    Canada

Setting

12    Urban

4    Suburban

0    Rural

Health profession

1    Advanced practice provider (nurse practitioner or physician assistant)

1    Emergency medical service (paramedics or emergency medical techni-
cians)

1    Health care education technologist

3    Nurse

8    Physician

2        Anesthesiology

1        Cardiology (pediatrics)

2        Emergency medicine (adult)

1            Armed forces

1        Emergency medicine (pediatrics)

1        Internal medicine

2        Pulmonary and critical care medicine

1    Respiratory therapist

Coding and Themes
First-round coding generated 38 unique codes: 7 from the a
priori coding template corresponding to UTAUT domains, and

31 new codes via process and descriptive coding. Four themes
were identified and examined for their interrelationships. The
resulting synthesis and validation evidence for the UTAUT2
framework are depicted in a thematic map (Figure 2).
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Figure 2. Thematic map of results. The thematic map illustrates our results and changes we have made to the theoretical framework. Themes (green
boxes) are superimposed between each UTAUT construct and the resulting behavioral intention. The new addition of access expectancy is highlighted
in orange. Green arrows illustrate which theme most strongly relates to which UTAUT construct. Blue arrows represent effect modifying relationships.
TALC: technology adoption lifecycle; UTAUT: Unified Theory of Acceptance and Use of Technology.

Theme 1: Focus on Cognitive Skills
Study participants focused on VR simulation for the
development of cognitive skills, including communication,
teamwork, clinical reasoning, situational awareness, and
interdisciplinary skills, occasionally referred to as “soft skills.”

It’s really just about talking to each other, right? And
sharing that mental model…I think that’s where you
can really benefit from VR because it’s not really
about the tasks you're doing. It’s how are you
communicating…I think if you look at a lot of the
sentinel events or the near misses that happen, it’s
based on communication. [Participant #4]

For procedural skills, the role of VR simulation was limited to
building procedural knowledge or situational awareness.

It does help you remember the different steps. You
know, don't forget the suction at the head of the bed
or, you know, [we will] have the patient vomit…and
maybe they won't forget it now. [Participant #4]

However, participants found the teaching of fine psychomotor
skills, such as laryngoscopy or peripheral intravenous placement,
to be limited in VR.

We knew that you cannot teach the fine motor skills
of intubating a patient in virtual reality. It is very
difficult to do with the kind of tools that are available
right now. And so it was more about the thinking…I
truly believe that the mental process of approaching
an airway is just as important, if not more important,
than the fine tuning of technical skills. [Participant
#1]

The most common barrier to teaching psychomotor skills in the
VR environment was haptic technology, noted unanimously by
every interview participant.

What it doesn't do well? One is teaching people how
to do things that require them to use their hands and
fine motor skills, even just like how to use tools. It’s
really challenging to teach somebody how to hold a
laryngoscope, how to hold the endotracheal tube…I
think the big limiting factor is the fact that you have
to use controllers because the controllers only work
a certain way. You must hold it this way. These are
the few buttons that you have. You're not using your
hands the way you would in real life. [Participant #1]

In addition to limitations in simulating authentic tools,
participants noted limitations in simulating the weight or feel
of human anatomy necessary to learn fine psychomotor skills.

You put the [laryngoscope] blade in their mouth, the
vocal cords show up on the screen and you just drop
the tube and it just clicks right in. But right now, we
don't have…that feedback where you feel your scope
in your hand or you feel the weight of the jaw when
you're going to lift up. [Participant #8]

Many participants discussed the development of haptic gloves
which can allow users to simulate touch and contact experiences.
However, most found current solutions either cost-prohibitive
or inadequate.

I don't see that type of fine motor feedback, you know,
where I know how to put the needle into an arm for
an IV, for example. That’s not going to happen for -
I would say that’s decades away. Easily. I don't think
there are good solutions right now in even the most
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expensive labs with experimental haptics for that.
[Participant #16]

Therefore, to teach psychomotor and procedural skills,
participants turned to other forms of simulation technology such
as mixed reality or mannequin simulation. Several participants
offered learners a blended experience, using VR to create an
immersive scenario, followed by a task trainer to simulate any
necessary fine motor tasks.

Theme 2: Access to Education
The ability of VR simulation to facilitate distance learning was
seen as a significant driver of use behavior for most participants.

We wanted to break down the barriers of requiring
learners to physically come to a place to get this type
of education. We want this education to be deliverable
over long distances to people in other parts of the
world. [Participant #1]

In areas without the resources for a high-fidelity
mannequin-based simulation laboratory, VR was seen as
expanding access to high-quality simulation learning from expert
educators.

Places that don't have simulation labs and all of those
resources…available at academic medical centers,
at [professional society] headquarters…But outside
of large centers or hospitals that have access to a sim
lab - and I think probably the majority of hospitals
in the country do not - those hospitals don't have
access to that type of education. [Participant #1]

VR simulation was also used as a solution to reduce the cost,
inconvenience, and sometimes danger associated with traveling
to simulation centers.

The ability to do remote simulation at a much lower
cost than requiring travel, that’s a huge benefit…If
you've got employees spread across the country, even
across the state - and I'll use Wyoming, for example…
everything’s 8 hours away. It’s icy half the year. So
if…you've got students all over the state that are part
of your paramedic program, and you have these guys
driving throughout the winter to come to your
simulation center. Like, what are the chances of
something bad happening there? Pretty high to be
honest. [Participant #8]

Even in centers with existing high-fidelity simulation
laboratories, participants found a role for VR in facilitating
collaboration and standard-setting at a national or international
level.

As people adopt these headsets…somebody from
[University] could do the same ACLS training as
somebody at [University] and it would be the same
across institutions. And there’s crosstalk - so different
learning points and different perspectives and shared
information and shared values in terms of education.
[Participant #6]

Finally, VR simulation also expanded access to education during
the COVID-19 pandemic, responding to the need for social
distancing, and significantly accelerating VR adoption.

If heaven forbid there was another pandemic, now
we are set up that. If our students were at home on
lockdown, as long as they had a headset, their
learning would not be interrupted. [Participant #13]

Overall, VR afforded a distance learning advantage, providing
equitable access to high-quality simulation education to centers
in diverse settings and learners in adverse scenarios.

Theme 3: Resource Investment
Implementation of a VR simulation curriculum required
extensive resources, particularly upfront costs (funding and time
commitments).

There is a capital purchase that has to be made just
for the equipment itself. But…how do you develop
that program in a manner that somebody is not
spending tons and tons of time to bring one little
educational module to fruition. [Participant #3]

These upfront costs also related to the process of cocreation
with technology companies.

There was generally some frustration during the build
process because we're all clinicians and we're like,
‘yeah, this thing needs to be this way’. And you're
trying to communicate that with someone who has no
medical experience and is a software programmer…
We speak one language and they speak a different
language, and there was some inability to
communicate that effectively. [Participant #3]

Once the programming was complete, participants also described
an ongoing cost to maintain the software through updates or
licensing.

Keeping these things alive is really…the cost to
maintain software…for servers and engineers and
updates and things like that. So without some sort of
continued funding from somewhere, it will become a
useless pile of code as soon as the next [operating
system] update hits. [Participant #9]

The investment required to develop novel VR programming
was frequently more resource-intensive than anticipated, and
the risk of failed investment was wasted time and money.

I’ve seen many cases of projects that are developed
and they're just abandoned…I would walk into my
office every morning and I had a stack of 16 boxes of
headsets we didn't use. [Participant #10]

Therefore, participants wanted more opportunities for creative
collaboration and sharing of software programs. However, some
felt limited by the current state of technology.

There’s no great way to share content yet. So a lot of
stuff is just getting reinvented over and over again,
which is a really expensive way to do things.
[Participant #12]

Others felt restricted by the current incentives within the VR
marketplace, concerned by compatibility between different
software or hardware companies.

There needs to be an ability for me to use multiple
vendors within my one headset without having to pay
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millions of dollars to do so…I don't know about
everybody’s budget. On my budget, I cannot afford
to pay four different guys for completely different
programs. [Participant #8]

Generally, participants desired to use pre-existing software that
was universally relevant for multiple institutions and multiple
users, and compatible with a variety of hardware.

Theme 4: Balancing Immersion
The immersiveness of VR was a powerful experience associated
with learner enjoyment.

Being in virtual reality is an immersive experience,
and it’s just hard to describe in words until you try
it. But when people try it, it’s like seeing a new color.
[Participant #1]

At its best, immersion increased learner presence, stimulated
intellectual curiosity, and accelerated learning.

When you go in and you see an environment in 3D
that looks exactly like your cardiac ICU…you
immediately have a ‘wow’ thing. And what I love
about that is immediately when I start this scenario,
I never really hear like, ‘Wait, what do you want me
to do? Are we starting now? Is the patient supposed
to have pulses?’…It’s so immersive that people
immediately feel like they're in a football game and
it’s kickoff. [Participant #7]

Participants also valued VR immersion for minimizing
distractions more than other simulation technologies.

The thing that’s nice about virtual reality is you put
the headset on and that’s what you're doing, right?
So you're not looking at your phone or checking your
email while someone’s trying to teach you.
[Participant #3]

However, immersion could also create extraneous cognitive
load, detracting from learning. Participants described
unnecessary environmental elements that distracted from
learning objectives, along with some tasks that were frustrating
to simulate in VR.

The picking up of items in the ICU was difficult
always…With the limited controller toggles, it was
not always intuitive how to pick something up. And
even when they told you what to do, it still sometimes
fell on the floor and stuff like that. [Participant #2]

Sometimes immersive scenarios became more about navigating
the VR environment than mastering intended learning objectives.

You're never going to drop some instrument on the
tray 6 times…Like is the goal to learn to pick the
scope up, or to [learn the procedure]?…I think a lot
of people try and make the virtual world exactly like
the real world…but I think you have to simplify the
haptics…If it’s just so frustrating because you're an
intensivist and you can't pick up the needle drivers,
then forget it. There shouldn't be a five minute
learning curve on how to pick up needle drivers,
right? [Participant #12]

Participants found an ideal immersive balance when the virtual
world accomplished the intended learning objectives, but was
not overly complex to create frustration in navigating the
environment. In this way, there was constructive alignment
between the intended learning outcomes and the virtual learning
activities.

Validation Evidence for the UTAUT2 Framework
Codes were confirmed for each previously described construct
within the UTAUT2 framework [16]. Performance expectancy
was the most frequently coded driver for use intention with VR
technology. We also found age to modify the effect of certain
constructs, with the younger generation more easily adapting
to VR technology (effort expectancy) and demonstrating greater
VR learning enjoyment (hedonic motivation).

I think the current generation of learners
is…becoming more and more comfortable with virtual
reality. So I think the buy-in of our new generation
of learners is going to be really quick…And so I think
they're going to help drive the need for this type of
education. [Participant #5]

The UTAUT2 theoretical framework was able to explain
patterns in use behavior and intention related to VR simulation,
and provided conclusions relevant to educational practice.
However, we modified the UTAUT2 model, most notably
adding “access expectancy” as an independent driver of
behavioral intention. The importance of distance learning,
expanded access, and equity in educational experience was
sufficient to qualify as an independent construct. To illustrate
its relative importance, there were more instances of coding for
access expectancy than hedonic motivation, habit, or social
influence. This may reflect that the UTAUT was initially
described in the individual consumer marketplace while “access
expectancy” applies more to the context of the educational
technology marketplace. Further research would be necessary
to explore this hypothesis.

The other notable change was seen in the UTAUT modifier
“gender.” There were no instances of coding applicable to
gender by either independent reviewer, and themes identified
did not differ by participant gender. We found no signal for
gender as a modifier of any UTAUT2 construct. We suggest
that this is a reflection of both time and context. The initial
publication of the UTAUT was in 2003, wherein it was
discussed that effort expectancies may be more salient to women
than men, and that women may be more sensitive to others’
opinions than men [16]. We believe this contextualization of
gender roles and social norms to be antiquated and due for
revision. Furthermore, in this cohort of career medical educators,
we found no differences in motivating factors between men and
women related to their intention or use behavior with simulation
technology. Therefore, we eliminated “gender” from our
thematic map.

Discussion

Principal Findings
Participating early adopters have adapted their use of VR to
meet specific educational needs. Whether it be the need for
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distance learning during the pandemic, the need to bridge
geographical or institutional divides, or the need for wide
dissemination of teaching to address gaps in knowledge or skills,
early adopters are implementing VR as a method to expand
access to high-yield educational interventions. In terms of the
role that VR served among the studied population, it was used
primarily to teach cognitive skills as opposed to psychomotor
or procedural skills. The most common factors that affected
how successful any given implementation of VR would be is
related to how educators managed their resources (funding,
time, and design effort) and the degree to which they were able
to foster learning through deep immersion.

The results of this study establish drivers of use behavior,
providing practical insights into the educational gaps that VR
might address in the future. Furthermore, this study contributes
validity evidence for the UTAUT framework in studying the

evolving role of immersive VR simulation in health professions
education. This study represents an advancement to the literature
in this field as it encompasses a wider variety of VR use cases
than prior work, and it uses a well-validated theoretical
framework to reflect on the perspectives of a diverse population
within the health professions education community.

Implications for Future Research
Based on our findings, we synthesize a set of research questions
that may help define best practices for future VR development
and implementation (Table 2). We also list example study ideas
corresponding to each research question in order to provide
additional context and encourage reflection. These examples
are not meant to be comprehensive or prescriptive, but rather
to demonstrate how researchers might approach these questions
with a variety of different methodologies and paradigms that
could advance the literature in this field.

Table . Suggested research questions for immersive VRa simulation technology.

Example future research studyThemes from this study and suggested research questions

Focus on cognitive skills

Multi-institutional study comparing 2 different
VR implementation methods and using a validat-
ed assessment for cognitive skills

How can we best implement immersive VR
simulation given its strength in teaching cognitive
skills (eg, communication, teamwork, clinical
reasoning, situational awareness, and interdisci-
plinary skills)?

Validation study using novel haptic gloves for
VR simulation and assessing learning outcomes

What innovations can improve the teaching of
fine psychomotor tasks in the VR environment?

Access to education

Mixed methods (quantitative or qualitative) needs
assessment for distance simulation learning in
post-COVID health professions education

How can VR be most effectively leveraged to
provide distance learning?

Comparative study of learner outcomes at highly
resourced centers versus resource-limited training
programs for VR simulation

How can VR be used as a tool to create equity
of educational experience?

Descriptive study demonstrating feasibility of an
international VR curriculum offered by a profes-
sional society

How can VR facilitate collaboration on a larger
scale (eg, national or international)?

Resource investment

Focus group study of early adopters with concen-
tration on preparation and upfront costs for estab-
lishing a VR simulation program

What are the upfront investments and preparation
processes necessary to start a new VR simulation
program?

Thematic analysis of focus groups after piloting
a VR multi-case library targeting undergraduate
medical education learners

How can we increase availability and decrease
barriers for using pre-existing VR software pro-
grams?

Systematic review and subsequent guideline de-
velopment project to describe best practices in
creation of VR curricula

What processes facilitate the creation of novel
VR software that is relevant to external users,
institutions, and learner groups?

Balancing immersion

Comparative study of learning outcomes in a
high-fidelity versus low-fidelity VR environment

How can we achieve sufficient immersion to ac-
complish intended learning objectives without
creating extraneous cognitive load and frustrating
part-tasks?

aVR: virtual reality.

Much ongoing VR simulation research focuses on demonstrating
that VR is equally or more effective than traditional simulation

modalities [3-6,28]. While this is an important question, it risks
overshadowing other questions that are raised by early adopters
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in this study: how might we improve the ability of VR
technology to teach psychomotor skills? How can we use VR
simulation to create equity between learner populations? What
solutions exist for shared and collaborative creation of VR
software? How can we leverage the incentives of the
marketplace for VR technology companies? These questions
could significantly impact the future use of this technology in
health professions education.

Study Limitations
This study has several limitations. First, early adopters tend to
be optimistic about the advantages of new technologies,
sometimes underemphasizing associated challenges. To account
for this bias, we designed our interview guide with prompts
targeted equally toward the advantages and challenges of VR
technology, and we practiced reflexivity among this study’s
team to appreciate the effects of any personal biases. Future
studies should examine perspectives from early majority, late
majority, and laggards, but these groups are not yet readily
identifiable.

Second, this study used nonprobability sampling, which harbors
potential for bias toward participants with similar experiences
and perspectives. However, the small size of the VR educator
community limits the feasibility of random sampling. We
therefore attempted to compensate by seeking participants with
diverse experiences, working with different software
applications, different VR companies, or different learner
populations. To further assure accuracy and freedom from bias,
future studies should attempt triangulation of this data, for
example via data source triangulation using focus groups or via
theory triangulation, analyzing this data through a different
theoretical lens [29].

Third, while we targeted diversity, all health professions were
not represented. Our sample included only individuals from the
United States and Canada, and participants from rural workplace
settings were underrepresented. These considerations may be
important, particularly if geography is found to independently
affect use behavior.

Finally, regarding the UTAUT modifier “experience,” our
sample size was inadequate to analyze its role as a modifier of
use behavior. Therefore, we did not include experience in our
thematic map and further research will be necessary to explore
how experience may affect use behavior with VR simulation.

Conclusion
We used the UTAUT2 framework in a directed content analysis
using semistructured interviews to investigate the role of
immersive VR simulation in health professions education. We
identified 4 key themes elucidating use behavior related to VR
simulation, suggesting its optimal applications include teaching
cognitive skills, expanding access to educational experiences,
offering a collaborative repository of relevant simulation
scenarios, and enhancing immersion for intended learning
objectives. These themes may help to inform best practices for
the future development and implementation of immersive VR
simulation programs.

As immersive VR simulation technology continues to evolve
in health professions education, the VR educator community
will continue to grow alongside the rapid technological
advancements. Therefore, defining best practices for integrating
this technology into training programs is critical. Future research
should focus on leveraging VR simulation’s unique capabilities
as compared to traditional simulation modalities.
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Abstract

Background: With the increasing recognition of the importance of simulation-based teaching in medical education, research
in this field has developed rapidly. To comprehensively understand the research dynamics and trends in this area, we conducted
an analysis of knowledge mapping and global trends.

Objective: This study aims to reveal the research hotspots and development trends in the field of simulation-based teaching in
medical education from 2004 to 2024 through bibliometric and visualization analyses.

Methods: Using CiteSpace and VOSviewer, we conducted bibliometric and visualization analyses of 6743 articles related to
simulation-based teaching in medical education, published in core journals from 2004 to 2024. The analysis included publication
trends, contributions by countries and institutions, author contributions, keyword co-occurrence and clustering, and keyword
bursts.

Results: From 2004 to 2008, the number of articles published annually did not exceed 100. However, starting from 2009, the
number increased year by year, reaching a peak of 850 articles in 2024, indicating rapid development in this research field. The
United States, Canada, the United Kingdom, Australia, and China published the most articles. Harvard University emerged as a
research hub with 1799 collaborative links, although the overall collaboration density was low. Among the 6743 core journal
articles, a total of 858 authors were involved, with Lars Konge and Adam Dubrowski being the most prolific. However, collaboration
density was low, and the collaboration network was relatively dispersed. A total of 812 common keywords were identified,
forming 4189 links. The keywords “medical education,” “education,” and “simulation” had the highest frequency of occurrence.
Cluster analysis indicated that “cardiopulmonary resuscitation” and “surgical education” were major research hotspots. From
2004 to 2024, a total of 20 burst keywords were identified, among which “patient simulation,” “randomized controlled trial,”
“clinical competence,” and “deliberate practice” had high burst strength. In recent years, “application of simulation in medical
education,” “3D printing,” “augmented reality,” and “simulation training” have become research frontiers.

Conclusions: Research on the application of simulation-based teaching in medical education has become a hotspot, with
expanding research areas and hotspots. Future research should strengthen interinstitutional collaboration and focus on the
application of emerging technologies in simulation-based teaching.

(JMIR Med Educ 2025;11:e71844)   doi:10.2196/71844
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Introduction

In the rapidly evolving landscape of medical education, the
integration of simulation-based training has emerged as a pivotal
innovation. Simulation in medical education encompasses a
broad spectrum of methodologies, including high-fidelity
mannequins, virtual reality, standardized patients, and
computer-based simulations [1,2]. These techniques aim to
enhance clinical skills, decision-making, and teamwork among
medical professionals without the direct involvement of real
patients.

The adoption of simulation in medical training addresses several
critical challenges [3,4]. First, it provides a safe and controlled
environment where learners can practice and refine their skills.
This is particularly crucial in high-stakes scenarios such as
emergency medicine, surgery, and critical care, where errors
can have severe consequences [5,6]. In addition, simulation
allows for repetitive practice and immediate feedback,
facilitating a deeper understanding of complex procedures and
concepts.

Over the past few decades, there has been a significant increase
in research focused on the effectiveness and impact of
simulation-based education in the medical field [7,8]. This
growing body of literature reflects the widespread recognition
of simulation as a valuable educational tool. However, the rapid
expansion of this field necessitates a comprehensive review and
analysis to understand its development, trends, and future
directions.

Several bibliometric analyses have been conducted on simulation
in medical education [9,10], highlighting its growing importance
and impact. However, these studies often focus on specific
aspects of simulation, such as surgical training or virtual reality.
Our study complements this body of research by providing a
comprehensive overview of the entire field, including emerging
technologies like 3D printing and augmented reality (AR), and
by analyzing collaborative networks and thematic trends over
a 20-year period.

A bibliometric analysis provides an ideal approach to
systematically evaluate the literature on simulation in medical
education. By using quantitative methods to analyze publication
patterns, citation networks, and research themes, bibliometric
studies can offer valuable insights into the evolution of this
field. Such an analysis can identify key contributors, influential
publications, and emerging trends, thereby guiding future
research and practice.

This study aims to conduct a bibliometric analysis of the
literature on simulation in medical education. By examining
the scope, growth, and impact of research in this area, we seek
to elucidate the current state of the field and identify potential
gaps and opportunities for further investigation. Specifically,
this analysis will focus on the following objectives:

1. To map the overall publication trends and growth in
simulation-based medical education research.

2. To identify the most influential journals, articles, and
authors contributing to this field.

3. To explore the thematic evolution and emerging trends
within the literature.

4. To assess the collaborative networks and geographical
distribution of research activities.

Through this comprehensive bibliometric analysis, we hope to
provide a clearer understanding of the trajectory and impact of
simulation in medical education, ultimately contributing to the
enhancement of educational practices and outcomes in the
medical field.

Methods

Data Acquisition and Search Strategy
The search was conducted in the Web of Science Core
Collection (WoSCC) database, which is widely recognized for
its comprehensive coverage of high-quality, peer-reviewed
literature [11,12]. While we acknowledge that including
additional databases such as PubMed or Scopus could provide
a more comprehensive dataset, the WoSCC was chosen for its
superior bibliographic accuracy and extensive coverage of
medical education research. Therefore, we opted to perform our
search within this database. We conducted a search in the Web
of Science for all relevant papers published between January 1,
2004, and December 31, 2024. The time frame from January 1,
2004, to December 31, 2024, was selected because it marks the
period when simulation-based medical education began to gain
significant traction in the literature, reflecting the growing
recognition of its importance in medical training. In medical
education, we define “simulation” as a teaching and training
method that encompasses high-fidelity mannequins, virtual
reality, standardized patients, and computer-based simulations.

The search formula “TS=(Medical education) AND
TS=(Simulation)” was used. The inclusion criteria were as
follows: (1) full-text publications related to simulation in
medical education, including original research articles and
review articles; (2) articles written in English; and (3) papers
published between January 1, 2004, and December 31, 2024.
We excluded conference abstracts, theses, dissertations, and
nonpeer-reviewed articles to ensure the quality and relevance
of the data. The exclusion criteria were (1) topics not related to
simulation in medical education and (2) papers in the form of
conference abstracts, theses, dissertations, and
non–peer-reviewed articles to ensure the quality and relevance
of the data. A plain text version of the papers was exported.

General Data
Between January 1, 2004, and December 31, 2024, the WoSCC
database recorded a total of 6743 publications concerning
simulation in medical education. This body of literature included
contributions from 121 countries and regions, 510 institutions,
and 858 authors. Figure 1 shows the process of literature
searching and bibliometric analysis.
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Figure 1. The workflow of data collection and bibliometric analysis.

Data Analysis
We used GraphPad Prism (version 8.0.2; Dotmatics) to illustrate
annual publication trends. The methodological approach was
validated through the use of CiteSpace and VOSviewer, both
of which are widely recognized and extensively used in
bibliometric research [13,14]. These tools have been shown to
provide robust and reliable analyses of large-scale bibliometric
data.

VOSviewer, a Java-based software developed by van Eck and
Waltman in 2009, facilitates the construction of various types
of network maps, such as bibliographic coupling, cocitation,
and coauthorship networks. CiteSpace, developed by Professor
Chaomei Chen, provides a dynamic platform for identifying
and visualizing patterns and trends in scientific literature,
enabling the exploration of knowledge domains and predictive
analysis of research trajectories [14]. Our methodological
approach involved setting specific parameters for network
density (eg, keyword co-occurrence density of 0.0127), node
inclusion thresholds (eg, minimum occurrence frequency of
keywords), and time-slicing techniques to analyze temporal
changes. The references corresponding to the software
applications were verified against our citation list to ensure
accuracy [13,14]. When using VOSviewer and CiteSpace for
bibliometric analysis, we established standards for defining
international collaboration. This was done by examining the
authorship of papers, specifically the first and corresponding
authors, to ensure a comprehensive capture of collaborative
efforts from researchers across different countries.

Burst detection in CiteSpace is based on the Kleinberg
algorithm, which models document streams using infinite-state
automata to extract meaningful structures [15]. These analyses
can reveal rapidly growing topics over extended periods as well
as short-term themes.

The rationale for selecting these techniques lies in their
widespread application and effectiveness in bibliometric
research. They provide robust and complementary insights into
productivity, impact, and collaboration patterns within research
fields.

Results

Publication Trend
Figure 2 shows that from 2004 to 2008, the annual number of
publications on simulation teaching in medical education did
not exceed 100 articles, indicating that research in this field was
still in its nascent stage. Since 2009, the number of publications
in this field has steadily increased, showing a trend of fluctuating
growth. Specifically, the number of publications in 2015
surpassed 300 for the first time, and by 2020, this number had
exceeded 500. This significant increase marks the growing
attention and interest of scholars and researchers in the field of
simulation teaching in medical education. Since 2020, the annual
number of publications in this field has consistently remained
above 500, reaching a peak of 850 articles in 2024. This further
highlights the vigorous development and extensive influence
of research in the field of simulation teaching in medical
education.
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Figure 2. Trend chart of publications in the past 20 years.

Country or Region and Institution Contributions
According to Figure 3A, the connections between circular nodes
representing different countries to some extent reflect the
existence of relationships and collaborations between these
countries. Furthermore, the density of these connections in the
network can serve as an important indicator of the closeness of
collaborative relationships between countries. Among them,
the countries with the highest number of publications are the
United States (3083 articles), Canada (776 articles), England
(510 articles), Australia (381 articles), and China (375 articles)
(Table 1). In addition, countries such as Italy, the Netherlands,
Sweden, and Belgium have numerous connections, indicating
a complex network of relationships, which suggests that these
countries have relatively close research collaborations with
other regions.

Using the CiteSpace software, an institutional collaboration
network diagram was obtained, as shown in Figure 3B. Upon
statistical analysis, it was found that there are a total of 510
research institutions forming 1799 connections, with Harvard
University being the central hub. The diagram reveals that the
network density is 0.0139, indicating relatively weak
collaborative relationships between research institutions, with
a significant portion of them operating in a relatively
independent research state. In terms of research output, the
top-10 institutions by the number of publications are Harvard
University, the University of Toronto, the University of
California System, the University System of Ohio, Harvard
Medical School, Mayo Clinic, Northwestern University,
Feinberg School of Medicine, the University of Copenhagen,
and Pennsylvania Commonwealth System of Higher Education
(Table 2).

Figure 3. Network graph of national and institutional collaborations. (A) Network graph of national collaborations. (B) Network graph of institutional
collaborations. The bubble size represents the number of publications.
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Table 1. Top-10 most productive countries or regions.

Half-lifePercentageCentralityArticles, nCountry or regionRank

14.545.71%0.513083United States1

13.511.52%0.22776Canada2

15.57.57%0.25510England3

15.55.64%0.12381Australia4

15.55.56%0.02375China5

16.55.04%0.05340Germany6

15.52.8%0.03189France7

15.52.73%0.05184Denmark8

15.52.43%0.1164The Netherlands9

16.52.1%0.05142Switzerland10

Table 2. Top-10 most productive institutions.

Half-lifeCentralityStudies, nCountryInstitutionRank

13.50.06167United StatesHarvard University1

11.50.04153CanadaUniversity of Toronto2

12.50.01125United StatesUniversity of California System3

11.50.04118United StatesUniversity System of Ohio4

13.50.0982United StatesHarvard Medical School5

12.50.0368United StatesMayo Clinic6

10.50.0166United StatesNorthwestern University7

10.50.0165United StatesFeinberg School of Medicine8

14.50.0161DenmarkUniversity of Copenhagen9

13.50.0260United StatesPennsylvania Commonwealth System of
Higher Education

10

Author Collaborations
The sample data were processed using CiteSpace, and the
resulting author co-occurrence map is shown in Figure 4. In
this map, each node represents a different author. The size of
the node indicates the author’s publication frequency, meaning
the larger the node, the more publications the author has. When
nodes are presented in the form of annual rings, the bandwidth
of the color band corresponding to a particular year represents
the number of papers published by the author that year, with a
wider ring indicating more publications. The lines between
nodes represent collaborative relationships between
organizations or authors, with the thickness of the lines
indicating the degree of collaboration.

Among the 6743 core journal articles, a total of 858 authors
were involved. The top-10 authors by publication volume are
Konge, Lars (69 papers); Dubrowski, Adam (50 papers);

McGaghie, William C (37 papers); Wayne, Diane B (33 papers);
Cohen, Elaine R (33 papers); Barsuk, Jeffrey H (30 papers);
Auerbach, Marc (26 papers); Cheng, Adam (24 papers); Cook,
David A (23 papers); and Ringsted, Charlotte (22 papers).
Authors with 7 or more publications, a total of 44 individuals,
were classified as the core author group, which accounts for
only 5.1% of the total authors. In addition, there are 915
collaboration lines among the authors on the map, with a
collaboration density of 0.0025, indicating a low-density level.
The number of lines is relatively sparse, and the collaboration
network map shows a relatively dispersed pattern. The largest
collaboration network system is formed by the research team
centered around Dubrowski, Adam; Nayahangan, Leizl Joy;
Cheng, Adam; Auerbach, Marc A; and Cook, David A. The
scale of collaboration is mainly presented in the form of
individual or small-scale research teams, indicating that the core
research team in this field has yet to be fully established.
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Figure 4. Network diagram of author collaborations. The bubble size represents the number of publications.

Keyword Co-Occurrence and Cluster
Using CiteSpace software to conduct a keyword co-occurrence
analysis on the sample, the constructed keyword co-occurrence
map is shown in Figure 5A. From the keyword co-occurrence
analysis, a total of 812 common keywords were identified,
forming 4189 connections, with a network density of 0.0127.

The most frequently occurring keyword is “medical education,”
accounting for 7.9%. This is followed by “education” and
“simulation,” which account for 5.48% and 5.14%, respectively.
The keywords “performance” and “skills” account for 3.49%
and 3.29%, respectively. These keywords represent the current
research hotspots and status in the field of simulation teaching
in medical education.

Figure 5. Keyword co-occurrence and keyword clustering map. (A) Keyword co-occurrence map. (B) Keyword clustering map. The bubble size
represents the number of publications.

Based on the keyword co-occurrence map, the log-likelihood
ratio algorithm was used to cluster the keywords, resulting in
a keyword clustering co-occurrence map. The Q value is 0.3707
(>0.3), and the S value is 0.6725 (>0.5), indicating a significant
clustering structure and a high degree of clustering match. The

map displays a total of 10 clustering areas, among which
“cardiopulmonary resuscitation,” “surgical education,” “nursing
students,” “interprofessional education,” and “patient
simulation” are the five largest clusters (Figure 5B). Specifically,
medical simulation teaching has become an important
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component of medical education, widely applied in various
fields including cardiopulmonary resuscitation, surgical
education, and nursing student training.

Keyword Citation Bursts
The keyword burst visualization analysis identified a total of
20 keywords in the field of simulation teaching in medical
education from 2004 to 2024, along with their emergence
intensity and start-end years. The relevant literature on keyword
emergence is shown in Figure 6.

It can be observed that the keywords with high emergence
intensity include “patient simulation,” “randomized controlled
trial,” “clinical competence,” and “deliberate practice.”
Meanwhile, the research area began to focus on “patient
simulation” as early as 2004, which, along with “clinical
competence” and “computer simulation,” became one of the

keywords with the longest duration of emergence. In recent
years, researchers have increasingly focused on themes such as
“trial” and “expert performance.” The keywords that are still
emerging represent the current research frontiers and trends,
which include “simulation in medical education,” “3D printing,”
“augmented reality,” and “simulation training.” The emergence
of “3D printing” reflects the growing interest in using
patient-specific anatomical models for surgical planning and
training, offering a more personalized and immersive learning
experience. Similarly, “augmented reality” signifies the
integration of advanced technologies to create interactive and
realistic training environments, enhancing the acquisition of
clinical skills. These emerging trends highlight the
transformative potential of technology in medical education,
paving the way for more innovative and effective teaching
methodologies.

Figure 6. Keyword burst graph (sorted by the beginning year of the burst). The blue bars denote the reference has been published; the red bars denote
citation burstiness.
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Discussion

Principal Findings
The results of our bibliometric analysis provide a comprehensive
overview of the evolution, collaboration patterns, and thematic
focus of simulation-based education research in the medical
field. Key trends include a steady increase in publications from
2004 to 2024, particularly a surge after 2009, indicating a
growing recognition of simulation’s importance in medical
education. By 2024, the publication count had peaked at 850,
highlighting a transition of simulation from a novel approach
to a staple in medical education. In addition, the United States
emerged as the leading contributor with 3083 articles, reflecting
substantial investment in education and research. Harvard
University is a central hub for simulation-based medical
education, despite a fragmented institutional landscape.
Prominent authors like Lars Konge, Adam Dubrowski, and
William C McGaghie drive the field, though the low density of
collaborative networks suggests room for enhanced
inter-institutional teamwork. Keyword analysis underscores the
focus on competency-based education and practical skill
acquisition, with emerging technologies like 3D printing and
AR shaping future directions.

Comparison to Literature
Our findings are consistent with existing literature [16,17],
which also highlights the increasing role of simulation in
medical education over the past two decades. Previous studies
have documented the rise in publications and the central role
of the United States and key institutions like Harvard in
advancing this field. However, our analysis provides a more
granular look at the collaborative networks and thematic focuses,
revealing a fragmented institutional landscape and the
emergence of cutting-edge technologies that are less emphasized
in earlier reviews.

Implications of Findings
The implications of these findings are multifaceted. The robust
growth in simulation-based medical education research indicates
a broad acceptance of its efficacy in improving medical training.
The strong international collaboration suggests that best
practices and innovative methodologies are being shared
globally, potentially standardizing and enhancing simulation
protocols. The emergence of new technologies like 3D printing
and AR points to a future where simulation-based education
will be more immersive and technologically advanced [18-20],
which could significantly enhance learning outcomes and patient
care. The integration of 3D printing and AR into
simulation-based training can significantly improve clinical
outcomes. 3D-printed anatomical models enable patient-specific
simulations, allowing surgeons to practice complex procedures
before operating on real patients, thus enhancing precision and
reducing errors [21]. Similarly, AR creates immersive training
environments, providing real-time feedback and interactive
learning to enhance clinical skill acquisition [22]. However,
challenges such as the high cost of equipment and the need for
specialized training for educators and learners may limit their
widespread adoption. Future research should explore

cost-effective solutions to overcome these barriers and ensure
broader access to these technologies in medical institutions.

The emergence of “cardiopulmonary resuscitation” as a major
research hotspot reflects its critical importance in medical
education and clinical practice. Cardiopulmonary resuscitation
is a high-stakes procedure where errors can have severe
consequences, making it an ideal candidate for simulation-based
training [23]. Simulation allows learners to practice
cardiopulmonary resuscitation in a controlled environment,
receive immediate feedback, and refine their skills through
repetitive practice [24]. This not only enhances individual
competence but also improves team dynamics and
communication during real-life emergencies.

Similarly, the focus on “surgical education” underscores the
need for advanced training methods to prepare surgeons for
complex procedures. Simulation-based training in surgical
education has been shown to improve technical skills, reduce
operative time, and enhance patient safety [25]. These findings
highlight the transformative potential of simulation in addressing
critical gaps in medical education and improving clinical
outcomes.

Limitations
While the bibliometric analysis provides valuable insights, it
has several limitations. First, the data might not capture all
relevant publications, particularly those in non-English
languages or those in less accessible databases, which could
introduce selection bias. Second, the analysis relies on citation
metrics, which may not fully reflect the quality or practical
impact of the research. For instance, highly cited articles may
not always represent the most impactful studies in terms of
educational outcomes. Third, the low density of collaborative
networks suggests that our findings might underrepresent the
potential for interinstitutional synergy and innovation. Finally,
a limitation of this study is the reliance on a single database
(WoSCC), which may not capture all relevant publications.
Future studies could expand the search to include additional
databases such as PubMed and Scopus to enhance the robustness
of the findings.

Suggestions
To address the identified limitations and enhance the impact of
simulation-based education research, we suggest the following:

1. Increasing efforts to include diverse and international
publications in future analyses.

2. Encouraging more interinstitutional collaborations to create
a more cohesive research landscape.

3. Fostering larger, integrated research teams to deepen the
scope of studies and drive innovation.

4. Embracing and further investigating emerging technologies
to stay at the forefront of educational advancements.

Conclusions
In conclusion, the bibliometric analysis of simulation in medical
education research reveals a dynamic field characterized by
rapid growth, strong international collaboration, and evolving
thematic focuses. The increasing trend in publications,
significant contributions from leading countries and institutions,
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and the integration of new technologies underscore the impactful
nature of this research area. Moving forward, enhancing
collaboration among institutions and expanding the core author
network will be crucial. Future research should focus on

integrating emerging technologies, such as 3D printing and AR,
into medical education. For instance, studies could explore how
3D-printed anatomical models can enhance surgical training by
providing realistic, patient-specific simulations.
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Abstract

Background: Nursing students’ motivation in clinical learning is very important not only for their academic and professional
achievement but also for making timely, informed, and appropriate decisions in providing quality and cost-effective care to
people. However, the increased number of students and the scarcity of medical supplies, equipment, and patients, just to mention
a few, have posed a challenge to educators in identifying and navigating the best approaches to motivate nursing students to learn
during their clinical placements.

Objective: This study primarily used descriptive and analytical methods to examine undergraduate nursing students’ desire for
clinical learning both before and after participating in the program.

Methods: An uncontrolled longitudinal quasi-experimental study in a quantitative research approach was conducted from
February to March 2021 among 589 undergraduate nursing students in Tanzania. Following a baseline evaluation, nursing students
were enrolled in an interactive web-based clinical practice monitoring system by their program, institution, names, registration
numbers, and emails via unique codes created by the lead investigator and trainers. The system recorded and generated feedback
on attendance, clinical placement unit, selected or performed clinical nursing procedures, and in-between and end-of-shift feedback.
The linear regression was used to assess the effect of the intervention (interactive web-based clinical practice monitoring system)
controlled for other correlated factors on motivation in clinical learning (outcome) among nursing students. Nursing students’
sociodemographic characteristics and levels of motivation in clinical learning were analyzed descriptively while a 2-tailed paired
sample t test established a comparative mean difference in motivation in clinical learning between the pretest and the posttest.
The association between variables was determined using regression analysis set at a 95% CI and 5% statistical significance.

Results: The mean age of study participants (N=589) was 23 (SD 2.69) years of which 383 (65.0%) were male. The estimated
effect (β) of a 3-week intervention to improve nursing students’ motivation in clinical learning was 3.041 (P=.03, 95% CI
1.022-7.732) when controlled for other co-related factors. The mean score for motivation in clinical learning increased significantly
from the baseline (mean 9.31, SD 2.315) to the postintervention (mean 20.87, SD 5.504), and this improvement presented a large
effect size of 2.743 (P<.001, 95% CI 1.011-4.107).

Conclusions: Findings suggest that an interactive web-based clinical practice monitoring system is viable and has the potential
to improve undergraduate nursing students’ motivation for clinical learning. One alternative clinical pedagogy that educators in
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nursing education can use to facilitate clinical learning activities and develop motivated undergraduate nursing students is the
integration of such technology throughout nursing curricula.

(JMIR Med Educ 2025;11:e45912)   doi:10.2196/45912

KEYWORDS

clinical monitoring system; clinical practice; motivation in clinical learning; nursing students; smartphone; mobile phone; Ruaha
Catholic University; web-based teaching

Introduction

Owing to changes in population, technology, and communicable
and noncommunicable diseases, the uncertain nature of health
care provision necessitates improvements in health care systems
and the teaching and learning environment across health
disciplines, including nursing [1]. Clinical nursing education,
in particular, has become a fundamental aspect of the nursing
profession that informs educators about the best and most
innovative pedagogical strategies that are navigated into
technology to increase nursing students’ motivation in clinical
learning and thus ensure consistent clinical attendance and
passionate clinical learning around the world [2]. In clinical
learning, motivation refers to an individual’s inner drive toward
an activity or behavior that defines his or her achievements, in
this case, the attainment of skills and competence required in
the nursing profession among nursing students [3]. Scholars
have shown that motivated students can demonstrate
metacognition, metacompetencies, and a sense of independence
when providing high-quality, cost-effective health care to a
diverse population [4-6].

Educators in nursing education are important individuals in both
classroom and clinical teaching and learning activities to
enhance nursing students’motivation in clinical learning during
clinical placements for meta-competencies in diagnosing and
making informed and appropriate decisions in providing quality
and cost-effective care to people. Educators in nursing education
are expected to be developed and empowered with pedagogical
competencies to cope with advanced science and technology,
increased rates of nursing student enrollments in middle and
higher education institutions, scarcity of medical supplies and
equipment, unimproved clinical teaching and learning
environments, and availability of clients or patients as important
individuals in clinical nursing education [7,8]. Empowering
educators with knowledge and skills for facilitating clinical
teaching and learning activities for nursing students may be
intimately related to their pedagogical competencies in creating,
supporting, mentoring, coaching, supervising, monitoring, and
assessing nursing students [9,10].

Nursing students, developed by competent educators in nursing
education, are believed to share their learning experiences with
both educators and peers. They show motivation in their clinical
learning activities and client or patient care provision as they
demonstrate a sense of independence, a positive professional
identity, and the attitude, skills, and values of lifelong learners
and professionals [11]. Motivating nursing students to learn has
risen to be prominent in clinical nursing education because it
is regarded as a critical component in promoting consistent
clinical attendance and learning [12]. Investing in the motivation

of nursing students also ensures the development of competent
nursing graduates who can demonstrate safe, ethical, and legal
practices, which are foundational and essential aspects of clinical
nursing education [6,13]. Contrary to what is expected of
educators in nursing education in the twenty-first century, their
current clinical nursing education practices are more traditional,
with pedagogics such as bedside tutorials, lectures,
demonstrations, discussions, case studies, portfolios, and nursing
meetings, to name a few, being widely used [11,14,15].
However, due to the increased enrollment rate of nursing
students with the unchanging pedagogical trend, a shortage of
academic faculty, and a limited number of trained clinical
instructors, the aforementioned clinical pedagogics are doubted
to be able to enhance interactive communication between
educators in nursing education and students.

Nevertheless, they are doubted on their abilities to establish
teaching and learning feedback or experiences from students
and nursing students’ motivation in clinical learning [16].
Moreover, they demonstrate weaknesses in not developing them
with clinical meta-competencies for providing quality and
cost-effective care to people [17]. Scholars have linked the
permanent implementation of conventional clinical nursing
education pedagogics to a lack of interactive communication,
teaching and learning feedback from students, and clinical
absenteeism as remarkable signs of unmotivated nursing students
worldwide [18]. The work by Rahman et al [12] has
demonstrated that clinical absenteeism has been linked to an
unsatisfactory clinical learning environment as well as a shortage
of competent educators in nursing education. Nevertheless, the
implementation of conventional clinical supervision,
mentorships, support, monitoring, and evaluation measures such
as registration books and follow-up books fail to manage a large
group of nursing students in clinical settings [19]. Nursing
students’ avoidance and lack of enthusiasm in attending their
daily practical activities during their clinical placements result
in substandard care delivered to clients or patients alongside
unethical professional conduct and poor customer care [20].

This work is based on the belief that understanding and
implementing novel clinical pedagogical strategies will assist
educators in nursing education in grasping and navigating the
best ways to inspire unmotivated students to learn in a clinical
context over conventional pedagogies. Adoption and integration
of technology have been prioritized and have proven to be
timely, quick, cost-efficient, long-term, and beneficial in
enhancing students’ motivation in their learning activities
[21,22]. Authors of this work agree with other scholars that it
appears to be timely for clinical nursing education to transform
its pedagogics to technology-based ones to fill educational gaps
demonstrated by conventional pedagogics for enhancing nursing
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students’ motivation in clinical learning, particularly in low-
and middle-income countries such as Tanzania [23]. As it has
worked elsewhere, web-based learning is currently becoming
an increasingly vital instructional tool in nursing education, as
it offers the potential to promote motivation to learn among
students [24].

Scholars including Mico et al [25] have highlighted that the
web-based learning approach, which has been endorsed as an
essential educational tool, responds effectively and efficiently
to nurses’ needs and experiences in their clinical practices.
Web-based technology in education is linked with a networking
interactive model to promote communication with a feedback
mechanism to enhance active learning between the users [26].
However, little about the integration of technology in clinical
nursing education has been documented in Tanzania to mentor,
supervise, support, monitor, and evaluate nursing students during
their clinical placement [27]. If the situation remains unattended,
nursing students will continue to be developed conventionally
and continue to be unmotivated in their clinical learning, gaining
little clinical competencies to work independently and
confidently to deliver ethical, quality, and cost-effective care
to people.

Therefore, this study intended to fill the gap by primarily using
descriptive and analytical methods to examine undergraduate
nursing students’ desire for clinical learning both before and
after participating in the program.

Methods

This study was conducted by taking into consideration
international and national research standards and ethics.
Moreover, it was informed by the institutional postgraduate
guidelines and regulations of The University of Dodoma [28].

Study Location
The study was conducted in Dodoma Regional Referral
Teaching Hospital in Tanzania, which accommodates a large
number of nursing students from different nursing training
institutions within Dodoma region. Some previous scholars
[11,29,30] suggest that proximity to the research environment
where the intervention is being piloted or implemented aids in
receiving rapid input from the consulted experts, trainers, and
participants, and ensuring periodic monitoring of its integrity.
Aside from the availability of nursing students, the location was
chosen because of the availability and accessibility of the
consulted experts and trainers for their evaluation and appraisal
of the web-based clinical monitoring system throughout the
design and piloting procedures.

Study Design and Approach
As it has also been used by some previous scholarly works [31],
this study used an uncontrolled longitudinal quasi-experimental
design (pre-post tests) with a quantitative research approach
among 589 randomly selected undergraduate nursing students
in Tanzania from February 2021 to March 2021. The study
began with a screening method to choose individuals who

satisfied the inclusion criteria and were willing to engage in the
study, followed by a baseline assessment to determine their
initial level of motivation in clinical learning. Following the
intervention, the same participants were exposed to the system
for 3 weeks, with 1 week set apart for the end line evaluation
(posttest) after the intervention as a follow-up assessment.

Study Population
To maximize the diversities of an intervention’s effects, the
study recruited undergraduate nursing students in diploma and
bachelor’s degree programs from 2 middle and 2 higher training
institutions in the Dodoma region of Tanzania’s central region.

Sample Size Determination
The minimum sample size of this study was determined based
on the findings from previous studies [5]. Their findings
revealed a baseline mean score of knowledge about how to plan
learning activities of 53.10, whereas the end line mean score
was 54.21. The following formula was used to determine the
minimum sample size as suggested by previous studies [29,31]
to be used when researchers wish to conduct an uncontrolled
quasi-experimental study design:

where n=minimum sample size

Zα: Tabulated Z value set at 95% (1.96) CI

Zβ: Tabulated Z value set at 80% (0.84) power to
demonstrate a statistical difference between pretest
and posttest.

σ: Polled SD = 7.511399669835177

SD1: SD 1 (from previous studies = 10.21)

SD2: SD 2 (from previous = 11.02)

δ: Mean difference (M2 – M1)
2 = 0.11

M1: Mean 1 (from previous studies = 53.10)

M2: Mean 2 (from previous studies = 53.21)

With the addition of a 10% attrition adjustment of the calculated
sample size (n=54) = (535+54) = 589. Therefore, the minimum
sample size of this study was 589 nursing students.

Recruitment Procedures of the Study Participants
The framework of recruiting study participants has been
benchmarked from some previous scholarly works [11,32-37].
As shown in Figure 1, 2454 nursing students were eligible to
join the study. However, 589 nursing students met the inclusion
criteria and participated in the study, assessed at baseline, at
end line, and their data analyzed. Sums (1865/2454, 76%) were
excluded due to various reasons including not having started
clinical placements (first-year diploma in nursing [n=491], a
first-year bachelor of science in nursing [n=733], and a
second-year bachelor of science in nursing [n=641]). There was
no loss to follow-up among nursing students who joined the
study and thus the completion rate was 100%.
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Figure 1. A flow pattern of sampling procedure among nursing students. From field data (2021).

Eligibility Criteria

Inclusion Criteria
Nursing students were recruited for this study based on their
willingness after being informed about the purpose, benefits,
and drawbacks of participating in this study. The study recruited
second-, third-, and fourth-year undergraduate nursing students
who were in clinical placements at the time of this study. In
addition, undergraduate nursing students with Information and
Communication Technology literacy and those with iPhones or
iPads were recruited for the study.

Exclusion Criteria
Nursing students who reported being unwell and unable to
converse or participate in the study were excluded from the
study. Students without institutional registration numbers, those
unable to use computers or smartphones, and nursing students
recruited for other studies or projects were not eligible to
participate in this study.

Sampling Procedures
As recommended by previous scholars [38-41], probability
sampling techniques through multistage sampling methods were

used to reach and study nursing students in this study. Stage 1:
a simple random sampling technique by lottery method was
used to select regions and districts. Stage 2: As shown in Tables
1 and 2, stratified sampling methods were used to select higher
training institutions (institutions A and B). On the other hand,
lower training institutions (institutions C and D) were randomly
selected using a stratified sampling technique.

Nevertheless, a stratified random sampling technique was used
to select the nursing program (diploma in nursing and bachelor
of science in nursing) and classes (who are in their clinical
placement). The training health facility was selected purposely
because it is only a major regional referral hospital in the
Dodoma region used by multiple training institutions for training
nursing students in clinical settings. Stage 3: systematic
sampling methods were used to select the study participants.
As shown in Tables 1 and 2, a proportionate formula:
n=[Pi×(n/p)] was used to determine a minimum sample size of
nursing students per training institution and their program,
respectively, whereas ni is the proportional sample size, Pi is
the total targeted population, n is the number of nursing students,
and P is the minimum sample size of the study.
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Table 1. Proportionate sample size by the sampled training institutionsa.

Proportionate, nTotal population, nName of training institution

232968Institution A

239998Institution B

88367Institution C

30121Institution D

aFrom Study plan (2021). Total number of nursing students among the sampled training institutions = 2454 (Pi × n/P).

Table 2. Proportionate sample size by training nursing programa.

Proportionate (Pi × n/P)Total population, nNursing programTraining institution

55230Diploma in nursingInstitution A

177738Bachelor in nursingInstitution A

198828Bachelor in nursingInstitution B

41171Diploma in nursingInstitution B

88367Diploma in nursingInstitution C

30121Diploma in nursingInstitution D

aFrom Study plan (2021).

Intervention
The intervention was completed in 3 weeks, with 1 week set
aside for the final evaluation (posttest). It was carried out on a
daily basis (6 hours a day), per the clinical rotation and
placement schedules established by the nursing students’
respective training institutions. Within the 3 weeks of the
intervention, all students were expected to perform and complete
the assigned clinical learning task or activities and models on
a daily basis and within 6 hours of their duty shifts. The primary
aim of the intervention was to descriptively and analytically
measure a change in motivation in clinical learning among
undergraduate nursing students before and after participating
in the program. Trained research trainers who also had clinical
nursing education competence implemented the intervention.
As illustrated in Figure 2, the system included a welcoming
window as well as several menus or nodes such as clinical
instructors, academic staff, clinical nursing procedures, clinical
attendance, evaluation forms, announcements, code generator,
professional programs, clinical library, system feedbacks and
reports, and students’ node, which included students’ profiles,
clinical notes, attendance, evaluation forms, and announcement
menus.

Referring to Figure 3, nursing students were required to arrive
at their shift very early each day before the tuned time in the
system, which was 7:30 AM (East African time), to be assigned
codes of a specific day or date generated by the trainers. The
generated codes allowed them to log in to the system and sign
out in the presence of the trainer at the end of the shift, which
was tuned at 1:30 PM (East African time). Any student who

arrived late for his or her shift and who did not provide
web-based feedback on his or her performance of the chosen
clinical nursing procedure in the presence of clinical instructors
or trainers in between shifts, or left the shift before the fixed
time of signing out was considered absent in that particular shift.
The system provided a daily shift attendance report that included
the dates, students’names and registration numbers, department,
ward or unit, duty shift, clinical nursing procedure executed,
and evaluation score for each student.

Nonetheless, as shown in Figure 4, several nursing clinical
procedures were imported into the system, including giving and
receiving reports; patients admission; changing patients’
positions on a bed; counseling; bed making; administration of
intravenous, intermuscular, and oral medications;
catheterization; kangaroo mother care; administration of oxygen
to patients (oxygen therapy); cardiopulmonary resuscitation;
management of patients with preeclampsia or eclampsia; blood
transfusion; per-vagina examination; wound dressing; mouth
care; management of postpartum hemorrhage; assessment of
placenta; management of pregnant women in a first and second
stage of labor; assessment of new-born babies; history taking
during labor; and vital sign assessment. After selecting a clinical
nursing procedure for a particular duty shift, nursing students
had to adhere to the 6 stages of conducting it including
identification of the patient alongside getting informed consent;
preparation of the environment; one-self; equipment appropriate
for the chosen procedure; and performing and finishing the
procedure. Each clinical nursing procedure was featured in
several activities, which nursing students were supposed to
follow, adhere, and implement chronologically.
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Figure 2. A welcoming window, menu window, and nursing students’ node with various menus in the system. From field data (2021).
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Figure 3. Code generator window, nursing students’ login window, and an example of a system-generated report. From field data (2021).
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Figure 4. Variety of clinical nursing procedures, stages, and activities imported into the system for nursing students. From field data (2021).

Procedures for Getting Nursing Students Into the
System, Supervising, Supporting, Monitoring, and
Evaluating Them
Undergraduate nursing students were recruited based on their
units of clinical placements including the emergency unit, labor
and postnatal ward, pediatric ward, and male medical ward
within Dodoma Regional Referral Hospital. Resources such as
computers, smartphones or iPads, electricity, web connectivity,

clinical nursing procedure checklists, duty rosters, notebooks,
pens, and shift objectives were the requirements for the
intervention. Nursing students’ institutional registration numbers
were used as username identities during the login procedures
into the system.

Clinical nursing procedures and evaluation checklists were
imported into the system during the intervention to allow nursing
students and clinical instructors to access them and have an
interactive room to identify and discuss them before starting to
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care for the patients on that particular day. Nursing students
had to ask for a system-generated code in the presence of a
(system implementers) clinical instructor to be able to log in to
the system and counted to have reported timely in a particular
duty shift as the mode of monitoring and keeping clinical
attendance reports among them. Furthermore, after the
successful registration of nursing students into the system,
system implementers had to confirm the presence of nursing
students throughout the specified duty shift.

A shift progress Min-reports (brief or summary report of what
a student has done for a particular time of a shift) was posted
by nursing students in the system including patients’ progress
after performing the procedure. On the other hand, trained
research trainers had the role of periodically posting
announcements into the system to enhance interactive and
reciprocal communication among nursing students and academic
faculty. They also had the role of summing up nursing students’
clinical signs of progress and filling the evaluation forms at the
end of a duty shift. All clinical teaching and learning activities
performed by the trained research trainers and nursing students
were tracked, monitored, and sometimes addressed by the
principal investigator (PZH) through a system WebTop. All
self-rated evaluations on the performed clinical procedures, day
feedback, and experiences of the interactive web-based clinical
practice monitoring system among nursing students and system
implementers were captured through the system before they
signed out at the end of the duty shift.

Only 1 session (morning duty shift) was preferred for the
intervention as negotiated by hospital administration and system
implementers. The intervention was implemented for 6 hours
equivalent to 1 duty shift in a day with a duration ranging from
7:30 AM to 1:30 PM (East African time) among nursing
students. Each student had to carry out and finish one of the
aforementioned clinical nursing procedures every day for 3
weeks for learning to take place. This amounted to about 20
clinical nursing procedures in total. All students finished the
same clinical nursing procedures during the intervention’s
3-week duration including giving and receiving reports; patients
admission; changing patients’ positions on a bed; counseling;
bed making; administration of intravenous, intermuscular, and
oral medications; catheterization; kangaroo mother care;
administration of oxygen to patients (oxygen therapy);
cardiopulmonary resuscitation; management of patients with
preeclampsia or eclampsia; blood transfusion; per-vagina
examination; wound dressing; mouth care; management of
postpartum hemorrhage; assessment of placenta; management
of pregnant women in first and second stages of labor;
assessment of newborn babies; history taking during labor; and
vital sign assessment. Assessment of nursing students’
motivation in clinical learning was performed using academic
motivation questionnaires that were administered to them as
pretests and posttests. As shown in Figure 5, the evaluation of
the system was performed through nursing students’and system
implementers’ experiences feedback inventory that was posted
in the system and filled out before signing out of the system.

Figure 5. An example of a self-rated evaluation form imported into the system for nursing students. From field data (2021).

Strategies Used to Maintain Adherence to the
Intervention Among Nursing Students
This section describes the measures used to increase nursing
students’ adherence during intervention implementation in the

field. Throughout the intervention, nursing students’ registration
numbers were used as identifiers during system deployment.
Being unidentified and acknowledged by name would most
likely make nursing students feel at ease and confident in their
clinical learning privacy, allowing them to feel free and inspired
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to follow the intervention regimen. Furthermore, with the
assistance of academic faculty and clinical instructors, the study
was carried out under the training institutional clinical rotation
schedule, which most likely aided this study in ensuring that
nursing students adhered to the intervention because they had
to attend their shifts accordingly. The use of technology to assist
clinical learning among nursing students appeared to impress
them, particularly the ways interactive communications and
physical contact were assured to them. Nursing students and
system implementers have enhanced adherence to the
intervention among nursing students by posting various
announcements, peer teaching and learning, and self-evaluation
forms.

Data Collection Procedures
The focus of the current effort was mostly on presenting the
study’s quantitative findings. Quantitative data were gathered
at two-time intervals, baseline, and end line (directly
postintervention), in different unoccupied rooms, as agreed
upon by the administrative authority of the respective training
institutes. The research assistants were chosen on purpose based
on their eligibility criteria, which included at least 1 year of
data-gathering experience. Nursing students were given a brief
explanation of completing the questionnaire before having
copies provided by research assistants. The researcher and
assistants were present throughout the process to supervise and
address the overstretched immediate and long-term problems
before collecting all copies of completed surveys and protecting
them as part of nursing students’ confidentially. Before leaving
the room, nursing students were informed of the timetable and
method for intervention.

Research Tools and Instruments
The data collection tool for the quantitative part of the work
consisted of 2 parts: the sociodemographic characteristics
profiles and the part that measured nursing students’motivation
in clinical learning. Gender, age, marital status, interest, motive
for joining the nursing profession, accommodation, and marital
status were all part of the sociodemographic profile. The study
used a 5-point Likert scale to assess motivation in clinical
learning using an Academic Motivation Scale composed of 28
items adopted from previous scholarly works [5,42-44]. The
5-point Likert scale ranged from 1=strongly disagree to
5=strongly agree. Its subscales included intrinsic motivation
which was assessed by 12 items, extrinsic motivation (12 items),
and amotivation (4 items) of which the findings were
dichotomized into an “Agree” (assigned a value of “1”) response
that described the action to have been performed by the
participant; otherwise, “Disagree” (“0” value) for unperformed
action or behavior.

Before data collection, the principal component analysis was
performed at a measure of Keiser-Meyer-Olkin and Bartlett test
value of >0.5 and a significance level of ≤5% to measure the
weight of each item. The findings revealed that all 28 items
scored >0.3, and thus, they were all retained for data collection.
Scoring the variable of motivation in clinical learning was
adopted in a study conducted by Millanzi and Kibusi [6] that
nursing students who scored 0-16 were categorized into low
motivation in clinical, those who scored 17-24 had moderate

learning motivation, and nursing students who scored 25 and
above demonstrate high motivation in clinical learning.

Validity and Reliability of the Study
The validity and reliability tests were performed first before
subjecting the tool to the actual field for data collection. The
tool was shared with the subject matter and statistician for
suitability of the items, reliability, and ambiguity to fit for
knowledge to undergraduate nursing students. The pretest of
research tools was conducted among 60 nursing students at a
location that was different from the sampled study setting. The
finding of a pretest was subjected to the exploratory factor
analysis to determine the weight of each item to assess the
outcome of interest and the reliability scale analysis to determine
the internal consistency of the tool and presented using Cronbach
α values as recommended by previous studies [45]. The findings
of the scale analysis on motivation in clinical learning were
found to be Cronbachα=0.840 (>0.7), which was statistically
reliable for the actual data collection.

Data Analysis
An SPSS software program (version 23; IBM Corp) was used
to analyze data. Before data analysis, cleaning was done to
ensure the completeness, accuracy, and clarity of the information
in the questionnaires. A normality test was performed to
determine the distribution of data to opt for the mode of data
analysis. Findings of the normality test revealed that data
motivation in clinical learning was approximately normally
distributed, and thus, parametric statistical measurements were
adopted. Descriptive statistic was used to establish participants’
sociodemographic characteristics profiles of the study
participants such as age, sex, program, and year of study, just
to mention a few, and the motivation in clinical learning. For
inferential statistics, a 2-tailed paired t test was performed to
determine a comparative mean score change and difference in
motivation in clinical learning among nursing students between
the pretest and the posttest.

The multiple linear regression analysis model by considering
the control of other factors as independent variables such as
sociodemographic characteristics profiles and the intervention
(interactive web-based clinical practice monitoring system) was
performed to establish the extent of association with the outcome
variable of interest (motivation in clinical learning). The multiple
linear regression was opted for because several factors were
controlled during analysis and the outcome variable of interest
was treated as a scale variable. The goal of this study was to
determine the net effect of the intervention by taking into
account and controlling for the sociodemographic characteristic
profiles of nursing students, as it was hypothesized that these
profiles would also have an impact on the outcome of interest
(motivation in clinical learning) over the intervention. Findings
of inferential statistics were presented in tabular forms by means,
of SDs, t values, significance level (<5%), and 95% CI. The
following logistic regression model was used:
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where Y is dependent variable; a is intercept; b, c, d, and e are
slopes; X1, X2, X3, and X4 are independent (explanatory)
variables; and e is residual (error).

Ethical Considerations
This study conformed to The University of Dodoma institution’s
postgraduate guidelines and regulations after being approved
and given an ethical clearance (number MA.84/261/02/81) by
the institutional research ethics review committee. All
participants provided written informed consent after being
explained about the study and their freedom to participate in it.
Data collection procedures were performed in separate and
unoccupied venues that were available in the respective
institution premises. Participants’ names were not included in
the data collection tools and their information was secured by
the principal investigator (PZH) using folders with passwords.
Given that participants were in their academic clinical rotations
calendar for clinical learning activities, there were no
compensations of either time or monetary incentives throughout
the study.

Results

Proportional Distribution of Nursing Students by Their
Sociodemographic Characteristics Profiles
The completion rate of the study was 100% of the studied
participants. Findings in Table 3 indicate that 65.0% (383/589)
of nursing students were males while 79.6% (469/589) of the
sample were younger than 24 years, with a mean age of 23 (SD
2.689, range 19-50) years. Accommodated participants in their
respective training institutions’ hostels accounted for 71.5%
(421/589) while 63.7% (375/589) of them were enrolled in
bachelor of science in nursing and 33.6% (198/589) and 30.1%
(177/589) of them were in their fourth and third year of studies,
respectively. A majority of nursing students 69.4% (406/589)
were not interested in joining nursing programs. However, those
who were interested in joining nursing education were driven
by a belief that it is a secure profession (567/589, 96.3%), caring
to save peoples’ lives (491/589, 83.4%), autonomy to practice
(478/589, 81.2%), and generous salary and employment benefits
(438/589, 74.4%). Other findings were found as shown in the
table.
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Table 3. Proportional distribution of nursing students by their sociodemographic characteristics (n=589)a.

ValuesVariable

23 (2.689; 19-50)Age (years), mean (SD; range)

Age (years), n (%)

469 (79.6)<24

115 (19.5)25-34

5 (0.9)>35

Institution, n (%)

232 (39.4)Training institution A

239 (40.6)Training institution B

88 (14.9)Training institution C

30 (5.1)Training institution D

Sex, n (%)

383 (65.0)Male

206 (35.0)Female

Marital status, n (%)

543 (92.2)Single

46 (7.8)Married

Accommodation, n (%)

421 (71.5)In-campus

168 (28.5)Off-campus

Program of study, n (%)

214 (36.3)Diploma in nursing and midwifery

375 (63.7)Bachelor of science in nursing

Year of study , n (%)

89 (15.1)Second-year diploma in nursing

125 (21,2)Third-year diploma in nursing

177 (30.1)Third-year bachelor of science in nursing

198 (33.6)Fourth-year bachelor of science in nursing

Interested to join the nursing profession, n (%)

409 (69.4)No

180 (30.6)Yes

Reason to join the nursing profession

Generously salary and employment benefits, n (%)

438 (74.4)Yes

151 (25.6)No

A secured profession, n (%)

567 (96.3)Yes

22 (3.7)No

Autonomy to practice, n (%)

478 (81.2)No

111 (18.8)Yes

Caring to save people’s lives, n (%)

491 (83.4)No
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ValuesVariable

98 (16.6)Yes

Opportunity to travel worldwide, n (%)

421 (71.5)Yes

168 (28.5)No

Job availability, n (%)

398 (67.5)Yes

191 (32.5)No

aFrom field data (2021).

The Overall Distribution of the Level of Motivation in
Clinical Learning and Their Domains Among Nursing
Students
The findings from Table 4 revealed that there was no significant
difference between the proportion of nursing students with low
and moderate motivation in clinical learning (261/589, 44.3%;
and 328/589, 55.7%, respectively). However, baseline findings
indicated that none of the nursing students demonstrated high

motivation in clinical learning 0.0% (n=0). On the other hand,
baseline findings of the motivation domains indicated that 94.7%
(558/589) of nursing students were not intrinsically motivated
in clinical learning contrary to the end line findings, which
indicated that 90.5% (533/589) demonstrated inner motive in
clinical learning. Highly motivated nursing students to learn in
clinical settings accounted for 67.7% (399/589) while only 4.9%
(29/589) of them demonstrated lower motivation in clinical
learning. Other findings were observed as shown in Table 4.

Table 4. Overall distribution of the level of motivation in clinical learning and their domains among nursing students in the Dodoma region (N=589)a.

PosttestPretestVariable

Overall motivation in clinical learning, n (%)

399 (67.7)0 (0)High learning motivation

160 (27.2)328 (55.7)Moderate learning motivation

29 (4.9)261 (44.3)Low learning motivation

Motivation subscales

Intrinsic motivation in clinical learning, n (%)

56 (9.5)558 (94.7)No

533 (90.5)31 (5.3)Yes

Extrinsic motivation in clinical learning, n (%)

106 (18.0)506 (85.9)No

482 (81.8)83 (14.1)Yes

Amotivation, n (%)

313 (53.1)475 (80.6)Yes

276 (46.9)114 (19.4)No

aField data (2021).

Overall Mean Score Change and Mean Difference in
Motivation in Clinical Learning Between Pretest and
Posttest Among Nursing Students
As shown in Table 5, there was a statistically significant increase
in mean scores changes of motivation in clinical learning from
mean 9.31 (SD 2.315) at baseline to mean 20.87 (SD 5.504) at
the end line. A comparative analysis of motivation performance
among nursing students between pretest and posttest was found

to be statistically significant (mean 11.566, SD 5.667;
t588=49.496; P<.001; 95% CI 11.107-12.025). The findings
suggest that nursing students scored high on motivation in
clinical learning in the posttest as compared with the pretest.
Moreover, the findings in Table 5 indicated that there was an
increase in mean scores among nursing students per domain of
motivation to clinical learning between the pretest (mean 3.74,
SD 1.231) and the posttest (mean 9.53, SD 2.762).
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Table 5. Overall mean score change and mean difference in motivation in clinical learning between pretest and posttest among nursing students

(N=589)a.

95% CIEffect size (Cohen
d)

95% CIP valuet test (df)Mean differ-
ence, mean
(SD)

Posttest,
mean (SD)

Pretest,
mean (SD)

1.011-4.1072.74311.107-
12.025

.00149.496 (588)11.56
(5.667)

20.87
(5.504)

9.31 (2.315)Motivation in
clinical learning

Domains of motivation in clinical learning

N/AN/Ab5.559-6.040.00147.421 (588)5.800
(2.968)

9.53 (2.762)3.74 (1.231)Intrinsic

N/AN/A3.994-4.557.00129.845 (588)4.276
(3.474)

8.77 (3.325)4.49 (1.42)Extrinsic

N/AN/A1.359-1.625.00122.031 (588)1.492
(1.644)

1.08 (1.392)2.57
(1.1871)

Amotivation

aFrom field data (2021).
bN/A: not applicable.

Moreover, they also demonstrate higher scores in their extrinsic
motivation to learning in clinical settings at the end line (mean
8.77, SD 3.325) than at baseline (mean 4.49, SD 1.42) while
amotivation performance decreased from mean 2.57 (SD 1.187)
at baseline to mean 1.08 (SD 1.392) at the end line. The effect
size of the intervention on motivation in clinical learning among
nursing students was computed using Cohen d formula (mean
2 minus mean 1 divided by a pooled SD). Findings showed that
the intervention demonstrated an effect size of 2.74 (P<.001;
95% CI 1.011-4.107), which is a high effect size based on
Cohens d classifications of effect sizes [46].

The Estimated Effect of an Intervention (Interactive
Web-Based Clinical Practice Monitoring System)
Controlled for Other Co-Related Factors on Motivation

in Clinical Learning Among Nursing Students at
Posttest
About 58.5% variation in motivation in clinical learning scores
is explained by the explanatory variables included in the model.
The overall model was statistically significant (f=25.6; P=.001).
Findings in Table 6 indicate that reasons to join the nursing
profession such as due to the opportunity to demonstrate
autonomy (β=1.590; P=.02; 95% CI 0.279-3.901), the
opportunity to travel around the world (β=1.648; P=.04; 95%
CI 0.583-4.713), job availability (β=1.409; P=.001; 95% CI
1.046-5.772), and other corelated factors were statistically
significantly associated with motivation in clinical learning
among nursing students against their counterparts. The estimated
effect (β) of a 3-week intervention to improve nursing students’
motivation in clinical learning was 3.041 (P=.03, 95% CI
1.022-7.732) when controlled for other correlated factors.
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Table 6. The estimated effect of an intervention (interactive web-based clinical practice monitoring system) controlled for other corelated factors on

motivation in clinical learning among nursing students at posttest (N=589)a,b.

95% CIP valueSEEstimate (β)Variable

Intervention

N/AN/AN/Ac1Pretest

1.022-7.732.03d0.3083.041Posttest

N/AN/AN/AN/AInstitutions

N/AN/AN/A1Institution A

1.956-0.467.230.883.729Institution B

6.052-3.753.650.794.932Institution C

0.194-1.757.121.117.312Institution D

Programs

N/AN/AN/A1Diploma

1.229-0.668.560.483.281Bachelor

Year of study

N/AN/AN/A1Second-year diploma

1.806-0.655.360.809.593Third-year diploma

5.315-3.611.710.926.936Third-year bachelor

0.431-3.417.01d0.617.744Fourth-year bachelor

Age group (years)

N/AN/AN/A1<24

0.669-1.407.492.4961.14924-34

1.827-0.768.420.497.782>35

Sex

N/AN/AN/A1Female

0.851-1.512.580.905.434Male

Marital status

N/AN/AN/A1Single

1.184-3.007.390.627.575Married

Accommodation

N/AN/AN/A1In-campus

1.981-1.385.732.272.852Off-campus

Interested to join the nursing profession

N/AN/AN/A1No

0.335-0.165.051d0.043.250Yes

Reason to join nursing

Autonomy to practice

0.279-3.901.02d0.6671.590Yes

N/AN/AN/A1No

Caring patients

0.226-2.441.100.6791.107Yes

N/AN/AN/A1No

Opportunity to travel around worldwide
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95% CIP valueSEEstimate (β)Variable

0.583-4.713.04d1.5121.648Yes

N/AN/AN/A1No

It is the secured profession

0.519-1.645.310.551.563Yes

N/AN/AN/A1No

Reasonable payment

1.089-1.023.950.538.033Yes

N/AN/AN/A1No

Job availability

1.046-5.772.001d0.6941.409Yes

N/AN/AN/A1No

aFrom field data (2021).
bR2=0.865, f=116; P<.001, significant at P<.05, and significant at P<.001.
cN/A: not applicable.
dVariables that are significantly associated with the outcome variable.

Discussion

Principal Findings
In terms of the study’s focus and objective, the implementation
of an interactive web-based clinical practice monitoring system
for nursing students’motivation in clinical learning was feasible
and practical in a clinical setting with consistent electricity
supply and web connectivity. Nursing students indicated
moderate to high levels of motivation in clinical learning after
3 weeks of system implementation, compared with when they
were not exposed to it. Nursing students demonstrated a capacity
to plan, identify, and access academic resources and help, as
well as participate in clinical practices with minimal support
from clinical instructors, trainers, and academic faculty,
according to the end line assessment. Nonetheless, contrary to
the existing practices where nursing students are not allowed
formally to use electronic devices in clinical settings, the use
of electronic devices while students are in clinical settings such
as smartphones, iPads, and computers would most likely
extrinsically motivate nursing students to attend their daily duty
shifts.

The posttest results show that nursing students who are
mentored, supported, monitored, supervised, and evaluated
using an interactive web-based clinical practice monitoring
system are more efficient in terms of clinical attendance and
completing clinical activities on time. The findings of this study
indicated that nursing students showed a readiness to stick to
their clinical duty roster, report on the clinical environment on
time, receive and give reports, and complete their assigned
responsibilities using an interactive web-based clinical practice
monitoring system. Furthermore, students expressed a desire
to ask questions and locate clinical resources to help them learn
not just to win a prize or a grade but also to broaden their
knowledge and skills. Despite a significant change in clinical
learning motivation among nursing students, the system
improved clinical attendance as an indicator that it motivated

and enhanced their interest and willingness with a sense of being
confident, independent, and autonomous to engage in clinical
learning activities than when conventional clinical pedagogies
such as attendance books, bed tutorials, or assignments were
predominantly used.

Similarly to the findings from other previous scholars [2,21],
the implementation of an interactive web-based clinical practice
monitoring system would allow nursing students to interact with
one another while performing clinical nursing procedures, as
well as interact instantly and timely with trainers, clinical
instructors, or academic faculty for any support or mentorship.
Nonetheless, as argued by some previous scholars [5,47] that
individuals’ behaviors are sometimes shaped by their
personalities, this study found that nursing students’motivation
in clinical learning was partly attributed to what motivated them
to join nursing education programs, such as challenges in job
availability, opportunities to demonstrate autonomy in nursing,
and opportunities to travel around the world when individuals
enrolled in the nursing profession. Such corelated aspects to the
intervention would most likely drive nursing students to study
nursing programs extrinsically rather than intrinsically to match
their academic and living goals.

Referring to the findings from some previous scholarly works
on students’ abilities to demonstrate an interest in their learning
activities becomes a precursor for them to be motivated to
identify and locate learning resources and thus engage in
learning activities actively [48,49]. Similarly, scholars’ [6,50,51]
low motivation in clinical learning has been linked to
uninteresting clinical teaching techniques, an uncomfortable
learning environment, a lack of interest, and unclear clinical
objectives, all of which contribute to clinical absenteeism among
nursing students. This study’s findings on motivation to learn
are consistent with those found by Millanzi and Kibusi [6], for
example, who argued that innovative pedagogy has the potential
of improving learning motivation among nursing students.
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Nevertheless, Allvin et al [52], claimed that while the clinical
environment is important for nursing students’ academic
achievement, students’ learning motivation is positively
correlated with an adequate number of competent and qualified
clinical instructors who use innovative clinical pedagogies that
enhance their motivation in clinical learning, including the
prescription and integration of interactive web-based clinical
practice monitoring system in nursing curricula. In the same
way, Aghajari et al [53] observed that the majority of nursing
students lack academic motivation during clinical placement
practices because the clinical learning environment, as well as
clinical teaching and learning pedagogies, does not motivate
them to learn and meet their clinical academic potential as
lifelong learners. This study’s and prior research findings
indicate to underline that a favorable, learner-centered, and
technology-based innovative clinical pedagogy may positively
boost clinical learning motivation among nursing students in
nursing education.

Limitations of the Study
The study did not involve a control group to maximize the
validity of findings on the efficacy of interactive web-based
clinical practice monitoring systems on the outcomes of interest.
The use of a single group may obscure the interpretation of the
effect size on the outcome variables because standard clinical
teaching pedagogies would also produce effects on the outcome
of interest. Therefore, findings on the effect of interactive
web-based clinical practice monitoring systems need to be
interpreted cautiously by considering this limitation. The study
suffers from a methodological limitation, as it did not adopt a
randomized controlled trial (a true intervention) to estimate the
random effect of the interactive web-based clinical practice
monitoring system on the outcome variables over the standard
clinical teaching pedagogies. Therefore, findings need to be
treated and interpreted cautiously by considering that with a
quasi-experimental design random effect of the intervention on

the outcome, variables would not be established without
outweighing its effect over the standard clinical teaching
pedagogy (control group) if it could be involved.

Conclusions
The findings of this study demonstrate that it is possible to teach,
mentor, supervise, support, monitor, and assess nursing students
throughout their clinical placements by adopting, implementing,
and evaluating an interactive web-based clinical practice
monitoring system. As a minimum exposure of at least 3 weeks
of the interactive web-based clinical practice monitoring system,
nursing students may demonstrate nursing students’ attendance
and motivation in clinical learning by their will than is now
performed, where sanctions and other associated techniques are
used to force them to attend their daily clinical duty shifts
accordingly. Incorporating technology into clinical nursing
education pedagogics nursing curricula can be an alternative
educational technique for educators in nursing education to
facilitate clinical learning activities to develop motivated and
passionate undergraduate nursing students to engage and learn
efficiently and effectively during their clinical placements.
Nonetheless, managing a big group of nursing students was
proven to be achievable with the use of an interactive web-based
clinical practice monitoring system.

Furthermore, an interactive web-based clinical practice
monitoring system was feasible to not only mentor, supervise,
monitor, and support nursing students but also record students’
clinical attendance and the type and number of clinical nursing
procedures learned and practiced, as well as generate clinical
formative evaluation reports. In other words, an interactive
web-based clinical practice monitoring system can be used as
an innovative clinical pedagogical approach in clinical teaching
and learning to improve nursing students' motivation in clinical
learning as a precursor to clinical competence for quality and
cost-effective care to people.
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Abstract

Background: Virtual reality (VR) has emerged as a promising tool in medical education, particularly for fostering critical skills
such as empathy. However, how VR, combined with perspective-taking, influences affective empathy in nursing education
remains underexplored.

Objective: This study investigates the influence of VR and perspective-taking on affective empathy in nursing education,
focusing on 4 psychological factors: perceived self-location, narrative transportation, emotional engagement, and affective
empathy.

Methods: A 2×2 between-subjects design was used, involving 69 nursing undergraduates from two Midwest universities. The
participants engaged with a narrative-focused video game, That Dragon, Cancer, in either VR or non-VR conditions and from
the perspective of either parents or clinicians.

Results: VR significantly enhanced perceived self-location (P=.01), while adopting a clinician’s perspective amplified emotional
engagement (P=.03). However, VR did not significantly influence narrative transportation (P=.35). An interaction effect was
found between the platform and player’s perspective on narrative transportation (P=.04). Several indirect effects of media elements
on affective empathy were observed via other psychological factors, though the direct effect of VR on affective empathy was not
significant (P=.84).

Conclusions: These findings underscore the potential of VR in medical education, suggesting that perspective-taking should
be carefully considered when designing immersive learning experiences. The study advocates for broader integration of VR
technologies into medical curricula to enhance instruction quality and patient-centered care.

(JMIR Med Educ 2025;11:e59083)   doi:10.2196/59083

KEYWORDS

nursing education; narrative transportation; presence; virtual reality; game-based learning; affective empathy

Introduction

Background
The domain of health care education is currently undergoing a
monumental shift, facilitated by advancements in immersive
technologies such as virtual reality (VR). Immersive
technologies have demonstrated significant potential in
transforming medical and health education, including enhanced
training in surgical procedures [1,2], improved understanding
of complex biomedical processes through immersive
visualization [3,4], and more empathetic patient care through
simulated patient interactions [5,6]. Despite its promise, VR
technology faces challenges such as system fidelity and

presence, which can impact user experience and learning
outcomes [7]. Addressing these challenges is essential for the
effective design and implementation of VR training modules.

Moreover, VR provides a safe and controlled environment for
students to practice and make mistakes without direct
consequences on actual patients, increasing their confidence
and proficiency before real-world clinical scenarios [8,9].
Concurrent with this paradigm shift, immersive technologies
like VR have emerged as an effective tool in the instruction of
empathy among nursing students [10-12]. Empathy, being a
fundamental aspect of the nursing profession, has been shown
to improve patient adherence to treatment plans [13], satisfaction
levels [14], and overall health outcomes [15]. Specifically, being
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immersed in virtual narratives allows students to navigate and
process their own emotions, as well as respond appropriately
within simulated scenarios [16]. This innovative approach offers
a safe space for students to handle the emotional complexities
associated with patient care, thus better preparing them for future
clinical encounters involving nuanced emotional interactions.

VR simulation has also been studied in the context of nursing
education [17-21]. In our recent study [22], we found that
VR-based role-playing games enhanced cognitive empathy
among nursing students. However, affective empathy remains
underexplored in VR-based nursing education. Cognitive
empathy involves understanding another’s perspective, whereas
affective empathy refers to sharing and responding to another’s
emotional states [23]. A recent meta-analysis revealed that VR
has a significant effect on perspective-taking outcomes
(cognitive empathy) but lacks impact on affective empathy [23].
Therefore, the objective of the current research is to investigate
the potential of VR to influence affective empathy among
nursing students by exploring narrative-related psychological
factors.

Research on immersive media indicates that perceived
self-location (ie, being there in a virtual environment) is a key
mechanism that explains the impact of VR on empathy [24,25].
VR-based empathy training programs often contain a story with
plots and characters to help users experience a situation
first-hand [26]. They comprise both medium-based (ie, of the
virtual environment) and message-based (ie, of the narrative)
elements [27].To understand how VR might enhance affective
empathy, we explore specific psychological mechanisms:
perceived self-location and narrative transportation.

Perceived self-location refers to the sensation of “being there”
in a virtual environment, enhancing users’ immersion and
empathy [24,25], which we hypothesize will lead to greater
empathy by allowing users to more deeply understand and share
the feelings of virtual characters. Narrative transportation is the
cognitive and emotional absorption into a story, where
individuals lose awareness of their physical surroundings and
form intense connections with the narrative and characters
[28,29]. This deep absorption can lead to significant shifts in
attitudes and empathy toward others [30]. Research has found
that VR narratives lead to higher levels of transportation
compared with traditional media, which in turn enhance
empathetic responses [31]. Therefore, we hypothesize that VR
will enhance narrative transportation, significantly impacting
affective empathy.

A noteworthy characteristic of VR-based empathy training
programs is their ability to feature multiple characters, thus
allowing users to experience a narrative from varying character
perspectives [32,33] The perspective-taking aspect significantly
impacts users’ emotional engagement with the character [34].
Research has found that users are more likely to experience
emotional engagement toward characters that are portrayed
positively [33] and are similar to them [35]. Therefore, we
hypothesize that character perspective will impact emotional
engagement, with higher engagement when viewing from the
clinician’s perspective compared with the parents’ perspective

due to character-user similarity, subsequently influencing
affective empathy.

Moreover, we propose that perceived self-location, narrative
transportation, and emotional engagement will form a sequential
mediation model to account for the effect of VR-based training.
Previous research on video games has found that the feeling of
“being there” in the game is a predictor of flow, an experience
similar to narrative transportation [36,37]. A recent study
obtained similar findings: spatial presence predicted narrative
transportation in a VR storytelling experience [38]. Furthermore,
existing work suggests that narrative transportation is associated
with an increase in emotional responses [39,40]. Hence, we
predict that perceived self-location, enhanced by VR, will foster
narrative transportation, which will, in turn, promote emotional
engagement. Emotional engagement will then lead to affective
empathy.

Hypotheses and Research Questions
Based on the literature review, the following hypotheses were
proposed to explore the interconnected roles of perceived
self-location, narrative transportation, and emotional engagement
in enhancing affective empathy through VR interventions:

1. Hypothesis 1: VR conditions will enhance (1) perceived
self-location and (2) narrative transportation compared with
non-VR conditions.

2. Hypothesis 2: the participants will experience higher
emotional engagement when viewing the narrative from a
clinician’s perspective compared with a parent’s
perspective.

3. Hypothesis 3: perceived self-location will positively predict
narrative transportation in VR-based training programs.

4. Hypothesis 4: narrative transportation will positively predict
emotional engagement within VR-based experiences.

5. Hypothesis 5: emotional engagement will positively predict
affective empathy.

In addition to these hypotheses, we proposed the following
research questions to explore potential interaction and indirect
effects:

1. Research question 1: Are there interaction effects between
the media platform (VR vs non-VR) and character
perspective (clinician vs parents) on psychological factors
such as perceived self-location, narrative transportation,
and emotional engagement?

2. Research question 2: Do perceived self-location, narrative
transportation, and emotional engagement mediate the
relationship between the media platform and affective
empathy?

Methods

Design
The proposed conceptual framework of this study is illustrated
in Figure 1. This study used a 2×2 between-subjects
experimental design to investigate the effects of the platform
(VR vs non-VR) and perspective (parents vs clinicians) on
nursing undergraduates’ empathy levels. Participants were
randomly assigned to 1 of 4 conditions: VR parents, VR
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clinicians, non-VR parents, or non-VR clinicians. Figure 2 shows the 4 conditions of the study.

Figure 1. The proposed conceptual framework.

Figure 2. Four conditions of the study.

Participants
A total of 69 nursing undergraduates from two Midwest
universities participated in the study, predominantly female
(57/69, 82.6%) and White (57/69, 82.6%), mostly juniors (39/69,
56.5%; sophomores: 24/69, 34.8%; seniors: 6/69, 8.7%). The
average age was 22.13 (SD 3.70) years. The participants were
recruited via university mailing lists and classroom
announcements, with inclusion criteria requiring them to be
nursing undergraduates aged 18 years or older. Most participants
(54/69, 77.6%) reported they were not familiar with VR.

Before participation, all were screened for visual impairments
and susceptibility to motion sickness; those with significant
issues were excluded to avoid adverse effects during the VR
experience.

Randomization was done through a drawing process, assigning
participants to 1 of 4 conditions, ensuring balanced allocation
between VR and non-VR platforms and the perspectives of
parents or clinicians. Given the sample size and complexity of
the 2×2 design, the study may be underpowered to detect small
effects. No a priori power calculations were conducted; however,

this exploratory research aims to investigate initial effects and
generate hypotheses for future studies with larger samples.

Experimental Procedures and Stimulus
Upon arrival at the research lab, participants provided informed
consent and completed a short pretest questionnaire. They were
then assigned to 1 of the 4 gameplay conditions as per the
randomization process described above. The participants were
informed that they could stop or report at any time if they
experienced motion sickness or visual discomfort.

The participants engaged with the seventh chapter of the
narrative-focused video game That Dragon, Cancer, titled “I’m
Sorry Guys, It’s Not Good.” That Dragon, Cancer is an
interactive narrative game developed by Numinous Games
(Mainframe Studios) [41] that tells the real-life story of a
family’s experience with their son’s terminal cancer diagnosis.
The game is designed to evoke emotional responses and foster
empathy through immersive storytelling [42]. This chapter was
selected based on prior research demonstrating its efficacy in
increasing empathy among medical students [42]. The gameplay
allowed participants to experience a pivotal moment when Joel’s
parents were informed of his terminal cancer diagnosis,
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navigating the scene from 4 unique perspectives: dad, mom,
doctor, and nurse. The game is designed as a point-and-click
adventure, which allows participants to trigger conversations
and access a selected character’s inner thoughts.

The participants in the VR conditions used Oculus Go headsets,
seated in a quiet room to minimize distractions. The headsets
provided a 360-degree immersive experience with built-in
headphones for audio. For the non-VR conditions, the
participants used Dell laptops or iPads (Apple, Inc) with over-ear
headphones, seated at a desk in the same room to ensure
consistent environmental conditions. The game was presented
on a standard screen, and the participants interacted using a
mouse or touchscreen, replicating typical non-VR gameplay
settings. The gameplay lasted approximately 10 minutes. The
selection of this exposure time was based on previous studies
indicating that brief VR experiences can effectively elicit
emotional and empathetic responses [43]. Immediately after the
gameplay, participants completed a posttest questionnaire
assessing their empathy and gaming experience. This immediate
administration was intended to capture their reactions and reduce
potential recall bias.

Instrument
Several validated scales were used to measure the constructs of
interest. These measures are specifically applicable to our

study’s context in nursing education and VR-based empathy
training. First, the Spatial Presence Experience Scale, developed
by Hartmann et al [44], was used to evaluate self-location and
assess nursing students’ immersion in the simulated clinical
scenarios. This validated scale, widely used in diverse media
environments, measures 2 facets of the spatial presence
experience: perceived self-location and potential actions, while
also considering key factors that influence spatial presence. The
study’s transportation scale was an adaptation from Green and
Brock [28], which measures students’ absorption of patient
stories that may foster empathy. In addition, the Emotional
Engagement scale used in the study was sourced from Knol and
Van Linge [45], which captures students’ emotional connection
with virtual characters, vital for developing affective empathy.
Affective empathy was assessed with 3 items from the validated
empathy scale by Batson et al [46]. The participants responded
to items on a 7-point Likert scale ranging from 1 (strongly
disagree) to 7 (strongly agree). The results of these items were
averaged to produce a composite score for data analysis.
Covariates such as participants’gender, age, race, and university
affiliation were included in the following statistical analyses.
Descriptive statistics, the items used, and reliability estimates
for all scales are presented in Table 1.

Table . List of items used in the study and the descriptive statistics (N=69).

ItemsStatisticsVariable

Perceived self-location [44] •• I felt like I was actually there in the environ-
ment of the presentation.

Mean 5.19 (SD 1.12)
• Cronbach (α=0.88)

• It was as though my true location had shift-
ed into the environment in the presentation.

• I felt as though I was physically present in
the environment of the presentation.

• It seemed as though I actually took part in
the action of the presentation

Transportation [28] •• I could picture myself in the scene of the
events described in the story.

Mean 5.77 (SD 0.93)
• Cronbach α=0.83

• I was mentally involved in the story while
watching it.

• I wanted to learn how the story ended.

Emotional engagement [45] •• The story affected me emotionally.Mean 5.83 (SD 0.98)
• •Cronbach α=0.83 During the media experience, when the

characters suffered in some way, I felt sad.
• I felt sorry for some of the characters in the

story.

Affective empathy [46] •• Did watching/playing this video make you
feel __

Mean 5.65 (SD 1.24)
• Cronbach α=0.93

• softhearted
• sympathetic
• compassionate

Statistical Analysis
Data analysis was performed using SPSS 29 statistical software.
Hypotheses H1, H2, and RQ1 were assessed through a series
of analyses of covariance (ANCOVA), controlling for covariates
such as participants’gender, age, race, and university affiliation.

Covariates such as participants’gender, age, race, and university
affiliation were included in the ANCOVA because these
demographic factors have been shown to influence empathy
levels and responses to VR experiences [23]. Including these
covariates helps control for potential confounding variables,
ensuring that the effects observed are attributable to the
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experimental manipulations rather than demographic differences.
Hypotheses H3-H5 and RQ2 were tested with mediation
analyses using the PROCESS macro, following a bootstrap
estimation approach with 5000 samples, based on Hayes’
Process Model 6 [47]. Control variables were also included in
these analyses to control for potential confounding influences.

Ethical Considerations
This study was approved by the Institutional Review Board at
Ball State University (approval number 1386023‐1). All
participants provided informed consent before data collection.
To acknowledge their participation, they received extra course
credits as compensation. Confidentiality and privacy were
maintained, and participants had the right to withdraw at any
time without consequences.

Results

Descriptive Statistics and Correlation Analysis
The descriptive statistics for each condition, including mean
and SD, are presented in Table 2. In addition, skewness and
kurtosis values were assessed to check the normality of the data
distribution, and the results were within the acceptable range
confirming the appropriateness of the data for further analysis.
A correlation analysis was conducted to identify any potential
multicollinearity issues among the variables. The results
indicated that while variables were correlated, they did not
exceed the threshold that would suggest multicollinearity, thus
ensuring the independence of predictors. The means for all
variables were above the midpoint of the scale, indicating
generally high levels of perceived self-location, narrative
transportation, emotional engagement, and affective empathy
among participants. The SD values ranged from 0.83 to 1.24,
suggesting moderate variability in responses.

Table . Means and SEs by experimental conditions (N=69). Participants’ race, gender, school year, and university affiliation were controlled.

Affective empathyEmotional engagementNarrative

transportation

Perceived self-locationPlatform and perspective

VR, mean (SE)

5.76 (1.43)5.85 (0.72)6 (0.87)5.58 (1.07)Parents
(n=18)

5.84 (1.15)6.02 (1.04)5.81 (1.07)5.66 (0.98)Clinicians
(n=19)

Non-VR, mean (SE)

5.23 (1.41)5.31 (1.26)5.27 (1.16)4.50 (1.34)Parents
(n=16)

5.75 (0.9)6.13 (0.7)5.96 (0.59)4.89 (0.65)Clinicians
(n=16)

Analysis of Covariance
The analysis of covariance (ANCOVA) included checks for
assumptions such as homogeneity of variances, assessed using
the Levene test. The results of these tests confirmed that the
assumptions of ANCOVA were met across all variables of
interest. Specifically, Levene test results for homogeneity of
variances were F3,65=2.146, P=.10 for self-location; F3,65=1.566,
P=.20 for narrative transportation; F3,65=0.904, P=.44 for
emotional engagement; and F3,65=0.620, P=.60 for affective
empathy. These results suggest that the variances of the residuals
were not significantly different from each other across groups
for each variable, thus fulfilling one of the key assumptions for
conducting ANCOVA and lending validity to the subsequent
analyses.

Based on our findings (Table S1 in Multimedia Appendix 1),
the platform of the game had a significant influence on perceived

self-location (F1,61=6.60, P=.01, partial η2=0.098), indicating
that VR has a stronger influence on perceived self-location
compared with non-VR environments. This substantial
difference in perceived self-location depending on the platform
used provided support for hypothesis H1a, suggesting VR’s
unique capacity to enhance users’ sense of presence within the

virtual environment. We also examined the effect of the adopted
perspective on participants’ emotional engagement. The results
revealed a significant effect (F1,61=4.76, P=.03, partial

η2=0.072), indicating that participants who assumed the
clinician’s perspective exhibited greater emotional engagement
compared with those adopting a patient’s perspective. This
finding supported hypothesis H2, highlighting the importance
of perspective in influencing emotional responses in VR settings.
However, the effect of VR on narrative transportation did not

yield significant results (F1,61=0.90, P=.35, partial η2=0.014),
thereby not supporting hypothesis H1b.

To answer the first research question, we also test whether there
is an interaction effect of media factors on psychological factors.
The results revealed that the platform and perspective had an
interaction effect on narrative transportation (F1,61=4.68, P=.04,

partial η2=0.070). The post hoc analysis indicated that
participants experiencing the game from the perspective of
patients’ families in a non-VR platform exhibited the lowest
level of narrative transportation. This nuanced finding sheds
light on how different combinations of platform and perspective
can uniquely affect the immersive experience of users. These
interaction effects are further elucidated in Figure 3, providing

JMIR Med Educ 2025 | vol. 11 | e59083 | p.621https://mededu.jmir.org/2025/1/e59083
(page number not for citation purposes)

Huang et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


a visual representation of these dynamics. Specifically, the
narrative transportation scores for clinicians and patient families

under VR (solid line) and non-VR (dashed line) conditions
showed diverging trends between the two perspectives.

Figure 3. The interaction effect of media factors on psychological factors.

Mediation Analysis
The mediation analyses using Hayes’ PROCESS model 6
revealed several direct and indirect effects. Regarding direct
effects, self-location was found to have a significant positive
effect on transportation (b=0.54, P<.001). Transportation had
a positive effect on emotional engagement (b=0.74, P<.001).
Emotional engagement was found to have a strong positive
effect on affective empathy (b=0.84, P<.001). These findings,
supporting H3-H5, illustrate the psychological process from
self-location in VR, through narrative transportation and
emotional engagement, to the ultimate development of affective
empathy. We used 5000 bootstrap samples to generate
bias-corrected confidence intervals for the indirect effects. The
significance of the mediation pathways was determined by
examining whether the confidence intervals excluded zero. All
variables were included in the model simultaneously, and control

variables were accounted for in the analysis. The model fit was
assessed, and all pathways were found to be significant,
confirming the validity of the mediation pathways.

The results also uncovered three sets of indirect effects, which
answered our second research question. First, perceived
self-location exerted an indirect effect on affective empathy
through narrative transportation and emotional engagement
(indirect effect=0.25, 95% CI 0.0610-0.5048). Second, the
platform had an indirect effect on affective empathy through
perceived self-location, narrative transportation, and emotional
engagement (indirect effect=0.25, 95% CI 0.0610-0.5048).
Finally, the perspective adopted by the participants was found
to have an indirect effect on affective empathy through
emotional engagement (indirect effect=0.27, 95% CI
0.0059-0.6153). These indirect effects, along with the direct
effects, are represented in the revised conceptual framework
presented in Figure 4.
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Figure 4. The revised conceptual framework.

Discussion

Summary and Interpretations of the Findings
The study investigates the impact of media platforms and
players’ perspectives on perceived self-location, narrative
transportation, emotional engagement, and affective empathy
within medical education, which capture key psychological
processes essential for developing empathy in clinical practice.
The results indicate that all psychological factors were
influenced by media elements, albeit through different
mechanisms.

Our hypothesis H1a was supported, demonstrating that playing
the game in VR (vs non-VR) significantly increased perceived
self-location. This finding is consistent with prior studies
[24,25]. However, contrary to our hypothesis H1b, VR (vs
non-VR) did not differ in narrative transportation, which echoes
findings from a recent meta-analysis [27]. This nonsignificant
finding suggests that while VR enhances the sense of presence
or self-location, it may not necessarily increase narrative
transportation compared with non-VR platforms. One possible
explanation is that narrative transportation is more strongly
influenced by the quality of the narrative itself rather than the
medium through which it is delivered [28]. It is possible that
the narrative content was equally engaging in both VR and
non-VR formats, resulting in similar levels of transportation.
Future research could explore how different narrative structures
or content types interact with VR to affect narrative
transportation.

Regarding our hypothesis H2 adopting a clinician’s perspective
during the VR experience significantly influenced emotional
engagement, the result is consistent with previous research
[32,33]. This insight emphasizes the value of learning from
other clinicians in strengthening emotional ties with patients,
thereby fostering affective empathy. The findings showed the
potential of VR in medical education by enhancing perceived
self-location, which can improve empathy toward patients. The
significant influence of perspective adopted by players reiterates
its role in enhancing emotional engagement, crucial for fostering
empathy in health care professionals.

The proposed direct relationships between psychological factors
and affective empathy (H3-H5) were all supported. The findings
demonstrate that a sense of perceived self-location in VR can
enhance narrative transportation, leading to increased emotional
engagement. In turn, this fosters affective empathy, a critical
skill for health care professionals to understand and respond to
patients’ emotional experiences effectively, a critical skill for
health care professionals to understand and respond to patients’
emotional experiences effectively. This sequential process
confirms the potential of VR in facilitating immersive,
emotionally engaging learning experiences in medical training,
promoting the development of affective empathy.

The exploration of the research questions (RQ1 and RQ2)
yielded compelling insights. The first research question
investigates potential interaction effects. Our findings indicate
a significant interaction effect among these conditions,
specifically revealing that scores on narrative transportation
were significantly lower in the condition using non-VR with a
patient’s perspective compared with the other 3 conditions. This
interaction effect suggests that the combination of platform and
perspective plays a crucial role in influencing narrative
transportation. One possible explanation is that adopting the
patient’s perspective in a non-VR environment may not provide
sufficient immersion or sensory cues to facilitate deep
engagement with the narrative. In contrast, VR may compensate
for the less immersive perspective by enhancing sensory
immersion, while adopting a clinician’s perspective may align
more closely with the students’professional identity, facilitating
engagement even in non-VR settings. This finding indicates
that the effectiveness of narrative transportation may depend
on the congruence between the medium, the perspective adopted,
and the user’s own identity and experiences. Future studies
could explore how personal relevance and role identification
influence narrative engagement across different platforms.

For the second research question, the study uncovered 3 indirect
effects: perceived self-location impacted affective empathy via
narrative transportation and emotional engagement, the platform
influenced affective empathy through self-location, narrative
transportation, and emotional engagement, and the perspective
affected affective empathy through emotional engagement.
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Theoretical Contributions and Practical Implications
This study makes significant theoretical contributions to the
fields of empathy research and narrative communication. It
demonstrates how VR can influence affective empathy through
mechanisms such as perceived self-location, narrative
transportation, and emotional engagement, thereby deepening
our understanding of the integral role immersive technologies
play in fostering critical emotional competencies. By identifying
the sequential mediation of these psychological factors, our
findings extend existing theories on empathy development and
immersive media, providing empirical evidence within the
context of nursing education.

These findings add valuable empirical evidence to empathy
research and highlight the importance of immersive,
technology-enabled experiences in shaping affective responses.
Specifically, our study fills a gap in the literature by focusing
on affective empathy rather than cognitive empathy, which has
been less examined in VR research. Furthermore, by exploring
the interaction between character perspective and affective
empathy within VR environments, the study offers a novel
perspective on empathy development and enriches narrative
communication research. This contributes to a more nuanced
understanding of how perspective-taking in VR can differentially
impact emotional engagement and empathy outcomes, which
has practical implications for designing effective educational
interventions.

From a practical standpoint, the findings offer actionable insights
for integrating VR into nursing education. We propose that
nursing programs should incorporate VR experiences that
emphasize perspective-taking from a clinician’s viewpoint to
enhance emotional engagement and affective empathy among
students. To address potential barriers such as cost, accessibility,
and technological limitations, nursing programs could start by
incorporating affordable VR solutions like stand-alone VR
headsets or 360-degree video experiences, which are more
feasible than high-end VR systems or simulation stations. For
accessibility, it is important to ensure that VR experiences are
also designed for students in the classroom settings.
Technological limitations, such as a lack of technical expertise
among faculty, can be mitigated through training workshops
and technical support services. In addition, curricula should be
designed to seamlessly integrate VR experiences into existing
courses, perhaps starting with pilot programs to evaluate
effectiveness before broader implementation. By proactively
addressing these barriers, educators can more effectively
leverage VR technology to enhance empathy training in nursing
education. By implementing these recommendations, educators
and institutions can leverage VR technology to significantly
enhance the quality of medical education and training, especially
in the domain of empathy development.

Limitations and Future Research Directions
This study has several limitations. First, while the sample size
was sufficient to yield statistical power, it was relatively small.
The participants were primarily female, white nursing
undergraduates from two Midwestern universities. The small
sample size may have also limited our ability to detect smaller
effect sizes. The homogeneity in gender and race may have

influenced the results, as previous research suggests that
empathy levels and responses to VR experiences can vary across
different demographic groups. For instance, gender differences
have been observed in emotional processing and empathetic
responses, which could affect how participants engage with
VR-based empathy training. Therefore, our sample may limit
the generalizability of the results.

Future studies should prioritize recruitment strategies that
enhance demographic diversity to ensure the broader
applicability of findings. One approach is expanding outreach
to institutions with more diverse student populations, such as
historically Black colleges and universities, Hispanic-serving
institutions, and community colleges. Establishing partnerships
with nursing programs in urban and rural areas can also help
reach a wider range of participants with different socioeconomic
and educational backgrounds. In addition, leveraging
professional nursing associations, student organizations, and
social media platforms can improve the recruitment of
participants from underrepresented groups. Providing flexible
participation options, such as internet-based study components
or varied scheduling, may further increase accessibility and
encourage participation from nontraditional students, working
professionals, or those with caregiving responsibilities.
Implementing these strategies can enhance inclusivity and
variability, ultimately strengthening the generalizability of future
research.

Second, the research design offered only a brief, single-session
exposure to VR and non-VR platforms and varying character
perspectives. This short exposure duration may not have allowed
sufficient time for participants to fully immerse themselves in
the VR experience or for the effects on empathy to fully
manifest. This limited interaction may not fully capture the
potential effects of extended VR-based training on empathy.
Longer or repeated exposures could provide a more accurate
assessment of VR’s impact on empathy development. Therefore,
longitudinal studies are recommended to investigate the
long-term effects of VR on empathy, providing insights into
the sustainability and potential long-term integration of VR into
medical education.

Third, while we used self-reported scales that have been
validated and widely used, these measures may introduce a
certain level of response bias. Self-reported data can be
influenced by social desirability or participants’ subjective
interpretations of the questions, which may affect the accuracy
of the results. Future investigations could stand to gain
significantly from incorporating more objective evaluative
methods, such as physiological and behavioral observations,
that would serve to substantiate the self-reported data. For
example, using biometric measures like heart rate variability or
skin conductance could provide objective insights into emotional
engagement and empathy responses. In addition, behavioral
assessments during simulated interactions could offer tangible
evidence of empathy development. Implementing mixed-method
approaches would mitigate reliance on self-reports and enhance
the validity of future research findings.

Finally, although the usability of the VR interface is important,
our study did not assess usability using standard questionnaires
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such as the System Usability Scale [48] or the Usefulness,
Satisfaction, and Ease of use [49] questionnaire. Future research
could incorporate these usability measures to provide a more
comprehensive evaluation of VR interfaces in educational
settings. Usability testing plays a crucial role in ensuring that
VR interventions in nursing education are intuitive,
user-friendly, and meet the needs of learners. A system that is
difficult to navigate or provides a poor user experience can
disrupt engagement and limit the effectiveness of the
intervention. Future research should integrate standardized
usability assessments, such as the System Usability Scale or
Usefulness, Satisfaction, and Ease of use questionnaire, to
systematically evaluate the user experience. These measures
will help identify areas for improvement, offering insights into
how the VR interface aligns with learning goals and how
usability affects student engagement and comprehension. By
incorporating such evaluations, design improvements can be
made—whether refining the interface, enhancing interaction
features, or adjusting the VR experience to better suit diverse
learning styles. Ultimately, addressing usability issues can
improve the practical application of VR in nursing education,

ensuring that immersive learning experiences are both accessible
and impactful for real-world clinical practice.

Conclusion
In this study, we explored the interactive roles of media
platforms and perspective-taking in shaping key psychological
factors, including perceived self-location, narrative
transportation, emotional engagement, and affective empathy,
in nursing education settings. The initial findings provide
empirical evidence for the potential of immersive technologies
as applicable pedagogical tools, particularly in teaching and
training future health care providers. The capacity of virtual
reality to facilitate the feeling of presence, build emotional
engagement, and foster empathy among nursing students shows
the potential to foster a greater degree of patient-centered care.
Therefore, this study advocates for a wider consideration of
integrating technologies into health care education curriculum
design and development. The potential benefits and financial
viability of VR technologies could enrich pedagogical
experiences and pave the way for the emergence of competent
health care professionals, well-equipped to navigate different
scenarios in health care delivery.
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Abstract

Background: Teaching severe pelvic trauma poses a significant challenge in orthopedic surgery education due to the necessity
of both clinical reasoning and procedural operational skills for mastery. Traditional methods of instruction, including theoretical
teaching and mannequin practice, face limitations due to the complexity, the unpredictability of treatment scenarios, the scarcity
of typical cases, and the abstract nature of traditional teaching, all of which impede students’ knowledge acquisition.

Objective: This study aims to introduce a novel experimental teaching methodology for severe pelvic trauma, integrating virtual
reality (VR) technology as a potent adjunct to existing teaching practices. It evaluates the acceptability, perceived ease of use,
and perceived usefulness among users and investigates its impact on knowledge, skills, and confidence in managing severe pelvic
trauma before and after engaging with the software.

Methods: A self-designed questionnaire was distributed to 40 students, and qualitative interviews were conducted with 10
teachers to assess the applicability and acceptability. A 1-group pretest-posttest design was used to evaluate learning outcomes
across various domains, including diagnosis and treatment, preliminary diagnosis, disease treatment sequencing, emergency
management of hemorrhagic shock, and external fixation of pelvic fractures.

Results: A total of 40 students underwent training, with 95% (n=38) affirming that the software effectively simulated real-patient
scenarios. All participants (n=40, 100%) reported that completing the simulation necessitated making the same decisions as
doctors in real life and found the VR simulation interesting and useful. Teacher interviews revealed that 90% (9/10) recognized
the VR simulation’s ability to replicate complex clinical cases, resulting in enhanced training effectiveness. Notably, there was
a significant improvement in the overall scores for managing hemorrhagic shock (t39=37.6; 95% CI 43.6-48.6; P<.001) and
performing external fixation of pelvic fractures (t39=24.1; 95% CI 53.4-63.3; P<.001) from pre- to postsimulation.

Conclusions: The introduced case-based VR simulation of skill-training methodology positively influences medical students’
clinical reasoning, operative skills, and self-confidence. It offers an efficient strategy for conserving resources while providing
quality education for both educators and learners.

(JMIR Med Educ 2025;11:e59850)   doi:10.2196/59850

KEYWORDS

case-based learning; virtual reality; pelvic fracture; severe pelvic trauma; hemodynamic instability; clinical skill training; VR;
pelvic trauma; medical student; pilot study; orthopedic surgery; theoretical teaching; acceptability
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Introduction

Severe pelvic trauma is characterized by unstable pelvic
fractures resulting from high-energy impacts, typically
accompanied by complications such as fatal massive bleeding
and organ injuries. The mortality rate in China is as high as
10%-30% [1-3]. Managing pelvic fractures with hemodynamic
instability poses a significant challenge within the orthopedic
surgery discipline [4,5]. The current gap that exists in the field
of the effectiveness of severe pelvic trauma clinical skill training
is multifaceted. It includes the inaccessibility of clinical teaching
in hospitals and the constraints of traditional classroom
instruction. In addition, owing to the complexity,
unpredictability of treatment locations, the rarity of typical
cases, reluctance to cooperate, and ethical concerns surrounding
clinical teaching, traditional methods of clinical skill training
in diagnosing and treating severe pelvic trauma are limited to
theoretical instruction and mannequin-based simulation. These
methods face limitations, including disproportionate
teacher-student ratios, high model consumption, insufficient
training spaces, the absence of comprehensive and immediate
feedback, and inadequate training overall. Specifically, on-site
mentoring can be challenging to achieve effectively and
efficiently. Therefore, a teaching model for severe pelvic trauma
needs to integrate new teaching strategies and computer
technology to address these issues. This study addresses gaps
in the current training methods and tools for managing severe
pelvic trauma by designing an innovative virtual reality
(VR)–based simulation platform.

In recent years, VR technology has gained widespread
acceptance in orthopedic surgery education because of its
multisensory immersive experience, the convenience of real-time
interaction, and a psychologically secure experimental
environment [6,7]. These technologies have mitigated the
limitations of time, space, and teaching resources in orthopedic
surgery education and addressed issues such as simulated
patients and the difficulty of repeated practice. To some extent,
this has enhanced the efficiency and quality of clinical practice.
Digital patient simulators have become valuable tools in medical
education, offering a standardized method of patient simulation
[8,9]. However, virtual patients typically only exhibit clinical
symptoms and signs, with minimal explanation of the underlying
fundamental medical knowledge of primary symptoms and
positive or negative signs. Furthermore, there is a scarcity of
research on virtual simulation teaching models that integrate
basic and clinical medicine for severe pelvic trauma. To mimic
the real teaching scenario of the disease and capture the sudden
and variable condition of patients in clinical settings, we
developed an electronic standardized patient (ESP) for severe
pelvic trauma, capable of replicating both macroscopic changes,
such as monitor display data, and microscopic changes,
including alterations in blood circulation, organs, tissues, and
cells. The ESP model facilitates the integration and application

of clinical and basic knowledge. The original design and
technology of the ESP were conceived by Professor Xing Ya
Gao’s team at Nanjing Medical University, Department of
Physiology [10]. An ESP is grounded in contemporary theories
of human systems physiology and incorporates relevant clinical
literature and data through analog circuits, physics, and other
methods to formulate a mathematical model. Artificial
intelligence and data analytics are used to refine and adjust the
simulation data. In summary, the ESP represents a web-based
intelligent standardized patient, enabling students to interact
with it in a virtual hospital setting from a physician’s
perspective. To date, the ESP has not been fully used in the
clinical skills education for severe pelvic trauma.

Case-based learning (CBL) is recognized as an effective
teaching strategy in clinical skills training [11,12]. CBL is
particularly valued in orthopedic surgery education for its ability
to enhance learner participation, foster active learning, and
develop critical thinking and problem-solving skills [13]. CBL
is an educational method designed to analyze medical records,
recreate real clinical scenarios, and engage learners in addressing
actual clinical challenges, thereby stimulating their curiosity
and promoting active learning [14].

CBL, combined with VR simulation technology, has been
successfully applied in midwifery laboratory courses, with its
effectiveness widely acknowledged by students [15]. However,
the application of these combined methodologies in teaching
clinical skills for severe pelvic trauma has yet to be explored.
Therefore, in this study, we introduced a case-based digital skill
training program for severe pelvic trauma and conducted mixed
methods to evaluate its acceptance among users. Additionally,
we implemented a pretest-posttest design to investigate the
potential impact of this clinical skills training on undergraduate
and graduate students. We hypothesize that the case-based VR
simulation teaching method will effectively complement current
training practices for severe pelvic trauma, enhancing
knowledge, procedural skills, and confidence, while also
improving instructional efficiency and effectiveness for
educators.

Methods

Study Design
We conducted a 4-phase study (Figure 1). First, we created the
simulated teaching case base and adapted typical clinical cases
based on the case writing guide [16,17]; subsequently, the case
script was developed. Next, we established the framework of
the VR system, comprising 3 ports and 3 system modules. To
facilitate the effective implementation of the teaching system,
we formulated a comprehensive training plan for department
administrators, course instructors, and medical students. A pilot
test of the system was conducted on a limited scale, followed
by a 1-group pretest-posttest design to assess its acceptability,
potential application, and existing limitations.
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Figure 1. A flow diagram illustrating the steps involved in developing a case-based VR simulation for severe pelvic trauma clinical skill training. VR:
virtual reality.

Phase 1: Case Development

Case Design
Specialists in basic and clinical medicine, drawing on a literature
review, real patient cases, and the course syllabus, designed the
cases. A representative case involved a worker who fell from a
high platform and was sequentially evaluated in the emergency
department, admitted to the intensive care unit, and taken to the

operating room as his condition worsened. The diagnostic and
treatment processes for this condition were standardized.
Learners were guided through different scenarios to acquire
both declarative and procedural knowledge for managing
patients with severe pelvic trauma. We developed 3 initial cases,
each representing a different stage of trauma and treatment
approach (Table 1). Learning paths for diagnosis and treatment
were outlined in a flowchart (Figure 2), based on clinical
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treatment guidelines [18,19] to serve as a framework for
evaluating student performance. We collected clinical

manifestations, relevant imaging, and laboratory examination
results of real patients.

Table 1. Three cases with patients diagnosed with pelvic trauma.

Case 3Case 2Case 1

Pelvic fracture with severe hemorrhagic shockPelvic fracture with mild hemorrhagic shockPelvic fractureDiagnosis

SevereModerateMildInjury evaluation

Plus computed tomography of the pelvis and abdomenPlus computed tomography of the pelvisStandardDiagnostics

Antihemorrhagic shock therapy, surgeryAntihemorrhagic shock therapy, surgerySurgeryTherapy

Figure 2. An optimal template for the diagnosis and treatment process of severe pelvic trauma (blue arrows for the correct path, red arrows for the
wrong path).
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The 3 cases varied in the severity of pelvic trauma, necessitating
different diagnostic and treatment strategies.

Script Design
Scripts focused on scenarios in emergency rooms, intensive
care units, and operating rooms. In a virtual emergency room,
users could interact with the ESP, using various diagnostic and
treatment methods, such as history taking, physical examination,
and auxiliary examination, to formulate a preliminary diagnosis
based on evidence gathered during the process. Learners
engaged with the ESP through text input or voice chat during
the history-taking session. They then entered pertinent
information into the system’s modules for general items, history
of present illness, personal history, marital history, and family
history. The system evaluated 4 aspects: completeness of the
inquiry framework, logical order of inquiries, communication

skills, and awareness of humanistic care, assigning scores based
on the accuracy of the information collected. The system also
recorded the total duration of inquiries and the time spent on
each module for later analysis. Physical examination, a
fundamental skill for diagnosing diseases, involves comparing
and identifying positive signs. The system assessed the patient
examination position, completeness and sequence of operational
steps, standardization of procedures, comprehensiveness of
examination content, accurate reporting of results, and basic
professional quality. Auxiliary examination, crucial for diagnosis
and treatment planning, involves evaluating laboratory tests and
computed tomography images. Upon completing these steps,
students made a preliminary diagnosis and a prioritized list of
differential diagnoses. Correct diagnoses led to immediate
treatment initiation; otherwise, students continued trial and error
in this module (Figure 3).

Figure 3. Screenshot of the emergency room. (A) The user acts as a doctor in the emergency room while interacting with the ESP by selecting different
diagnoses and treatment icons. (B) Trainees can choose the present history module in history taking to communicate with the ESP. (C) During the
physical examination session, students can use a tape measure to measure the distance between the bilateral anterior superior iliac spine and the xiphoid
process to determine whether the pelvis was displaced. (D) The students order a computed tomography scan to evaluate the location and severity of the
ESP’s injury. ESP: electronic standardized patient. Please note that a higher resolution version of this image can be found in Multimedia Appendix 1.

Upon initiating appropriate immediate treatment measures, the
ESP was transferred to the intensive care unit. Vital sign
monitors reflected real-time changes based on the condition and

treatment progression. In this module, users learned about the
causes, clinical manifestations, severity classifications, and
management of hemorrhagic shock (Figure 4).
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Figure 4. Screenshot of hemorrhagic shock and its treatment. (A) Monitors in the intensive care unit show decreased blood pressure, increased heart
rate, and subnormal central venous pressure and arterial oxygen saturation in the ESP. By users’ observation, the ESP at this time showed pallor,
decreased urine output, and cold sweats. Users can also learn about the compensatory mechanisms of ESP in terms of blood redistribution, autotransfusion,
and auto-infusion at the system, organ, and tissue levels after hemorrhagic shock. Screenshot of treatment principles for severe pelvic trauma. (B) In
this module, the user should drag the corresponding icons from all the treatment measures given on the left to the right blank according to the treatment
principle. When the dragged content matches the built-in answer of the system, the next section will be entered. ESP: electronic standardized patient.
Please note that a higher resolution version of this image can be found in Multimedia Appendix 1.

During the surgical procedure for external fixation of a pelvic
fracture, users first completed preparatory tasks such as
handwashing and donning surgical attire. Then, the ESP

underwent anesthesia, sterilization, positioning, drilling, and
bracket installation according to surgical standards (Figure 5).
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Figure 5. Screenshot of the surgical procedure of external fixation of pelvic fractures. (A) According to the sequence of operation, the users need to
complete disinfection, (B) laying, (C) positioning, (D) incising, (E,F) positioning and protection of the guide, (G) electric insertion of screw, (H) manual
insertion of screw, (I) use of rod-nail clamp and composite clamps, and (J,K) adjustment of the external fixator after manual reduction. Please note that
a higher resolution version of this image can be found in Multimedia Appendix 1.

Phase 2: Framework Construction

Construction of Pelvic Fracture Model
To provide learners with a comprehensive understanding of
pelvic anatomy and fracture morphology, we collaborated with
software engineers to develop the relevant content. The
development process involved several steps. Initially, 3D
modeling data of pelvic fractures were extracted from real
clinical cases, and a preliminary geometry was constructed using
the Maya (Autodesk) development tool to complete the
foundational model of pelvic fractures. Subsequently, the
ZBrush (Pixologic) tool was used to sculpt and refine the
fracture site shape, fracture line position, and bone surface
structure of the basic pelvic fracture model, minimizing the
detailed morphology of the pelvic fracture. Next, we used the
support model subdivision level adjustment feature to enhance
the pelvic fracture model’s subdivision level, showcasing the
complex structure of the fracture site. The addition of materials

and textures in Maya, such as bone texture and skin color and
texture, further improved the visual realism. The established
skeletal system was then integrated into the pelvic fracture
model, and animations were created based on real pelvic fracture
case data, including the degree of fracture displacement and the
relative position of fracture blocks. Finally, the pelvic fracture
model was exported from Maya to Unity (Unity Technologies)
for digital and real-time rendering, allowing learners to interact
with a pelvic fracture model in a virtual environment to simulate
actual surgical procedures. The development and construction
process of the pelvic fracture model is elaborated in Multimedia
Appendix 2.

Construction of System Application
The digital simulation system was segmented into 3 ports: the
department administrator, course leader, and user ports,
constructed on a website platform. The department’s primary
role is to create the appropriate courses in the system, either
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compulsory or optional. Once the courses are established, they
should be linked to the digital simulation skills training system,
and relevant instructors assigned to teach all enrolled students
for the semester. Course instructors are responsible for preparing
preview materials, learning videos, self-assessment questions,
and postclass surveys. They also review experimental outcomes
and evaluate their performance within the system. Users can
engage with the digital simulation system for severe pelvic
trauma by enrolling in or attending a scheduled course. Upon
system login, the interface offers 2 modes: training and
assessment. Due to the digital simulation experiment teaching
integration with the virtual simulation experiment teaching
sharing platform of Nanjing Medical University, campus users
are not required to register or authenticate before use, thanks to
unified identity verification and experimental data integration.

Phase 3: Personnel Training

Faculty Training
Faculty training targeted course directors and instructors from
various disciplines within basic and clinical medicine, aiming
to familiarize them with the digital simulation experimental
teaching system. They received training on case materials,
experimental teaching objectives, principles, teaching processes
and methods, steps, outcomes, and conclusions. Additionally,
they learned to address technical system issues, respond to
student inquiries, and interact with students on the platform
during experiments.

Student Training
Before software utilization, students were informed about the
operating system and hardware configuration requirements. The
application runs on a Windows 7 64-bit or higher PC, equipped
with a 3.60 GHz Intel i5 processor, 8 GB RAM, NVidia GTX
2060 graphic card, and a 1920×1080 display resolution. The
application supports various browsers on different operating
systems, such as Google Chrome, the 360 browser, and Firefox.
After accessing a specific URL, users must install
MengooLauncher, requiring less than 100 MB of plug-in
capacity, as indicated. Before proceeding to the autonomous
training or assessment interface, users familiarize themselves
with the experimental teaching objectives and principles through
introductory and instructional videos.

Phase 4: Pilot Running Evaluation of Digital
Simulation Software

Design
A self-controlled teaching comparison study was conducted at
Nanjing Medical University, China, from October 2023 to
January 2024, to examine the impact on knowledge, skills, and
confidence before and after using virtual simulation
experimental teaching software. All participants underwent a
knowledge assessment of equal difficulty before and after
system engagement.

In the initial design phase, the teaching and research teams
sought input from the software development team and feedback
from various users through internal reviews. A case-based VR
simulation of severe pelvic trauma was tested by students
majoring in clinical medicine, clinical teachers, and basic

medicine instructors. We distributed the ESP digital simulation
teaching web link via WeChat (Tencent) to pertinent users,
soliciting face-to-face or written feedback on case and script
design and software development, including aspects related to
clinical and basic medicine education. Additionally, the teaching
research group reviewed classical cases of severe pelvic trauma
and questionnaire responses.

Sampling and Recruitment
The recruitment criteria were as follows: (1) students must have
completed courses in diagnostics, internal medicine, and surgery;
(2) they needed to have a laptop for the study; (3) they should
not have participated in any form of digital simulation software
training for clinical skills prior; and (4) they agreed to participate
in the pilot study and signed an informed consent form. We
invited a purposive sample of 20 fourth-year undergraduates
and 20 first-year graduate students majoring in clinical medicine
from the First Clinical Medical College of Nanjing Medical
University to test the case-based VR simulation software. Based
on sample size requirements previously reported in the literature
for evaluating data collection materials, a minimum of 10
samples is necessary to ensure the adequacy and validity of the
assessment instrument [20]. The evaluation sought feedback
from a diverse group of users, including undergraduate and
graduate students, as well as teachers with various professional
titles. The qualitative study used a representative population
most familiar with the study topic, comprising 5 orthopedic
teaching teachers and 5 basic medicine teachers.

Data Collection
Participants were required to complete the training and
assessment using the digital simulation software for severe
pelvic trauma treatment. Our data collection involved a repeated
measurement approach to assess knowledge test scores before
and after the simulation. Feedback on the simulation teaching
tools was collected through a single questionnaire. Participation
in the survey was entirely voluntary, and students were informed
that their decision to participate would not impact their academic
standing. The survey distribution was conducted independently,
with no direct or known ties between the distributors and the
students, ensuring an unbiased and pressure-free environment
for participants. Participants were recruited and invited to
complete the survey through the WeChat platform using the
Wenjuanxing applet. The survey was administered anonymously
to encourage honest feedback on their experience with the VR
simulation software.

Outcome Assessment
Although evaluation questionnaires are commonly used to
compare learning tools, there is a dearth of validated tools for
assessing the ESP digital simulation software as a learning
instrument. Consequently, the questionnaire was adapted from
a validated assessment tool in educational literature, offering a
resource for future research on the perception in clinical medical
professional education. The questionnaire comprised 15
Likert-scale statements (1=strongly disagree to 5=strongly
agree), assessing accessibility and usability. The teaching team
and subject experts reviewed the questionnaire. Cronbach α for
the questionnaire was 0.85 (n=15). The questionnaire was
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adapted from a validated assessment tool widely used in
educational literature for clinical medical professional education
[21]. The instrument used for assessing system acceptability
was based on a modified version of the Technology Acceptance
Model questionnaire, with validation provided by Balki et al
[22]. The Cronbach α coefficient, which reflects internal
consistency, was calculated jointly for both the usability and
acceptability surveys, yielding a consistent value for both
aspects.

Data Analysis
Descriptive analysis was applied to the quantitative data
obtained from the Likert scale. For qualitative data, which
included responses to 7 open-ended questions, we used a
validated content analysis method as described by Elo and
Kyngäs [23]. All participant comments were transcribed and
imported into Excel (Microsoft Corp) for coding. The content
analysis process consists of several steps: (1) familiarizing
oneself with the data and the hermeneutic spiral, (2) dividing
up the text into meaning units and subsequently condensing
those meaning units, (3) formulating codes, and (4) developing
categories and themes [24]. Initially, the primary investigator
analyzed the content, and the research team subsequently
reviewed and discussed the codes to achieve consensus. In cases
of disagreement, group discussions were held, and, if necessary,
a third-party opinion was sought to ensure triangulation and
enhance reliability. The 7 open-ended survey questions are
provided in Multimedia Appendix 3 for reference.

For user acceptance analysis of the ESP platform among
undergraduates, graduates, and tutors, descriptive statistics were
used. To compare the mean rating scales of each survey item
between groups, an independent 2-tailed t test was performed
with a significance threshold of P<.05. Prior to conducting
parametric tests, we verified the assumption of normality using
the Shapiro-Wilk test, confirming that the data met the

requirements for a parametric approach. This method was chosen
over nonparametric tests due to the normal distribution of the
data, making it suitable for our sample size and study design.

Ethical Considerations
The Nanjing Medical University ethics committee approved
this study (2023418). During the informed consent process,
participants were made aware that no incentives were provided
for participation in the survey. All methods were implemented
in accordance with the Helsinki declaration. All participants
were voluntary in the study.

Results

Demographic Results
Of the 56 students enrolled in the optional course on the
integrated case of severe pelvic trauma in October 2023, 40
students consented to participate in the pilot study. Among these
participants, 50% (n=20) of the students were senior-year
undergraduates, 50% (n=20) of the students were first-year
graduates (n=20), 45% (n=18) of students were men, and 55%
(n=22) of the students were women. The mean age was 22.9
(SD 1.3) years. Among the undergraduate participants (n=20),
there were 10 male and 10 female students, with a mean age of
21.9 (SD 0.9) years. For the graduate participants (n=20), there
were 8 male and 12 female students, with a mean age of 24.0
(SD 0.8) years. Ten faculty members with at least 5 years of
teaching experience in orthopedic surgery or basic medicine
were also invited to participate. Neither the students nor the
faculty had prior experience with this type of digital simulation
platform. All participants were required to complete the
questionnaire shortly after finishing the training tasks.

Questionnaire Results
A 5-point Likert scale assessed perceptions of the acceptability,
effectiveness, and applicability, summarized in Table 2.
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Table 2. Average rating scores of survey questions (Q1-Q15) by all students.

Average rating scores, mean (SD)Survey questions

Graduate studentsUndergraduate students

4.80 (0.40)4.40 (0.66)a(1) The digital software provides a simulation of a real patient

3.90 (1.14)3.90 (0.99)(2) During the simulation, I felt like a doctor taking care of this patient

4.80 (0.40)4.55 (0.50)(3) When I finished the simulation, I felt I had to make the same decisions as doctors in real life

4.70 (0.46)4.85 (0.36)(4) The VRb simulation is interesting and useful

4.60 (0.49)4.10 (0.94)a(5) The difficulty of the VR simulation is appropriate to my own level of knowledge and skills

4.60 (0.66)4.80 (0.40)(6) The feedback from the system adequately reflected my actual performance

4.80 (0.40)4.55 (0.59)(7) The goals of scenario simulation are clear and easy to understand

4.90 (0.30)4.75 (0.54)(8) I can access the system anytime and anywhere for simulation training

4.20 (0.87)4.80 (0.40)c(9) The VR simulation can help me to use basic medical knowledge to explain clinical manifestations
of clinical reasoning skills

4.60 (0.49)4.30 (0.78)(10) The ESPd simulator can help me develop clinical operation skills

4.70 (0.46)4.40 (0.80)(11) I feel more confident about working with hospital colleagues

4.60 (0.49)4.40 (0.66)(12) The VR simulation increased my confidence as a practicing physician

4.75 (0.43)4.60 (0.49)(13) The VR simulation can support courses and exams

4.50 (0.50)4.90 (0.30)c(14) Compared with traditional teaching practice training methods, VR simulation can reduce my
training cost and risk

4.80 (0.40)4.80 (0.40)(15) In general, this VR simulation training should enhance my learning

aP<.05 compared to the graduate student group.
bVR: virtual reality.
cP<.01 compared with the graduate student group.
dESP: electronic standardized patient.

The respondents showed strong agreement; 95% (n=38) agreed
or strongly agreed that the interactive software simulated a real
patient scenario (Q1 in Figures 6 and 7). However, 68% (n=27)
agreed or strongly agreed that “During the simulation, I felt like
a doctor caring for this patient” (Q2), with 18% (n=7) neutral

and 15% (n=6) disagreeing. All students (n=40, 100%) felt they
had to make real-life doctor decisions by the end of the
simulation (Q3) and found the VR simulation interesting and
useful (Q4).

Figure 6. Acceptability, effectiveness, and applicability of the case-based VR software by undergraduate students. ESP: electronic standardized patient;
VR: virtual reality. Please note that a higher resolution version of this image can be found in Multimedia Appendix 1.
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Figure 7. Acceptability, effectiveness, and applicability of the case-based VR software by graduate students. ESP: electronic standardized patient; VR:
virtual reality. Please note that a higher resolution version of this image can be found in Multimedia Appendix 1.

Additionally, 90% (n=36) believed the VR simulation’s
difficulty was appropriate for their knowledge and skills (Q5),
while 5% (n=2) disagreed. Moreover, 95% (n=38) reported that
the feedback from the system sufficiently reflected their
performance (Q6). Most students (95%, n=38) understood the
goals of the scenario simulation clearly (Q7). Nearly all students
(98%, n=39) could access the system anytime for training (Q8),
and 98% (n=39) agreed that “The VR simulation can help apply
basic medical knowledge to clinical reasoning skills” (Q9).

When inquired if the ESP simulator aided in developing clinical
operational skills (Q10), 85% (n=34) agreed. Regarding
confidence in collaborating with hospital colleagues (Q11) and
functioning as practicing physicians (Q12), 90% (n=36) agreed
or strongly agreed. All students (n=40) concurred that the VR
simulation supports courses and exams (Q13), is cost-effective
compared to traditional training (Q14), and enhances learning
overall (Q15).

Impact of Training Level on Questionnaire Answers
Finally, a 2-tailed t test was used to compare the average rating
scales between undergraduate and graduate students. This

analysis aimed to determine if the responses varied according
to their academic level. Specifically, for Questions 1 and 5,
undergraduate students exhibited significantly stronger
disagreement than their graduate counterparts, as indicated by
the P values (Q1, P=.03; Q5, P=.047). Moreover, when
compared to graduate students, a larger proportion of
undergraduates believed that VR simulation could enhance their
clinical reasoning abilities (Q9, P=.009) and decrease their
training costs and associated risks (Q14, P=.004). Additionally,
all participants indicated a low level of agreement with the
statement “During the simulation, I felt like a doctor taking care
of this patient” (Q2, P=.99). No significant differences were
observed in responses to the remaining questions when analyzed
based on academic level.

Qualitative Analysis

Overview
The members of the research team conducted a 1-to-1 structured
interview with the participating teachers around the interview
outline of 7 open questions formulated in advance, as shown in
Table 3.
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Table 3. Themes of teacher groups’ interview on the application and research of digital simulation teaching curriculum system.

TeacherTheme

“As one of the most complex and urgent diseases in orthopedics, severe pelvic trauma often fails to receive on-site teaching
from teachers in the tense emergency treatment site. In addition, due to the long treatment period of this disease, it takes a long
time to fully learn the diagnosis and treatment process of this disease. However, in real life, learners only spend limited time
rotating with one department and cannot follow through the entire disease process and treatment course. By creating typical
cases of severe pelvic trauma and constructing a virtual clinical diagnosis and treatment environment based on ESP, this system
shortens the learning cycle of students, enables learners to experience different treatment settings, allows a large scale concurrent
online participation breaking through the limitations of traditional teaching in time and space and improving the efficiency of
teaching organizations.”

Perceived benefits of
systematic teaching

“It helps me conduct classified teaching according to the basic knowledge level of undergraduates and postgraduates. The basic
medical and clinical medical knowledge involved in the disease set in the system is suitable for students at different undergrad-
uate and postgraduate levels to learn. At the same time, the extensibility of the system enriches the flexibility and innovation
of students’ training and assessment.”

The appropriateness
of case application
subjects

“The teaching design of this case is very suitable for the objective structured clinical examination scenario, which is closer to
reality than traditional simulation training scenario. In addition, it introduces ESP, without the need for on-site re-placement
of exam environments and standardized patient training.”

The extendibility of
course application

“In the early stage of communication and interaction with the ESP speech inquiry, it was found that the ESP lacked a large
sample of language training model library, so it could not recognize the semantics of the trainer. In addition, the ESP has not
achieved the language style characteristics of different types of characters at this stage.”

The limitations of
systematic research

“To enhance the virtual ESP simulation system, five improvements were suggested: enlarging the ESP case database, incorpo-
rating a feature for automatic and manual responses to technical queries, broadening the range of disease diagnosis and treatment
simulations, expanding the ESP history collection database, and advancing the ESP’s artificial intelligence for inquiry processing.”

Recommendations
for enhancing sys-
tematic research

Theme 1: Perceived Benefits of Systematic Teaching
Participants noted that the digital simulation experimental
teaching system for severe pelvic trauma significantly improved
teaching efficiency and effectiveness, overcoming the traditional
teaching constraints related to time and space.

Theme 2: The Appropriateness of Case Application
Subjects
Most participants pointed out the variable difficulty of teaching
cases within the system for different learning groups,
highlighting the advanced design. The freedom for students to
interact with the ESP in the system underscores its innovative
development. The immersive simulation for diagnosis, treatment
training, and assessment allowed students to thoroughly apply
their theoretical knowledge and skills, presenting a notable
challenge.

Theme 3: The Extendibility of Course Application
The majority of participants regarded case-based digital
simulation systems as potent educational tools for both
undergraduate and graduate training. A substantial number of
participants viewed the system as suitable for integration into
an objective structured clinical examination.

Theme 4: The Limitations of Systematic Research
Some limitations of the digital simulation software were reported
by participants, particularly issues with the ESP not always
accurately recognizing the semantics and tone of the inquiries.

Theme 5: Recommendations for Enhancing Systematic
Research
A large case base, different training paths, and smarter ESP
interaction can enhance the freshness, challenge, and realism
of the ESP experience for the trainers.

Theoretical Knowledge Level of Severe Pelvic Trauma
A comparison of theoretical examination scores before and after
participants used the digital simulation software for severe pelvic
trauma showed significant improvements in their overall scores
for diagnosing and treating the condition, making preliminary
diagnoses, the sequence of disease treatment, emergency
management of hemorrhagic shock, and performing external
fixation of pelvic fractures (Table 4). The IQR box plots for the
theoretical knowledge levels of severe pelvic trauma, both
pretest and posttest, are provided in Multimedia Appendix 4.
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Table 4. Mean scores at presimulation and postsimulation for the 5 uncoached assignments.

P valuebCohen dt test

(df=39)
Mean differencea

(95% CI)

Postsimulation score,
% (SEM)

Presimulation score,
% (SEM)

Severe pelvic trauma clinical skill training

.0013.425.935.5 (32.7-38.3)85.5 (1.4)49.9 (2.0)Order of diagnosis and treatment

.0016.041.844.4 (42.2-46.5)89.4 (1.0)45.1 (1.4)Make a preliminary diagnosis

.0013.214.325.8 (22.2-29.5)95.2 (0.5)69.4 (1.8)Order of disease treatment

.0018.537.646.1 (43.6-48.6)85.8 (0.8)39.7 (0.9)Emergency treatment of hemorrhagic shock

.0015.324.158.4 (53.4-63.3)91.1 (0.7)32.7 (2.3)External fixation operation of pelvic fracture

aThe analysis included only paired data. The mean difference is the difference in mean presimulation score and mean postsimulation score.
bP value obtained from a paired 2-tailed t test.

Discussion

Principal Findings
This study yielded 3 primary findings. First, we developed a
case-based digital simulation teaching system for severe pelvic
trauma, incorporating principles of basic and clinical medicine.
In contrast to traditional training methods, the VR system allows
students to engage in repeated practice at their own pace,
providing immediate and standardized feedback after each
interaction. This feature overcomes challenges like high
teacher-student ratios and insufficient feedback, which are
common in traditional training environments. Furthermore, the
use of a computer model to demonstrate physiological
hemodynamic changes has been shown to aid in understanding
the connection between clinical phenomena and underlying
knowledge. Second, the software’s acceptability, perceived ease
of use, and perceived usefulness were highly regarded by users.
Finally, the application of this digital simulation teaching system
resulted in a significant improvement in all participating
knowledge and skill scores. These findings contribute to the
innovation in severe pelvic trauma skills training and may offer
guidance for the development of enhanced training strategies
and the revision of orthopedic surgery training standards.

Comparison to Prior Work
Although severe pelvic trauma is relatively rare in China, our
hospital, being an orthopedic center of excellence, sees a higher
incidence, treating over 100 patients annually and performing
more than 20 external pelvic fixation procedures. The design
of our case-based VR simulation curriculum for severe pelvic
trauma draws from real cases, expert consensus, and literature
reviews. Although previous research has demonstrated the
efficacy of integrated learning [25], simulation training [26,27],
traditional CBL [13], online learning [28], and digital patient
simulator-assisted learning [29] in orthopedic clinical skills
training, few studies have combined these methodologies. To
our knowledge, this research is the inaugural study to
amalgamate these proven effective training methods to enhance
severe pelvic trauma clinical skill training, using a hybrid
approach to assess the digital simulation efficacy.

Participants’ acceptance of this clinical skills training was
evident in several areas. Most participants felt the simulation
training provided a compelling immersion experience, was
accessible at any time and location, and had clear and

understandable case scenario goals. Previous studies indicate
that digital simulation software can significantly impact learning
success [30]. Moreover, the degree of immersion is crucial in
VR software, as identification with a digital character directly
influences learning motivation and effectiveness [31].
Concerning the utility, all students concurred that the
self-directed exploration learning method facilitated a deeper
understanding of the knowledge and skills necessary for treating
severe pelvic trauma and bolstered their confidence in handling
similar conditions in real-life scenarios.

However, acceptance of clinical skill training was lower in
certain aspects. A minority of trainees felt that the digital
simulation technology’s construction of the clinical environment
and ESP allowed for experimentation within a safe
psychological space. Studies suggest that digital simulators are
effective for training doctor-patient communication skills [32].
Nevertheless, the discrepancy between virtual scenarios and
real-life situations led to challenges in caring for actual patients.
In our pilot study, most learners reported difficulty in direct
communication with the ESP in the virtual environment,
including eye and body language, and in discerning the nuances
of the real language environment (such as tone and intonation);
hence, they did not fully practice effective doctor-patient
communication skills. Future educational efforts in all hospital
departments should prioritize teaching doctor-patient
communication skills to students.

Differences in the efficacy of case-based VR in pelvic trauma
clinical skills training were observed between undergraduate
and graduate students. Undergraduate respondents felt that after
undergoing training with the digital simulation system, they
solidified their basic medical knowledge and mastered the
diagnostic and treatment processes for severe pelvic trauma;
however, they expressed a lack of confidence in performing
pelvic fracture external fixation. Graduate respondents believed
that systematic training deepened their understanding of the
diagnosis, treatment, and operational procedures for
antihemorrhagic shock therapy and pelvic fracture external
fixation. These variances are attributable to their respective
stages of learning: undergraduates possess a stronger foundation
in basic medical knowledge, while graduates have more
opportunities to apply clinical knowledge in practice.
Furthermore, undergraduate students outperformed graduate
students in retaining disease-related knowledge due to their
firmer grasp of basic medical principles. Conversely, their skills
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were slightly inferior to those of graduate students, a disparity
linked to the latter’s greater internship experience and the
number of surgical procedures conducted in the hospital. Thus,
the training focus should be tailored to each need during severe
pelvic trauma clinical skill training.

Quantitative outcome analyses revealed an overall improvement
in pass rates at crucial assessment points posttraining with the
digital simulation system, with external fixation of pelvic
fractures displaying the most significant enhancement.
Participants identified the realism and interactivity of the pelvic
fracture model within the virtual environment as pivotal in
elevating their learning experiences and assessment scores.
Despite this, scores for external fixation of pelvic fractures were
not the highest due to the inherent complexity and the necessity
for interns to rotate through the orthopedic department to gain
familiarity with patient care and the surgical technique [33].
Although the scores for diagnosing and treating the disease were
the lowest presimulation, participants’ scores in these 2
categories were the highest.

Personal interviews confirmed that teaching software facilitates
large-scale online student learning in terms of ease and
effectiveness. Tailoring cases to different learner groups
introduced high levels of order, innovation, and challenge. The
experiment also addressed challenges such as prolonged
real-world teaching durations, access to actual patients, and
teaching environment constraints. However, 1 instructor

cautioned that this innovative skill training should complement,
rather than replace, traditional teaching methods, a sentiment
echoed by other educational research [21,34].

Implications
The digital simulation software for severe pelvic trauma
provides undergraduates with an immersive learning experience
that bridges theoretical knowledge and practical skills. For
graduate students, it offers targeted preclinical training,
preparing them for real-world trauma care. This approach
enhances skill acquisition and promotes standardized training,
potentially improving patient outcomes in severe trauma cases.

Limitations
Limitations include the inability to directly compare the digital
simulation teaching system for severe pelvic trauma with
traditional teaching models. Moreover, being self-controlled,
participants’preexisting knowledge about the digital simulation
system may have biased the outcomes. Although the participant
count was sufficient for statistical analysis in this pilot study,
the sample size remains limited.

Conclusions
Case-based VR simulation of skill training is an effective
educational approach for medical students learning about severe
pelvic trauma. It presents a potentially resource-efficient
approach to delivering high-quality education for both educators
and learners.
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Abstract

Background: The use of extended reality (XR) technologies in health care can potentially address some of the significant
resource and time constraints related to delivering training for health care professionals. While substantial progress in realizing
this potential has been made across several domains, including surgery, anatomy, and rehabilitation, the implementation of XR
in mental health training, where nuanced humanistic interactions are central, has lagged.

Objective: Given the growing societal and health care service need for trained mental health and care workers, coupled with
the heterogeneity of exposure during training and the shortage of placement opportunities, we explored the feasibility and utility
of a novel XR tool for mental health consultation training. Specifically, we set out to evaluate a training simulation created through
collaboration among software developers, clinicians, and learning technologists, in which users interact with a virtual patient,
“Stacey,” through a virtual reality or augmented reality head-mounted display. The tool was designed to provide trainee health
care professionals with an immersive experience of a consultation with a patient presenting with perinatal mental health symptoms.
Users verbally interacted with the patient, and a human instructor selected responses from a repository of prerecorded voice-acted
clips.

Methods: In a pilot experiment, we confirmed the face validity and usability of this platform for perinatal and primary care
training with subject-matter experts. In our follow-up experiment, we delivered personalized 1-hour training sessions to 123
participants, comprising mental health nursing trainees, general practitioner doctors in training, and students in psychology and
medicine. This phase involved a comprehensive evaluation focusing on usability, validity, and both cognitive and affective
learning outcomes.

Results: We found significant enhancements in learning metrics across all participant groups. Notably, there was a marked
increase in understanding (P<.001) and motivation (P<.001), coupled with decreased anxiety related to mental health consultations
(P<.001). There were also significant improvements to considerations toward careers in perinatal mental health (P<.001).
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Conclusions: Our findings show, for the first time, that XR can be used to provide an effective, standardized, and reproducible
tool for trainees to develop their mental health consultation skills. We suggest that XR could provide a solution to overcoming
the current resource challenges associated with equipping current and future health care professionals, which are likely to be
exacerbated by workforce expansion plans.

(JMIR Med Educ 2025;11:e64619)   doi:10.2196/64619

KEYWORDS

mental health; training; consultation; extended reality; virtual reality; augmented reality

Introduction

As the demand for mental health services in health care systems
continues to rise, the need for skilled professionals capable of
providing effective mental health consultation and support also
increases [1,2]. In the face of changing workforce training
requirements (coupled with significant health care workforce
expansion plans), there is a growing recognition that the
effective implementation of emerging technologies could help
overcome some of the logistical and resource-related barriers
involved in education and training.

Mental health nursing, in particular, faces distinct challenges
that necessitate specialized training solutions. Mental health
nurses encounter unique stressors, including high levels of
emotional exhaustion, moral distress, and exposure to
patient-initiated violence, all of which contribute to job
dissatisfaction and high turnover rates [3], which in turn
negatively impact workforce stability, patient outcomes, and
overall health care service quality [4]. Additionally, mental
health nurses often report insufficient opportunities for
continuing professional development and limited support from
leadership, further compounding retention challenges.
Addressing these issues through targeted and innovative training
approaches is essential for fostering resilience, enhancing job
satisfaction, and improving workforce retention.

Beyond specialist mental health settings, primary care physicians
or general practitioners (GPs) also play key roles in managing
mental health conditions, with more than a third of general
practice consultations involving mental health issues [5].
Effective communication and therapeutic relationships have
been shown to significantly influence outcomes, emphasizing
the need for better training in interpersonal and empathetic skills
for managing mental health conditions in primary care.
However, variability in the ability of GPs to detect and manage
mental health issues highlights gaps in current training models
[6]. As communication forms a central part of mental health
treatment, poorly trained clinicians may inadvertently block
disclosure of emotional distress, potentially delaying critical
interventions [5]. Therefore, innovative training approaches are
crucial not only for mental health nurses but also for GPs and
other health care professionals involved in mental health
consultations.

Traditional training for health professionals in managing mental
health problems typically relies on a combination of in-person
placements, which employ observation-based learning, and
actor-based simulations. While in-person placements provide
valuable real-world experience, they often present challenges,

such as unpredictable exposure to a diverse range of patient
demographics, risks to both students and vulnerable service
users, and limited opportunities for structured feedback.
Actor-based simulations, on the other hand, are difficult to scale
and standardize due to variability in actors’ interpretations of
scripts and inconsistencies in their familiarity with specific case
studies. These limitations make it challenging to provide health
care professionals with the comprehensive training necessary
to handle the complexities of mental health consultations.
Effective and compassionate mental health consultations require
more than procedural knowledge. They demand the ability to
empathize, engage in therapeutic communication, and establish
a strong patient-provider relationship. To address these needs,
training must focus on promoting empathy and compassion
while preparing health care professionals to navigate the diverse
backgrounds and emotional experiences of patients. However,
traditional training methods often struggle to meet these goals
due to ethical concerns around exposing students to sensitive
cases and the inherent difficulty in replicating the unpredictable
dynamics of real-life mental health scenarios.

Advances in a suite of new immersive technologies that go
under the banner of extended reality (XR) and include virtual
reality (VR) and augmented reality (AR) could be particularly
well-suited to address these challenges by providing interactive,
standardized, repeatable learning experiences that bridge the
gap between theory and practice. VR presents users with a
computer-generated environment that immerses them in a fully
digitally simulated environment, while AR overlays virtually
generated elements onto the real world. The value of XR for
health care training has already been demonstrated across
various domains, such as surgery [7], physical rehabilitation
[8], anatomy [9], and the training of practical skills in nurses
[10]. However, the implementation of XR in the training of
mental health professionals has lagged.

Given the importance and complexity of training for mental
health consultations, coupled with the increasing workload
pressure on GPs and mental health nurses to meet the
population’s mental health support needs [7], we set out to test
whether XR technology could be used to create a training
environment to support the development of mental health
consultation skills. We reasoned that the ability to deliver
standardized repeatable experiences of varied patient encounters
(including more rare presentations) in a safe and controlled
environment could provide a learning experience that nurtures
confidence and competence in consultation skills that augment
traditional training.

To assess the potential efficacy of XR in mental health
consultation training, we focused on perinatal mental health
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training, a subspecialty supporting women navigating mental
health challenges during pregnancy or the initial postpartum
year. This is an area of the mental health service with an urgent
training need. The recent report of the Royal College of
Psychiatrists [8] highlighted a critical need for comprehensive
perinatal training programs across both specialized and general
health care services. There is also a notable lack of confidence
among perinatal mental health nurses in their capacity to deliver
care to women with perinatal mental health challenges, with
only a quarter feeling well-equipped to support these women
[9]. Trainees also have relatively limited opportunities to train,
with a shortage of placement opportunities. A recent review of
perinatal mental health education across 32 UK medical schools
[10] found that perinatal mental health was not considered a
core curriculum topic. Instead, it was typically incorporated as
a subtopic within broader topic areas, such as lectures on
depression. Given the shortage of staff and limited placements
in perinatal mental health, a new training tool that could support
the development of the next generation of health care staff could
have an immediate impact.

Here, we report on the validation and evaluation of a novel XR
training tool developed through a collaboration between software
developers and health care staff, including nurses specializing
in perinatal mental health and GPs. The simulation presents an
interactive virtual patient (“Stacey”) with severe perinatal mental
health problems. Stacey is a mother of 2 children, with her
youngest child only 4 weeks old, and has a record of mild
postnatal depression following her first birth. Low mood,
suicidal ideation, and episodes of psychosis add complex layers
to her clinical presentation. Users interact with Stacey verbally,
and her responses are selected by a human instructor from a
range of prerecorded voice-acted clips in an audio repository.
We explore the utility of this tool for supporting social and
emotional interactions with the simulation, investigate the ease
of use for trainers and trainees, and evaluate the impact on
cognitive and affective learning.

Methods

Overall Approach
We undertook a 2-stage evaluation process that included a pilot
study exploring feasibility and a subsequent evaluation of the
perinatal mental health XR training experience in terms of
learning outcomes and perceptions. In this section, we introduce
the simulation platform and training experience and
subsequently detail the methods and procedures common to and
distinct for each phase of the experiment. It should be noted
that the authors involved in developing the content played no
role in the evaluation. The analysis was carried out
independently by the authors KH, LT, and FM.

This study was not designed as a head-to-head comparison with
traditional training approaches. Some participants, particularly

those in mental health nursing, had previously received standard
training methods (eg, classroom-based teaching, in-person
clinical placements, or actor-based role plays), but these forms
of training were not systematically assessed here. Instead, the
primary aim was to evaluate the feasibility and potential impact
of XR as a supplementary training tool. We have thus included
the details of traditional training experiences for context but did
not incorporate a direct comparative arm in this work.

XR Simulation
The simulation was built on a platform (“JoinXR”) created by
the software developer Fracture Reality. The JoinXR platform
was designed to enable multi-user simulation training
environments over a range of head-mounted VR or AR displays.
In the evaluation, we used the Meta Quest 2 headset (Meta
Platforms, Inc) for the VR version of the platform and Microsoft
HoloLens 2 (Microsoft Corp) for the AR version.

The human-computer interface within the JoinXR platform was
central to facilitating immersive lifelike interactions with the
virtual patient. The interface allowed learners to engage through
natural voice-based dialogue, processed in real time using
instructor-guided responses. The integration of audio feedback,
gesture recognition (HoloLens 2), and hand controllers (Meta
Quest 2) enabled users to navigate the virtual space intuitively.
Learners interacted directly with Stacey, the patient avatar,
whose responses, including eye contact, subtle emotional cues,
and body movements, were programmed to mimic real-world
patient behavior, creating a realistic and contextually relevant
learning experience. Users engaged with the simulation through
natural voice-based dialogue and through VR controllers (Meta
Quest 2) or hand-tracking gestures (HoloLens 2). Nonverbal
communication, such as the avatar’s facial expression, body
language, and spatial audio, enhanced the simulation’s realism.

The JoinXR platform was designed to be a conversational engine
enabling “human to digital avatar” interactions in a multi-user,
real-time environment. In this way, it could facilitate remote
participation by learners, instructors, and observers, supporting
the practice and refinement of nonroutine clinical skills. The
learner-instructor dynamic was a crucial component of the
simulation, incorporating both real-time guidance and
postsimulation feedback. Instructors played an active role during
the interaction by interpreting learner inputs and controlling
Stacey’s responses using a soundboard system (Figure 1B).
This allowed for dynamic adaptations, where learners could
engage organically with the avatar and explore different
conversational pathways. After the simulation, instructors
conducted debrief sessions using performance analytics that
tracked response accuracy, emotional sensitivity, and
decision-making, providing learners with targeted feedback to
refine their clinical competencies.
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Figure 1. Development of the learning platform. (A) Wireframe of the patient avatar, Stacey; (B) Soundboard for instructors to control Stacey’s
responses; (C) Setting for the consultation, showing the learner (blue) and the patient avatar.

During the simulation, learners interacted with Stacey by asking
questions that were either processed by conversational artificial
intelligence (AI) or directly controlled by the instructor for
tailored responses. Stacey’s reactions were designed to simulate
real-world patient behaviors, including nuanced emotional
expressions and gestures. Figure 2B illustrates an example
consultation scenario in which the learner uses voice input to
ask about Stacey’s symptoms, prompting verbal and nonverbal
responses (eg, maintaining eye contact and gesturing to
emphasize a point).

Learners using VR devices (Meta Quest 2) could navigate the
virtual consultation room using handheld controllers to
manipulate objects, such as a clipboard or a stethoscope, or to
adjust their position relative to Stacey. In contrast, AR users
(HoloLens 2) experienced a blended environment where
Stacey’s avatar appeared within a real-world room.

The clinical simulations were developed through collaboration
between Fracture Reality and a panel of subject-matter experts
from the National Health Service (NHS), including mental
health clinicians, GPs, and psychologists specializing in perinatal
mental health. These experts supported the design of all aspects
of the simulations, from character development and storyline
construction to ensuring the accurate portrayal of medical
conditions. Prior to the present evaluation, the development
process included an iterative feedback process involving
clinicians with primary care and perinatal mental health
experience, software developers, and intended end users.

The specific focus of our evaluation is the first clinical
simulation scenario developed using this new platform (Figure
1). The simulation is centered around a female patient avatar
(“Stacey”). The aforementioned clinical experts contributed to
the development of her patient history and personal attributes.
Digital reference photos were then gathered to build a montage
of the patient. A base model was built by taking a full body scan
of a human model and was modified using a combination of
3D modeling software. The 3D models were created using a
combination of Maya (Autodesk) and Blender (Blender
Foundation). Clothing was designed, and then, the digital model
was dressed. Bespoke custom lighting and skin rendering
pipelines were developed to deliver realistic digital human
features that could be rendered on headsets using low-powered
graphics processing units.

Multiple script iterations were recorded, and the dialogue was
reviewed and refined for clinical authenticity by the Fracture
Reality team in consultation with the aforementioned
subject-matter experts. Auditions were held to select actors.

Studio sessions and spatial audio engineering rebalanced vocals
to realistically imitate the patient avatar. Animations combined
motion capture, hand animation, and lip-syncing for seamless
responses. A custom Unity system facilitated quick and accurate
lip-syncing to facial expressions and body poses (Figure 2).
Reference photos from NHS facilities were used, and lighting
was tailored for realistic environments, focusing on meaningful
prop placement.

Two scenarios were designed, each tailored to address the needs
of 2 primary but distinct target groups: mental health nursing
students and primary care trainees (postgraduate doctor in GP
training). While both scenarios feature a patient named Stacey
presenting with a similar mental health condition, contextual
variations were introduced to align more closely with the
necessary professional capabilities of the respective trainee
groups.

In the mental health nursing scenario, Stacey Morris is
introduced as an emergency referral from her GP for a
comprehensive assessment. Stacey, a 32-year-old mother of 2
children, with a 4-week-old newborn, has a history of
postpartum depression following the birth of her first child. The
primary objective for the student in this scenario is to conduct
an initial mental health examination of Stacey.

In the primary care scenario, following a telephone conversation
with her husband, Josh, who expressed concerns about her
behavior, the postgraduate doctor in GP training agrees to meet
Stacey in her home. Stacey in this scenario has a similar profile
as in the mental health nursing scenario. She is a 32-year-old
mother of 2 children, with her youngest child being 4 weeks
old. In this context, the role of the postgraduate doctor in GP
training centers on conducting a comprehensive mental health
assessment with Stacey.

For each context, specific learning outcomes were defined by
subject-matter experts. For the mental health nursing scenario,
learners were expected to (1) understand and reflect on the lived
experience of assessing the mental health of a patient with
perinatal mental health problems; (2) identify signs and
symptoms of perinatal mental ill health in acute assessment
presentation; (3) apply the skills, knowledge, and abilities
relevant to one’s own profession in the assessment of mental
health; and (4) have an appropriate reflected and evaluated
performance of the task in a supported reflection. For the
primary care setting, learners were expected to be able to (1)
take history from a patient presenting with an acute psychotic
illness; (2) ascertain and evaluate information relating to
safeguarding; and (3) assess suicide and homicide risk.
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Figure 2. Development of the verbal storyboard and voice integration for patient avatar interactions. (A) Demonstration of the process of integrating
voice actors’performances into the patient avatar through a custom Unity-based lip-syncing system. Multiple iterations of dialogue scripts were recorded,
and voice actors were selected via auditions, with audio engineering applied to simulate realistic patient speech patterns. Motion capture, hand animation,
and spatial audio balancing enhanced the avatar’s authenticity. (B) Demonstration of the verbal storyboard for the virtual patient, displaying categorized
responses covering key clinical themes such as psychosis, self-harm, and family concerns. The storyboard guided the avatar’s realistic conversational
flow, informed by clinical expertise and reference material from National Health Service facilities to create immersive training scenarios.

General Methods
Following study advertisement, interested participants were
screened for physical conditions that would exclude them from
participation, including physical and auditory impairments and

epilepsy. Included participants met with the instructor for a
one-to-one session in a quiet room located on the university
campus or at a local NHS hospital. Multimedia Appendix 1
outlines the study procedure. At the beginning of the session,
participants had the opportunity to read the information sheet
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and ask questions related to the study. Participants provided
their consent to the study once they had been informed of their
right to withdraw.

After consenting, participants were asked to complete a baseline
questionnaire, capturing demographic and attitudinal data.
Participants were then randomly allocated to 1 of 2 immersive
environments: VR (Meta Quest 2) or mixed reality (HoloLens
2). Participants were subsequently exposed to either “primary
care” Stacey (targeted at medical students and postgraduate
doctors in GP training) or “mental health” Stacey (for mental
health nursing or psychology students), contingent upon their
current training program. These simulations share identical
features, with the sole distinction lying in the introductory
context of the consultation process. Both simulations were
configured to align with the familiar protocols of health care
trainees, specifically in terms of patient reception. Importantly,
the responses of Stacey and the trajectory of the consultation
remained consistent across the 2 scenarios.

Trainees verbally interacted with Stacey, who was in turn
controlled by an instructor through the navigation of a
soundboard, which triggered prerecorded audio clips from
Stacey (see Figure 1B). The conversation journey would
typically begin with general introductions; discussion of Stacey’s
relationships with her daughter, son, and husband; discussion
of her birthday; discussion of experiences of psychosis and
self-harm; and finally, formulation of a care plan. If the
instructor felt the student was unable to lead the conversation
or the student expressed having difficulty conversing with the
avatar, prompts could be provided within the simulation.
Multimedia Appendix 2 shows the prompts available for the
early, mid, and late stages of the conversation that could be
made visible to the students by the instructor.

Following the experience, the instructor carried out a
postexperience debrief session with the trainee, including a
critical discussion of the experience and the participant’s
performance. Following this, participants completed a
postexperience survey measuring attitudinal domains and career
considerations alongside measures of usability, presence,
discomfort, and preference. The total session lasted
approximately 1 hour (Multimedia Appendix 1).

Pilot Study

Participants
In the pilot study, we recruited 9 subject-matter experts from
primary care and mental health disciplines. This included a
consultant perinatal psychiatrist, a GP, 4 mental health nurses,
a specialist perinatal mental health nurse, a psychiatry trainee
(ST4), and a mental health nursing lecturer. All had more than
5 years of experience in their respective fields, with 8 having
10 or more years of experience. The purpose of this study was
to formally test face and content validity and usability, and to
support the latter, we included 5 undergraduate university
students (mean age 22.4 years, SD 0.8 years).

Participants followed the procedure outlined in Multimedia
Appendix 1. We evaluated face and content validity, usability,
and utility as reported by a group of nonnursing or medical
students and subject matter experts in the postexperience

questionnaire. Face validity was assessed using a scale applied
previously to expert evaluations of VR health care training [11].
This original 13-item scale was adapted to this study, and 11
items analyzed the ease of use, effectiveness, and immersion
of the XR simulation on a 4-point Likert scale (strongly agree
to strongly disagree).

In addition, the Lawshe method [12] also known as the content
validity ratio (CVR) method was used. This is a method used
to assess the content validity of a measurement instrument or a
test, especially in the context of psychological, educational, or
health care research, using expert opinion. Here, experts rate
each item on a 3-point scale: (1) Essential: if the item is crucial
and necessary for measuring the construct; (2) Useful but not
essential: if the item is relevant but not critical for measuring
the construct; and (3) Not necessary: if the item is irrelevant or
not needed for measuring the construct. The CVR is calculated
using the equation:

where Ne represents the count of experts who have deemed the
item as “essential,” and N denotes the total number of experts
who have participated in the rating process. The CVR is a
numerical value that quantifies the consensus among experts
regarding the essential nature of the items under consideration.
The critical value is a benchmark used to assess the
appropriateness of items included in a content validity
assessment. If the number of experts who agree on the relevance
of an item meets or exceeds the critical value, the item is deemed
valid; otherwise, it may be considered for revision or removal
from the assessment. According to the values calculated
previously [13] with a panel of 8 subject matter experts, this
study’s critical value was 0.75. Thus, constructs must surpass
a CVR of 0.75 to be deemed essential to the procedure.

We also captured usability through the 10-item System Usability
Scale (SUS) [14] as it has widely been used to evaluate XR as
a tool for health care training [15-17]. Scores of more than 80
indicate excellence, between 70 and 80 are considered good,
and less than 50 are not acceptable [18].

We assessed user discomfort through the Virtual Reality
Sickness Questionnaire (VRSQ) [19]. As a more context
appropriate adaptation of the validated Simulator Sickness
Questionnaire (SSQ) [20], the VRSQ was designed to minimize
burden on participants. The VRSQ sums the scores of
oculomotor and disorientation discomfort items to generate an
overall total. While there are no widely agreed bounds of
acceptability for the VRSQ, we set out to compare the scores
of the Meta Quest 2 and HoloLens 2 to assess relative
differences in physical discomfort between the 2 devices.

Experiment
Following the demonstration of the feasibility of the use of XR
in consultation training, we undertook a larger-scale evaluation.
Here, we continued to collect measures of usability and
supplemented them with surveys exploring cognitive and
affective learning, training preference, presence, and career
considerations.
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Participants
The experiment involved 123 participants (mean age 24.3 years,
SD 7.86 years; 97 female participants, 22 male participants, 3
nonbinary or third gender participants, and 1 who did not
disclose gender). No participants had known health conditions,
such as epilepsy, or visual, auditory, or cognitive disorders that
would prevent participation in XR-based activities. They were
drawn from a range of health care disciplines, including
postgraduate doctors in GP training (n=18; mean age 38.2 years,
SD 6.38 years), mental health nursing students (n=30; mean
age 25.9 years, SD 7.6 years) from the Universities of Leeds
and Huddersfield, and undergraduate medical students (n=28;
mean age 19.8 years, SD 3.12 years) and psychology students
(n=47; mean age 19.8 years, SD 3.2 years) recruited from the
University of Leeds.

Participants were approached via their institutions, through the
distribution of emails including information sheets. Participants
were offered a monetary voucher incentive where appropriate
(ie, for registered students), while clinical staff were asked to
undertake the study voluntarily with no remuneration.
Participants were randomly allocated to the AR (n=63, 51.2%)
and VR training groups (n=60, 48.8%).

Measures
In phase 2, the VRSQ and usability continued to be evaluated
as described in the pilot study. The experiment extended the
evaluation to capture attitudes, cognitive and affective learning,
career aspirations, presence, and conversation fluency. These
self-reported measures were implemented to provide insights
into the user’s social and emotional interactions with the
simulation, as well as any reported enhancements in knowledge,
understanding, motivation, learning satisfaction, and learning
confidence, further assessing the effectiveness of XR mental
health consultations.

Attitudes

Cognitive Learning
Success and confidence in practical situations are often predicted
by possessing knowledge, familiarity, and understanding of the
themes and techniques embedded in a course curriculum [21].
Conversely, a deficiency in such familiarity may hinder the
ability to apply theoretical knowledge in practice [22].

To capture this, a 14-item Perinatal Mental Health Familiarity
and Awareness Scale (PMHAFS) (Multimedia Appendix 3)
was developed by the study team with subject-matter experts.
Participants were asked to evaluate their knowledge with,
awareness of, and understanding of the perinatal mental health
assessment conditions and care on a 5-point Likert scale
(strongly disagree to strongly agree).

Affective Learning
Intrinsic and extrinsic motivation for learning was assessed
through a 6-item scale [23], developed based on the Motivated
Strategies for Learning Questionnaire Manual [24]. Evaluating
intrinsic and extrinsic constructs provides a holistic examination
of the influences of learner engagement from within the learner
and from the learning environment [25]. Higher scores on each
item suggest a greater motivation for learning.

To assess self-confidence and learning satisfaction, a 12-item
variant [26] of the original Student Satisfaction and
Self-Confidence in Learning Scale was used [27]. This
instrument has been shown to be highly reliable, with a
Cronbach α of .92 for the presence of features and .96 for their
importance. Each item on the Likert scale was coded from 1 to
5 (strongly disagree to strongly agree), with 5 items reverse
coded to prevent acquiescent responding. Higher scores on the
scale indicate greater satisfaction and self-confidence with
learning [28].

Career Attitudes
To assess students’ considerations of health care specialization,
we assessed 9 items across 3 affective domains of motivation,
preparedness, and sense of support toward perinatal mental
health specialization. Higher scores on each 5-point Likert scale
indicate a greater desire to consider perinatal mental health upon
graduation.

Presence
The construct of presence is regularly evaluated in studies
involving virtual environments. Defined as the subjective
experience of being in one place or environment, even when
physically in another [29], there has been an active debate on
its contribution to learning [30-32]. High levels of presence are
speculated to be associated with deeper cognitive engagement,
a cornerstone for effective learning [29], increasing intrinsic
motivation and creating an environment where learners are more
likely to integrate and retain new information [32]. A high
degree of presence may help to minimize the impact of
real-world distractions, allowing learners to fully immerse
themselves in the task at hand [33]. Presence has also been
proposed to be instrumental for the transfer of skills from the
virtual to the real world [31]. We sought to measure presence
through the previously validated iGroup Presence Questionnaire
(IPQ) [34,35], a 14-item scale capturing spatial presence,
realness, and involvement.

Ethical Considerations
Approval for the study was granted by the School of Psychology
Ethics Committee (approval number: PSYC-615; date of
approval: November 13, 2022). Consent was obtained from
participants at the beginning of the session.

Statistical Analysis
ANOVA tests were performed to examine the effect of the XR
training tool on the ratings of improvement in cognitive learning
of conditions, assessment, and care. This same technique was
applied to attitude changes in career motivation, support and
preparedness, learning confidence, and learning satisfaction.
Where appropriate, a between-subjects variable was introduced
in the ANOVA when comparing population groups: GP
postgraduate doctor in training, mental health nursing student,
psychology student, or medical student.

For presence, specific data items related to presence were
filtered and selected to include measures, such as “general,”
“spatial,” “involvement,” and “realism,” as defined in the IPQ.
The presence scores were reported across different devices and
groups, examining how users experienced each of these presence
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measures. An ANOVA assessed differences in presence scores
between devices and measures (device [AR vs VR] × iGroup
construct [general vs spatial vs involvement vs realism]).
Post-hoc tests were applied to decompose interaction effects
for VR and AR where appropriate.

For each family of tests (per construct), P values were corrected
for multiple comparisons using the Bonferroni method.
Corrected P values below an α threshold of .05 were considered
statistically significant. All data analyses were performed in R
(version 4.2.2) using RStudio (version 2022.12.0.353; Posit).

Results

Pilot Study
All experts, across both VR and AR systems (n=9, 100%), felt
actively involved and in charge of the situation. The simulation
software responded adequately and did not lag according to 8
of the experts, while all 9 experts reported that it was easy to
learn how to interact with the software. Notably, all were
interested in the progress of events throughout the simulation,
suggesting high engagement. Additionally, all stated that it was
easy to move around in the virtual environment, and the same
amount of people reported that the controller buttons responded
adequately.

Using the Lawshe method, we calculated the CVR for each step
of the simulation process. These steps were: briefing
instructions, medical notes, in-simulation prompts, instructor
prompts, and postsimulation debrief. Briefing instructions
provided the user with the necessary context for the forthcoming
consultation. Medical notes, collaboratively developed with
subject-matter experts, provided a comprehensive medical
history for the virtual character, Stacey, to enhance the
contextual richness of the consultation. In-simulation text
prompts, illustrated in Multimedia Appendix 2, could be
administered within the XR environment by the instructor,
without verbal disruption to the ongoing consultation. In
contrast, instructor prompts denoted verbal interventions made
by the instructor at any time during the simulation. The
postsimulation debrief is an opportunity for the user to reflect

and for both the user and instructor to critically evaluate the
consultation. The critical value in our study for the content
validity of a construct and the component part of the simulation
was 0.75. The obtained CVR scores for simulation outcomes,
briefing instructions, and postexperience debrief were all 1,
indicating that these processes were all rated as essential by all
experts.

Some parts of the procedure, including previewing medical
notes and using prompts during sessions, were considered
optional by design. Our evaluation revealed that all content
experts rated it as either essential or useful. In the case of
in-simulation and instructor prompts, the majority found them
essential or useful, but some considered them “not necessary,”
as indicated by a score of 0.75.

The SUS scores were 78.75 for VR and 73.75 for AR, indicating
good usability for both systems. The VRSQ scores were 0 for
VR and 4.17 for AR, suggesting a negligible amount of
discomfort for participants.

Pilot Study Summary
Participants provided positive feedback, reporting high usability
levels for both VR and AR systems and minimal discomfort.
Subject-matter experts rated the XR simulation highly in terms
of engagement, involvement, and simulation quality, particularly
within the context of perinatal training. They found the content
and procedures valid, aligning with their expectations for an
effective training session. These results suggest that the XR
simulation has the potential to serve as a learner-centered
training tool and provide the basis for conducting a larger-scale
evaluation with health care trainees.

Experiment

Preference
Participants were asked whether they preferred the XR
simulation or traditional approach to training that they had been
exposed to. Overall, 77.2% (95/123) of participants preferred
XR over traditional training methods (28/123, 22.8%) (Figure
3A).

JMIR Med Educ 2025 | vol. 11 | e64619 | p.652https://mededu.jmir.org/2025/1/e64619
(page number not for citation purposes)

Hiley et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Usability and preference. (A) User preference toward traditional learning for perinatal mental health or the integration of extended reality
(XR) to augment perinatal mental health learning. (B) Symptom scores for the disorientation and oculomotor domains of the Virtual Reality Sickness
Questionnaire for virtual reality (VR) and augmented reality (AR). (C) Self-reported experience of presence, illustrating that participants felt less
involved in AR relative to VR. Error bars represent ±1 SEM.

Feasibility
The overall SUS score was 81.6 (SD 11.1), with no difference
(t73=0.75; P=.45) between the scores for AR (mean 82.3, SD
10.9) and VR (mean 80.3, SD 12.8), which translates to an
excellent usability rating for both systems.

Simulator Sickness
In an analysis designed to understand the impact of different
devices on simulator sickness, a 2-way ANOVA revealed a
significant interaction between device and symptom
(F3,312=6.41; P<.001). There were greater sickness scores in the
disorientation domain in VR (mean 9.22, SD 1.06) than in AR
(mean 3.92, SD 0.81) (t208=3.47; P<.001) and greater scores in
the oculomotor domain in VR (mean 11.53, SD 1.33) than in
AR (mean 4.89, SD 1.01) (t208=4.34; P<.001). The analysis
suggests that VR is more likely to cause symptoms of
disorientation and oculomotor discomfort than AR.

Presence
IPQ scores were compared between VR and AR. There was a
statistically significant interaction between presence measure

and device (F3,327=5.78; P=.02; η2
G=0.025). Post-hoc analysis

revealed a statistically improved sense of involvement for those
using VR relative to AR (t484=3.18; P=.002). There were no
significant differences between the systems in general (t484=0.13;
P=.90) and in the spatial (t484=–1.11; P=.27) and experienced
realism (t484=1.17; P=.24) domains of presence.

Learning Outcomes
For the 2 simulations evaluated in this study, specific learning
outcomes were defined by subject matter experts from perinatal
mental health and primary care. We report these separately for
each group. Figure 4A shows the percentage of sessions in
which the learning outcome was achieved across all groups, as
reported by the instructor.
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Figure 4. Learning outcomes, cognitive and affective changes, and learning satisfaction. (A) Percentage of achievement of learning objectives for
perinatal mental health and primary care simulations within sessions across all participants. (B) Improvements in understanding across perinatal
conditions, assessment, and care domains following the simulation for general practitioner (GP) trainees, and improvements in understanding across
perinatal conditions, assessment, and care domains following the simulation for mental health nursing students. (C) Improvements in the affective
domains of confidence, comfort, appreciation for the challenges in providing support to perinatal cases, and reduction in anxiety among perinatal cases
for GP trainees. (D) Improvements in the utility and feasibility domains for mental health consultation training following XR simulations compared
with the current training approach. Error bars represent the SEM for domain change responses.

In the primary care simulation, instructors rated that they were
able to achieve learning objective 1 (able to take history from
a patient presenting with an acute psychotic illness) in 100%
of sessions, learning objective 2 (able to ascertain and evaluate
information relating to safeguarding) in 80% of sessions, and
learning objective 3 (able to assess suicide and homicide risk)
in 80% of sessions.

In the perinatal mental health simulation, instructors rated that
they were able to achieve learning objective 1 (understand and
reflect on the lived experience of assessing the mental health
of a patient with perinatal mental health problems) in 100% of
sessions, learning objective 2 (identify the signs and symptoms
of perinatal mental ill health in acute assessment presentation)
in 90% of sessions, learning objective 3 (apply the skills,
knowledge, and abilities relevant to one’s own profession in
the assessment of mental health) in 89% of sessions, and
learning objective 4 (have appropriate reflected and evaluated
performance of the task in a supported reflection) in 80% of
sessions.

Changes in Cognitive and Affective Attitudes

Primary Care
At baseline, 22% of participants stated that they had “no
experience” with perinatal mental health cases, 61% expressed
“little experience,” and only 17% expressed “some experience.”
Understanding of complex mental health (general) and perinatal
mental health (specific) was measured at baseline, revealing
that 59% of GP trainees expressed an understanding of complex
mental health at a general level and 58% expressed an
understanding of perinatal mental health specifically.

Regarding affective constructs, 44% of trainees expressed
anxiety around complex mental health cases and 50% expressed
anxiety around perinatal mental health cases. Following the
simulation, participants reported a statistically significant
improvement in cognitive attitudes (mean 0.91, SD 0.86;
t17=4.47; P=.003; d=1.05).

Participants further reported a statistically significant
improvement in affective attitudes following the simulation
(mean 0.92, SD 0.74; t17=5.27; P<.001; d=1.17). Across the
affective domain, participants reported an improvement in
confidence (mean 0.83, SD 1.04; t17=3.39; P=.004; d=0.79),
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comfort (mean 0.89, SD 0.76; t17=4.97; P<.001), appreciation
for the challenges of providing perinatal mental health support
(mean 0.94, SD 1.00; t17=4.01; P=.001; d=0.95), and reduced
anxiety toward perinatal mental health cases (mean 1.00, SD
1.09; t17=3.91; P=.001; d=0.92).

Medical Students
Following the simulation, medical students reported an
improvement in cognitive attitudes (mean 1.38, SD 0.40;
t27=18.14; P<.001; d=3.42). This group also reported a
statistically significant improvement in affective attitudes (mean
1.35, SD 0.46; t27=10.01; P<.001; d=1.89). Across the affective
domain, students reported an improvement in confidence (mean
1.64, SD 0.58; t27=13.45; P<.001; d=2.54), comfort (mean 1.39,
SD 0.57; t27=13.00; P<.001; d=2.46), appreciation (mean 1.29,
SD 0.90; t27=7.59; P<.001; d=1.43), and reduced anxiety toward
perinatal mental health cases (mean 1.25, SD 0.97; t27=6.84;
P<.001; d=1.29).

Mental Health Students and Psychology Students
Mental health and psychology students reported a significantly
improved understanding of perinatal mental health conditions
(mean 1.01, SD 0.62; t76=14.26; P<.001; d=1.63), assessment
(mean 1.21, SD 0.74; t76=14.60; P<.001; d=1.62), and care
(mean 1.09, SD 0.65; t26=14.82; P<.001; d=1.69) following the
simulation.

Within the mental health student group, improvements were
seen following the simulation across the domains of perinatal
mental health conditions (mean 0.86, SD 0.65; t29=7.26; P<.001;
d=1.32), assessment (mean 0.91, SD 0.67; t29=7.41; P<.001;
d=1.35), and care (mean 0.76, SD 0.60; t29=6.88; P<.001;
d=1.26).

Improvements were also seen in the psychology group across
the domains of conditions (mean 1.11, SD 0.59; t46=12.85;
P<.001; d=1.87), assessment (mean 1.39, SD 0.73; t46=13.10;
P<.001; d=1.91), and care (mean 1.31, SD 0.59; t26=15.32;
P<.001; d=2.23).

Across all mental health and psychology students, we found a
significant increase in learning confidence (mean 1.14, SD 0.49;
t76=20.32; P<.001; d =2.32). Students further reported a
significant increase in learning satisfaction (mean 1.33, SD 0.69;
t76=16.51; P<.001; d=1.88). There was a similar finding within
groups, as mental health students reported a significant increase
in learning confidence following the simulation (mean 1.13,

SD 0.57; t29=10.83; P<.001; d=1.98). Psychology students also
reported a significant increase in learning confidence following
the simulation (mean 1.13, SD 0.43; t46=15.32; P<.001; d=2.61).

For learning satisfaction, mental health students reported a
significant increase following the simulation (mean 1.25, SD
0.82; t29=8.33; P<.001; d=1.52), and psychology students also
reported a significant increase following the simulation (mean
1.37, SD 0.62; t46=15.12; P<.001; d=2.20).

Career Considerations
At baseline, 49% of mental health nursing students stated that
they were motivated to pursue a career in perinatal mental
health, while 30% agreed that they felt prepared to pursue a
career in perinatal mental health and 24% felt supported to
pursue a career in perinatal mental health. Only 25% of
psychology students were considering a career in perinatal
mental health. Following the simulation, mental health nursing
students felt significantly more motivated (mean 0.73, SD 0.65;
t29=6.15; P<.001; d=1.12), prepared (mean 1.10, SD 0.52;
t29=11.61; P<.001; d=2.12), and supported (mean 0.74, SD 0.74;
t29=5.79; P<.001; d=1.06) to pursue a career in perinatal mental
health. Similarly, psychology students also reported a
significantly greater likelihood of considering a career in
perinatal mental health following the simulation (t46=7.04;
P<.001; d=1.03).

Instructor Training
In addition to assessing the benefits for participants, to better
understand how much time it would take to train staff without
previous XR experience to become comfortable with navigating
through this training platform, we asked our instructors to
document their degree of confidence on a scale from 0 to 10
regarding four key dimensions: (1) hardware navigation, (2)
software navigation, (3) avatar control, and (4) delivery of
session learning outcomes. Following each session, instructors
assigned ratings to these constructs, thereby creating a subjective
trajectory of their session delivery proficiency (Figure 5).
Notably, these ratings rose rapidly and plateaued after
approximately 6 to 8 sessions across all key constructs,
suggesting that it will take multiple training sessions before
instructors feel that they can deliver reliably consistent training
sessions. We also observed some variation from session to
session, which may be accounted for by a combination of
measurement errors and technical and logistical factors. While
not amenable to formal statistical analysis, instructors reported
lower scores when they experienced Wi-Fi dropouts or software
crashes.
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Figure 5. Instructor development over session delivery. Following each session, instructors self-reported the following on a scale of 1 to 10: (A) ease
of hardware handling; (B) ease of software navigation; (C) confidence in controlling the avatar; and (D) comfort in achieving learning outcomes.

Discussion

Principal Findings
We explored the idea that XR technologies could support the
delivery of mental health training through a simulated mental
health consultation, in which a trainee interacts with a
human-controlled virtual avatar. An initial feasibility pilot with
subject-matter experts and students demonstrated potential
efficacy worthy of further investigation. We subsequently
followed this up with a comprehensive evaluation of its impact
on trainees from across mental health nursing, medical doctors
training to be GPs, and undergraduate psychology and medicine
students. Our findings demonstrate the significant potential of
XR as a pedagogical tool in supporting the development of
mental consultation delivery skills.

We observed notable enhancements in cognitive and affective
learning across all health care trainee groups. Instructors
reported high rates of successful delivery of learning objectives,
while participant groups reported increased knowledge in diverse
perinatal domains, including the recognition of conditions, such
as depression and anxiety, during pregnancy and in the
postpartum period. Trainees demonstrated proficiency in
systematic evaluation using diagnostic tools to assess severity.
We also observed improvements in knowledge and confidence,

specific to perinatal mental issues and broader issues of working
with complex mental health challenges.

The integration of XR into mental health training represents a
significant advancement, offering immersive, interactive, and
repeatable learning environments that traditional methods often
fail to replicate effectively. Conventional training typically
relies on static case studies, peer-based role play, or interactions
with real patients, each of which presents limitations. XR,
however, combines high-quality instructional content with
advanced technological features, including real-time feedback,
iterative “fail and retry” opportunities, and high-fidelity
simulations. This integration is not merely a shift in delivery
medium but a holistic synthesis of content and technology,
fostering experiential and contextually relevant learning.

The educational content needed to address complex and sensitive
scenarios, such as perinatal mental health, is notably limited
within mainstream mental health nursing curricula and GP
training. Traditional training often emphasizes general
psychiatric principles or common conditions, leaving significant
gaps in specialized instructions for nuanced cases like acute
postpartum psychosis and perinatal depression. This lack of
exposure to high-risk sensitive clinical contexts underscores
the need for innovative training solutions that can bridge this
gap. XR-based simulations offer a tailored and immersive
approach, allowing learners to engage with realistic perinatal
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mental health cases and gain practical experience-driven insights
beyond what conventional programs typically provide.

Although this study did not conduct a direct comparison with
conventional approaches, XR’s ability to standardize and
replicate complex scenarios addresses many logistical and
ethical challenges associated with actor- or patient-based
training. By facilitating autonomous practice, enhancing critical
competencies, and building learner confidence in a
psychologically safe environment, XR provides a valuable
environment for high-stake contexts such as mental health
consultations. Effective training in this domain is essential, as
errors can negatively impact both therapeutic relationships and
patient outcomes [36]. XR’s capacity to support the development
of these therapeutic relationships is key to achieving improved
health outcomes for individuals with mental illness [37]. This
work also suggests that immersive educational technologies
might be able to influence career planning and specialization.
Our study found an increase in the reported interest among
trainees considering a career in perinatal mental health. This
positive shift in attitude toward perinatal mental health careers
is particularly significant given the documented shortage in this
specialty [9]. Such tools may extend beyond traditional
educational outcomes to influence career aspirations and
potentially bridge the gap between abstract career concepts and
tangible professional identity formation.

Immersive educational technologies, exemplified by XR
simulations, possess the potential to not only shape career
preferences but also address significant concerns regarding the
cultivation of empathetic connections and the practical
application of theoretical knowledge during training. In mental
health training, a crucial aspect involves nurturing the user’s
ability to establish therapeutic relationships. This necessitates
engaging in specific scenarios and subsequent reflection to
ensure nurses can comprehensively apply theoretical knowledge
effectively [38]. We were concerned that the interaction with a
virtual avatar may be a poor substitute for the development of
this relationship and that it may be difficult to empathize with.
However, our investigation into users’ social and emotional
interactions within the simulation revealed positive indicators,
including general and spatial presence and improvements across
cognitive and affective domains. These promising outcomes
suggest that immersive technologies may not act as barriers but
instead as facilitators in establishing effective therapeutic
relationships.

Further grounds for our concerns about the feasibility of this
tool in this context came from the “Uncanny Valley” [39]
phenomenon, which describes the sense of unease or discomfort
experienced when an artificial representation closely resembles
a human but is not quite convincingly lifelike. Stacey had indeed
been designed to be as realistic as possible (working within the
graphical constraints of today’s technology). Our outcomes
indicate that the design quality and the method for interacting
with the avatar were sufficient to circumvent this effect,
allowing users to transcend potential unease and engage
meaningfully with the simulation. Nevertheless, somewhat
paradoxically, as the graphical capabilities of XR technology
increase, this area will become increasingly more important to
monitor in the design and implementation of patient avatars

until they become indistinguishable from real humans. This
necessitates a careful iterative approach in the design and
implementation of patient avatars, one that is cognizant of these
psychological effects. Future iterations of XR simulations must
be not only technically advanced but also underpinned by a
deep understanding of user psychology to ensure that they
support rather than detract from the learning objectives [40].

In looking to the future, the rapid advances being made in
generative AI provide an avenue for such training tools to
become increasingly autonomous, which could significantly
alleviate the workload of instructors while simultaneously
enhancing the dynamic interactivity of training sessions through
the development of bespoke patient avatars tailored to the needs
of learners. AI analysis of utterance-response pairs could predict
context-specific reactions, enabling intelligent and adaptive XR
training tools. XR training tools could leverage this “generative”
AI to create dynamic and realistic scenarios for training health
care professionals in mental health consultations, thereby
enhancing their ability to understand and respond to a wide
range of patient interactions. The use of generative AI could
also democratize access to high-quality training resources,
making them available across different geographies and
socioeconomic contexts, thereby potentially reducing disparities
in mental health training quality globally. Instructors could
personalize scenarios, offer real-time feedback, and adapt to
unique learner needs. Such potential advances do, however,
raise ethical concerns [41], including the risk of bias that would
need to be tackled for effective, efficient, and inclusive training.

Limitations
It is important to note that this study does not suggest that XR
learning can replace traditional placements or direct learning
opportunities and experiences or that simulation avatars can
fully replicate real patients. What it does show is that XR could
be a valuable tool for providing standardized training
experiences to mental health trainees across different institutions
and professional domains. The simulation employed in this
study serves as a potential solution for exposing trainees to
complex and nonroutine patient presentations. Going a step
further, we suggest that the tool could also offer an opportunity
to explore underrepresented scenarios, including those involving
minoritized populations, and could be a useful vehicle for
promoting cultural competence and enhancing the overall
diversity of training scenarios. We propose that by using XR
technology, mental health training programs may be able to
bridge gaps in exposure to various clinical scenarios and
populations, contributing to a more comprehensive and inclusive
approach to mental health training.

While this study demonstrated significant improvements in
various aspects of trainee confidence and perceived competence,
it is important to clarify that the study’s primary aim was not
to evaluate current educational provisions or compare XR
training directly to traditional methods. Instead, the focus was
on assessing the feasibility and potential benefits of an XR-based
tool as a supplementary learning aid within existing training
frameworks. The intention was to explore how XR could
augment current educational experiences rather than to position
it as a replacement for established training methods. Future

JMIR Med Educ 2025 | vol. 11 | e64619 | p.657https://mededu.jmir.org/2025/1/e64619
(page number not for citation purposes)

Hiley et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


research should consider comparative studies that directly assess
the effectiveness of XR against traditional pedagogical
approaches to determine the conditions under which XR-based
learning is most beneficial. Incorporating controlled trials and
longitudinal assessments would further strengthen the
understanding of XR’s role in skill retention and clinical
application. It is also important to note that our evaluation only
involved a single session and an examination of changes
immediately after the session. This has shown substantial
promise and must be followed up with an examination of any
longer-term changes, capturing skill retention and whether this
knowledge and confidence can be translated to clinical practice.
Equally, the implementation of this technology into the
curriculum should not be a “one-shot” standalone affair. Instead,
we propose that it should be integrated systematically across
multiple sessions to reinforce and build upon the acquired
knowledge and skills. Long-term evaluations, including
follow-up assessments at intervals beyond the immediate
postsession period, are imperative to gauge the durability and
sustainability of the observed impacts. Additionally, future
research endeavors should explore the application of XR
technology in diverse clinical scenarios to assess its versatility
and effectiveness across various health care contexts. The
iterative and continuous integration of XR simulations into the
curriculum, coupled with ongoing assessments, will contribute
to a more comprehensive understanding of its benefits and
practical applicability in real-world health care settings.

While we focused on evaluating one-to-one sessions, the
platform also affords the delivery of one-to-many training
sessions and the opportunity for group-led discussion.
One-to-one sessions in XR offer personalized interactions where
trainees can practice engaging with virtual patients in a safe
controlled environment, receiving tailored feedback from
instructors. This approach allows for intensive skill
development, particularly in handling complex or sensitive
mental health scenarios. On the other hand, one-to-many
sessions leverage XR’s multi-user capabilities to enable group
training, where multiple participants can observe and interact
within the same virtual environment. By leveraging its
multi-user capabilities, XR training tools could be used to create
an environment conducive to collaboration, group discussion,
and the promotion of intra- and interprofessional discussions.

Furthermore, in a world where hybrid (or blended) learning has
started to become a norm, XR provides a practical solution for
overcoming resource and time constraints faced by training
programs. The ability to access training sessions and share the
same learning space from anywhere in the world could provide
a practical solution to the resource and time constraints faced
by training programs, promoting both inclusivity and efficiency
in health care education. This flexibility ensures that trainees
across diverse locations and professional domains can participate
in standardized training experiences, contributing to equitable
and scalable mental health education.

While immersive technologies present transformative
opportunities as learning tools, accessibility for individuals with
visual and auditory impairments remains a critical concern. XR
environments heavily rely on visual and auditory inputs, which
can exclude users with disabilities if not adequately addressed.

For visual impairments, accessibility may involve features, such
as screen reader compatibility, audio descriptions, and haptic
feedback, to convey spatial or contextual information. For
auditory impairments, captions, subtitles, and integration with
assistive hearing devices, such as cochlear implants, are
essential. To address these challenges, the software in this study
integrates specific accessibility features. For users with hearing
impairments, the JoinXR platform includes automatic
captioning, enabling subtitles to appear beneath a user’s avatar
during interactions. For users with visual impairments, the
design process emphasized hardware compatibility,
recommending the HTC Vive Focus 3 for VR due to its
adjustable lenses and focal settings and the Microsoft HoloLens
2 for AR, which allows users to keep their glasses on. These
measures reflect a commitment to inclusivity, though further
advancements are needed to fully overcome accessibility barriers
in XR technologies.

Finally, important considerations for the implementation of XR
training tools are the economic cost and the return on
investment. There are significant start-up expenditures, including
the procurement of XR hardware and software licenses. In
addition, adopting XR technology requires appropriate technical
infrastructure, such as accessible, reliable, and reasonably fast
internet connectivity, along with a long-term strategy for
sustainable implementation. The rapid pace of technological
advancement poses the risk of hardware and software becoming
quickly obsolete, compelling organizations to contemplate
strategies for regular updates and maintenance to keep pace
with technological innovations. On the other hand, XR
technology affords numerous opportunities to enhance
educational experiences, reducing training time and improving
learning efficacy [42]. Additionally, the potential of XR to
facilitate remote learning could reduce the necessity for travel
and accommodation expenses, which are traditionally associated
with centralized training programs [43]. A critical next step for
advancing this field is the development of a
return-on-investment framework. This framework should
account for the wide spectrum of benefits as well as the initial
and ongoing expenses. In this way, organizations will have clear
insights into the viability and value of adopting tools, such as
the one introduced here, as they address the escalating demands
of health care workforce training.

Conclusions
The use of an XR-based simulated mental health consultation
scenario, where trainees interacted with a human-controlled
virtual avatar, showed promise in an initial feasibility pilot and
was further substantiated by a comprehensive evaluation across
various health care trainee groups. Our findings indicate
significant enhancements in cognitive and affective learning,
with high rates of successful delivery of learning objectives.
These findings show, for the first time, that XR can be used to
provide an effective, standardized, and reproducible tool for
trainees to develop their mental health consultation skills. We
suggest that XR could provide a solution to overcome the current
resource challenges associated with equipping current and future
health care professionals, which are likely to be exacerbated by
workforce expansion plans.
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Abstract

Background: The shift to online education due to the COVID-19 pandemic posed significant challenges and opportunities for
students, affecting their academic performance, mental well-being, and engagement.

Objective: This study aimed to explore the overall learning experience among health informatics master’s students at Karolinska
Institutet, Sweden, and the strategies they used to overcome learning challenges posed by the COVID-19 pandemic.

Methods: Through 3 structured focus groups, this study explored health informatics master’s students’ experiences of shifting
learning environments for classes that started in 2019, 2020, and 2021. All focus group sessions were recorded and transcribed
verbatim. Inductive content analysis was used to analyze the data.

Results: The results highlight the benefits of increased autonomy and flexibility and identify challenges such as technical
difficulties, diminished social interactions, and psychological impacts. This study underscores the importance of effective online
educational strategies, technological preparedness, and support systems to enhance student learning experiences during emergencies.
The findings of this study highlight implications for educators, students, and higher education institutions to embrace adaptation
and foster innovation. Implications for educators, students, and higher education institutions include the need for educators to
stay current with the latest educational technologies and design teaching strategies and pedagogical approaches suited to both
online and in-person settings to effectively foster student engagement. Students must be informed about the technological
requirements for online learning and adequately prepared to meet them. Institutions play a critical role in ensuring equitable
access to technology, guiding and supporting educators in adopting innovative tools and methods, and offering mental health
resources to assist students in overcoming the challenges of evolving educational environments.

Conclusions: This research contributes to understanding the complexities of transitioning to online learning in urgent circumstances
and offers insights for better preparing educational institutions for future pandemics.

(JMIR Med Educ 2025;11:e63708)   doi:10.2196/63708

KEYWORDS
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Introduction

Background
The COVID-19 pandemic disrupted education worldwide, and
many universities were required to shift to online education

despite most being unprepared for such a shift [1]. The education
response during the early phase of the COVID-19 pandemic
focused on implementing remote learning modalities as an
emergency response and mostly on the online delivery of
educational material. The result of these efforts was a
substantive rise in e-learning, whereby teaching and learning
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activities took place remotely via digital platforms. After the
pandemic, the use of e-learning was expected to grow [1].

e-Learning is the use of internet technologies to enhance
knowledge and performance. e-Learning technologies offer
learners control over the content, learning sequence, pace of
learning, time, and often media, allowing them to tailor their
experiences to meet their learning objectives [2]. Within the
context of the COVID-19 pandemic, e-learning and online
learning refer to remote teaching strategies and methods that
universities used to urgently respond to the requirements of
health protocols and restrictions in mobility [3].

While e-learning holds significant potential, the rapid
deployment of strategies during the pandemic showed mixed
results. Most of the swift adoption focused on reaching all
students and enhancing accessibility, but educators lacked the
time to develop and implement pedagogical strategies that could
enhance the learning experience [3]. Strategies used for
short-term online education may not have been suitable for the
prolonged disruption caused by the pandemic.

Student experiences with e-learning during the pandemic were
mixed. Some studies reported a “new normal” that students
viewed positively, citing benefits such as education continuity,
increased accessibility, stronger learner-lecturer interactions,
and greater confidence in expressing themselves in an online
learning environment [1,4-7].

Within the field of medical education, one study reported that
students responded positively to the transition to online learning
methods, with a notable improvement in student satisfaction
related to course structure [8]. Another study highlighted
medical students’generally positive attitudes toward e-learning
during the pandemic. However, while e-learning was seen as a
necessary and beneficial alternative, challenges were recognized,
such as increased stress and anxiety, limited internet access,
technical difficulties, and reduced hands-on clinical training
[9]. Health profession education programs have reported issues
in transitioning to online learning and maintaining continuity
in education [10]. There have been difficulties related to
adapting traditional teaching methods to online formats and the
stress this placed on both students and educators [11]. Stress,
unfamiliarity with online classrooms, uncertainty about
academic futures, and the rapid shift to e-learning contributed
to negative experiences for many students [12,13]. In addition,
insufficient training, inadequate internet infrastructure in some
countries, and lack of preparation led to poor student
experiences, undermining the sustainability of e-learning [14].

The contradictory evidence on diverse experiences of e-learning
during the pandemic underscores the need for further
investigation within this area. To better prepare for future crises,
higher education institutions need to understand the experiences
of both educators and students and develop educational
strategies for online learning during emergencies. Although
many studies have investigated students’ learning experiences
during the pandemic, there are limited insights into the specific
challenges and strategies used to overcome them. Contextual
factors such as internet access, cultural differences, and subject
of study likely influenced the experiences and perceptions of
both students and educators. Therefore, there is a need to further

explore e-learning experiences and strategies across different
contexts and subjects of study. Health informatics education
uniquely integrates theoretical knowledge with applied technical
and health care–related skills, which may have been significantly
affected by the shift to online learning.

Study Aim and Research Question
This study aimed to explore the overall learning experience of
health informatics master’s students at Karolinska Institutet
(KI), Sweden, and the strategies they used to overcome the
learning challenges posed by the COVID-19 pandemic. This
study addressed the following research question: How did health
informatics master’s students at KI experience learning during
the COVID-19 pandemic, and what strategies did they use to
overcome related challenges?

Methods

Study Design
In this study, we conducted 3 semistructured focus group
interviews comprising a total of 16 registered students and
alumni of the Master’s Programme in Health Informatics. The
COREQ (Consolidated Criteria for Reporting Qualitative
Research) guidelines [15] were used for reporting the results.
The process was piloted, and questions for the participants were
determined in advance by authors ND, SB, and NS adapted
from previous studies on the impact of the COVID-19 pandemic
on medical education [9] and on teaching and learning in health
professional education [11].

In this explorative study, focus group interviews were chosen
as a data collection technique as they allow for the generation
of rich qualitative data through group interactions and dynamics,
which is beneficial when addressing an exploratory question.
Participants can build on each other’s ideas, leading to more
nuanced insights [16,17]. During these focus groups, the students
could share their experiences and perspectives as part of an
open-ended discussion, leading to a deeper understanding of
their learning experiences and the strategies used to overcome
challenges during the COVID-19 pandemic.

Given the exploratory study design, focus groups are ideal as
a data collection method as they facilitate open-ended discussion
and are effective in collecting rich data that might not have been
possible to collect through more structured data collection
methods. The focus groups were held remotely using the Zoom
platform (Zoom Video Communications) with CS in the role
of interviewer.

Study Setting and Participants
The context of the study was the Master’s Programme in Health
Informatics provided by the Department of Learning,
Informatics, Management, and Ethics at KI. It is a 2-year global
program run jointly with Stockholm University. The program
is designed for students with an interest in IT and how it can be
applied to the fields of medicine and health care. As such, the
students may have either a technical or health care background.

Convenience sampling was used to recruit participants.
Individuals who had participated in the master’s program during
the COVID-19 pandemic were invited to contribute. Therefore,
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all participants were alumni or active registered students split
into 3 cohorts: students who had registered in 2019 and
graduated in 2021 (cohort 1), students who started in 2020 and
graduated in 2022 (cohort 2), and students who started in 2021
and graduated in 2023 (cohort 3). Table 1 provides some
characteristics of the participants. Most participants (13/16,
81%) were living in Sweden; however, as some of the students

had relocated to their native countries or were working overseas,
this informed the decision to conduct online focus groups.

Figure 1 shows the timeline of how the Master’s Programme
in Health Informatics from the academic year 2019-2020 to
2022-2023 was conducted. On-campus teaching and online
teaching due to the COVID-19 pandemic are indicated using
distinct colors. Students that started the program in September
2020 mostly received online teaching.

Table 1. Participant characteristics.

Experience with online learningBackground

NoHealth care2019_Participant 1

YesHealth care2019_Participant 2

NoHealth care2019_Participant 3

NoIT or technical2020_Participant 1

YesHealth care2020_Participant 2

YesHealth care2020_Participant 3

YesHealth care2020_Participant 4

YesHealth care2020_Participant 5

NoHealth care2020_Participant 6

NoIT or technical2020_Participant 7

YesHealth care2020_Participant 8

YesIT or technical2021_Participant 1

YesIT or technical2021_Participant 2

YesHealth care2021_Participant 3

YesHealth care2021_Participant 4

YesHealth care2021_Participant 5

Figure 1. On-campus and online teaching during the COVID-19 pandemic.
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Data Collection and Analysis
A total of 3 online focus group interviews were conducted
during 2023 using the Zoom platform; the interviews were
recorded and transcribed verbatim. To reduce familiarity bias
in the study, CS, who had not been involved in teaching within
the health informatics program, conducted the focus groups.
The first focus group included 3 students from cohort 1, the
second focus group included 8 students from cohort 2, and the
third and final focus group included 5 students from cohort 3.
The first focus group had a duration of 45 minutes, with the
other 2 focus groups lasting approximately 1 hour and 30
minutes. The piloting process did not generate any data and was
not included in the analysis.

Generated data were analyzed using inductive content analysis
[18]. The inductive content analysis allowed for themes and
patterns to be constructed directly from the data that were
grounded in the students’ actual experiences rather than
imposing preconceived categories. A combination of coding
methods was used: descriptive coding summarizes the main
topics of the text, and pattern coding was used to condense
meaning units into broader patterns to group the initial codes
into broader themes. Pattern coding helps identify and
understand the broader patterns and relationships within the
data [19]. ND, NS, and SB conducted the initial coding. Each
coder was instructed to familiarize themselves with the data,
read through the entire dataset to gain an overall understanding
before starting the coding process, identify meaning units,
condense them, and assign codes that captured the essence of
each unit. They independently reviewed all transcribed
interviews, dividing the responsibilities for identifying relevant
meaning units and conducting the initial coding. CS joined the
analytical process once initial coding and subcategories had
been generated. Upon identifying subcategories, a comparative
analysis was conducted to reveal similarities and differences
among student groups. Comparative analysis was conducted
through peer debriefing sessions in which ND, NS, and SB
compared their assigned codes and discussed differences in
interpretations. All authors reviewed discrepancies
collaboratively until a consensus was reached. Discrepancies
were resolved by re-examining the raw data for the meaning
unit in question, discussing interpretations considering the
research aim, and refining the coding if needed. At this point,
it was decided to collaboratively proceed with the categorization
and identification of subthemes for all 3 student groups. This
not only minimized the recurrence of redundant findings

resulting from similarities among groups but also empowered
us to emphasize the subcategories in which different student
groups expressed distinct experiences or opinions.

Ethical Considerations
This research was carried out in Sweden. According to the
Swedish Ethical Review Act, the research presented in our
submitted manuscript did not require ethics approval as it did
not handle sensitive personal information (as understood by the
European General Data Protection Regulation). However, ethical
requirements still apply, and written informed consent to take
part in the study was obtained from all participants. The consent
form outlined the study’s purpose, potential risks and
discomforts, the voluntary nature of participation, and the right
to withdraw at any time. It also stated that no compensation
would be provided for participation. Participants were assured
that their confidentiality and privacy would be preserved.

Results

Overview of Data Collection and Data Analysis
Our analysis of the generated focus group data identified 1 main
theme—adapting to hybrid learning—and three subthemes: (1)
students’ considerations of learning during the pandemic, (2)
moving between learning environments, and (3) students’
well-being and engagement in learning. Each subtheme included
several categories relevant to all student groups, summarized
in Table 2.

The overarching theme of adapting to hybrid learning highlights
the challenges and experiences faced by participants navigating
the transition from traditional on-campus education to online
learning and vice versa. It includes the autonomy that students
seek in shaping their learning experiences, the integration of
learning into their daily lives, and the varying perceptions of
online education as an obligation rather than a choice during
the COVID-19 pandemic. It further explores the changed aspects
of social interaction, the struggle with engagement in online
learning, the technical challenges faced, and the diverse
technological readiness levels for different learning
environments. In addition, this theme addresses the
psychological impact of remote learning and the need for
adequate support, the varied levels of student motivation, the
influence of family and pet support, and the observed lack of
networking opportunities and social interaction in online
educational settings.
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Table 2. An overview of the subcategories, categories, subthemes, and themes.

SubcategoriesTheme, subtheme, and category

Adapting to hybrid learning

Students’ considerations of learning during the pandemic

•• Autonomy over the learning experienceBenefits
• Integrating learning into their lives

•• Altered social interactionChallenges
• Technical challenges

Moving between learning environments

•• Online education as an obligation, not an optionTransition—campus to
online education • Technological readiness for different learning environments

• Psychological impact and support

•• Technological readiness for different learning environmentsTransition—online to
campus education • Lack of engagement in online learning

• Different experiences in interaction with classmates and teachers between online and campus education

Students’ well-being and engagement in learning

•• Varied levels of motivationMotivation level
•• Group work as a connecting elementStrategies to stay moti-

vated • Family and pet support

•• AutonomyThe impact of online
learning on academic
performance

• Lack of networking (social interaction)

•• Improving online sessionsOverall experience and
recommendations • Improving educational support and delivery

Students’ Considerations of Learning During the
Pandemic
The students recognized that the changes and requirements
necessitated by the COVID-19 pandemic brought both benefits

and challenges. Figure 2 illustrates the relationship among the
codes, subcategories, and categories for the subtheme students’
consideration of learning during the pandemic.
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Figure 2. A hierarchical structure displaying the subtheme and codes for theme 1—students’ considerations related to learning during the pandemic.

Benefits
Benefits were characterized by increased autonomy over their
learning experience and an ability to integrate learning more
readily into their lives. Most of the participants mentioned that
flexibility was one of the biggest benefits during the COVID-19
pandemic. Some mentioned that they could work from home
or, in the case of many international students attending the
Master’s Programme in Health Informatics at KI, even work in
their home country:

[The] main benefit is that it was less time-consuming.
I was living at that time in [area_1] and I would have
to travel to [area_2], that time was saved for me.
[2019_Participant 3]

I can start with one of the big benefits I had,
especially in the beginning was that I was able to
start the master’s program from Germany where I
am originally coming from. So, I moved I think 2
weeks in the program to Sweden. So, that was a big
benefit to be more flexible in terms of the location for
sure. [2020_Participant 1]

Having access to the recorded lectures was appreciated as it
made it possible for the students to go through the material
whenever it was suitable for them. In addition, some of the
students believed that they had learned a new way of learning
and could now learn anything online. Online learning was
believed to be more efficient as they could save time without
the requirement to commute to campus:

...For me, it helped me to have the independence to
learn as [participant] said. And yeah, and like now
I can I have the feeling that I can learn anything
online, I can just sign up for a course and in some

videos and do it. And yeah, and in my current job, I
did this a lot during the last six months. New
technologies, new programming languages,
everything... [2020_Participant 7]

...I do watch tutorials on YouTube right now, but you
get used to it. To manage to solve problems alone
actually, which is really interesting because it’s
something that I do in my current job. If I don’t know
how to do something, I watch YouTube. I’m not going
to ask anybody, and I think that’s something with the
pandemic as well...I managed to solve the problems
myself. [2020_Participant 4]

Having the possibility to work and do other activities in parallel
with their studies was also appreciated by some of the
participants:

In terms of benefits, it was very beneficial to save the
commute time to the university by at least two hours
a day. I was able to work in parallel with my studies.
That wasn’t a big deal. The third benefit, I would say
[was] the flexibility to schedule meetings with
colleagues in Group work. It’s much easier than
scheduling a physical meeting... [2020_Participant
7]

As the risk of being infected and getting sick was high during
the COVID-19 pandemic, the reduced contagion was also
perceived as a benefit by many students as they lived with their
families and wished to protect or shield them or, at least, lower
the transmission risk:

Yes, of course. But before that, I would like to add
one thing that I think it hasn’t been mentioned by my
fellow friend is that the advantages of online class or
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online learning during the pandemic is that we were
able to refrain from the infection for COVID cases,
of course, and I do believe that in Sweden it’s well
managed about the cases or the infection rate is
remain low, but you know the preventive measures
that we stay in our home and limiting interaction
that’s is also one. [2021_Participant 5]

Challenges
The challenges that students experienced were divided into 2
distinct categories: altered social interaction and technical
challenges. Most of the participants perceived the lack of
interaction with teachers, classmates, and companies as a
significant challenge of online learning. They experienced that
the group feeling and the feeling of belonging to a bigger group
was missing. Some students mentioned that they needed to put
more effort into making friends and developing collegial
relationships with their classmates. Several participants
mentioned the challenges with the lack of socializing,
networking, and study visits through online learning. This was
noted through the lack of discussion due to people being shy
and not turning on their cameras and by students leaving the
online lectures directly after they finished:

...In this case, it’s an international program. And I
was not living there, so I moved to this country to
learn. But also like to meet new people, make friends,
to expand my network. The interaction with the
teachers. And as yeah, [participant] said to others
you just attend the meeting, and then you close it, and
you don’t have this interaction discussion afterward
or during the class. So that was also a point, and I
also like making friends. Of course, I made a lot of
friends in this program. But you like the effort was
bigger, you know? So, you have to be proactive to
let’s meet. But in an in-person or personal program,
you have more facilities... [2020_Participant 5]

...another aspect that at least made me feel a bit I
shouldn’t say depressed, but not as happy as I was
not meeting all the people in the class. Partly built
on that, you should form a team over two years, and
that was for me very, very obvious that I almost
missed that team spirit or the team. [2021_Participant
1]

Lack of accessibility to practical sessions on campus and limited
participation in online group work that might have resulted in
the low quality of group work were other challenges mentioned
by the students:

...I don’t have technical problems with attending
online lectures...the only thing, as I mentioned before,
is we had no opportunity to have someone...to have
an instructor while we were doing these programming
things...having online lectures is fine but having a
technical lab doesn’t always work online.
[2019_Participant 2]

...regarding the challenge of collaboration...we had
like several group assignments where we needed to
have a lot of discussions...that was fairly difficult

because we tend to have passive collaboration, I mean
like normally one or two people lead while the others
just agree it’s totally different from what we have in
the class where everyone can jump in and share their
talks during the group work. [2021_Participant 1]

Technical challenges associated with online learning were
discussed by students of all cohorts. Some students mentioned
that they were worried about the reliability of their network
along with some technical challenges with their network. For
some students, it was difficult to work with Zoom in the
beginning. There was also an adjustment period required to use
online platforms for longer periods, such as experiencing Zoom
fatigue from having several hours of online classes. There were
additional technical problems with hybrid sessions, and some
of the participants mentioned the disturbing experience that
they had during online learning as some people spoke at the
same time, which disrupted the flow of the conversation. During
hybrid learning sessions, there was a lack of interaction between
those online and those present in the room on campus:

So, in the beginning, I mean [during] the lectures
sometimes there were some network issues, and then
when you are the first time sitting on Zoom, and
everybody has their cameras turned off.
[2019_Participant 2]

...Zoom fatigue because I think during that period of
time, we had two or three classes in one day. Even
with a normal session like from 9:00 to 3:00, we felt
really exhausted and it was worsened when we had
the online classes, and I was thinking that perhaps
some sessions could be minimized. I mean like
normally we will like 90 minutes for a single
theoretical class. But if online sessions can be reduced
to about 30 or 40 minutes and the rest of the time, we
could do our self-learning. I think that would have
been more beneficial. [2021_Participant 1]

...One negative aspect I noticed was that I didn’t feel
comfortable interrupting to ask a question. I know I
would get distracted because it’s an online setting,
and sometimes when two people speak at the same
time, it can be very disruptive...also there are always
some technical difficulties. [2021_Participant 2]

While some students found online learning beneficial as it
allowed them to concentrate better during lectures by
multitasking and engaging in other activities simultaneously,
others reported difficulties in maintaining focus. These students
struggled with reduced attention spans, often due to the
distractions of being at home with their families or lack of
camera use during online lectures, which contributed to a sense
of disengagement:

...Then the other thing is that I cannot focus properly
because my kids are small. When I was at home, it
was distracting many, many times and difficult...
[2019_Participant 3]

As a result, some students experienced difficulties in
understanding the concepts and needed some assistance:
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...Well, I think the plus point was that my husband
works in technology, so I could take his help to
understand the concepts and I think that was the main
part that kept me going because if I don’t understand
things, I just...I can’t focus and I can’t move forward...
[2019_Participant 2]

Moving Between Learning Environments
Figure 3 illustrates the relationship among the codes,
subcategories, and categories for the subtheme moving between
learning environments.

Figure 3. A hierarchical structure displaying the subtheme and codes for theme 2—moving between learning environments.

Transition: Campus to Online Education
The COVID-19 restrictions prompted universities to shift from
on-campus to online teaching. The disease spread rapidly,
rendering on-campus lectures unfeasible. Numerous
international students faced challenges in keeping up with the
latest information and news. Despite the continuous updates
available on the university’s website, many international
students experienced uncertainty about the situation and when
everything would go back to normal:

...and I think that the transition between these
different ways of working, I think that was hard for
all of us because, well, especially for me, since I was
studying before. So, I got used to online learning and
then I went back to traditional learning and was very
excited about that. But then it went back to online
learning again and I was like, huh, OK...
[2021_Participant 2]

Working online was an obligation rather than an option for
students, which may have made it easier to accept and manage,
at least in the early stages of the pandemic. Having no
alternative to campus-based teaching and being forced into it
made online learning an obligation rather than a choice:

Well, I mean, I think there was no other choice.
Everything was shut down, and there was no question
of going back to campus. Nobody knew when things
would reopen again, so in the beginning, we were

forced into it, left with no other option. But then, I
think the transition was OK. [2019_Participant 1]

However, the psychological impact and requirement of support
were important when considering the transition from on-campus
to online environments. Isolation and loneliness and a stressful
situation were common themes among students who did not
have significant social support, such as family members living
in Sweden. Most of the international students leaving their home
countries to study the program in Sweden experienced that they
were isolated and felt lonely during the COVID-19 pandemic:

...Then we changed our routines, but always we had
some fear because of the unknown and what would
happen next. It was always stressful, and we didn’t
meet our friends and teachers because from my side
I don’t have any relatives here, just only people from
the university then I felt isolation and loneliness, and
something, something alwayswas in the back of my
mind and a little difficult to focus on my studies...
[2019_Participant 3]

Transition: Online to Campus Education
Technological readiness for different learning environments
was a subcategory of transitioning from on-campus to an online
environment and on the return to on-campus learning. At the
onset of the pandemic, some students encountered challenges
with Zoom due to a lack of instructions, particularly affecting
those without a technical background. Numerous students
encountered issues with audio quality during lectures and faced
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challenges with hybrid sessions. The university was not fully
prepared for online or hybrid formats due to the limited number
of lecture halls equipped for hybrid sessions:

...I was a nurse, so I wasn’t used to using it
[Zoom]...No, it was difficult in the beginning to get
used to using Zoom and the online campus. Nobody
was explaining to you how to use it in person, so you
have to do tutorials online for everything you do...
[2020_Participant 4]

We would have that many problems in the classroom
technology-wise, like not being able to record the
meetings, for instance. That was a big loss. Not being
able to join functionally from home because it was
not great for you. You didn’t actually know what was
happening in the classroom, so it was. I just wasn’t
expecting that. The classrooms weren’t equipped to
handle hybrid learning. If that was presented as an
option, so. [2020_Participant 8]

Some participants noted the initial absence of discussion on
enhancing online learning at the onset of the COVID-19
pandemic. Nevertheless, they observed an increase in
discussions on how online learning worked and how it could
be improved as the pandemic progressed. In addition, at the
beginning of the pandemic, technical challenges (eg, Zoom
difficulties, uncertainties about chat use, and initial problems
with recordings) were encountered. As the pandemic continued,
these issues were addressed, leading to a gradual improvement
in the online learning experience over time:

So, I think by the time we started [the online lectures]
everything got improved especially when they started
to record the lectures. Because I remember at the
beginning the lecture was not recorded. But later
lectures were recorded, and this was good.
[2019_Participant 2]

I mean for the teachers also, in the beginning, it was
difficult...now if you see Zoom meetings are usually
facilitated by one person who keeps an eye on the
chat while the teacher is teaching. And then in
between they ask questions. I mean it took a few
months...and during the third semester, it became
better towards the end of it. So, I think yes, I mean
everybody adapted to it because that was the only
way left. [2019_Participant 1]

Other technical challenges included the requirement for extra
tools such as headsets and screens, issues with hybrid teaching,
and inadequate online content delivery, marked by a lack of
usability and quality of and engagement with recorded lectures
and an absence of established routines for online teaching:

...but that isn’t very equitable for those who might
not have had headphones or something like that, or
maybe lived in a very small apartment, even though
I live in a small apartment. Well, then maybe have a
family and other people at home, maybe they didn’t
have any headphones, so maybe that’s an aspect of
the required equipment for the most optimal way of
learning remotely... [2021_Participant 2]

...if you maybe go and look at a lecture or recorded
video on YouTube. They are very different, and they
are a lot more engaged. Even though they’re not live,
so I do think that there should be some sort of, yeah,
look over, like how you’re supposed to have an online
lecture to maximize learning. Because, yeah, I’ve, I
found it quite strange that the prerecorded ones were
better than the live ones. [2021_Participant 4]

Some students encountered challenges with active participation
in online and hybrid sessions, which they experienced as a lack
of engagement in online learning from learners and, at times,
educators. They emphasized the need for implementing
strategies to enhance engagement during online sessions:

It lies on the lecturers. I mean, they’re supposed to
engage the students, and I understand from their
perspective that it’s so hard to engage people on a
computer, because the students usually don’t have
their cameras on, usually, maybe even sit in their
beds, listening to the lecture. And there are some
lecturers who really, really try to be like: please turn
on your cameras...I think that it requires maybe some
standard routine for how we’re supposed to do remote
learning, and I mean, just like any technical product
that goes into implementation, we need to have
change management afterward. We need to maybe
have some implementation consultants. So, both
students and teachers or professors need to learn how
they are supposed to teach, or for students how we
are supposed to learn. [2021_Participant 2]

Students had different experiences in interaction with classmates
and teachers between online and campus education. Several of
them noted that it was easier to communicate with each other
during the transition from online to on-campus learning given
their previous digital interaction through lectures and the
WhatsApp group, although some students found it strange and
unusual to meet their classmates in person for the first time.
However, the students experienced limited interaction with
teachers within the program. They found it more challenging
to engage with teachers compared to their classmates:

I think for me I can kind of remember that. Since we
first started digitally and then we changed to the
campus, we knew each other’s faces and how we
interacted. So, in a way, it was kind of easier to
change...After you’ve trained a little bit in the digital
parts, then it gives you more confidence to talk in
person. On the other side maybe, I was more shy to
talk to the teachers...it was harder. I felt more the
distance in a way, so it’s kind of the different sides,
but maybe I felt nearer to my colleagues...
[2020_Participant 2]

I would say I mean. The first day when we met. It was,
it was very weird to meet our colleagues. I mean, I’m
not used to seeing them in real life. Some were
shorter, some were taller, and you know it was a
weird experience for the first day, I would say...
[2020_Participant 7]
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Students’ Well-Being and Engagement in Learning
Figure 4 illustrates the relationship among the codes,

subcategories, and categories for the subtheme students’
well-being and engagement in learning.

Figure 4. A hierarchical structure displaying the subtheme and codes for theme 3—students’ well-being and engagement in learning.

Motivation Level and Strategies to Stay Motivated
The motivationlevels of students varied depending on their
individual circumstances and also throughout the pandemic.
Some students noted that their motivation levels remained
unaffected, maintaining the same commitment to learning
despite the pandemic. However, they expressed an increased
motivation to meet people in person. Several students found
that their motivation improved during the pandemic as they had
more free time to plan upcoming courses, learn new skills, and
engage in activities beyond their studies. Other students
expressed that they had no option but to maintain high
motivation due to visa requirements, family responsibilities,
and future career plans. They highlighted that their relocation
to Sweden was driven by the pursuit of a better future:

I would definitely say that when we moved to the
campus, I felt more motivated not because of the
learning, maybe because the motivation might be
exactly the same, but also more, more motivated to
meet people, to actually have an opportunity to meet
different people because some of you have lived in
Sweden and it’s hard most of the time because of the
difference in the cultural aspects. So, I think that’s
something that I remember being nice that I was
happy to go to the campus and see these people and
talk and learn with them. [2020_Participant 2]

I think we as international students are here because
you have your student visa, you have to study, and
you have to pass to have your visa renewed. So, we
don’t have this luxury...you know, I’m bored...I don’t

want to study; I will skip it. No. We have to do
this...We came here to study this program, and you
have your plans, and you need to work to achieve
your plans. [2019_Participant 2]

...It’s the same motivation because I brought my kids
[to Sweden] and I have to make the future. That is
the motivation. [2019_Participant 3]

Nevertheless, some students reported a decreased level of
motivation. Some related this loss of motivation to their
backgrounds, particularly feeling uncomfortable with certain
courses such as programming and machine learning. Others
mentioned that the darkness negatively affected their mood,
although it did not impact their motivation to study:

If I talk about the motivation, yes it was reduced
because I come from a medical background, and the
technical things, especially the courses like
programming and machine learning...There were so
many new things that sometimes I felt I was
lost...Within different things, all alone, and I don’t
know if I’m the only one feeling like this or [if] there’s
somebody else, or I mean, what else do I need to make
it work better? But then I didn’t want to stop doing
this...Because my main motivation was to learn
technology and I wanted to complete it so that I
know... [2019_Participant 1]

I think the majority of the time that we had online
lectures was during the darkest period in Sweden.
And I think that affected the mood also because you
then sat in front of your computer and it was dark,
and then you sat inside the whole day pretty much.
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And then it was dark again. And so obviously that has
an impact too, that it just happened to be during the
most like the darkest period. [2021_Participant 4]

Some students preferred online lectures due to the time and
energy saved from morning routines such as waking up early,
having breakfast, and preparing lunch. However, other students
believed that lectures and interactions in person gave them more
energy:

I really like remote learning and additionally, I’d like
to add as I was saying in the beginning, I was able
to be in another country because at that time my
parents were living in another country and then me
and [participant] actually could collaborate because
we were at the same time zone. [2021_Participant 2]

I will actually agree here with [participant] that also
the lectures in person and interactions in person
actually gave me more energy than they took, due to
the fact that I was way more active. For example, I
cycled to university. Then uh each morning and after
class. Which always gives me an energy boost when
I move more than also like just walking together on
the campus, going for lunch, or getting a coffee or
whatsoever. That also gave me I would stay way more
energy than it took from me compared to when I
would just be in my apartment. Pick up a coffee and
then sit back again at the table... [2020_Participant
1]

Group work was identified as a key factor for gaining and
maintaining motivation during the pandemic. Many students
believed that engaging in group work was interesting and
beneficial throughout the program. The international
environment played a crucial role in keeping students motivated.
In addition, maintaining positive relationships with classmates
and enjoying shared activities helped students stay motivated
during the COVID-19 pandemic:

I would say that the group work made me more
motivated. If I felt down. Honestly, we had very nice
groups that we worked with. I enjoyed working with
them and I learned a lot from them. But yeah, when
you feel down and then we get a challenge to work
on some project or some research or yeah, it was
studying having some fun, and some jokes here and
there. So, it wasn’t 100% serious mode. So yeah,
group work affected... [2020_Participant 7]

If it was just entirely remote, and I never had the
opportunity to meet my classmates one-on-one, I don’t
think I would be this motivated. Meeting them for the
first time, seeing their various background, a lot of
experience, and being able to tap into their own
personal experiences and professional experiences
gave me at least a lot of motivation, and a lot of
interest in how better I can be...Or if it was just purely
digital, or that involved me not traveling, I don’t think
I would have been this motivated. [2021_Participant
3]

Several students noted that having close connections with their
family, a partner, or a pet played a significant role in keeping
them motivated during the pandemic:

Yeah, I agree. Actually, that happened to me too with
my husband. He was more of a body shadowing. Like,
if someone else is working on your side like you, I
don’t know. You get more folks. Somehow with cats,
it’s different though. It may not be a routine or like
force it to go out. To walk the cat...So, it would
actually force me to get up, play a little bit with the
cat, and then come back and it was really good.
[2020_Participant 8]

The Impact of Online Learning on Academic
Performance
While some students reported no change in their academic
performance, others observed an improvement in their overall
achievement, among other reasons due to having the opportunity
to review the recorded sessions. The students expressed a sense
of adaptability to online learning, emphasizing their ability to
self-learn. However, the students found it challenging to grasp
technical aspects solely through online learning:

For me, I think that the pandemic situation increased
my performance. Because lectures were recorded and
then I used them again and again until I understood
them. And then especially for the technical
part...because we are not familiar with technology,
then I used again and again for all those recorded
things to understand...that was very effective for me.
[2019_Participant 3]

Students experienced a lack of interaction with classmates,
instructors, and guest lecturers, hindering the exchange of ideas
and discussion of questions. This lack of networking could
potentially lead to delayed job opportunities:

...But yes, I agree with my colleagues that some from
the social side there was a lack. Having a bigger
network of friends or socializing with your friends
and visiting companies in person, those who were
giving us lectures like different healthcare companies
were giving us guest lectures, but we couldn’t go in
person to the companies to visit them...Because it was
a pandemic, there were no, not many opportunities
for summer jobs and internships, but not much open
during that time. So, it was kind of that gap, which
was present during [the pandemic]...
[2020_Participant 6]

Overall Experience and Recommendations
The students noted that the program altered their approach to
problem-solving. However, they expressed a preference for
blended learning over online learning alone as the latter had a
negative impact on some, leading to feelings of isolation. In
addition, the students provided suggestions for improvement in
both online and campus-based sessions. They desired more
interactive discussions, especially for technical sessions, to
strengthen their knowledge after online lectures. Students also
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believed that having cameras turned on during online sessions
would enhance the learning experience:

...So overall, it was a positive experience, in my
opinion. I would say I learned a new way of learning
I wasn’t used to, but sort of adaptability I would say.
In terms of challenges, I would say I would agree with
my colleagues about the social part. We were not able
to socialize as compared to the normal or the offline
study. It was very important. As well as building
relationships with the instructors, teachers, and
companies. And we were not able to do that. One
other disadvantage was the interactive discussion
with colleagues... [2020_Participant 7]

...I can mention that not having the cameras on for
example is another aspect that didn’t help in
concentration, also being able to socialize with people
because this is a very international program, and
would be amazing just to be able to have been in the
classroom from the beginning to the end...
[2020_Participant 2]

We got to see our peers in person and kind of create
a connection and sit and eat lunch with each other
and talk about things to get to know each other more,
which actually can not only motivate us but also affect
us in our ways of learning because we can get another
perspective on a certain topic or something that we
wouldn’t have gotten without talking to them during
an informal event such as lunch, for instance...Again,
I think a mix, a mix of online and on-site learning has
made me at least reach my performance goals.
[2021_Participant 2]

The importance of having teacher support during the practical
sessions in technical courses in the master’s program during
the pandemic highlights a key factor in improving educational
support in online learning:

Also, we have some practical sessions for our
program, so we must have someone with us in the
room to ask because there are technical things in
programming. I don’t know where the error is in what
I am doing, so I need a next eye to see what I’m doing.
[2019_Participant 2]

Enhancing hybrid sessions was mentioned as an area for
improvement as students encountered numerous challenges
during these sessions throughout the pandemic:

Yeah, I missed something. I just remembered that
when we switched to in-person, there were some
meetings hybrids. So people joined online while we
were in the class and this was not really well
organized or I don’t know if it was our problem or if
it could be better, but I think it’s something that can
be improved or just not having hybrid meetings, but
I mean, I think we’re not prepared and we just had
like 1 computer with the meeting, so only the teacher
could hear the student who was at home.
[2020_Participant 5]

Discussion

Principal Findings
This paper reports the experience of master’s program students
at a higher education institution due to the COVID-19 pandemic
requiring adaptation to hybrid learning. Students experienced
both benefits and challenges in relation to this. The transition
between on-campus and online learning resulted in a hybrid
learning era, which is likely here to stay. The students in this
study appreciated the flexibility and autonomy provided by
online learning, enabling them to integrate their studies into
their daily lives. However, the rapid shift to online learning
caused significant challenges, such as changes in social
interactions, technical difficulties, and feelings of obligation
rather than choice in adopting e-learning. The transition from
on-campus to online learning caused a psychological impact on
students and highlighted the need for better support and
technological readiness to adapt to different learning
environments. Returning to campus presented mixed
experiences, with some students struggling to re-engage in
face-to-face learning, whereas others faced challenges in
adjusting to renewed forms of social and academic interactions.
Students’ motivation varied during the pandemic. Group work,
family support, and having pets played crucial roles in
maintaining students’ moods. Despite the challenges, students
were positive about hybrid learning to enhance future
experiences, emphasizing the need for better networking
opportunities and innovative strategies.

The findings of this study highlight implications for educators,
students, and higher education institutions to embrace adaptation
and foster innovation. These implications include the need for
educators to stay current with the latest educational technologies
and design teaching strategies and pedagogical approaches
suited to both online and in-person settings to effectively foster
student engagement. Students must be informed about the
technological requirements for online learning and adequately
prepared to meet them. Institutions play a critical role in
ensuring equitable access to technology, guiding and supporting
educators in adopting innovative tools and methods, and offering
mental health resources to assist students in overcoming the
challenges of evolving educational environments.

Comparison to the Literature
Studies have previously reported both positive and negative
consequences of the shift in learning environments. Naciri et
al [10] have suggested that students generally responded
positively to the rapid shift to online health science education
during this crisis, expressing views on aspects such as
acceptance, motivation, and engagement. Despite varying
socioeconomic conditions across countries, certain key factors
such as access to technology, basic computer literacy,
well-designed online course pedagogy, and flexibility in learning
consistently supported online education. However, students
encountered challenges such as inconsistent internet access,
difficulties with educational platforms, and hurdles in acquiring
clinical skills online. These insights are crucial for enhancing
the integration of these technologies into educational
frameworks [10]. This is congruent with our results, where
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overall the students responded well to the rapid shift to online
learning but reported both positive and negative outcomes, with
challenges especially in computer laboratory sessions. Our
findings also confirm the results of other studies [9,11] on the
difficulties regarding limited internet access, technical problems,
challenges related to adjustments from traditional to online
formats, and impact on students’ well-being.

Students in our study were not entirely satisfied with the
practical sessions in technical courses, highlighting the need
for access to teacher assistance during these sessions. This
contrasts with a study that reported satisfaction with clinical
teaching and practical sessions remaining adequately high during
the shift to e-learning. They also reported notable improvement
in student satisfaction concerning course structure, instructor
expertise, learning materials, and overall contentment with the
courses, as well as a tendency for student grades to improve in
the online format [8].

A review study [20] revealed that motivation and self-regulated
learning were significant challenges, impacting students’ability
to engage critically with the material. It also showed varied
attitudes toward online learning, with decreased satisfaction
and emotional well-being in many students due to feelings of
isolation and increased stress. These findings align with our
results as students in this study also experienced loneliness and
isolation, which led to a lack of focus on the studies.

Findings regarding the use of technology show that competence,
perceived usefulness, ease of use, and facilitated implementation
are predictors of learners’ attitudes toward and intentions to use
technology [18,21,22]. Technologically capable students are
likely to associate poor digital implementation by educators
with lower satisfaction and self-efficacy. Integration of
technology with a student-centered focus is likely to influence
the development of autonomy and self-regulated learning
[23,24]. For students enrolled in a health informatics program,
where technology is a significant aspect of the learning
curriculum, it could be extrapolated that they would likely be
comfortable and be able to adapt to the use of technologies for
learning. Therefore, the reported themes associated with
technology use may be more significant for other groups of
learners in different educational fields.

In addition to these findings, there has been a significant
association reported between instructors’ use of effective
teaching practices and student motivation. Alongside the quality
of teaching and challenges associated with technology,
prepandemic studies have indicated that motivation in online
learning can be affected by demographic characteristics such
as age, gender, employment status, income, and family
obligations [22]. However, most studies were conducted at
higher education institutions where students had a choice to
enroll in online learning; learning in a hybrid environment may
be different.

Online laboratory sessions in technical courses have shown
some drawbacks in managing requests for help from student
groups. During in-person sessions, teaching assistants can
manage the requests of a group but, at the same time, give
feedback to others (spontaneous interactions or questions that
require a short answer). Using online learning tools with students

divided into rooms, requests are managed only sequentially
without allowing for spontaneous interactions. In addition,
managing the request queue was more challenging for teaching
assistants due to the unavailability of a specific function in the
online learning tools. This seems to be in accordance with
previous research on the topic [25-27].

Implications for the Educators, Students, and Higher
Education Institutions
The transition to online learning during the COVID-19 pandemic
had significant implications for educators, students, and
universities. Both educators and students had to make substantial
adjustments in their teaching methods and learning styles,
respectively. This study highlighted a greater emphasis on active
learning strategies, self-discipline and time management, active
participation in discussions and group work, and the
development of flexibility and resilience.

Although our study focused on the experiences of students, the
importance of educators in both the design and delivery of
hybrid learning must be recognized. An online replication of a
physical classroom can result in bored students and exhausted
teachers, with both experiencing Zoom fatigue. A change in
pedagogy is required to teach in the hybrid learning
environment. Hybrid pedagogy is a development from blended
learning using elements of both online and face-to-face learning,
resulting in no separation between learners in the physical or
digital space [13].

A significant issue related to hybrid learning is the required use
of technologies. The health informatics students recognized
both individual and organizational gaps in infrastructure and a
lack of technological preparedness, which was experienced by
many institutions. After the pandemic, it is critical that higher
education institutions ensure that technology is leveraged to
provide students with a good online, physical, or hybrid
experience. The pandemic has highlighted the importance of
preparedness and resilience in higher education for future crises.
To support online and hybrid education, institutions need to
invest in robust technological infrastructure and prioritize
continuous professional development and training for educators.
As highlighted in our study and similar research [9,10,28,29],
there is a significant need to equip educators with the skills to
adapt to the evolving educational landscape, particularly in the
use of digital technologies. Educators need to develop skills to
effectively use online platforms and tools to create engaging
and interactive learning experiences. Common themes when
designing quality online instruction that engages and motivates
students are those of interaction, collaboration, communication,
and discussion [21,30]. Online and hybrid learning require a
greater focus on interactivity; this helps break the monotony
and allows for student socialization. Therefore, engaging in
ongoing professional development to stay updated with the
latest educational technologies is a necessity for educators.
Those students who had previously had the opportunity to meet
in person on campus before transitioning to online learning may
have had a closer sense of community than those whose
educational experience transitioned in the opposite direction.
Therefore, it is vital for instructors to build and foster a sense
of community to keep students motivated. Overall, the onus is
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on educators to design and deliver quality teaching appropriate
to the environment (web based or in person) to promote student
engagement and encourage motivation to learn. To support these
efforts, it is equally important that students are informed in
advance of the requirements to attend classes online and be
advised on the necessary technology (such as headphones,
microphone, and camera). Furthermore, institutions should
ensure access to technology by providing it on a short-term loan
basis or guiding students in applying for grant funding, thereby
ensuring equitable access to learning resources. Institutions
should also guide and support educators to learn about and
incorporate new technologies into their teaching practices
[31-33]. In addition, providing extra resources and support to
help students navigate the challenges of online learning is
crucial. Given the impact that the shift had on students’ mental
health, higher education institutions should provide mental
health resources and support systems to assist students in
managing these challenges. Students, educators, and institutions
play a crucial role in informing policy makers regarding
challenges and implications of future crises by sharing best
practices for managing education emergencies. Providing
feedback, sharing research findings, and offering concrete
examples are essential for ensuring that policy makers are well
informed and able to respond to the evolving needs of the
educational community.

Strengths and Limitations of This Study
This study is limited by its context-specific nature, focusing on
a particular group of students within a specific educational
environment (health informatics master’s students at KI), which
may not fully capture the diverse experiences of learners in
other regions, disciplines, or institutional settings. This may
limit the generalizability of the results. However, the
recommendations in the results can apply to other programs
and institutions with similar educational systems and resources.
The sample size in this study could be considered a limitation.
However, saturation was achieved across the entire sample as

no additional new themes emerged during the data analysis
process. Although the number of participants from the 2019
cohort was low, the insights gathered from this group were
consistent with those gathered from students from the other
cohorts.

Conclusions
The shift to hybrid learning in response to the COVID-19
pandemic presented both benefits and challenges for
postgraduate students in higher education institutions.
Technological preparedness, equitable access to technology,
and educator training are crucial factors that institutions must
address to support students’ learning experiences. In addition,
fostering interaction, collaboration, communication, and
discussion in online and hybrid learning environments is
essential for engaging and motivating students. Ultimately,
educators play a key role in designing and delivering quality
teaching that promotes student engagement and encourages
motivation to learn regardless of the learning environment.

Future studies should aim to explore the impact of the
COVID-19 pandemic on students’ learning experiences across
varied contexts, incorporating cross-institutional comparisons
to develop a more comprehensive understanding of how
different factors influence learning experiences and outcomes
in hybrid and online education. In addition, it is of great
importance that future studies examine new teaching methods
and pedagogical approaches that can enhance students’
engagement and increase communication and interaction
between students in hybrid education. Finally, it is crucial to
develop strategies and policies that prepare higher education
institutions for crises, ensuring that they can effectively
transition between educational environments—whether shifting
from in-person to online or hybrid modes—while maintaining
educational continuity and quality. Future research could use
case studies to investigate institutional responses and apply
principles of action research to collaboratively develop and
refine teaching strategies and crisis management policies.
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Abstract

Future health professionals, including dentists, must critically engage with digital health technologies to enhance patient care.
While digital health is increasingly being integrated into the curricula of health professions, its interpretation varies widely
depending on the discipline, health care setting, and local factors. This viewpoint proposes a structured set of domains to guide
the designing of a digital health curriculum tailored to the unique needs of dentistry in Australia. The paper aims to share a premise
for curriculum development that aligns with the current evidence and the national digital health strategy, serving as a foundation
for further discussion and implementation in dental programs.
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Introduction

As the world continues to be digitally transformed, there are
increasing expectations for health care providers to use
technology and handle health information safely and ethically
[1]. It is likely that future health professionals will also need to
think critically about how digital health technologies can be
used to transform models of care [2].

Digital health and informatics remain relatively new curriculum
topics for many health professions, including dentistry. Defining
the relevant curricular objectives in entry-to-practice degrees
can be particularly challenging for several reasons. First, there
are several definitions and conceptualizations of the term “digital
health” [1,3-6]. Second, the implementation of digital health
education in health profession degrees has largely been ad hoc,
with different schools adopting varied approaches [7]. This has
resulted in inconsistent learning outcomes and a fragmented
understanding of digital health competencies for health
profession graduates. Third, although a multitude of digital
health competency frameworks exist [8-11], there is a notable
absence of shared curriculum models specific to dentistry.
Therefore, dentistry educators are not aware of or struggle to
adopt best practices in the teaching of digital health.

In this viewpoint, we argue that there is a need to integrate
digital health education into dentistry curricula to prepare future
practitioners for the increasingly digitized health care
environment. Specifically, we propose a distinct point of view
for defining "digital health" in dental education, a structured

set of domains to guide the design of digital health curriculum,
and a framework for curriculum development that aligns with
current evidence.

Beginning With the End in Mind

In Australia, a country that ranks consistently high for digital
health maturity [12], clear digital health objectives are set out
through national strategies such as the Australian Digital Health
Agency (ADHA) Capability Action Plan (2023) and the National
Healthcare Interoperability Plan (2023‐2028) [1,13]. The
government body for digital health (ie, the ADHA), peak bodies
such as the Australasian Institute of Digital Health (AIDH), and
digital health innovation centers all identify building workforce
capability as a critical part of achieving digital transformation
of health care [1,13-15]. These organizations envision a future
where health professionals will work in integrated and
multidisciplinary environments. Digital health education in
entry-to-practice degrees is thus a core element of advancing
workforce capability; however, the specific content, including
priority areas of knowledge and skills, must be tailored to the
unique demands of each discipline and local context. For
dentistry in Australia, this means aligning the curriculum with
the national digital health strategy while addressing the current
maturity level and future needs of the dental profession.
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Reframing “Digital Health” for the Next
Generation of Australian Dental
Practitioners

A lack of standardized digital health education in
entry-to-practice degrees in Australia has been recognized for
decades [16-18] and has been demonstrated by gaps in
workforce competency [19]. Global interest in the digital
transformation of health care is accelerating, catalyzed by the
COVID-19 pandemic and advances in artificial intelligence
(AI). However, not all health professions have advanced equally
considering their digital transformation. In Australia, as in many
countries, the dental sector remains traditionally siloed from
the rest of the health care system and faces fragmentation in its
information systems [20]. In the dental sector, the most progress
in digital health has been observed in restorative and surgical
procedures, where technology is directly integrated into clinical
workflows [21]. For example, conventional manual techniques
and laboratory workflows for the design and fabrication of dental
restorations have evolved into in-house, fully digitized
workflows with the application of intraoral scanners and
chairside milling machines [22]. In contrast, dentistry has a
relatively nascent data culture [23], with less focus on the
broader scope of digital health, which we define in this
viewpoint to encompass virtual care, remote monitoring, mobile
health (mHealth), wearables, big data analytics, platforms, and

“the exchange of data and sharing of relevant information across
the health ecosystem creating a continuum of care” [4].

Developing digital health–capable dentists thus involves more
than simply teaching the technical aspects of digital tools used
in service delivery; it requires a shift towards understanding
how digital data can inform clinical decisions, enhance patient
care, and contribute to system-wide improvements. This
conceptual change is crucial for moving from a service-focused
practice to one that leverages digital health as an integral part
of modern dental care. The Learning Health Systems (LHS)
framework [24] is one example of how to help dental
professionals characterize digital health. LHS are health care
environments where science, informatics, incentives, and culture
align to promote continuous improvement and innovation. In
these systems, best practices are embedded in care, patients
actively participate, and new knowledge is generated from every
care experience [25]. Building on this vision, dental education
should emphasize models where digital health is central to both
practice and continuous improvement. This approach will foster
digital health capability by cultivating a deeper understanding
of how and why digital health technologies enable the delivery
of high-quality, safe, and sustainable care.

Textbox 1 outlines the questions that can guide the development
of a digital health curriculum for entry-to-practice dental
education. These questions are intended to help educators and
curriculum developers define clear goals aligned with the
specific needs of the discipline and the local health care context.

Textbox 1. Defining the goals of digital health curriculum for entry-to-practice degrees.

• What is outlined in national and local digital health strategies for the next 5-10 years? What does the political and funding environment look
like?

• What are the digital health-related accreditation standards of the profession?

• What does the current and future digital health maturity of the primary work environments of your graduates look like?

• Consider the difference in goals for:

• A rural school where graduates may work in areas with limited digital maturity

• A health discipline or specialty where graduates will typically work in tertiary care rather than primary care

Considerations for Curriculum
Development

The Australian Dental Council (ADC) recently revised its
competencies for newly qualified dental practitioners; they
updated the requirement to include “using digital technologies
and informatics to manage health information and inform
person-centred care” [26]. This prompted the authors to develop
a digital health curriculum to be implemented in a higher
education institution that has graduating dental professionals
in Australia. As per the best practice in curriculum development
[27], we considered the existing digital health competency and
capability frameworks as part of our curricular needs assessment.
An environmental literature scan found that only a few
frameworks had been created specifically for dentistry or
involved dental experts in their consultations, reflecting a lag
in dentistry’s digital health participation (Multimedia Appendix

1). As a result, not all topics in these existing frameworks were
relevant or current to the reality of training dental professionals
in Australia, who will predominantly work in small clinics in
primary care, in practices with varying digital health maturity
[28,29]. An exception was the digital dentistry curriculum
proposed by the American College of Prosthodontists [30],
which is well-researched but focused solely on digital skills for
prosthodontics. This highlighted a gap in resources to support
the broader skill set of graduating dentists in Australia, as
outlined by the ADC.

The process of designing higher education courses aims to align
industry standards with a scaffolded approach for developing
effective learning outcomes that produce work-ready graduates.
While the ADC’s revised competency served as a catalyst for
curriculum development, our efforts extended beyond the ADC’s
scope to meet standards such as those overseen by the Tertiary
Education Quality and Standards Agency (TEQSA), which
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performs the quality assurance checks for all participants,
delivered as part of higher education in Australia. TEQSA’s
emphasis on authenticity in curricula design, as well as
contemporary leading practice [31,32], influenced our approach
towards designing a curriculum that not only meets regulatory
competencies but also prepares students for practical,
professional challenges in the evolving digital health landscape.

Finally, a critical component of our approach was to tailor the
curriculum to the local context. While internationally recognized
informatics competencies [33] often underpin digital health
capability frameworks, they do not alone fully capture the
breadth and nuances of digital health proficiency. Digital health
encompasses a range of skills, including digitally enabled
clinical processes, care pathways, and behavior change
management, all of which are shaped by local variations in
digital health maturity and sociocultural contexts. Furthermore,
curriculum development often occurs under significant time

and resource constraints, requiring an approach that is rigorous
but targeted. For example, rural schools may not yet prioritize
AI competencies if electronic health records are not yet in use
locally.

Key Domains

Two frameworks were selected to inform the development of
the dental digital health curriculum, both of which are
government-sponsored, peer-reviewed, and directly relevant to
the Australian setting [Textbox 2]. The domains in Table 1 are
an abridged synthesis created by the authors, drawing on
elements from the two selected frameworks. This reimagined
structure is intended to facilitate the development of a digital
health curriculum for dentistry, aligning learning objectives,
instruction, and assessment with the national strategy in
Australia.

Textbox 2. Frameworks selected to inform development of the dental digital health curriculum.

1. Framework 1 (2018): eHealth Capabilities Framework for Graduates and Health Professionals [34]. This framework was developed by the
University of Sydney and eHealth New South Wales, consisting of a tri-phase literature review, focus groups with faculty and government
representatives (n=23), and a Delphi method refinement with 4 iterations. The framework is structured in 4 domains and describes recommended
knowledge and skills for health professions graduates in digital health.

2. Framework 2 (2021): Digital Health Capability Framework for Allied Health Professionals [35]. This framework was developed by the Department
of Health, Victoria, and consisted of a 3-part development program including a competency framework review, expert discussion panel interviews
(n=28), and an online survey of Victorian allied health professionals (n=164). This document draws from Framework 1 and is similarly structured
into 4 domains of 3-6 subdomains, with the addition of levels of digital health proficiency ranging from Foundation, Consolidation, Expert, and
Leadership.

Table . Domains and goals for digital health curriculum for an entry-to-practice dental degree.

Suggested learning topicsLearning goalDomain

Electronic health records, digital dentistry (radio-

graphy, intraoral scanning, CAD/CAMa, and
other digital workflows) data, interoperability
and learning health systems, artificial intelligence

Newly graduated dental practitioners will active-
ly lead the digital transformation of dentistry by
using technology to deliver patient-centred care
and by recognizing the role of data and analytics
in improving it.

1. Digital transformation of health

Data privacy and cybersecurityNewly graduated dental practitioners will drive
improvements in the privacy and security of pa-
tient data, and model the safe, ethical, and respon-
sible use of digital health technologies in the
dental practice.

1. Legislation, policy, and governance

Digital health literacy, patient engagement in
health care, and digital health equity

Newly graduated dental practitioners will pro-
mote patient engagement in health care, prescribe
appropriate digital resources, and support digital
health literacy.

1. Digital health for patients

Social media and digital professionalismNewly graduated dental practitioners will model
a professional and appropriate digital identity.

1. Digital professionalism

aCAD/CAM: computer-aided design/computer-aided manufacturing.

The first domain recognizes that along with technical proficiency
in digital clinical workflows, dental practitioners must be able
to think in multidisciplinary terms of the flow of data and
information across health care [13]. Dental practitioners must
understand the importance of informatics, interoperability, and
a quality improvement mindset to be the building blocks for
creating LHS [24,25].

The second domain recognizes the role of the dental practitioner
in safe and ethical governance of patient data across digital
workflows, noting that health care is the consistently
top-reporting sector for data breaches in Australia [36].

The third domain recognizes the shift from the paternalistic
model of health care towards a person-centered one where the
person receiving care plays an active role in shared health care
decision-making. The OpenNotes mandate in the US is a good
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example of this [37]. This domain is also particularly relevant
to the rapid pace of AI development and the accessibility of
generative AI models that patients may use to access health
(mis)information. Dental practitioners must understand digital
health literacy; how patients may engage with digital health
technologies and services; and the uses, ethics, benefits, and
risks of AI in health care.

The fourth domain recognizes that dental practitioners must
develop a professional identity, which is multidimensional
across social media and the internet. The obligation for a dental
practitioner to uphold their professional code of conduct is
binding for both their in-person and digital profiles [38].

This holistic overview of digital health in dentistry is a step
towards addressing the observation that digital health education
tends to be focused on medical degrees—mostly in electives or
single-unit areas such as telehealth—and in utilizing diverse
approaches for delivery, development, and assessment [39]. A
similar observation was found during our curricular needs
assessment, revealing a strong focus in single content areas such
as telehealth and digital dentistry, but confirming opportunities
to facilitate a more coordinated and comprehensive learning
pathway to support full digital health competency.

Final Thoughts

Viewing dentistry through a “digital health” lens may seem like
a small matter. However, the change in perspective for dental
educators is important. Dentistry has traditionally focused on
individual patient care and procedural intervention, but
contemporary health care is increasingly shaped by system-level
forces. AI, interoperability, value-based care, and increasing
consumer participation are now current realities [40-43]. The
potential for digital health to drive meaningful systemic
improvements in oral health and health care cannot be truly
realized without first building the necessary capability at the
graduate level. Consequently, these topics can and should be
taught in a structured manner in entry-to-practice dental
education.

Critically, although newer generations are often seen as digitally
adept, they do not automatically master the necessary digital
skills simply from being exposed to technology [44]. This gap
in digital competency underscores the importance of intentional
curriculum design. Universities are increasingly using the
approach of constructive alignment to enhance outcome-based
education [45], and this approach should be used to design a
longitudinal digital health curriculum that can align with the
intended graduate attributes.

This viewpoint has outlined the premise for designing a digital
health curriculum in dentistry, using a structured set of domains
based on current evidence and adapted to the Australian context.
The proposed domains provide a foundation for educators to
build a curriculum that aligns with the unique needs of dental
professionals and the national strategy for digital health. This
approach is intended for integration into the University of
Melbourne’s dentistry program and aims to encourage the
further development and discussion of digital health education
within dental programs, both nationally and globally.

Conclusion

It can be difficult for educators to define digital health
curriculum that is both evidence-based and relevant to their
discipline and local context; to design it is to predict the future.
However, keeping pace involves changing our view of digital
health in dentistry. A common understanding about the language
of digital health is important for developing health professionals
who will be able to navigate the environment of the modern
health care system. We found that existing digital health
capability frameworks were useful to define a view of digital
health across an entry-to-practice dental degree, and high level
roadmaps and frameworks are valuable to envision a
future-ready dental graduate who can embrace the next wave
of digital transformation. This perspective will be useful for
developing the curriculum aligned with the national vision of
building workforce capability and realizing the aim of safe,
connected care.
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Abstract

Background: Student feedback is crucial for evaluating the effectiveness of institutions. However, implementing feedback can
be challenging due to practical difficulties. While student feedback on courses can improve teaching, there is a debate about its
effectiveness if not well-written to provide helpful information to the receiver.

Objective: This study aimed to evaluate the impact of coaching on proper feedback given by dental students in Saudi Arabia.

Methods: A total of 47 first-year dental students from a public dental school in Riyadh, Saudi Arabia, completed 3 surveys
throughout the academic year. The surveys assessed their feedback on a Dental Anatomy and Operative Dentistry course, including
their feedback on the lectures, practical sessions, examinations, and overall experience. The surveys focused on assessing student
feedback on the knowledge, understanding, and practical skills achieved during the course, as aligned with the defined course
learning outcomes. The surveys were distributed without coaching, after handout coaching and after workshop coaching on how
to provide feedback, designated as survey #1, survey #2, and survey #3, respectively. The same group of students received all 3
surveys consecutively (repeated measures design). The responses were then rated as neutral, positive, negative, or constructive
by 2 raters. The feedback was analyzed using McNemar test to compare the effectiveness of the different coaching approaches.

Results: While no significant changes were found between the first 2 surveys, a significant increase in constructive feedback
was observed in survey #3 after workshop coaching compared with both other surveys (P<.001). The results also showed a higher
proportion of desired changes in feedback, defined as any change from positive, negative, or neutral to constructive, after survey
#3 (P<.001). Overall, 20.2% reported desired changes at survey #2% and 41.5% at survey #3 compared with survey #1.

Conclusions: This study suggests that workshops on feedback coaching can effectively improve the quality of feedback provided
by dental students. Incorporating feedback coaching into dental school curricula could help students communicate their concerns
more effectively, ultimately enhancing the learning experience.

(JMIR Med Educ 2025;11:e68309)   doi:10.2196/68309

KEYWORDS

student feedback; coaching; dental education; student evaluation; teaching methods; educational intervention

Introduction

Feedback, a cornerstone of effective performance improvement,
plays a crucial role in various domains, including education.
Understanding how feedback is delivered and received is
essential to maximize its impact. Several models provide
frameworks for analyzing feedback processes, such as Hattie
and Timperley’s [1] model, which categorizes feedback based
on its focus (task, process, and self-regulation), and Kluger and
DeNisi’s [2] Feedback Intervention Theory, which explores the
instructional, motivational, emotional, and learning effects of
feedback. These models highlight the complexities of feedback

delivery and the importance of considering the recipient’s needs
and the specific context. These models go beyond simple
evaluation and rather focus on providing actionable information
that supports student learning and development.

Feedback is a critical method of measuring the effectiveness of
performance and outcome of any institution. More importantly,
if these institutions play an important role in education, health,
or essential services, it is crucial to use student feedback to
ensure the successful performance of these institutions.
Feedback is often challenging to execute due to interaction
issues or practical applicability [3,4]. Challenges arise from a
complex interaction between the providers and recipients’
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performance [4]. An example of these challenges could be the
fear of recognizing unsatisfactory performance,
discouragements, and liability. However, feedback’s primary
purpose is to improve the outcome. Delivering productive
feedback to assess teaching procedures and students’experience
is critical for effective learning and developing a solid
connection between feedback providers and recipients [5-7]. In
addition, it serves to evaluate teaching strategies. By aligning
with the principles of key feedback models, the overall learning
experience can be enhanced for both students and faculty.

Giving feedback to recipients can be complex; however, various
techniques have been reported in the literature; 1 of the popular
techniques is the “compliment sandwich,” in which the recipient
receives 1 criticism between 2 positive comments [8]. In
contrast, another effective technique is to eliminate the negative
connotation of feedback, in which the feedback provider
mentions the mistakes and provides some solutions [9]. In any
case, it is important to note that effective feedback comprises
structure, content, and time [10]. When this feedback is expected
from students to instructors, another level of challenge can be
anticipated [11]; certain boundaries between the students and
their instructors may restrict students’ ability to express
themselves freely. Students may also perceive end-of-course
feedback as a mere administrative requirement fulfilling
curricular mandates, potentially diminishing their perceived
value and engagement in the process. Hence, to give constructive
feedback, it is essential to guide students to the fact that the goal
is not to deliver the feedback by criticizing but to enhance the
feedback process to be more effective and constructive [12,13].

Many educational institutions imply student and professor
feedback concerning courses in which they are both involved
[14]. The feedback from the students usually involves a set of
surveys to rate a course and the instructor giving that course.
This process could assist the instructors in better recognizing
areas of strengths and weaknesses, ultimately improving the
educational experience [15-17]. Debate emerges that questions
the effectiveness of such feedback [15,18-20]. A recent study
found that implementing feedback could be beneficial if
incorporated into the curriculum while also providing instructors
with how to receive such feedback and how to adapt to these
comments [17,21,22]. Furthermore, another author highlighted
the importance of student evaluation and excelling in education,
which could provide the instructor with minor adjustments to
reform the course [21-23]. In contrast, some instructors note
that this feedback will not encourage them to modify their
courses [23]. Furthermore, some instructors might find it
difficult to solely base altering decisions on input provided by
students, arguing that some aspects will affect the student’s
ability to provide trustworthy information based on factors such
as the ability to construct critical feedback or complex

circumstances, including age, gender, or educational background
[18,24].

Although previous studies assessed the effect of feedback given
by students on teaching quality and the improvement of feedback
over a certain period [14,18], the relations between coaching to
give and receive feedback and the feedback received from
students after coaching have not been investigated among dental
students in Saudi Arabia. Teaching students how to provide
reflective, constructive feedback to elicit better outcomes for
course, curriculum, and general educational development would
be significant. Thus, the primary objective of this study was to
evaluate the feedback given by students in the College of
Dentistry, King Saud bin Abdulaziz University for Health
Sciences (KSAU-HS), after using 2 different coaching
approaches on how to provide feedback. The secondary
objective was to improve the effectiveness of the feedback given
by dental students after exposing them to 2 different coaching
approaches on how to provide feedback. The null hypothesis
of the current study is twofold as there is no difference in the
nature of the feedback given by the students using 1 coaching
methods, and both the coaching methods increase the proportion
of constructive student feedback equally.

Methods

Overview
In total, 50 students were invited to participate in the study.
Students were asked to complete 3 surveys in open-ended
question format at the end of each trimester (repeated measures
design, Figure 1). These surveys asked the same questions but
were specific to each trimester. Invited students were asked to
provide feedback on the RSTO 311 course. This study focused
on first-year dental students enrolled in their introductory dental
course, which serves as their initial exposure to fundamental
dental concepts, including tooth anatomical landmarks, cavity
preparation techniques, and restorative procedures in both
theoretical and simulated clinical environments. Each survey
consisted of 5 questions, adopted by Hajhamid and
Somogyi‐Ganss [16]. The first question was to indicate the
2-digit number assigned to each student by a research assistant
who never interacted with the students to ensure anonymity.
The second question was about the lectures given during the
trimester. The third question was about the practical sessions
taken during the trimester. The fourth question was about the
quizzes, written and practical exams taken during the trimester.
The fifth and last question was about the overall course
(Multimedia Appendix 1). Based on the course learning
outcomes, the students are expected to meet minimum criteria
of knowledge and understanding as well as practical skills; thus,
the survey focused on these aspects of the course.
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Figure 1. Study design showing coaching methods for feedback given in surveys #1, #2, and #3.

At the beginning of the course, an invitation was sent to all
students taking the RSTO 311 course. The students were offered
a bonus (2 grades) if they participated in the study. If they
wished not to participate, they could write an essay about a topic
related to their course and get the same bonus grades. The survey
was designed using Google Forms and was sent by email to all
participating students; the survey link was sent by the same
research assistant who assigned the 2-digit numbers to
participating students. Consent was obtained from all
participating students at the beginning of each survey. Before
completing the first survey at the end of the first trimester, no
coaching or instructions were given to the students on how to
receive and provide feedback. Before completing the second
survey at the end of the second trimester, students were coached
by reading a 2-page handout on how to receive and provide
feedback, which can be covered in approximately 10 minutes
(Multimedia Appendix 2). The handout explains the different
types of feedback, as well as steps and examples for giving
constructive feedback. Before completing the third and last
survey at the end of the third trimester, students were coached
by attending a 1-hour workshop on how to receive and provide
constructive feedback. The workshop was given by a faculty
member who was not involved in the course or the research
study. The workshop similarly explained different theories on
giving and receiving feedback and demonstrated to the students
how to improve feedback with examples. Both the handout and
the workshop were based on a previously published paper [16].

All 3 surveys’answers were evaluated independently by 2 raters,
the course director and the co-course director of the course. The
answers were rated as either neutral, positive, negative, or
constructive feedback. Any disagreement between the 2
evaluators’ ratings of the survey answers was discussed and
agreed upon before the analysis. Answers were considered
neutral feedback if there were no positive, negative, or
constructive comments. Answers were deemed positive if
general praise was included. Answers were considered negative
if the provided nonconstructive criticism. Finally, answers were
considered constructive if there were any suggestions to improve
the course in any aspect, even if they contained any positive or
negative comments. When rater disagreement was noted in cases
where responses were not clearly considered as positive or
negative feedback and did not include any constructive comment
or intent for improvement, responses were rated as neutral. Data
were collected and analyzed based on the ratings given by the
2 evaluators and then compared between surveys.

Student feedback was collected in textual form and subsequently
coded into 4 categories: positive, negative, neutral, and
constructive. The reliability of this coding process was ensured
through independent assessments by 2 raters. Kappa statistics
was used to assess inter-rater reliability between the 2 raters.
The ratings followed a nominal scale (1=neutral, 2=positive,
3=negative, and 4=constructive); hence, frequency and
proportions were reported for the ratings as descriptive statistics.
Inferential statistical analysis was used to test rating changes
over time (McNemar test). The level of significance of .05 was
used for inferential analysis with P values <.05 reported as
statistically significant. Analysis was performed combined for
4 questions as well as separately for each question. IBM SPSS
Statistics software (version 29) was used for descriptive and
inferential analysis.

Ethical Considerations
An institutional review board ethical approval was obtained
from King Abdullah International Medical Research Center for
this cross-sectional study (IRB/3004/23). This study was
conducted during the academic year 2023‐2024 among
first-year dental students who took the Dental Anatomy and
Operative Dentistry course (RSTO 311) at the College of
Dentistry, KSAU-HS, a public dental school in Riyadh, Saudi
Arabia. The RSTO 311 is a yearly course divided over 3
trimesters. The course has theoretical and practical components:
30 lectures and 40 practical sessions. The students were assessed
based on weekly continuous assessment, 3 quizzes, 3 written
exams, and 3 practical exams.

Results

Of the 50 students in the class, 47 participants (25 male and 22
female participants) were included who completed all 3 surveys
at 3 different time points, giving a participation rate of 94%.
Out of 50, 1 student dropped the course, 1 refused to participate,
and 1 failed to complete the third survey.

The 2 raters provided a total of 564 ratings each. Overall, 541
out of 564 ratings matched, suggesting a 95.9% level of
agreement. The κ value was 0.941, which, being above 0.9,
indicates an almost perfect level of agreement between the
raters, demonstrating a high degree of reliability in the
classification of responses. Discrepancy in data was discussed,
re-evaluated, and a final agreement was reached and recorded.
The following are randomly selected examples presented from
students’ feedback:
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Neutral feedback: “No complaints about it”

Positive feedback: “The course provided a solid
foundation in the subject matter, it was a valuable
learning opportunity”

Negative feedback: “The work was hard and tiring
and the time was not enough”

Constructive feedback: “In some anatomy lectures,
clearer explanations were needed. Providing a short
video would offer better visualization for students”

Within-subject analysis was conducted separately for each of
the 4 questions in the 3 surveys. No significant changes were
observed between survey #1 and #2 in any of the 4 questions,
separately or combined. However, there were statistically
significant changes between survey #1 and #3 with regards to
increase in proportion of constructive ratings for questions 2‐4
as well as for the 4 questions combined. Significant change in
ratings was also found in survey #3 relative to survey #2 for
questions 1‐3 as well as for the 4 questions combined (Table
1).

Table . Ratings for each of the 4 questions at each of the 3 surveys.

Survey #3, n (%)Survey #2, n (%)Survey #1, n (%)Question and rating

#1a

13 (27.7)9 (19.1)10 (21.3)Neutral

0 (0)2 (4.3)4 (8.5)Positive

9 (19.1)25 (53.2)15 (31.9)Negative

25 (53.2)11 (23.4)18 (38.3)Constructive

#2b

11 (23.4)11 (23.4)13 (27.7)Neutral

1 (2.1)8 (17)3 (6.4)Positive

1 (2.1)14 (29.8)15 (31.9)Negative

34 (72.3)14 (29.8)16 (34)Constructive

#3c

15 (31.9)24 (51.1)27 (57.4)Neutral

1 (2.1)2 (4.3)6 (12.8)Positive

6 (12.8)10 (21.3)4 (8.5)Negative

25 (53.2)11 (23.4)10 (21.3)Constructive

#4d

12 (25.5)16 (34)17 (36.2)Neutral

2 (4.3)1 (2.1)1 (2.1)Positive

8 (17)12 (25.5)18 (38.3)Negative

25 (53.2)18 (38.3)11 (23.4)Constructive

All 4 combinede

51 (27.1)60 (31.9)67 (35.6)Neutral

4 (2.1)13 (6.9)14 (7.4)Positive

24 (12.8)61 (32.4)52 (27.7)Negative

109 (58)54 (28.7)55 (29.3)Constructive

a McNemar test for survey 2 vs survey 1: χ²5=5.86, P=.32; McNemar test for survey 3 vs survey 1: χ²5=6.64, P=.25; McNemar test for survey 3 vs
survey 2: χ²3=13.07, P=.004
b McNemar test for survey 2 vs survey 1: χ²6=4.63, P=.59; McNemar test for survey 3 vs survey 1: χ²5=18.26, P=.003; McNemar test for survey 3 vs
survey 2: χ²5=23.30, P<.001
c McNemar test for survey 2 vs survey 1: χ²6=6.10, P=.41; McNemar test for survey 3 vs survey 1: χ²5=15.87, P=.01; McNemar test for survey 3 vs
survey 2: χ²5=14.53, P=.006
d McNemar test for survey 2 vs survey 1: χ²5=5.31, P=.38; McNemar test for survey 3 vs survey 1: χ²4=10.81, P=.03; McNemar test for survey 3 vs
survey 2: χ²5=5.62, P=.35
e McNemar test for survey 2 vs survey 1: χ²(6)=5.28, P=.51; McNemar test for survey 3 vs survey 1: χ²(5)=33.43, P<.001; McNemar test for survey 3
vs survey 2: χ²(5)=45.28, PP<.001
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Table 2 shows the proportion of constructive versus
nonconstructive (positive, negative, or neutral) ratings for each
question and for all 4 questions combined. A significant increase
in the proportion of constructive ratings was found between
survey #1 and survey #3 for questions 2‐4 as well as for the

4 questions combined. A significant increase in the proportion
of constructive ratings was also found between survey #2 and
survey #3 for questions 1‐3 as well as for the 4 questions
combined.

Table . Proportion of constructive ratings.

Survey #3Survey #2Survey #1Question and rating

#1

22 (46.8)36 (76.6)29 (61.7)Nonconstructivea

25 (53.2)11 (23.4)18 (38.3)Constructive

MN1
b(b) P=.23MN1(b) P=.19

MN2
c(b) P=.003

#2

13 (27.7)33 (70.2)31 (66)Nonconstructive

34 (72.3)14 (29.8)16 (34)Constructive

MN1(b) P<.001MN1(b) P=.83

MN2(b) P<.001

#3

22 (46.8)36 (76.6)37 (78.7)Nonconstructive

25 (53.2)11 (23.4)10 (21.3)Constructive

MN1(b) P=.003MN1(b) P>.99

MN2(b) P<.001

#4

22 (46.8)29 (61.7)36 (76.6)Nonconstructive

25 (53.2)18 (38.3)11 (23.4)Constructive

MN1(b) P=.01MN1(b) P=.14

MN2(b) P=.14

All 4 combined

79 (42)134 (71.7)133 (70.7)Nonconstructive

109 (58)54 (28.7)55 (29.3)Constructive

MN1(b) P<.001MN1(b) P>.99

MN2(b) P<.001

a nonconstructive ratings include positive, negative and neutral.
b MN1(b)=McNemartest using binomial distribution to examine change from survey #1.
c MN2(b)=McNemartest using binomial distribution to examine change from survey #2.

For each question, the change from survey #1 was coded as
desired versus not desired. Desired change was defined as any
change from positive, negative, or neutral to constructive. All
other changes were coded as not desired. The proportion of
desired changes is summarized in Table 3. Survey #3 showed
a higher proportion of desired changes compared with survey

#2. For the 4 questions combined, 20.2% had desired changes
at survey #2% and 41.5% at survey #3 compared with survey
#1. In survey #3, the most frequent changes reported overall for
the 4 questions combined were: neutral to constructive (17.6%),
negative to constructive (16.5%) and constructive to constructive
(16.5%).
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Table . The proportion of desired changes in surveys #2 and #3 compared with survey #1.

Survey (#3 versus #1), n (%)Survey (#2 versus #1), n (%)Proportion of desired changes

16 (34%)7 (14.9%)Question 1

23 (48.9%)10 (21.3%)Question 2

19 (40.4%)9 (19.1%)Question 3

20 (42.6%)12 (25.5%)Question 4

78 (41.5%)38 (20.2%)Four questions combined

Discussion

Principal Findings
This study compared student responses without coaching,
coaching using a feedback handout, or coaching using a
feedback workshop before completing the surveys. Results
demonstrate that handout coaching showed no significant
difference compared with no coaching with respect to the
number of neutral, positive, negative, or constructive ratings.
However, workshop coaching significantly increased the number
of constructive ratings compared with both no coaching and
handout coaching (P<.001, Table 1). Therefore, the null
hypothesis was rejected. The reason for these results could be
due to the fact that handouts were distributed to the students,
and they were asked to read the 2-page document independently.
This method does not involve student and instructor interaction
and is hence, less engaging. There was also no measure of
whether the students in fact read the handout and grasped the
information. Thus, no significant changes were noted between
survey #1 and survey #2. Workshop coaching, on the other
hand, was done in a classroom setting with 1 faculty member
present, ensuring a 100% attendance rate of all participating
students. Furthermore, the students were able to ask questions
regarding the information presented in the workshop and were
asked to fill out survey #3 immediately after the workshop,
before leaving the classroom.

The proportion of constructive feedback, compared to
nonconstructive feedback, significantly increased after workshop
coaching (Table 2). The workshop-based format provided
multiple examples in a story format from past student feedback,
whereas the handout only stated the description of proper
feedback writing without detailed examples compared with the
examples presented in the workshop. The educational value of
workshop coaching has been previously established, wherein
the students are “active learners” and can engage in asking
questions during the learning process [25,26]. Information
presented in video format can also enhance information
retention, owing to reduced student cognitive loading and
optimized use of visual learner memory [27]. Furthermore, the
key learning points are emphasized during the workshop, and
audio-visual learning is more likely to keep the students more
attentive and engaged in the content being delivered [28]. This
is also demonstrated in Table 3, where the most frequently
reported changes in feedback from survey #1 (no coaching) to
survey #3 (workshop coaching) were from neutral and negative
to constructive, reported in this study as “desired changes”.

The effectiveness of workshop coaching can also be understood
through several educational and psychological frameworks. For
example, the constructivist learning theory emphasizes the
importance of social interaction and guided learning in
developing cognitive skills [29]. The workshop format, which
encourages active participation and immediate feedback from
the instructor, aligns with this theory by fostering an
environment where students engage with and construct their
knowledge of feedback writing through scaffolding, wherein
support is provided by a more knowledgeable person. This
approach helps students internalize new feedback techniques
through direct interaction and reflection on real examples.
Furthermore, the importance of emotional intelligence in
feedback delivery cannot be overlooked. According to Goleman
[30], empathy and self-regulation are key components of
emotional intelligence that influence how feedback is
communicated. In the workshop setting, students are not only
taught the mechanics of constructive feedback but also how to
consider the emotional impact of their words, enhancing their
ability to offer feedback that is both critical and supportive.
This connection to emotional intelligence helps explain why
the workshop coaching produced a higher proportion of
constructive feedback compared with the handout coaching.

Comparison With Previous Work
In any educational environment, student satisfaction is an
essential criterion for quality assessment [31]. Student
evaluations of teaching are surveys typically used to collect,
analyze, and interpret teaching quality [32]. Hence, every year,
students are asked to evaluate the course material and provide
feedback. In this study, the survey questions provided to the
students concerned the lectures, practical sessions, and
examinations at KSAU-HS. They were distributed immediately
after the end of each trimester to ensure the feedback was
relevant and firsthand. The purpose of these distributed surveys
was to gather information on the course teaching, practical
sessions, and facilities so that an action plan may be set to ensure
improvement. However, most student feedback tends to be
general or rely on their personal experience rather than providing
helpful information related to the learning experience [33]. As
this study is based on open-ended questions, analyzing responses
can be quite intricate unless the process is made more structured.
Hence, this study evaluated student responses after a handout
and workshop coaching.

Written comments add value to both students and educators
when compared with scale-type questions [34]. The students
are given the possibility to explain their perspective beyond
Likert-type scales and raise further topics that may not have
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been covered in closed-ended questions [35]. Written comments
are more informative for educators, and suggestions are
beneficial when compared with receiving a statistical summary
of quantitative results [36]. “Student evaluations of teaching”
instruments can be a source of valuable thoughts from students
and can help educators gain insight into how students perceive
their learning experience and how different students learn best
in a given setting [37]. However, these benefits can only be
reliable after bringing a little order to the chaos of written
responses.

The main purpose of the study was to improve the quality of
feedback provided by the students. To the best of our
knowledge, this is the first study introducing interactive
workshop coaching for proper feedback among teaching
institutes in Saudi Arabia. The workshop was able to improve
the constructive criticism given by the students compared with
self-learning using the handout. It is likely that the lower
performance with handout coaching reflected less motivation,
responsibility, or independence of the students [38]. These
results are contrary to a previous similar study, in which both
the handout and workshop coaching similarly improved student
feedback [16]. The difference in results could be attributed to
the nature of the dental school between both studies. This study
was performed in a governmental dental school where students
are not obliged to pay tuition fees. On the contrary, since their
education is financed largely by loans, students from the
Canadian private dental school may be more encouraged to
commit to assigned tasks [39,40]. It is also worth noting that
dental students at our institution are more familiar with lecture-
and workshop-based learning as opposed to self-directed
learning; as most dental schools in Saudi Arabia have not
completely shifted from teacher-centered learning to a more
interactive or evidence-based style [41]. Furthermore, culturally,
expressing opinions, especially those with negative connotations
or suggestive tones, may not necessarily be favored [42].
However, the results of this study clearly show the benefits of
workshop coaching in directing students to provide their
perception towards the course. This emphasizes the importance
of including such a coaching approach for first-year students
as part of the academic curriculum at the beginning of their
studies.

Limitations
One of the limitations of this study was the inclusion of only
first year students, as students in older years may have responded
differently to the handout coaching, likely being more familiar
with independent self-learning. Students in older years may also
be more exposed to course-based surveys compared with

first-year students. This also reduced the sample size of the
participants. Furthermore, the difference between the topics
covered over the 3 trimesters of the course may have influenced
the feedback given by the students. In addition, when the
students were given the third survey, they had already been
exposed to both handout and workshop coaching on proper
feedback, and this emphasis on appropriate feedback writing
may have led to the higher number of constructive comments
in survey #3. Furthermore, self-reported student feedback is
subject to various biases, such as recall bias, acquiescence bias,
social desirability bias, and cultural influences, which could
impact the accuracy of the responses. Finally, the incentive of
the bonus grades may have introduced self-selection bias;
however, as the incentive was offered to all students equally,
whether they participated in the survey or chose to submit an
essay assignment, this may have mitigated the bias.

Conclusions
This study compared the effectiveness of 3 approaches, no
coaching, handout coaching, and workshop coaching, on
improving the quality of feedback provided by dental students.
The results show that workshop coaching significantly increased
the number of constructive feedback ratings, compared with
both no coaching and handout coaching. This study encourages
a more expressive feedback culture that facilitates student or
instructor interaction in a constructive manner, wherein
instructors can receive and implement feedback to improve the
educational process. This suggests that interactive, instructor-led
workshops foster a more engaged learning environment,
encouraging students to provide higher-quality feedback. Given
these findings, educators can implement interactive workshops
focused on teaching students how to provide constructive
feedback. These workshops should encourage active engagement
through real-life examples and peer discussions. Given that the
study shows significant benefits in first-year students, feedback
coaching can be introduced early in the academic program.
Building on the concept of scaffolding, educators could start
with guided feedback exercises during the workshop, gradually
increasing the level of independence as students become more
proficient. Educators can also integrate emotional intelligence
training into feedback workshops by helping students understand
how to express feedback empathetically and how to regulate
their emotions while providing feedback. Further studies
evaluating different coaching methods to enhance student
feedback are needed, with consideration to assign different
methods to each study group. Future research should also
investigate the impact of standardized coaching protocols on
the quality of student feedback and use the data to improve
assessment and learning outcomes.
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Large language models (LLMs) such as DeepSeek, ChatGPT,
and ChatGLM have significant limitations in generating
citations, raising concerns about the quality and reliability of
academic research. These models tend to produce citations that
are correctly formatted but fictional in content, misleading users
and undermining academic rigor. In the recent study titled
“Perceptions and earliest experiences of medical students and
faculty with ChatGPT in medical education: qualitative study,”
the section addressing concerns about ChatGPT deserves a
deeper discussion [1].

There are several reasons for the citation issues in LLMs, which
can be analyzed as follows. First, most LLMs cannot access
paid subscription databases and therefore solely rely on
open-access resources [2]. This limits the citations generated
by LLMs to open-access journals, potentially omitting more
significant research published in subscription-based journals.
Second, LLMs are trained on vast amounts of text data and
generate content by analyzing patterns and structures in text.
However, they lack the ability to understand the content of the
text or think critically, implying that they cannot judge the
accuracy and reliability of information. Third, the algorithms
underlying LLMs are often opaque, leaving users unable to
understand the specific processes of information handling. This
makes it difficult for users to determine the reliability of
citations generated by LLMs and to effectively evaluate their
results. Recent research also stated that half of generated search
results lack citations, and only 75% of those with citations

support the claims, posing trust concerns as user reliance
grows[3].

Recently, an experiment conducted by the Journal of Clinical
Anesthesia involved publishing a fictional article titled “Spinal
Cord Ischemia After ESP Block” to test the spread and citation
of a fabricated academic content. Surprisingly, the fictional
article was widely cited, over 400 times, including in some
journals with high impact factors[4], revealing a lack of rigor
in academic citation practices, where many authors may not
check the original literature and instead copy references directly.
This incident sparked widespread discussion about academic
citation practices, emphasizing the importance of critical
thinking by scholars while citing materials.

The use of fictional citations by LLMs poses a multifaceted
problem: it misleads users into drawing incorrect conclusions
and making inappropriate decisions, undermines the rigor and
credibility of academic research, and hinders the dissemination
of knowledge by limiting access to accurate scientific
information [5]. The issue of LLMs generating fictional citations
is complex and requires the combined efforts of multiple
stakeholders for resolution. Developers must continuously
improve the LLM technology and algorithms, users must
increase their awareness and critical evaluation skills while
using LLMs, and academic institutions must strengthen the
management and education in academic practices. Only through
these efforts can we ensure that LLMs play a positive role in
academic research and promote the dissemination and progress
of knowledge.
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We appreciate the thoughtful critique of our manuscript
“Perceptions and earliest experiences of medical students and
faculty with ChatGPT in medical education: qualitative study”
[1] by Zhao and Zhang [2]. Concerns over the generation of
hallucinated citations by large language models (LLMs), such
as OpenAI’s ChatGPT, Google’s Gemini, and Hangzhou’s
DeepSeek, warrant exploring advanced and novel methodologies
to ensure citation accuracy and overall output integrity [3].

The LLMs have demonstrated a propensity to generate
well‐formatted yet fictitious references—a limitation largely
attributed to restricted access to subscription-based databases
and their reliance on probabilistic text generation [4]. As LLMs
evolve, future iterations may integrate more reliable
retrieval-based architectures, enhancing their capacity to cite
legitimate sources while reducing fabricated references [4,5].
However, until such improvements are systematically validated,
scholars must remain cautious.

One suggested enhancement is using retrieval-augmented
generation (RAG) [6]. This approach integrates up-to-date
external information, substantially improving real-world
applicability. However, even RAG-based systems can
misinterpret or distort source content under high-trust conditions.
To address this, the authors developed Hallucination-Aware
Tuning (HAT) [6]. HAT trains dedicated detection models to
generate labels and detailed descriptions of identified
hallucinations. These descriptions are then used by GPT-4 to
correct discrepancies. The combination of corrected and original
outputs forms a preference dataset that, when used for Direct

Preference Optimization training, yields LLMs with reduced
hallucination rates and improved answer quality [6].

We also propose another solution aimed at fundamentally
reducing citation errors: the development of
“Reference-Accurate” academic LLM by major global
publishers. Leading journals could develop their own specialized
LLM, trained exclusively on rigorously verified academic
literature from robust databases. This targeted training would
ensure that every generated reference is accurate and directly
traceable to published work. Ideally, these publisher-backed
LLMs would be made freely available to promote open science.

Therefore, we recommend a dual approach that combines
advanced RAG methodologies with publisher-developed
academic LLMs. Comparative studies should be conducted to
evaluate the citation accuracy, factual consistency, and overall
performance of RAG-HAT-tuned models against these
publisher-specific models. Collaborative efforts among academic
institutions, publishers, and AI developers are essential to
establish standardized protocols and reliable training datasets.
Such partnerships would not only enhance the reliability of
LLM-generated outputs but also foster greater trust in
AI-assisted scholarly communication.

Moreover, the broader academic community bears responsibility
for critically appraising AI-generated content. While LLMs can
streamline information retrieval and synthesis, human oversight
remains indispensable for safeguarding academic integrity.
Rather than dismissing AI-driven tools due to their current flaws,
we advocate for further research to ensure greater alignment
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with evidence-based scholarship and authentic publications.
Future LLM iterations may rapidly overcome these limitations,
but until then, transparency, responsible usage, and ongoing
improvements in AI training remain imperative.

In conclusion, while RAG augmented by HAT represents a
potential advancement in reducing hallucinations, the

development of specialized, reference-accurate academic LLMs
by publishers may offer a promising pathway. By integrating
both strategies and ensuring human oversight, the academic
community can ensure that AI-driven tools reliably support the
rigor and transparency essential to scholarly research.
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I read with great interest the recent study by Bland [1],
“Enhancing Medical Student Engagement Through Cinematic
Clinical Narratives: Multimodal Generative AI–Based Mixed
Methods Study,” which explored the use of cinematic clinical
narratives (CCNs) in medical education. The findings
highlighted the potential of multimodal generative artificial
intelligence (AI) to enhance engagement and knowledge
retention among medical students. While the study effectively
demonstrated novel use of AI to modernize case learning, further
exploration of engagement mechanisms and broader learning
theories may deepen our understanding of how these approaches
can be optimized for educational impact.

Engagement in learning is multifaceted and can be linked to
immersion [2] and intrinsic motivation [3]. As Bland observed,
students exhibited heightened situational interest in CCNs,
reinforcing the idea that immersive learning environments can
enhance attention and recall. However, beyond the constructivist
learning theory discussed in the study, additional models could
be considered to expand the theoretical framework for
understanding these results. One such model is the Cognitive
Affective Model of Immersive Learning framework [4], which
emphasizes the interplay between representational fidelity,
cognitive load, and technological mediation in shaping learner
experiences. Exploring the Cognitive Affective Model of
Immersive Learning and similar frameworks could provide a
more nuanced perspective on how technology interacts with
learner motivation and engagement.

Another area for further inquiry is the role of pretest and posttest
methodologies in evaluating learning outcomes. As the study
rightly acknowledges, medical education research is often

limited to single posttest designs [5], which may not capture
students’ initial levels of engagement or attitudes toward
learning. Additionally, fidelity of experience is important for
recall, as realistic and contextually accurate learning
environments can enhance memory retention and application.
Implementing pretest assessments could help quantify shifts in
engagement, allowing researchers to distinguish between
students who are inherently motivated and those whose interest
is primarily triggered by the intervention itself. Such an
approach could offer valuable insights into how CCNs influence
different learner profiles.

Moreover, the conditions under which learning occurs
significantly affect student engagement. The study employed a
classroom-based intervention, which effectively bridged the
gap between controlled laboratory settings and real-world
educational environments. Future research might explore how
CCNs perform across varied instructional contexts, including
self-paced online learning and clinical simulation settings, to
assess their adaptability and impact on different learning
situations and scenarios.

Bland provides good evidence that multimodal AI resources
hold promise in medical education, underscoring the need to
adapt to the evolving preferences of modern medical students
who increasingly turn to social media for information and
engagement. Expanding this research to integrate additional
learning theories and measures, with varied instructional settings
will help establish best practices for how to use these innovative
tools. I appreciate the author’s novel approach and am eager to
see how future developments in this field will shape medical
education.
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We commend the recent publication by Dzuali et al [1], which
explored the application of ChatGPT for translating patient
education materials into multiple languages. This important
study highlights a critical area where artificial intelligence (AI)
can potentially bridge gaps in language-concordant care. To
further this research, we would like to raise several points to
enrich the discussion and understanding of the findings.

The study demonstrates that while ChatGPT provides clinically
usable translations for Spanish and Russian, its performance
with Mandarin is suboptimal. This inconsistency raises
important questions regarding the linguistic complexities and
structural differences between English and Mandarin, which
may hinder the accuracy and appropriateness of translations.
Previous research has shown that the nuanced sentence
structures and specialized terminology in Mandarin pose
challenges for AI models such as ChatGPT, suggesting the need
for more refined approaches when using AI for translation in
linguistically distinct languages [2].

Being familiar with the Mandarin language, we have firsthand
experience with the challenges that come with translating
between languages with distinct linguistic structures. Mandarin,
with its nuanced sentence structures and specialized
terminology, presents difficulties for large language models
such as ChatGPT. These challenges are compounded by
differences in grammar, idiomatic expressions, and cultural
contexts, which may lead to inaccuracies and misunderstandings
in translations. Therefore, this study could provide additional
insight into how cultural context influences translation quality.
Mandarin, for example, involves not only linguistic precision
but also an understanding of cultural nuances that could affect
comprehension [3]. Future studies could explore how AI models

such as ChatGPT are trained to account for these contextual
factors to ensure culturally appropriate translations.

Another area for potential exploration in this study is the testing
of alternative prompts and the impact they may have on
translation quality. While the study focuses on a single
translation prompt—“Translate this into <target
language>”—the variability of AI-generated translations could
be better evaluated through a variety of prompts. Utilizing
multiple prompts could reveal a broader range of performance
outcomes, especially for linguistically complex languages such
as Mandarin and Russian. Other studies have shown that
different AI prompts can produce vastly different results [4].

Lastly, the study heavily relies on the involvement of
board-certified dermatologists for posttranslation review, which
is applicable to the context of dermatology-related information,
but may not fully address the extent of errors and
misinformation. While human oversight is essential, the study
could benefit from a more robust evaluation of how different
levels of human intervention—such as linguistic experts or
specialists in medical translation—might improve translation
accuracy [5]. Future research should explore how different
combinations of AI-generated translations and human review
from varied sources could optimize clinical usability.

Overall, while ChatGPT shows promise for improving access
to language-concordant patient education, further refinement
and validation are required. This study is an important milestone
in starting this discussion surrounding AI-translation in medical
contexts, and we commend the authors for their valuable
contribution to advancing the field. They clearly demonstrate
a meticulous approach, thoughtful analysis, and commitment
to improving patient care through innovative solutions.
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I extend my sincere appreciation for the thoughtful critique [1]
of my study, “Enhancing Medical Student Engagement Through
Cinematic Clinical Narratives: Multimodal Generative AI–Based
Mixed Methods Study” [2]. The author’s insights regarding
engagement mechanisms, theoretical expansion, and
methodological refinements offer valuable perspectives that
contribute to the broader discourse on the pedagogical
applications of generative artificial intelligence in medical
education.

While the Cognitive Affective Model of Immersive Learning
framework originated to explain learning with immersive virtual
reality technologies [3], I concur that its underlying principles
are applicable to my study. The debate over the role of media
versus instructional methods in learning has been longstanding.
While some argue that the medium itself shapes cognition, social
structures, and cultural norms [4], others reject this notion,
asserting that media are merely delivery mechanisms and that
instructional methods alone drive learning outcomes [5]. The
Cognitive Affective Model of Immersive Learning reframes
this debate by emphasizing that it is not the medium (eg,
immersive virtual reality) that inherently enhances learning, but
rather how instructional methods leverage the unique
affordances of that medium. In the context of cinematic clinical
narratives (CCNs), the structured narrative and multimodal
design capitalize on engagement mechanisms similar to those
observed in immersive learning. Future research could further
examine how instructional design within CCNs optimally

harnesses these principles to promote knowledge retention and
clinical application.

The author’s recommendation of the integration of pretest and
posttest methodologies is well-founded. While the published
study employed posttest assessments to measure comprehension,
incorporating pretest measures would facilitate a more granular
evaluation of baseline knowledge and attitudinal shifts
attributable to CCNs. Furthermore, longitudinal assessments
could provide critical insights into the durability of knowledge
retention and the sustained impact of CCNs over extended
timeframes. I aim to incorporate these into future studies.

The author’s call for broader contextual applications of CCNs
beyond traditional classroom settings is well-taken. While the
study examined CCN implementation within a structured
learning environment, I am currently working on converting
CCNs into self-contained short films that can be viewed online
for self-directed learning. This adaptation aims to provide
learners with greater flexibility while maintaining the
engagement and narrative-driven structure of CCNs.
Investigating how these self-contained films perform across
varied instructional modalities could yield valuable insights
into their scalability and applicability within diverse educational
contexts.

Finally, I concur with the author’s observation that medical
students are increasingly turning to digital platforms such as
social media for information and engagement. Medical educators
should take note and examine the factors that make these
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platforms so compelling. By understanding the draw of these
digital environments, educators can incorporate similar
characteristics into medical school learning materials to meet
students where they are. Expanding CCN research to explore
how elements such as interactivity, brevity, and personalization
influence learner engagement could provide valuable insights

into modernizing medical education. I am grateful for the astute
observations and constructive recommendations by the author.
These perspectives will undoubtedly inform my future research
directions and further the integration of artificial
intelligence–driven methodologies in my studies on medical
education.

 

Conflicts of Interest
None declared.

References
1. Jacobs C. Examining Multimodal AI Resources in Medical Education: The Role of Immersion, Motivation, and Fidelity

in AI Narrative Learning. JMIR Med Educ 2025;11:e72190. [doi: 10.2196/72190]
2. Bland T. Enhancing medical student engagement through cinematic clinical narratives: multimodal generative AI–based

mixed methods study. JMIR Med Educ 2025 Jan 6;11(1):e63865. [doi: 10.2196/63865] [Medline: 39791333]
3. Makransky G, Petersen GB. The Cognitive Affective Model of Immersive Learning (CAMIL): a theoretical research-based

model of learning in immersive virtual reality. Educ Psychol Rev 2021 Sep;33(3):937-958. [doi: 10.1007/s10648-020-09586-2]
4. McLuhan M. Understanding Media: The Extensions of Man: McGraw-Hill; 1964.
5. Clark RE. Media will never influence learning. ETR&D 1994 Jun;42(2):21-29. [doi: 10.1007/BF02299088]

Abbreviations
CCN: cinematic clinical narrative

Edited by S Nedunchezhiyan; submitted 07.02.25; this is a non–peer-reviewed article;accepted 14.02.25; published 18.03.25.

Please cite as:
Bland T
Author’s Reply: Examining Multimodal AI Resources in Medical Education: The Role of Immersion, Motivation, and Fidelity in AI
Narrative Learning
JMIR Med Educ 2025;11:e72336
URL: https://mededu.jmir.org/2025/1/e72336 
doi:10.2196/72336

© Tyler Bland. Originally published in JMIR Medical Education (https://mededu.jmir.org), 18.3.2025. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Medical Education, is properly cited. The complete bibliographic information, a link to the original publication on
https://mededu.jmir.org/, as well as this copyright and license information must be included.

JMIR Med Educ 2025 | vol. 11 | e72336 | p.705https://mededu.jmir.org/2025/1/e72336
(page number not for citation purposes)

BlandJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.2196/72190
http://dx.doi.org/10.2196/63865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39791333&dopt=Abstract
http://dx.doi.org/10.1007/s10648-020-09586-2
http://dx.doi.org/10.1007/BF02299088
https://mededu.jmir.org/2025/1/e72336
http://dx.doi.org/10.2196/72336
http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors’ Reply: Enhancing AI-Driven Medical Translations:
Considerations for Language Concordance

Joyce Teng1, MD, PhD; Roberto Andres Novoa1,2*, MD; Maria Alexandrovna Aleshin1*, MD; Jenna Lester3*, MD;

Kira Seiger4*, MD, MBA; Fiatsogbe Dzuali3*, MD; Roxana Daneshjou1,5, MD, PhD
1Department of Dermatology, Stanford University, 700 Welch Rd, Stanford, United States
2Department of Pathology, Stanford University, Redwood City, CA, United States
3Department of Dermatology, University of California, San Francisco, CA, United States
4Department of Dermatology, University of Washington, Seattle, WA, United States
5Department of Biomedical Data Science, Stanford University, Stanford, CA, United States
*these authors contributed equally

Corresponding Author:
Joyce Teng, MD, PhD
Department of Dermatology, Stanford University, 700 Welch Rd, Stanford, United States

Related Articles:
 
https://mededu.jmir.org/2024/1/e51435
 
Comment in: https://mededu.jmir.org/2025/1/e70420
 

(JMIR Med Educ 2025;11:e71721)   doi:10.2196/71721

KEYWORDS

ChatGPT; artificial intelligence; language; translation; health care disparity; natural language model; survey; patient education;
accessibility; preference; human language; communication; language-concordant care

We appreciate the thoughtful insights shared by Quon and Zhou
[1] regarding our study on the application of ChatGPT in
translating patient education materials [2]. We wholly agree
that the linguistically distinct languages, such as Mandarin, can
present challenges in capturing all the nuances and achieving
precise translations.

In response to the comment regarding the use of multiple
prompts, we acknowledge the complexity and variability in
artificial intelligence (AI)-generated translations. However, it
is important to consider the practical limitations within a clinical
setting. Asking providers to use various prompts in real time
may not be feasible due to time constraints and the need for
efficiency in patient care. We believe that focusing on a single,
effective prompt can streamline the translation process while
we explore avenues for improvement in the AI’s capabilities.
This could be a productive avenue for future research.

Addressing the concern regarding the reliance on board-certified
dermatologists for post-translation review, we want to clarify
that, in addition to being board-certified dermatologists, all
reviewers were native speakers in the language they reviewed,
including fluency in Mandarin at a college level. This
proficiency allows for a confluence of both clinical and linguistic
insights when evaluating translations, reinforcing the validity
of our findings. We appreciate the importance of rigor in
translation review and remain committed to enhancing the
integrity of our translated materials.

Overall, while we recognize the areas where ChatGPT can
improve, we also see its current utility as a valuable tool for
expanding access to language-concordant care in clinical
settings. Our study serves as a helpful step toward identifying
and addressing the limitations of AI translations, and we
welcome continued dialogue to refine these practices.
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Abstract

Background: The increased use of digital data in health research demands interdisciplinary collaborations to address its
methodological complexities and challenges. This often entails merging the linear deductive approach of health research with
the explorative iterative approach of data science. However, there is a lack of structured teaching courses and guidance on how
to effectively and constructively bridge different disciplines and research approaches.

Objective: This study aimed to provide a set of tools and recommendations designed to facilitate interdisciplinary education
and collaboration. Target groups are lecturers who can use these tools to design interdisciplinary courses, supervisors who guide
PhD and master’s students in their interdisciplinary projects, and principal investigators who design and organize workshops to
initiate and guide interdisciplinary projects.

Methods: Our study was conducted in 3 steps: (1) developing a common terminology, (2) identifying established workflows
for research question formulation, and (3) examining adaptations of existing study workflows combining methods from health
research and data science. We also formulated recommendations for a pragmatic implementation of our findings. We conducted
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a literature search and organized 3 interdisciplinary expert workshops with researchers at the University of Zurich. For the
workshops and the subsequent manuscript writing process, we adopted a consensus study methodology.

Results: We developed a set of tools to facilitate interdisciplinary education and collaboration. These tools focused on 2 key
dimensions— content and curriculum and methods and teaching style—and can be applied in various educational and research
settings. We developed a glossary to establish a shared understanding of common terminologies and concepts. We delineated the
established study workflow for research question formulation, emphasizing the “what” and the “how,” while summarizing the
necessary tools to facilitate the process. We propose 3 clusters of contextual and methodological adaptations to this workflow to
better integrate data science practices: (1) acknowledging real-life constraints and limitations in research scope; (2) allowing
more iterative, data-driven approaches to research question formulation; and (3) strengthening research quality through
reproducibility principles and adherence to the findable, accessible, interoperable, and reusable (FAIR) data principles.

Conclusions: Research question formulation remains a relevant and useful research step in projects using digital data. We
recommend initiating new interdisciplinary collaborations by establishing terminologies as well as using the concepts of research
tasks to foster a shared understanding. Our tools and recommendations can support academic educators in training health
professionals and researchers for interdisciplinary digital health projects.

(JMIR Med Educ 2025;11:e56369)   doi:10.2196/56369

KEYWORDS

research question; digitalization; digital data; data science; health research; interdisciplinary

Introduction

Background
Health research increasingly leverages the abundance of data
from our “digital lives,” including mobility data, social media
data, or data from wearables [1,2]. Such digital data are
commonly “unstructured” because it may not conform to a
tabular format (eg, images, videos, sound, and free text) and
often require specific expertise for harvesting; transforming;
preprocessing; and creating meaningful insights into health,
disease, and treatment [1,3-5]. Moreover, such digital data are
often originally generated for nonresearch purposes and without
addressing a specific research question [6]. In turn, they may
lack standard quality attributes found in digital data collected
for specific research purposes, such as depth, completeness, or
consistency, which present methodological complexities to
meaningfully use these data [1]. Therefore, reusing these digital
unstructured data for health research requires diverse expertise,
skills, and interdisciplinary collaboration between health domain
experts (eg, clinicians and health scientists) and data scientists
as method experts (eg, from data science, computer science, or
statistics) [5,7,8].

Such interdisciplinary collaborations are often faced with
challenges due to the seemingly conflicting research approaches
between the disciplines. In addition to differences in
terminologies and concept definitions, the prevailing emphasis
of linear deductive approaches in health research contrasts with
the often more explorative and iterative approaches used in data
science [7]. In health research, it is customary to predefine key
elements of the scientific process, including a research question
and related hypothesis, in a protocol and scientific report (eg,
STROBE [Strengthening the Reporting of Observational Studies
in Epidemiology] or PRISMA [Preferred Reporting Items for
Systematic Reviews and Meta-Analyses] guidelines) [9-12].
These standard practices are deeply influenced by the tradition
of clinical trials and treatment development, which place a
strong emphasis on measurement validity, robustness, scientific
rigor, and safety [13], as errors in study conduct or treatment

could place study participants at risk. By contrast, data science
generally tends to emphasize exploration, pattern discovery, or
hypothesis generation as well as more iterative and inductive
analysis approaches [1,14]. Some health researchers may
perceive this greater emphasis on iterative approaches as lacking
scientific rigor or focus on specific research questions.

For young researchers, interdisciplinary digital health
collaborations might be particularly challenging because they
need to balance traditional scientific methods with more iterative
data-driven techniques. This dual demand highlights the
importance of fostering interdisciplinary skills in education,
enabling students to balance the rigorous demands of
hypothesis-driven research with the iterative and inductive
approaches of data science. Addressing these complexities
represents an educational challenge for both established and
young researchers.

Despite broad recognition of their importance, both practical
and teaching or educational guidance on how to manage and
overcome the challenges of interdisciplinary digital health
collaborations are scarce. Such guidance is also important for
educational purposes to foster skills for interdisciplinary
collaboration among both young and established researchers as
well as health professionals. Continuous education for
experienced researchers is equally important to keep them
updated with evolving methods and foster effective collaboration
across disciplines.

This Study
To address this need, our study focuses on skill development
to successfully navigate interdisciplinary collaborations and
education in health-related research fields. We reviewed
established workflows for research question formulation and
investigated whether and how established workflows in health
research may require adaptations to accommodate inductive
and exploratory data science practices and novel analysis
techniques. The study findings were translated into a set of tools
and recommendations designed to facilitate interdisciplinary
education and collaboration. These tools focus on 2 key
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dimensions—content and curriculum and methods and teaching
style—and can be applied in various educational and research
settings. Lecturers can use them to design interdisciplinary
courses, supervisors can guide PhD and master’s students in
their interdisciplinary projects, and principal investigators can
design and organize workshops to initiate and guide
interdisciplinary projects. By implementing these tools,
educators and researchers can create more cohesive and
productive educational resources for interdisciplinary
collaborations. In the following sections, we offer our insights
and a more detailed outline of how our study findings can inform
both the content and methods dimensions, using an existing
interdisciplinary course as an example.

The aims and findings of our study are intended to be globally
relevant and applicable to all researchers using digital data in
the context of health research and health care. Importantly, they
also provide academic educators with a clear workflow and
practical recommendations for discussing and addressing the
challenges of interdisciplinary collaboration. As the focus is on
research question formulation, a fundamental aspect of the
research process, these recommendations are especially valuable
for educational purposes, helping educators guide researchers
and students through this essential phase of research projects.

To achieve our aims, we chose a consensus study approach that
is appropriate to harmonize and bridge insights from experts
from diverse research disciplines. Moreover, we focused our

effort on the different approaches of research question
formulation as the guiding example for this study because it
represents a central step in guiding the research process and
subsequent study design decisions. This process also served as
an illustrative example to highlight the differences in research
approaches between health research and data science.

Methods

Consensus Methods
We used the nominal group technique with expert groups to
gather insights from a diverse range of experts. This approach
aimed to foster interdisciplinary skills and knowledge and
achieve consensus on adapting research question development.

This study was structured by the following three high-level
steps (Figure 1):

1. To create a common terminology to facilitate
interdisciplinary and transdisciplinary collaborations that
are required for research projects reusing digital data (ie,
repurposing data originally generated for nonresearch
purposes)

2. To describe the “established workflow” for research
question formulation in health research on the basis of
existing literature

3. To formulate suggestions and recommendations for adapting
the “established workflow”

Figure 1. Study flow.

To inform steps 1 and 2, a rapid literature review was performed
to identify established concepts for defining a research question
in health research and data science as well as in other fields
(refer to the Preparatory Research: Literature Search for the
“Established Workflow” and an Example Scenario section).
Expert inputs were gathered in a series of three 1.5-hour expert

workshops. To foster a focused discussion in the workshops,
participants were asked to complete preworkshop tasks. These
inputs were summarized by JS and VvW and presented at the
beginning of each workshop to discuss potential disagreements
and allow participants to explain or comment on their and
others’ inputs. The consensus and agreement of each objective
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were reached by an iterative, deliberative process. This included
expert inputs before workshops, discussions during the
workshop, and finally, expert feedback on and approval of the
consolidated findings. These findings were synthesized,
formulated, and shared by JS and VvW after each workshop.
Furthermore, each participant was actively involved in the
manuscript writing. These methods facilitated the systematic
collection of input from participants in group and individual
settings, enabling a comprehensive understanding of experts’
knowledge and consolidating diverse perspectives. Workshops
were recorded after receiving consent from the team. Workshop
minutes, including the results of the preworkshop tasks, were
sent for approval to the expert group. When necessary,
individual researchers were contacted after workshops for
clarification on specific issues raised during the workshops.
The documentation and reporting of the workshop and the
Accurate Consensus Reporting Document (ACCORD) checklist
[15] for the consensus methodology are available in Multimedia
Appendices 1 and 2.

The first 2 steps were accomplished in workshops 1 and 2.
Building on these results, a third workshop was dedicated to
identifying the need for the adaptation of established research
practices in the health field to streamline collaboration with
data scientists and to better integrate and communicate the need
for research principles and standards, including open science
and reproducibility.

Participants
The consensus meetings in the form of expert groups were led
by JS and VvW, who led a previous project focusing on
challenges and best practices of digital data, which inspired this
study. Furthermore, JS is a scientific manager of the scientific
community whose members were recruited for the consensus
exercise. VvW’s expertise lies in epidemiology and digital
health research, and JS’s expertise is mainly in digital ethics
considering health research and health care. The workshop
participants were recruited by JS and VvW among the diverse
members of the Digital Society Initiative (DSI) Health
Community at the University of Zurich. The members from the
DSI were selected because it is a competence center for digital
transformation that fosters interdisciplinary collaborations and
projects studying the interplay and implications of digital
transformations in society. Participants were included if they
had experience with projects using digital data or planned to be
involved in such projects. The workshop was promoted on the
DSI website, through newsletters, and via word-of-mouth within
the community. A total of 21 researchers from different
disciplines and from all career stages participated in the
workshops. This number of participants enabled to have an
expert group with sufficient diversity to foster discussions and
include insights from diverse disciplines. Of the 21 researchers,
13 (62%) represented health research, 3 (14%) represented data
science, and 7 (33%) represented the social sciences and
humanities.

Preparatory Research: Literature Search for the
“Established Workflow” and an Example Scenario
A rapid literature search was conducted to inform the planning
of the workshops and to develop a project roadmap (by JS and

VvW). To gather information on the established workflow for
research question formulation (steps 1 and 2), we searched the
literature for publications, reviews, and course guidelines written
either in English or German in PubMed and Google Scholar
databases (search terms are provided in Multimedia Appendix
1). The search was further complemented by retrieval of
guidelines from universities in Switzerland, Germany, the United
States, and the United Kingdom, for which we searched on
selected university websites. In addition, coauthors contributed
materials they were familiar with or had previously used for
teaching or research purposes. On the basis of this literature,
we proposed the initial model for the “established workflow”
that combines existing well-established frameworks and
practices. To guide the discussions of our workshops, we
developed an example scenario of digital data reuse for health
research, which was communicated to participants before the
workshops (Multimedia Appendix 3).

Ethical Considerations
The study followed the recommended procedures of the ethics
committee of the Medical Faculty of the University of Zurich
by completing the Data Protection/Ethics Self-Assessment Tool
and received an exempt status. Participants were informed about
the study’s scope and goals as well as the nature of their
involvement. They provided consent before the workshop and
were informed that they could withdraw from the study at any
time without providing a reason. The participants did not receive
any compensation for their participation. The only personal
information collected for the study was sociodemographic data,
which were anonymized.

Results

Establishing a Common Terminology
Anticipating that a lack of harmonization concerning
terminologies and concepts may hinder an effective
interdisciplinary workshop collaboration, we aimed to establish
a shared understanding of common terminologies. To this end,
the workshop leaders (JS and VvW) developed a glossary before
the first workshop, which was discussed and further refined by
collecting written feedback from the participants after workshop
1 (Table 1).

The workshop discussions concerning the glossary centered
around discipline-specific interpretations of concepts such as
“research task,” “research objectives,” “research aims,” and
“research goals,” whose interpretations were dependent on the
embedding in different research methodologies, such as
qualitative or quantitative research approaches. A central
discussion centered around the recognition of different “research
tasks,” that is, high-level research aims from a methodological
viewpoint, including, for example, exploration, confirmation,
prediction, methods development, or theory development. For
prediction and classification tasks, participants mentioned 2
subcategories of analyses, which are supervised learning
methods that rely on labeled data and outcomes and include the
broad class of (multivariable) regression models. By contrast,
unsupervised methods (eg, neural networks) aim to find new
data structures and features without the need for prior labeling
and are often developed in a less linear, inductive manner.
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Table 1. Common terminology for interdisciplinary research projects using digital data.

DefinitionsTerms

Confirmatory research • Hypothesis-driven research, experimental research, or research aiming at testing and confirming a hypoth-
esis in a broader context of a theory. This research is also referred to as hypothetico-deductive research in
some disciplines.

Exploratory research • Data-driven research that aims at exploring new patterns and associations to formulate hypotheses.

Hypothesis • A tentative, hypothetical prediction of the nature and direction of relationships between sets of data, phrased
as a declarative statement. It is an assumption about scientific laws, causation, or empirical regularities. A
hypothesis should be testable or falsifiable. This refers to quantitative evidence-based health research.

Unstructured data • Raw data that are not in a predefined structure (eg, tables) or data that may be structured but still require
substantial preprocessing or feature extraction (eg, continuous sensor data).

Principles and criteria of good re-
search and research practice

• A set of values and norms for good conduct of research, including validity, scientific integrity, objectivity,
and ethical study conduct.

Research aim • The research aim is the overall, general, and long-term intention of a research project. The research aim
describes the “what” of the research—where we aspire to be at the end.

Research design • Research design describes the general outline of data collection (eg, cross-sectional and longitudinal studies)
and analytical methods (eg, randomization, observational, and with or without control group) to answer

the RQa. It describes the “how” of research.

Research objective • The specific goal linked to a RQ [16].

Research problem • The research problem describes the rationale for a study, for example, by highlighting the societal or
medical needs. It describes the “why”—the specific needs a study wants to address.

RQ • A clear and concise question determining the research aim, objective, design, methodology, data collection,
and analysis. The RQ narrows the aim and objective of the research. The process of defining a good RQ
is dynamic and iterative. The RQ is refined through the different steps of the research cycle. We define the
RQ in the context of quantitative evidence-based health research.

Research task • A research task describes a high-level classification of aims or tasks in research, including descriptive re-
search, exploratory research, confirmatory research, prediction and classification, theory development, or
methods development.

Reuse of digital data • The process of harvesting, transforming, and using structured or unstructured digital information that was
initially generated for purposes other than research.

Theory or model • A systematic, structured explanation or representation of facts, phenomena, or processes that sets the ground
for research design, formulation of hypotheses, and predictions.

Tools to specify RQ • Frameworks and tools that facilitate the development of specific aspects of defining the RQ or study design.

Types of RQ • The type of RQ determines the main approach for achieving the research aim. Usually, there is a difference
between quantitative and qualitative RQs that reflect quantitative and qualitative approaches.

• Quantitative approaches use statistical and mathematical methods to address precise questions, typically
using a deductive approach with a strong emphasis on the framework and structure.

• By contrast, qualitative approaches use, for example, open-ended responses, focus groups, and interview-
based techniques and focus on individual experiences and singularities. It seeks to determine or discover
a process or define experiences. RQs tend to be inductive, flexible, adaptable, and nondirectional [17].

aRQ: research question.

The group further discussed the central role of hypotheses and
linear, highly structured research approaches in health research,
for example, in confirmatory research tasks (confirming a
hypothesis, eg, by use of randomized controlled experiments
or trials) and, to some extent, research focusing on predictions
tasks (developing prediction models or classifiers to predict
future events or out-of-sample attributes). In health research, it

is generally recommended that the development of prediction
methods follows a protocol that includes careful selection of
predictors and (external) validation of the final model [18]. At
the same time, it was also pointed out that some quantitative
research tasks, such as methods development (ie, the
development and validation of data analysis methods) or
exploratory research (ie, detection of patterns and associations
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to generate new hypotheses), as well as qualitative research,
generally depend much less on the specification of hypotheses.
Workshop participants with a qualitative background argued
that hypotheses can be implicitly involved in the research
project. In qualitative research, it is common for the research
question to evolve due to the necessity to critically reflect and
adjust the study focus in each research step. As a result, the
overall research process in qualitative research and some
quantitative tasks, such as methods development, can be more
iterative and dialectical when compared to deductive or
confirmatory health research.

These discussions led to a key insight that interdisciplinary
collaborations may be streamlined through the identification
and discussion of the most appropriate “research task” early on,
which can help guide subsequent discussions about the research
question and the role of hypotheses in a common direction.

Summarizing Established Workflows for Research
Question Formulation
The first 2 workshops were dedicated to better understanding
how different disciplines approach the initial steps of a research
project, including research question definition and study design
choices. Informed by our rapid literature review, Figure 2
illustrates a summary workflow for established research design
practices in health research. The vertical axis of Figure 2
illustrates the recommended steps for defining a research
question (the “what”), starting from finding inspiration to
developing a hypothesis, designing an appropriate study, and
validating the hypothesis. Aligned with these definition steps,
Figure 2 displays established practices (the “how”) to execute
the recommended steps. The third column references various
frameworks and checklists aiding the implementation of each
recommended step (the “tools”).

Figure 2. Workflow of the recommended practices for defining a good research question. CONSORT: Consolidated Standards of Reporting Trials;
FINER: Feasible, Interesting, Novel, Ethical, and Relevant; PICOT: Population, Intervention, Comparison, Outcome, and Time; RQ: research question;
SMART: Specific, Measurable, Achievable, Realistic, and Timely; SPIDER: Sample, Phenomenon of Interest, Design, Evaluation, Research Type;
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology; TRIPOD: Transparent Reporting of a Multivariable Prediction Model
for Individual Prognosis or Diagnosis.

The workflow of established practices generally starts with
identifying a meaningful problem or question to be addressed
in a study. The inspiration often emerges from a real-world
challenge or knowledge gaps, but it can also be derived from
existing theories or be triggered by discussions among
colleagues. Workshop members also mentioned the influential
role of funding criteria (ie, to increase chances for funding
success) or topic-specific funding calls. This inspiration,
curiosity, or uncertainty then needs to be translated into an
answerable question [19-21]. Although we found little guidance
in the literature on how to operationalize this step, it is often
recommended to check the research question against the FINER
(feasible, interesting, novel, ethical, and relevant) and SMART
(specific, measurable, achievable, realistic, and timely) quality
attributes to ensure its suitability for testing in a research study
[16,20,22,23].

The wording of the research question itself may already imply
a specific research task (eg, exploratory, confirmatory, or
qualitative research) [21]. We differentiate between research
aim and research objective. Research aim is the overall goal of
the research, whereas research objective is the specific goal
linked to a research question [16]. Having clarity on the research
task will also facilitate the identification of appropriate reporting
guidelines, such as STROBE (for observational studies),
CONSORT (Consolidated Standards of Reporting Trials; for
randomized controlled studies), or TRIPOD (Transparent
Reporting of a Multivariable Prediction Model for Individual
Prognosis or Diagnosis; for the development of prediction
models). These reporting guidelines primarily intend to guide
the communication of study results but can also be useful in
converting the research question into a study design.

Ultimately, decisions regarding the study design should be
guided by the research question, while also considering practical
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limitations and available means and resources [23]. Frameworks
such as PICOT (population, intervention, comparison, outcome,
and time) and similar tools (eg, SPIDER [sample, phenomenon
of interest, design, evaluation, research type] for qualitative
research) [9,20,24] provide useful starting points for defining
the study design. We include both the FINER and PICOT tools
and their equivalents to ensure the best possible quality of the
research question. Some research studies have shown that using
only PICOT might be suboptimal [23]. The PICOT framework
is frequently applied in health research, as PICOT is already
defined above [21]. Further high-level study design decisions
concern the study duration and measurement frequency
(longitudinal vs cross-sectional studies), the allocation of study
participants into comparator groups (randomization vs “as is”
in observational research), as well as numerous practical aspects
concerning study execution (eg, sample size and methods of
data collection and analysis) [21,24]. Study design and study
execution also need to adhere to the principles and criteria of
good research and research practice to achieve valid, reliable,
and accurate results [25]. Moreover, the research must comply
with the standards of objectivity, reproducibility, and research
integrity [26,27].

Overall, the workshop discussions confirmed that the workflow
summary (Figure 2) represents a useful starting point for
interdisciplinary collaborations to illustrate the established
practices and to explore conceptual differences between health
research, data science, and other scientific disciplines.

Developing Recommendations for an Adapted
Workflow
Building on the proposed example scenario for using digital
data in health research (Multimedia Appendix 3) and the
established workflow description from step 1, the participants
then discussed 2 types of workflow adaptations to better reflect
practices and approaches from data science (Figure 2). These
included the following: (1) structural modifications by changing
the sequence of workflow steps (ie, introducing additional steps
that should become standard in a novel workflow—the “what”)
and (2) the need for introducing additional contextual constraints

or novel quality criteria (ie, modifications that do not change
the workflow but may impact their execution—the “how”).

Modifications to the “What”: The Steps in Research
Questions Workflow
Overall, the workshop participants perceived that the general
sequence of the established workflow (the “what”) still applies
to studies using (structured and unstructured) digital data.
Complementary steps with their potential pitfalls were proposed
to better reflect the additional challenges of working with digital
unstructured data (Multimedia Appendix 4.

First, for unstructured data, preprocessing and feature extraction
should be allocated a distinct workflow step to emphasize the
need for thorough consideration during study planning and
execution, to ensure that the data are usable, credible, and useful
for the research question at hand [28-31]. On one hand, the
assessment of data quality and validity is more challenging. On
the other hand, preprocessing and feature extraction through
machine learning require additional assumptions and may lead
to predictions and derived parameters with uncertain
distributional characteristics (eg, normal ranges) or propagation
of algorithmic errors and biases.

Second, the selection of appropriate analysis methods to address
the research question as a new workflow step would underscore
the importance of scientific rigor [1,31-38]. For example,
deciding between pretrained deep learning models requires
preliminary investigations about the model features and the
training database, which goes beyond the choice of more
standard statistical techniques (eg, regression models) [39,40].

Finally, the general importance of efforts to render science
reproducible and transparent was identified as a new step in the
workflow.

Modifications of the “How” of the Research Question
Workflow
The workshop group identified potential contextual and
methodological changes to research practices (the “how”; Table
2). These proposed changes can be grouped into 3 clusters.

JMIR Med Educ 2025 | vol. 11 | e56369 | p.714https://mededu.jmir.org/2025/1/e56369
(page number not for citation purposes)

Sedlakova et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Proposed changes to the “how” parts of the research question formulation workflow.

Steps this is

applicable to

DescriptionContextual constraints and quality
criteria

Change
number

RQConsider real-life incentives and
constraints in defining research
problems

I • The decision about RQa can be strongly influenced by other
nonacademic factors such as the availability of funding or data.

Research designAcknowledge feasibility and re-
source constraints

II • The choice of research design and data analysis tools involves costs
that must be considered, particularly to ensure compliance with sci-
entific integrity.

RQDeclare limitations in RQ scopeIII • Each RQ has limitations; it is important to define what RQ can and
cannot answer.

RQAllow for and document iterations
in RQ development and analysis

IV • Proper documentation is important for ensuring transparency and
helps with evaluating and tracking the decisions regarding the itera-
tions in RQ.

All stepsAcknowledge and respond to the
increasing need for interdisciplinary
expertise

V • For the feasibility of the RQ, it is important to consider the needed
expertise and skills. This becomes particularly important in research
involving digital unstructured data as it requires an interdisciplinary
set of skills.

All stepsEnhance reproducibilityVI • Reproducibility in data science means obtaining consistent results
using the same input data and methods. On a higher level, reproducibil-
ity in science also refers to the ability to duplicate findings if the same
methods are used [41].

• Reproducibility in science also refers to the concept of making data;
computational steps, methods, and codes; and conditions of analysis
transparent and available, so that others can verify the findings.

All stepsEnhance replicabilityVII • Replicability refers to applying the same methods from a different
study on different data. Observed differences in findings should be
explicable by data-specific differences between studies.

All stepsEnhance robustnessVIII • Robustness refers to analyses that apply the same database but use
different methods. Observed differences in findings should be expli-
cable by method-specific differences between studies. Within the
same study, robustness is often evaluated by sensitivity analyses that
use the same data but vary methods (eg, by applying different model
parameters).

All stepsCritically assess generalizabilityIX • Generalizability means that the study results or outcomes are also
applicable in other study settings and samples.

aRQ: research question.

The first cluster includes the acknowledgment of what we have
labeled as real-life constraints (change numbers I and II) and
limitations in the scope of research questions (change number
III). Appropriately addressing such real-life constraints can be
fostered by greater transparency and experience exchange.

The second cluster of proposed contextual changes pertains to
enabling more interdisciplinary and iterative workflows (change
numbers IV and V). Reasons for iterative approaches include
more complex choices of analysis methods, the need for
verifying the validity and robustness of model results, or the
need to manually search for the best model parametrization.
These challenges also require a greater emphasis on
interdisciplinary collaborations that combine subject-domain
knowledge and data science expertise.

The final cluster reflects the need for strengthening research
quality criteria to foster open science, better reproducibility,

and greater transparency (change numbers VI-IX). As analytical
methods and databases become more complex, there is also an
increasing need for transparency; adequate documentation; as
well as publicly available analysis protocols, software codes,
data, and analysis files. Studies should critically examine their
findings under changing data or method combinations, thus
exploring reproducibility, robustness, replicability, or
generalizability (the 3RG criteria) and enhancing the overall
quality of research. An important means to achieve these goals
are open science and Findable, Accessible, Interoperable, and
Reusable (FAIR) data principles [42].

Recommendations Toward a Pragmatic Approach of
Teaching and Conducting Research Question
Formulation
The workshop discussions produced a set of specific
recommendations to promote approaches for defining good
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research questions for reusing digital data. These
recommendations are also well suited for educational use,
helping to navigate the challenges of interdisciplinary
collaboration and to foster interdisciplinary skills.

Iterative Research Question Formulation
As a principle, data collection, preprocessing, and analysis
methods should follow the research question; researchers should
not lose sight of the research aim, objective, and question.
Defining a good research question is a fundamental and
universal first step of science, which ideally should not be
preceded by the choice of data or methods. However, the linear
process of defining a research question common to health
research may need several iterations to ensure that the
complexity and feasibility of reusing and integrating digital data
are accounted for.

The lecture instructors, supervisors, and principal investigators
of interdisciplinary projects can apply this recommendation by
emphasizing the importance of research question formulation
in interdisciplinary projects. Furthermore, they can facilitate a
discussion or create exercises for students to practice how the
linear process of research question definition changes into a
more iterative process when collaborating with other disciplines.

Reconciling Linear And Iterative Approaches:
Continuum of Research Tasks
To reconcile the apparent conceptual differences between health
research and data science approach research projects, we propose
to reframe the scientific process as a continuum of knowledge
accumulation over the course of multiple studies. Such a
continuum can consist of several different research tasks
(projects) combining deductive and inductive research
approaches. Not all research tasks will involve explicit research
questions or hypotheses. However, systematic reflections on
how study results can inform new hypotheses and research
questions and how they could be tested in future studies could
become an integral part of a study, for example, as a last step
in exploratory analyses.

Lecture instructors, supervisors, and principal investigators of
interdisciplinary projects can use this recommendation to
emphasize the continuum of research tasks. They can create
exercises consisting of different research tasks where students
practice combining deductive and inductive approaches in
research design. These exercises can guide students to recognize
that research is not always a straightforward process of
hypothesis testing but may involve exploratory tasks that inform
future studies. Instructors can also encourage students to reflect
systematically on their research results, guiding them to think
about how current findings can shape future hypotheses and
research directions. This reflection can be incorporated into
project work, where students work on iterative research tasks,
examining how knowledge accumulates across studies and how
inductive and deductive methods interact throughout this
process. This practice prepares students to handle the nonlinear
nature of interdisciplinary research, especially when bridging
health research and data science.

Research Quality Criteria
The complexities involved in digital data preprocessing and
analysis require careful design decisions and thorough reporting
to ensure adherence to research quality standards. The reuse of
existing, digital unstructured data and the need for extensive
preprocessing may obfuscate or compound issues of external
and internal validity [14]. Moreover, the use of machine learning
techniques such as deep neural networks may generate
“unexplainable” predictions or classifications that challenge the
transparency and open science paradigms. The verification of
“whether the data measure what they are supposed to measure
(in the context of the research question)” [14] remains crucial
and deserves appropriate attention, but it may become more
difficult to achieve. We recommend that researchers
systematically scrutinize interim results to ensure that they are
“on the good track.” Such checks can, for example, include the
replication of results from different studies. Furthermore,
transparency in reporting and reproducibility are key to scientific
rigor.

Lecture instructors and supervisors can emphasize the
importance of maintaining research quality in interdisciplinary
projects. They can design exercises where students practice
making careful design decisions in their research projects,
ensuring that issues of validity, transparency, and reproducibility
are addressed throughout the process. One approach could be
to guide students in developing protocols for systematic checks
of their interim results. Instructors can also promote transparency
by teaching students how to document their research processes
thoroughly, facilitating reproducibility and open science
principles. By applying these exercises, students learn to
critically evaluate the quality of their research.

Take Active Measures to Foster Interdisciplinarity
We recommend reflecting these aspects appropriately in teaching
and training of next-generation researchers as well as in
establishing new interdisciplinary research groups or
collaborations. Therefore, in teaching, it is important to also
convey a realistic view of how research works in practice.
Students should be sensitized to real-world challenges and the
need for pragmatic decision-making, while still striving for the
basic principles of “good research practices.” The literature
review and our own experiences suggest that students are mostly
taught the “ideal model,” and thus, they are often not well
prepared for the realities of research. It seems preferable to
discuss challenges openly and to expose students to ethical and
practical dilemmas early on.

Lecture instructors and supervisors can sensitize students toward
real-world challenges. They can prepare specific exercises where
students can reflect on the problems that might arise from
real-life constraints.

The added complexity and additional financial needs for
education for interdisciplinary collaboration and open science
should be acknowledged by funding agencies.
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Specific Tools to Inform the Teaching of
Interdisciplinary Courses on Real-World Data
Analyses
Our study provides practical tools to guide the content and
curricula of courses focused on interdisciplinary projects and
collaborations. A more detailed description of the application
of the study results to teaching is provided in Multimedia
Appendix 5. The structure of our workshops (Figure 1) and the
results of each workshop can be directly translated into the tools
focusing on both dimensions of content and curriculum as well
as methods and teaching styles. In terms of content and
curriculum, the glossary with key concepts and terminology
can be used to introduce students to interdisciplinary work. The
workflow (Figure 2) combined with the glossary can serve as
an interdiction to research practices for students with a different

background, for example, humanities. Finally, our adapted
workflow (Figure 3) sensitizes students for additional topics of
transparency, FAIR data, reproducibility, and open science.
Regarding methods and teaching styles, the sequence of
workshops (Figure 1) and their results as outlined in the content
and curriculum section can be directly translated into teaching
phases, which build on top of each other. As illustrated by the
example described in Multimedia Appendix 5, the structure of
3 teaching phases is useful and effective for teaching
interdisciplinary research collaborations. A key insight from
our workshop (modifications to the “how”—cluster 1) consisted
of the need to acknowledge and address real-world challenges
in study planning and execution. In our experience, case studies
and illustrations of the scientific process of real-world examples
are greatly appreciated by students.

Figure 3. Adapted workflow. The blue-colored boxes contain the added aspects in the "what" and "how" categories.

Discussion

Principal Findings
This study examined how interdisciplinary research
collaborations between health research and data science can be
streamlined by creating a shared conceptual understanding of
terminologies and best practice workflows and by
acknowledging or merging approaches from other disciplines.
In a series of interactive workshops, our interdisciplinary group
of coauthors concluded that the workflow of established
practices for formulating a research question, generating
hypotheses, and defining research designs remain valid. We
argue that the reuse of digital data does not substantially change
scientific activity, particularly the fundamental step of defining
a good research question [1,43]. Achieving clarity on the
research question benefits data analysis and interpretation by
providing structure and informing the study design workflow.
Moreover, a shared understanding of the research question and
study workflow facilitates the inclusion of diverse domain

knowledge to ensure research quality and result quality
[6,14,44]. In line with this, the group noted general tendencies
in research toward more open, transparent, and reproducible
research, which are influenced by recommended data science
practices. Along those lines, health research should increasingly
foster good scientific practices that help to align the reuse of
digital data with principles of reproducibility, robustness,
generalizability, validity [1,32], transparency, and open science.

Our set of tools and recommendations can also be integrated
into medical education by providing academic educators with
a structured approach to teaching research question formulation
in the context of using digital data in health research. By
emphasizing the importance of both hypothesis-driven and
data-driven research methods, educators can guide researchers
in navigating the interdisciplinary challenges of health research
and data science. The importance of creating a common
terminology and discussion about scientific principles can
further increase awareness about the challenges of
interdisciplinary collaboration between health researchers and
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data scientists. The proposed workflow and recommendations
equip researchers with the tools to address the challenges of
research question definition for interdisciplinary projects. The
clear and practical steps provided by the workflow ensure that
students not only grasp theoretical concepts but also apply them
effectively in real-world scenarios, preparing them for
collaborative, data-driven environments in health care and
research.

For implementation, the set of tools and recommendations could
be integrated into medical curricula and PhD programs through
dedicated courses, workshops, or modules focusing on research
methods and interdisciplinary collaboration for young
researchers. Medical educators can adopt these recommendations
to structure class discussions, assignments, and group projects,
ensuring that students are exposed to both research approaches.
In Multimedia Appendix 5, we provide an example of an
interdisciplinary course implementing this set of tools. To
evaluate the effectiveness of this implementation, a combination
of qualitative and quantitative assessments can be used. Surveys
and feedback from both students and educators can measure
how well the workflow improves understanding and application
of interdisciplinary research question formulation.

Our interdisciplinary effort recognized and discussed several
potential obstacles toward bridging the approaches of established
health research and data science. In the following sections, we
repeat 4 key insights from our workshop interactions on how
such obstacles can be overcome. First, we noted substantial
differences in the use of terminologies across disciplines. For
interdisciplinary collaborations, it is important to clarify key
terms and concepts early on and to develop a shared
understanding of the research aim and research question.

Second, in the early stages of the project, workshop participants
expressed confusion about different types of analysis methods
and their relationship with specific research tasks and high-level
aims, such as prediction and classification, confirmatory
research, or exploratory research. Agreeing on the high-level
conceptual framework of “research tasks” helped structure the
workshop discussions effectively. The discussion around the
concepts of “research task” also fostered insights about
commonalities and overlaps between concepts of data and health
research. For example, many data science tasks can be classified
as exploratory or prediction or classification tasks, which have
conceptual counterparts in health research methodologies, each
with corresponding reporting quality guidelines. Referring to
specific research tasks rather than making global statements
about data science or health research resonated well with the
workshop participants and facilitated the discussions
considerably.

Third, by introducing the concept of a “research task,” the group
was also better able to examine the relationships among research
aims, objectives, and tasks and how they are reflected in the
workflow of established practices. Participants believed that
exploratory or prediction or classification tasks, in particular,
did not fit well into the workflow because such work is often
not strictly hypothesis driven. However, 2 insights helped to
align the workflow framework with the task concept: answering
a research question may involve multiple research tasks in the

same analysis, such as using prediction and classification tasks
for data preprocessing, and later using these predictions in a
confirmatory analysis, for example, as an exposure variable.
Moreover, the scientific process can be viewed as a continuum
of studies. From this perspective, the workflow of established
practices can also be seen as a higher-level discovery cycle that
spans across multiple studies. For example, an initial study may
explore initial exploratory hypotheses or generate a first iteration
of a prediction model, thus leading to new hypotheses. Indeed,
exploratory and inductive methods can be useful to keep an
open mind and become inspired by empirical data. In this way,
the research tasks can be seen as a continuum—where
data-driven research ends, hypothesis-driven research can start.
Follow-up studies could then explore the hypotheses or validate
the prediction model (whose structure can also be considered a
hypothesis) in new data or in a confirmatory analysis. In
combination, these multiple research tasks or study sequences
are still likely to conform to the proposed workflow of
recommended practices.

Finally, reusing unstructured and structured digital data brings
new ethical challenges, such as privacy and consent issues, and
problems with (public) trust and data diversity [45-49].
Traditional ethical assessments for data use in research and
ethics review committees might not be well suited to address
the challenges of digital data and might need adaptations [45,50].
Weighing the potential benefits and risks of using digital data
becomes more complex. This problem is accentuated because
the availability and production of digital data are often not based
on a scientific decision, and rather, other factors such as political
or social phenomena play a role [1]. While the need for novel
ethical mechanisms to guide researchers is to be found in
recently developed self-assessment tools for ethical data use
[51,52], these new ethical mechanisms need further refinement
to be widely adopted.

Strengths and Limitations
The strength of the expert groups was that participants
represented a diverse group in terms of disciplines and career
stages. However, it is possible that not all potentially relevant
viewpoints were represented. A further strength was that the
inputs from experts were collected systematically via different
channels (eg, discussions, preworkshop tasks, and commenting
on documents) throughout the consensus process. This allowed
to harmonize and synthesize knowledge and insights from
diverse disciplines. Experts also had several opportunities to
review discussion outcomes and final summaries through
workshop protocol and involvement in manuscript writing.

There are limitations regarding our proposed workflow. First,
it represents an idealized process for defining a good research
question, which is often challenged by funding and resource
constraints or established norms. Some parts of the workflow
might not be explicitly applicable to all types of research. The
example scenario used to develop the workflow was based on
hypothesis-driven deductive research, which often uses relational
and causal research questions. We did not explicitly include
inductive, qualitative approaches in health research, but we see
the deductive and inductive research on a spectrum [53]. This
limitation does not prevent the overall concept of the workflow
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from being applied to other types of research, such as inductive,
data-driven, or exploratory research.

Finally, although the literature review was conducted with great
care and the expert group included several experienced
researchers and faculty from different scientific disciplines, it
was not possible to conduct a fully systematic search across all
research disciplines due to resource constraints. Therefore, it is
possible that some potentially relevant concepts and guidelines
were not included.

Conclusions
In an age of digital transformation, established scientific
practices with a strong focus on formulating research question
design remain relevant and useful for gaining clarity about
research aims. We recommend initiating new collaborations in

the health domain with a review of terminologies and concepts
to avoid misconceptions and problems further downstream in
the research process. Our terminology and workflow may serve
as tools to be used in medical education to support young and
established researchers in interdisciplinary health research
projects. To this end, we found the concept of “research tasks”
particularly useful to foster a shared understanding among our
collaborators. In addition, we recommend adapting the way the
established workflow is taught to prospective researchers in
health research and other disciplines, incorporating concepts
from open science, the 3RG criteria, and the “science as a
continuum” paradigm. We also call for funding agencies and
publishers to incentivize and acknowledge investments in
defining good research questions for complex novel data and
analysis methods.

 

Data Availability
All data are available in the manuscript and multimedia appendices.

Authors' Contributions
JS contributed to conceptualization, data curation, investigation, methodology, project administration, resources, visualization,
and writing the original draft. VvW contributed to the conceptualization, investigation, methodology, and writing the original
draft. All the other authors contributed to writing, reviewing, and editing the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Study and workshop protocols and preparatory tasks.
[PDF File (Adobe PDF File), 1792 KB - mededu_v11i1e56369_app1.pdf ]

Multimedia Appendix 2
Accurate Consensus Reporting Document (ACCORD) checklist.
[PDF File (Adobe PDF File), 127 KB - mededu_v11i1e56369_app2.pdf ]

Multimedia Appendix 3
Example scenario of digital data reuse to structure workshop discussions.
[PDF File (Adobe PDF File), 20 KB - mededu_v11i1e56369_app3.pdf ]

Multimedia Appendix 4
Proposed modifications to the “what”: additional steps to the workflow.
[PDF File (Adobe PDF File), 118 KB - mededu_v11i1e56369_app4.pdf ]

Multimedia Appendix 5
Application of teaching tools: example from the course Interactive Data Science in Digital Health.
[DOCX File , 36 KB - mededu_v11i1e56369_app5.docx ]

References
1. Caliebe A, Leverkus F, Antes G, Krawczak M. Does big data require a methodological change in medical research? BMC

Med Res Methodol 2019 Jun 17;19(1):125 [FREE Full text] [doi: 10.1186/s12874-019-0774-0] [Medline: 31208367]
2. Chiavilli M, Campagnini S, Baretta T, Castagnoli C, Paperini A, Politi AM, et al. Design and implementation of a Stroke

Rehabilitation Registry for the systematic assessment of processes and outcomes and the development of data-driven
prediction models: the STRATEGY study protocol. Front Neurol 2022 Oct 10;13:919353 [FREE Full text] [doi:
10.3389/fneur.2022.919353] [Medline: 36299268]

JMIR Med Educ 2025 | vol. 11 | e56369 | p.719https://mededu.jmir.org/2025/1/e56369
(page number not for citation purposes)

Sedlakova et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app1.pdf&filename=765d670328212f24b63d2e18ecdeccb7.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app1.pdf&filename=765d670328212f24b63d2e18ecdeccb7.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app2.pdf&filename=273191aa49bb4ed31131ca781c4cedb6.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app2.pdf&filename=273191aa49bb4ed31131ca781c4cedb6.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app3.pdf&filename=186ad3fb51b20bc053c9fa27394e42dd.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app3.pdf&filename=186ad3fb51b20bc053c9fa27394e42dd.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app4.pdf&filename=e73ab4d88a0813d4f908d8b883d2d239.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app4.pdf&filename=e73ab4d88a0813d4f908d8b883d2d239.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app5.docx&filename=a8827b40aafd6bba09e41e68d6676495.docx
https://jmir.org/api/download?alt_name=mededu_v11i1e56369_app5.docx&filename=a8827b40aafd6bba09e41e68d6676495.docx
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-019-0774-0
http://dx.doi.org/10.1186/s12874-019-0774-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31208367&dopt=Abstract
https://europepmc.org/abstract/MED/36299268
http://dx.doi.org/10.3389/fneur.2022.919353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36299268&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Sim I. Mobile devices and health. N Engl J Med 2019 Sep 05;381(10):956-968. [doi: 10.1056/NEJMra1806949] [Medline:
31483966]

4. Batko K, Ślęzak A. The use of big data analytics in healthcare. J Big Data 2022;9(1):3 [FREE Full text] [doi:
10.1186/s40537-021-00553-4] [Medline: 35013701]

5. Sedlakova J, Daniore P, Horn Wintsch A, Wolf M, Stanikic M, Haag C, et al. Challenges and best practices for digital
unstructured data enrichment in health research: a systematic narrative review. PLOS Digit Health 2023 Oct
11;2(10):e0000347 [FREE Full text] [doi: 10.1371/journal.pdig.0000347] [Medline: 37819910]

6. Kitchin R. Big data, new epistemologies and paradigm shifts. Big Data Soc 2014 Apr 01;1(1). [doi:
10.1177/2053951714528481]

7. Goldsmith J, Sun Y, Fried LP, Wing J, Miller GW, Berhane K. The emergence and future of public health data science.
Public Health Rev 2021 Apr 26;42:1604023 [FREE Full text] [doi: 10.3389/phrs.2021.1604023] [Medline: 34692178]

8. Mirin N, Mattie H, Jackson L, Samad Z, Chunara R. Data science in public health: building next generation capacity. Harv
Data Sci Rev 2022 Oct 27;4(4). [doi: 10.1162/99608f92.18da72db]

9. Cooke A, Smith D, Booth A. Beyond PICO: the SPIDER tool for qualitative evidence synthesis. Qual Health Res 2012
Oct;22(10):1435-1443. [doi: 10.1177/1049732312452938] [Medline: 22829486]

10. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The strengthening the reporting of
observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies. J Clin Epidemiol
2008 Apr;61(4):344-349. [doi: 10.1016/j.jclinepi.2007.11.008] [Medline: 18313558]

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021 Mar 29;372:n71 [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

12. Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock SJ, et al. Strengthening the reporting of
observational studies in epidemiology (STROBE): explanation and elaboration. PLoS Med 2007 Oct 16;4(10):e297 [FREE
Full text] [doi: 10.1371/journal.pmed.0040297] [Medline: 17941715]

13. Donaldson L, Ricciardi W, Sheridan S, Tartaglia R. Textbook of Patient Safety and Clinical Risk Management. Cham,
Switzerland: Springer International Publishing; 2020.

14. Hicks JL, Althoff T, Sosic R, Kuhar P, Bostjancic B, King AC, et al. Best practices for analyzing large-scale health data
from wearables and smartphone apps. NPJ Digit Med 2019 Jun 3;2:45 [FREE Full text] [doi: 10.1038/s41746-019-0121-1]
[Medline: 31304391]

15. Gattrell WT, Logullo P, van Zuuren EJ, Price A, Hughes EL, Blazey P, et al. ACCORD (ACcurate COnsensus Reporting
Document): a reporting guideline for consensus methods in biomedicine developed via a modified Delphi. PLoS Med 2024
Jan 23;21(1):e1004326 [FREE Full text] [doi: 10.1371/journal.pmed.1004326] [Medline: 38261576]

16. Doody O, Bailey ME. Setting a research question, aim and objective. Nurse Res 2016 Mar;23(4):19-23. [doi:
10.7748/nr.23.4.19.s5] [Medline: 26997231]

17. Creswell JW. Qualitative Inquiry and Research Design: Choosing Among Five Approaches. 3rd ed. Thousand Oaks, CA:
SAGE Publications; 2012.

18. Royston P, Moons KG, Altman DG, Vergouwe Y. Prognosis and prognostic research: developing a prognostic model. BMJ
2009 Mar 31;338:b604. [doi: 10.1136/bmj.b604] [Medline: 19336487]

19. Lipowski EE. Developing great research questions. Am J Health Syst Pharm 2008 Sep 01;65(17):1667-1670. [doi:
10.2146/ajhp070276] [Medline: 18714115]

20. Aslam S, Emmanuel P. Formulating a researchable question: a critical step for facilitating good clinical research. Indian J
Sex Transm Dis AIDS 2010 Jan;31(1):47-50 [FREE Full text] [doi: 10.4103/0253-7184.69003] [Medline: 21808439]

21. Tully MP. Research: articulating questions, generating hypotheses, and choosing study designs. Can J Hosp Pharm 2014
Jan;67(1):31-34 [FREE Full text] [doi: 10.4212/cjhp.v67i1.1320] [Medline: 24634524]

22. Fandino W. Formulating a good research question: pearls and pitfalls. Indian J Anaesth 2019 Aug;63(8):611-616 [FREE
Full text] [doi: 10.4103/ija.IJA_198_19] [Medline: 31462805]

23. Abbade LP, Wang M, Sriganesh K, Jin Y, Mbuagbaw L, Thabane L. The framing of research questions using the PICOT
format in randomized controlled trials of venous ulcer disease is suboptimal: a systematic survey. Wound Repair Regen
2017 Sep;25(5):892-900. [doi: 10.1111/wrr.12592] [Medline: 29080311]

24. Booth A. Clear and present questions: formulating questions for evidence based practice. Libr Hi Tech 2006;24(3):355-368.
[doi: 10.1108/07378830610692127]

25. Mehta A, Malley B, Walkey A. Formulating the research question. In: Secondary Analysis of Electronic Health Records.
Cham, Switzerland: Springer; 2016.

26. Sørensen MP, Ravn T, Marušić A, Elizondo AR, Kavouras P, Tijdink J, et al. Strengthening research integrity: which topic
areas should organisations focus on? Humanit Soc Sci Commun 2021 Aug 12;8(1):1-15. [doi: 10.1057/s41599-021-00874-y]

27. Quiroga Gutierrez AC, Lindegger DJ, Taji Heravi A, Stojanov T, Sykora M, Elayan S, et al. Reproducibility and scientific
integrity of big data research in urban public health and digital epidemiology: a call to action. Int J Environ Res Public
Health 2023 Jan 13;20(2):1473 [FREE Full text] [doi: 10.3390/ijerph20021473] [Medline: 36674225]

JMIR Med Educ 2025 | vol. 11 | e56369 | p.720https://mededu.jmir.org/2025/1/e56369
(page number not for citation purposes)

Sedlakova et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1056/NEJMra1806949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31483966&dopt=Abstract
https://europepmc.org/abstract/MED/35013701
http://dx.doi.org/10.1186/s40537-021-00553-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35013701&dopt=Abstract
https://europepmc.org/abstract/MED/37819910
http://dx.doi.org/10.1371/journal.pdig.0000347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37819910&dopt=Abstract
http://dx.doi.org/10.1177/2053951714528481
https://europepmc.org/abstract/MED/34692178
http://dx.doi.org/10.3389/phrs.2021.1604023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34692178&dopt=Abstract
http://dx.doi.org/10.1162/99608f92.18da72db
http://dx.doi.org/10.1177/1049732312452938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22829486&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18313558&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://boris.unibe.ch/id/eprint/22113
https://boris.unibe.ch/id/eprint/22113
http://dx.doi.org/10.1371/journal.pmed.0040297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17941715&dopt=Abstract
https://doi.org/10.1038/s41746-019-0121-1
http://dx.doi.org/10.1038/s41746-019-0121-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304391&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1004326
http://dx.doi.org/10.1371/journal.pmed.1004326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38261576&dopt=Abstract
http://dx.doi.org/10.7748/nr.23.4.19.s5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26997231&dopt=Abstract
http://dx.doi.org/10.1136/bmj.b604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19336487&dopt=Abstract
http://dx.doi.org/10.2146/ajhp070276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18714115&dopt=Abstract
https://europepmc.org/abstract/MED/21808439
http://dx.doi.org/10.4103/0253-7184.69003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21808439&dopt=Abstract
https://europepmc.org/abstract/MED/24634524
http://dx.doi.org/10.4212/cjhp.v67i1.1320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24634524&dopt=Abstract
http://www.ijaweb.org/article.asp?issn=0019-5049;year=2019;volume=63;issue=8;spage=611;epage=616;aulast=Fandino
http://www.ijaweb.org/article.asp?issn=0019-5049;year=2019;volume=63;issue=8;spage=611;epage=616;aulast=Fandino
http://dx.doi.org/10.4103/ija.IJA_198_19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462805&dopt=Abstract
http://dx.doi.org/10.1111/wrr.12592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29080311&dopt=Abstract
http://dx.doi.org/10.1108/07378830610692127
http://dx.doi.org/10.1057/s41599-021-00874-y
https://www.mdpi.com/resolver?pii=ijerph20021473
http://dx.doi.org/10.3390/ijerph20021473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36674225&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Kandel S, Heer J, Plaisant C, Kennedy J, van Ham F, Riche NH, et al. Research directions in data wrangling: visualizations
and transformations for usable and credible data. Inf Vis 2011 Sep 02;10(4):271-288. [doi: 10.1177/1473871611415994]

29. Munzner T. Visualization Analysis and Design. Boca Raton, FL: CRC Press; 2014.
30. Fekete JD. Visual analytics infrastructures: from data management to exploration. Computer 2013 Jul;46(7):22-29. [doi:

10.1109/MC.2013.120]
31. Arbesser C, Spechtenhauser F, Muhlbacher T, Piringer H. Visplause: visual data quality assessment of many time series

using plausibility checks. IEEE Trans Visual Comput Graphics 2017 Jan;23(1):641-650. [doi: 10.1109/tvcg.2016.2598592]
32. Cerreta F, Ritzhaupt A, Metcalfe T, Askin S, Duarte J, Berntgen M, et al. Digital technologies for medicines: shaping a

framework for success. Nat Rev Drug Discov 2020 Sep;19(9):573-574. [doi: 10.1038/d41573-020-00080-6] [Medline:
32398879]

33. Sedlmair M, Meyer M, Munzner T. Design study methodology: reflections from the trenches and the stacks. IEEE Trans
Visual Comput Graphics 2012 Dec;18(12):2431-2440. [doi: 10.1109/tvcg.2012.213]

34. Muhlbacher T, Piringer H, Gratzl S, Sedlmair M, Streit M. Opening the black box: strategies for increased user involvement
in existing algorithm implementations. IEEE Trans Visual Comput Graphics 2014 Dec 31;20(12):1643-1652. [doi:
10.1109/tvcg.2014.2346578]

35. Schreck T, Bernard J, von Landesberger T, Kohlhammer J. Visual cluster analysis of trajectory data with interactive Kohonen
maps. Inf Vis 2009 Feb 12;8(1):14-29. [doi: 10.1057/ivs.2008.29]

36. Lipton ZC. The doctor just won't accept that!. arXiv Preprint posted online on November 20, 2017 [FREE Full text] [doi:
10.48550/arXiv.1711.08037]

37. Bernard J, von Landesberger T, Bremm S, Schreck T. Multi-scale visual quality assessment for cluster analysis with
self-organizing maps. In: Proceedings of SPIE - The International Society for Optical Engineering. 2011 Jan Presented at:
SPIE 2011; 2011; Bellingham, WA. [doi: 10.1117/12.872545]

38. Munzner T. A nested model for visualization design and validation. IEEE Trans Vis Comput Graph 2009 Nov;15(6):921-928.
[doi: 10.1109/TVCG.2009.111] [Medline: 19834155]

39. de Hond AA, Leeuwenberg AM, Hooft L, Kant IM, Nijman SW, van Os HJ, et al. Guidelines and quality criteria for
artificial intelligence-based prediction models in healthcare: a scoping review. NPJ Digit Med 2022 Jan 10;5(1):2 [FREE
Full text] [doi: 10.1038/s41746-021-00549-7] [Medline: 35013569]

40. Vasey B, Nagendran M, Campbell B, Clifton DA, Collins GS, Denaxas S, et al. Reporting guideline for the early stage
clinical evaluation of decision support systems driven by artificial intelligence: DECIDE-AI. BMJ 2022 May 18;377:e070904
[FREE Full text] [doi: 10.1136/bmj-2022-070904] [Medline: 35584845]

41. Schwab S, Janiaud P, Dayan M, Amrhein V, Panczak R, Palagi PM, et al. Ten simple rules for good research practice.
PLoS Comput Biol 2022 Jun 23;18(6):e1010139 [FREE Full text] [doi: 10.1371/journal.pcbi.1010139] [Medline: 35737655]

42. Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, Baak A, et al. The FAIR Guiding Principles for
scientific data management and stewardship. Sci Data 2016 Mar 15;3(1):160018 [FREE Full text] [doi: 10.1038/sdata.2016.18]
[Medline: 26978244]

43. Mazzocchi F. Could big data be the end of theory in science? A few remarks on the epistemology of data-driven science.
EMBO Rep 2015 Oct 10;16(10):1250-1255 [FREE Full text] [doi: 10.15252/embr.201541001] [Medline: 26358953]

44. Lee EW, Yee AZ. Toward data sense-making in digital health communication research: why theory matters in the age of
big data. Front Commun 2020 Feb 27;5. [doi: 10.3389/fcomm.2020.00011]

45. Ferretti A, Ienca M, Sheehan M, Blasimme A, Dove ES, Farsides B, et al. Ethics review of big data research: what should
stay and what should be reformed? BMC Med Ethics 2021 Apr 30;22(1):51 [FREE Full text] [doi:
10.1186/s12910-021-00616-4] [Medline: 33931049]

46. Nebeker C, Torous J, Bartlett Ellis RJ. Building the case for actionable ethics in digital health research supported by artificial
intelligence. BMC Med 2019 Jul 17;17(1):137 [FREE Full text] [doi: 10.1186/s12916-019-1377-7] [Medline: 31311535]

47. Facca D, Smith MJ, Shelley J, Lizotte D, Donelle L. Exploring the ethical issues in research using digital data collection
strategies with minors: a scoping review. PLoS One 2020;15(8):e0237875 [FREE Full text] [doi:
10.1371/journal.pone.0237875] [Medline: 32853218]

48. Clark RA, Foote J, Versace VL, Brown A, Daniel M, Coffee NT, et al. The keeping on track study: exploring the activity
levels and utilization of healthcare services of acute coronary syndrome (ACS) patients in the first 30-days after discharge
from hospital. Med Sci (Basel) 2019 Apr 19;7(4):61 [FREE Full text] [doi: 10.3390/medsci7040061] [Medline: 31010168]

49. Arora A, Alderman JE, Palmer J, Ganapathi S, Laws E, McCradden MD, et al. The value of standards for health datasets
in artificial intelligence-based applications. Nat Med 2023 Nov 26;29(11):2929-2938 [FREE Full text] [doi:
10.1038/s41591-023-02608-w] [Medline: 37884627]

50. Viberg Johansson J, Bentzen HB, Mascalzoni D. What ethical approaches are used by scientists when sharing health data?
An interview study. BMC Med Ethics 2022 Apr 11;23(1):41 [FREE Full text] [doi: 10.1186/s12910-022-00779-8] [Medline:
35410285]

51. Wiltshire D, Alvanides S. Ensuring the ethical use of big data: lessons from secure data access. Heliyon 2022 Feb;8(2):e08981
[FREE Full text] [doi: 10.1016/j.heliyon.2022.e08981] [Medline: 35243099]

JMIR Med Educ 2025 | vol. 11 | e56369 | p.721https://mededu.jmir.org/2025/1/e56369
(page number not for citation purposes)

Sedlakova et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1177/1473871611415994
http://dx.doi.org/10.1109/MC.2013.120
http://dx.doi.org/10.1109/tvcg.2016.2598592
http://dx.doi.org/10.1038/d41573-020-00080-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32398879&dopt=Abstract
http://dx.doi.org/10.1109/tvcg.2012.213
http://dx.doi.org/10.1109/tvcg.2014.2346578
http://dx.doi.org/10.1057/ivs.2008.29
https://arxiv.org/abs/1711.08037
http://dx.doi.org/10.48550/arXiv.1711.08037
http://dx.doi.org/10.1117/12.872545
http://dx.doi.org/10.1109/TVCG.2009.111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19834155&dopt=Abstract
https://doi.org/10.1038/s41746-021-00549-7
https://doi.org/10.1038/s41746-021-00549-7
http://dx.doi.org/10.1038/s41746-021-00549-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35013569&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=35584845
http://dx.doi.org/10.1136/bmj-2022-070904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35584845&dopt=Abstract
https://boris.unibe.ch/id/eprint/170876
http://dx.doi.org/10.1371/journal.pcbi.1010139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35737655&dopt=Abstract
https://doi.org/10.1038/sdata.2016.18
http://dx.doi.org/10.1038/sdata.2016.18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26978244&dopt=Abstract
https://doi.org/10.15252/embr.201541001
http://dx.doi.org/10.15252/embr.201541001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26358953&dopt=Abstract
http://dx.doi.org/10.3389/fcomm.2020.00011
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-021-00616-4
http://dx.doi.org/10.1186/s12910-021-00616-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33931049&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1377-7
http://dx.doi.org/10.1186/s12916-019-1377-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31311535&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0237875
http://dx.doi.org/10.1371/journal.pone.0237875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32853218&dopt=Abstract
https://www.mdpi.com/resolver?pii=medsci7040061
http://dx.doi.org/10.3390/medsci7040061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31010168&dopt=Abstract
https://europepmc.org/abstract/MED/37884627
http://dx.doi.org/10.1038/s41591-023-02608-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37884627&dopt=Abstract
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-022-00779-8
http://dx.doi.org/10.1186/s12910-022-00779-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35410285&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(22)00269-9
http://dx.doi.org/10.1016/j.heliyon.2022.e08981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35243099&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. Bigdata-ethics-HeALth framework - BEHALF. Eidgenössische Technische Hochschule Zürich. URL: https://bioethics.
ethz.ch/research/BEHALF.html [accessed 2022-11-28]

53. Young M, Varpio L, Uijtdehaage S, Paradis E. The spectrum of inductive and deductive research approaches using
quantitative and qualitative data. Acad Med 2020 Jul;95(7):1122. [doi: 10.1097/ACM.0000000000003101] [Medline:
31833855]

Abbreviations
3RG: reproducibility, robustness, replicability, or generalizability
ACCORD: Accurate Consensus Reporting Document
CONSORT: Consolidated Standards of Reporting Trials
DSI: Digital Society Initiative
FAIR: findable, accessible, interoperable, and reusable
FINER: feasible, interesting, novel, ethical, and relevant
PICOT: population, intervention, comparison, outcome, and time
SMART: specific, measurable, achievable, realistic, and timely
SPIDER: sample, phenomenon of interest, design, evaluation, research type
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
TRIPOD: Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis

Edited by B Lesselroth; submitted 15.01.24; peer-reviewed by G Richter, M Mahmic Kaknjo; comments to author 12.02.24; revised
version received 16.05.24; accepted 23.11.24; published 23.01.25.

Please cite as:
Sedlakova J, Stanikić M, Gille F, Bernard J, Horn AB, Wolf M, Haag C, Floris J, Morgenshtern G, Schneider G, Zumbrunn Wojczyńska
A, Mouton Dorey C, Ettlin DA, Gero D, Friemel T, Lu Z, Papadopoulos K, Schläpfer S, Wang N, von Wyl V
Refining Established Practices for Research Question Definition to Foster Interdisciplinary Research Skills in a Digital Age: Consensus
Study With Nominal Group Technique
JMIR Med Educ 2025;11:e56369
URL: https://mededu.jmir.org/2025/1/e56369 
doi:10.2196/56369
PMID:

©Jana Sedlakova, Mina Stanikić, Felix Gille, Jürgen Bernard, Andrea B Horn, Markus Wolf, Christina Haag, Joel Floris, Gabriela
Morgenshtern, Gerold Schneider, Aleksandra Zumbrunn Wojczyńska, Corine Mouton Dorey, Dominik Alois Ettlin, Daniel Gero,
Thomas Friemel, Ziyuan Lu, Kimon Papadopoulos, Sonja Schläpfer, Ning Wang, Viktor von Wyl. Originally published in JMIR
Medical Education (https://mededu.jmir.org), 23.01.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Medical Education, is properly cited. The
complete bibliographic information, a link to the original publication on https://mededu.jmir.org/, as well as this copyright and
license information must be included.

JMIR Med Educ 2025 | vol. 11 | e56369 | p.722https://mededu.jmir.org/2025/1/e56369
(page number not for citation purposes)

Sedlakova et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://bioethics.ethz.ch/research/BEHALF.html
https://bioethics.ethz.ch/research/BEHALF.html
http://dx.doi.org/10.1097/ACM.0000000000003101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31833855&dopt=Abstract
https://mededu.jmir.org/2025/1/e56369
http://dx.doi.org/10.2196/56369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Global Health care Professionals’ Perceptions of Large Language
Model Use In Practice: Cross-Sectional Survey Study

Ecem Ozkan1, MD; Aysun Tekin2, MD; Mahmut Can Ozkan1, MD; Daniel Cabrera3, MD; Alexander Niven4, MD;

Yue Dong2, MD
1Department of Medicine, Jersey Shore University Medical Center, 1945 NJ-33, Neptune, NJ, United States
2Department of Anesthesiology, Mayo Clinic College of Medicine, Rochester, MN, United States
3Department of Emergency Medicine, Mayo Clinic College of Medicine, Rochester, MN, United States
4Department of Pulmonary and Critical Care Medicine, Mayo Clinic College of Medicine, Rochester, MN, United States

Corresponding Author:
Ecem Ozkan, MD
Department of Medicine, Jersey Shore University Medical Center, 1945 NJ-33, Neptune, NJ, United States

Abstract

Background: ChatGPT is a large language model-based chatbot developed by OpenAI. ChatGPT has many potential applications
to health care, including enhanced diagnostic accuracy and efficiency, improved treatment planning, and better patient outcomes.
However, health care professionals’ perceptions of ChatGPT and similar artificial intelligence tools are not well known.
Understanding these attitudes is important to inform the best approaches to exploring their use in medicine.

Objective: Our aim was to evaluate the health care professionals’ awareness and perceptions regarding potential applications
of ChatGPT in the medical field, including potential benefits and challenges of adoption.

Methods: We designed a 33-question online survey that was distributed among health care professionals via targeted emails
and professional Twitter and LinkedIn accounts. The survey included a range of questions to define respondents’ demographic
characteristics, familiarity with ChatGPT, perceptions of this tool’s usefulness and reliability, and opinions on its potential to
improve patient care, research, and education efforts.

Results: One hundred and fifteen health care professionals from 21 countries responded to the survey, including physicians,
nurses, researchers, and educators. Of these, 101 (87.8%) had heard of ChatGPT, mainly from peers, social media, and news,
and 77 (76.2%) had used ChatGPT at least once. Participants found ChatGPT to be helpful for writing manuscripts (n=31, 45.6%),
emails (n=25, 36.8%), and grants (n=12, 17.6%); accessing the latest research and evidence-based guidelines (n=21, 30.9%);
providing suggestions on diagnosis or treatment (n=15, 22.1%); and improving patient communication (n=12, 17.6%). Respondents
also felt that the ability of ChatGPT to access and summarize research articles (n=22, 46.8%), provide quick answers to clinical
questions (n=15, 31.9%), and generate patient education materials (n=10, 21.3%) was helpful. However, there are concerns
regarding the use of ChatGPT, for example, the accuracy of responses (n=14, 29.8%), limited applicability in specific practices
(n=18, 38.3%), and legal and ethical considerations (n=6, 12.8%), mainly related to plagiarism or copyright violations. Participants
stated that safety protocols such as data encryption (n=63, 62.4%) and access control (n=52, 51.5%) could assist in ensuring
patient privacy and data security.

Conclusions: Our findings show that ChatGPT use is widespread among health care professionals in daily clinical, research,
and educational activities. The majority of our participants found ChatGPT to be useful; however, there are concerns about patient
privacy, data security, and its legal and ethical issues as well as the accuracy of its information. Further studies are required to
understand the impact of ChatGPT and other large language models on clinical, educational, and research outcomes, and the
concerns regarding its use must be addressed systematically and through appropriate methods.

(JMIR Med Educ 2025;11:e58801)   doi:10.2196/58801

KEYWORDS

ChatGPT; LLM; global; health care professionals; large language model; language model; chatbot; AI; diagnostic accuracy;
efficiency; treatment planning; patient outcome; patient care; survey; physicians; nurses; educators; patient communication;
clinical; educational; utilization; artificial intelligence
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Introduction

Large language model (LLM) refers to advanced artificial
intelligence (AI) models designed for natural language
processing tasks. LLMs are trained on vast amounts of text data
and use deep learning techniques to understand and generate
human-like language. They helped transform various fields,
including medicine [1]. Some examples of most popular LLMs
are LlaMA by Meta, Orca and Phi-1 by Microsoft, BLOOM,
PaLM2 by Google, and GPT by OpenAI. ChatGPT, a chatbot
powered by GPT-3/4 was released by OpenAI in November
2022, incorporating billions of parameters that enable it to
comprehend and generate human-like text with the capability
of context creation. Its intuitive interface and capacity for
prompt engineering have enabled diverse applications across
domains [2].

In medicine, recent studies have demonstrated ChatGPT’s
potential to support clinical decision-making, summarize
complex medical data, and streamline documentation processes.
For instance, ChatGPT has been evaluated for its ability to
generate discharge summaries, assist in developing differential
diagnoses, and simplify patient communication [3-5]. Its role
in medical education has also been explored, demonstrating its
utility in preparing students for licensing exams like the United
States Medical Licensing Examination (USMLE) and enhancing
self-directed learning through case-based scenarios [5-7].
ChatGPT was also shown to be capable of defining and
answering clinical vignettes and achieved >60% of the threshold
on the USMLE, which is the passing score for all three exams
[8,9]. Additionally, its ability to provide personalized health
education and assist in chronic disease management has been
highlighted as a promising avenue for improving patient
outcomes [4,10].

The integration of ChatGPT into health care settings is
accelerating, with a growing body of literature examining its
applications. Despite these advancements, significant challenges
remain. Concerns about data privacy, ethical implications, and
the accuracy of AI-generated content persist as barriers to
widespread adoption [4,5,10]. Additionally, little is known
regarding global health care professionals’perspectives and the
extent and impact of ChatGPT’s integration in health care
settings [11,12]. Most studies to date, have been limited to
localized settings or specific subgroups. Yet, successful and
ethical integration of ChatGPT into health care workflows
depends heavily on end-user acceptance, awareness of
limitations, and perceptions regarding safety, usability, and
value [5-7].

This study aimed to evaluate health care professionals’
awareness and perceptions of ChatGPT, with a focus on its
applications, challenges, and utility across clinical, educational,
and research settings. We surveyed a diverse group of health
care professionals—including physicians, nurses, researchers,
and educators—from multiple countries and practice settings.
Using a cross-sectional survey design, we collected data on their
familiarity with ChatGPT, how and why they used it, and their
concerns about its integration. Our a priori hypothesis was that
while many health care professionals would recognize

ChatGPT’s potential benefits, such as improving efficiency,
communication, and access to knowledge, they would also
express concerns regarding ethical, legal, and accuracy-related
issues.

This study offers timely insights for health care leaders,
educators, and policymakers considering the responsible
adoption of generative AI tools. By reflecting on global
perspectives from frontline users, our findings may help shape
discussions on how to balance innovation with safety and trust
in clinical AI applications.

Methods

This study was conducted as a cross-sectional survey between
April 20 and July 3, 2023 (Multimedia Appendix 1).

Survey Instrument Development and Validation
The questionnaire used in this study was developed de novo by
the research team. The design process was informed by the
research team’s multidisciplinary experience in medicine,
education, and digital health, as well as the evolving discourse
around AI in health care. To assist with rapid prototyping, the
research team used ChatGPT (OpenAI) to generate the first
draft of the questionnaire. This initial draft provided a
foundation for question phrasing and thematic organization.
The final survey was iteratively refined by the study
investigators to ensure clinical and contextual relevance.

To enhance clarity and assess feasibility, the questionnaire was
piloted informally among five health care researchers affiliated
with our institution. Their feedback informed improvements in
question wording, branching logic, and estimated completion
time (approximately 5 minutes). No formal psychometric
validation was conducted.

The final survey included 33 questions and was distributed
electronically using Research Electronic Data Capture
(REDCap) (version 13.1.30; Vanderbilt University) [13]. The
questionnaire was structured around six thematic domains: (1)
respondent demographics and work environment, (2) awareness
and familiarity with ChatGPT, (3) frequency and purpose of
use, (4) perceived benefits and challenges of ChatGPT in daily
practice, (5) views on ethical, legal, and data security concerns,
and (6) future expectations and training needs. The questionnaire
incorporated branching logic to adapt follow-up questions based
on initial responses—for example, only respondents who
reported using ChatGPT were asked about specific applications
or frequency of use. A visual summary of the questionnaire
flow and branching logic is provided in Multimedia Appendix
2. The final instrument has been reported in Multimedia
Appendix 1.

Participants and Sampling Strategy
We used a convenience sampling approach. The questionnaire
was distributed to health care professionals via targeted emails,
and professional Twitter, LinkedIn, and Instagram accounts
using a snowball technique [14]. No predefined inclusion or
exclusion criteria were applied beyond the requirement of being
a health care professional (eg, physician, nurse, educator,
researcher). There were no regional or institutional restrictions.
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As the survey was open and anonymous, we did not estimate a
denominator or calculate a response rate. For the purposes of
this study, we defined the application of ChatGPT in the medical
field broadly to include its use in clinical care, research, medical
education, and health care–related administrative tasks. This
inclusive definition reflects the multifaceted roles that health
care professionals fulfill and acknowledges that tools such as
ChatGPT may support a wide range of activities beyond direct
patient care, such as writing grants, academic correspondence,
and synthesizing medical literature. Survey items were designed
to capture this broad spectrum of use across domains relevant
to daily professional practice.

Demographic information of participants was summarized.
Among those familiar with ChatGPT, opinions on the tool and
potential dissemination resources were assessed. For those who
had not used it, barriers to usage were examined (Multimedia
Appendix 2). Participants with experience using the ChatGPT
were also asked about perceived challenges and approaches for
enhancing usability. Summary statistics were provided as
numbers and frequencies. Comparative analyses were conducted

using the χ2 test, with a two-sided P value <.05 considered
statistically significant. JMP Pro (version 14.1.0 software; SAS
Institute Inc.) was used for the analyses.

Ethical Considerations
The study protocol was evaluated by the Mayo Clinic
institutional review board and it was determined that it was
exempted under 45 CFR 46.102 of the Code of Federal
Regulations (2/28/2023). No personally identifying information
was collected, and all data were fully anonymous. Study
participation was voluntary and survey completion was
considered as consent. All survey responses were stored on
secure, access-restricted servers in compliance with institutional
data protection policies.

Results

Main Findings
A total of 115 health care professionals from 21 countries
responded to the survey. Table 1 displays a summary of their
demographic information (Figures 1–2).
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Table . Baseline characteristics.

Participants (N=115), n (%)Variables

Age (years)

30 (26.1)    20‐29

27 (23.5)    30‐39

26 (22.6)    40‐49

10 (8.7)    50‐59

22 (19.1)    >60

Sexa

45 (39.5)    Female

68 (59.6)    Male

Professiona

16 (14.0)    Educator

5 (4.4)    NP/PAb

62 (54.4)    Physician

25 (21.9)    Researcher

5 (4.4)    RNc

Area/ Unit

20 (17.4)    Internal medicine

15 (13)    Surgery

10 (8.7)    Emergency medicine

8 (7)    Psychiatry and Neurology

10 (8.6)    Anesthesiology/ICUd

7 (6.1)    Obstetrics and Gynecology

6 (5.2)    Radiology

39 (33.9)    Otherse

Years since graduation

43 (37.4)    <5

27 (23.5)    5‐10

16 (13.9)    11‐20

29 (25.2)    >20

Work length in hospital (years)a

66 (57.9)    <5

11 (9.6)    5‐10

19 (16.7)    11‐20

18 (15.8)    >20

Country of work

53 (46.1)    United States

24 (20.9)    Turkey

7 (6.1)    Tanzania

6 (5.2)    China

3 (2.6)    Croatia

2 (1.7)    Russia
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Participants (N=115), n (%)Variables

2 (1.7)    France

2 (1.7)    Canada

2 (1.7)    Italy

2 (1.7)    Saudi Arabia

12 (10.4)    Otherse

Native language

28 (24.3)    English

32 (27.8)    Turkish

10 (8.7)    Spanish

9 (7.8)    Chinese (Mandarin)

5 (4.3)    Arabic

31 (26.8)    Otherse

Place of employmentf

72 (64.2)    Academic hospitals and medical centers

9 (8.0)    Community hospitals

13 (11.6)    Private hospitals

15 (13.4)    Public hospitals

6 (5.4)    Free clinics

6 (5.3)    Otherse

Frequency of ChatGPT usage (n=68)

14 (20.6)    Multiple times per day

3 (4.4)    Once per day

14 (20.6)    Three to five times per week

13 (19.1)    Less than three times a week

24 (35.3)    Only tried it few times

aDue to lack of responses, missing data are not included in the reported totals; as a result, some category counts may not sum to the overall sample size.
bNP/PA: nurse practitioner/physician assistant.
cRN: registered nurse.
dICU: intensive care unit.
eFor Others see Multimedia Appendix 3.
fThe subcategories are not mutually exclusive.
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Figure 1. ChatGPT usage based on participants’ age, gender, and country of work.

Figure 2. ChatGPT usage based on participants’ years since graduation, length of work in the current unit, and profession.

Of the 115 participants, 101 (87.8%) had heard of ChatGPT,
mainly from social media (n=33, 32.7%) and peers or colleagues
(n=43, 42.6%). Of those, 77 (76.2%) had used ChatGPT before,
with 18 (23.4%) using it multiple times per day and 23 (29.9%)
having tried it only a few times. Moreover, 71 out of 77 (92.2%)
participants used it in English. Among these, 50 were not native

English speakers, and only 16/50 (32%) speakers used it both
in English and their native language (Figure 3). Furthermore,
variations in ChatGPT usage in daily practice were observed
between participants using ChatGPT in English versus those
who used it in their native language (Figure 4).
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Figure 3. Ratio of native language use versus English use among participants while using ChatGPT.

Figure 4. Main reasons for using ChatGPT in daily practice based on the language used by the participants.

The most common reasons to use ChatGPT included writing
papers (n=29, 44.6%) and emails (n=25, 38.5%), and obtaining
suggestions on diagnosis or treatment (n=14, 21.5%) (Table 2).

Additional reasons for ChatGPT usage by health care
professionals in daily practice are shared in Table 3.
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Table . ChatGPT usefulness based on used features in daily practice.

Participants (n=68), n (%)ChatGPT features

Usefulness in daily practice

14 (20.6)Not important

21 (30.9)Slightly important

13 (19.1)Moderately important

13 (19.1)Important

7 (10.3)Very important

ChatGPT’s usefulness, 0 (most negative experience) to 10 (most positive
experience)

42 (61.8)≥7

19 (27.9)4-5-6

7 (10.3)≤3

Most useful features

22 (46.8)To access and summarize research articles efficiently

15 (31.9)To provide quick answers to clinical questions

10 21.3To provide patient education materials

25 53.2To write emails, grants, and papers

Table . Percentage of participants’ main reasons for using ChatGPT in daily practice (multiple choice questions).

Participants (n=68), n (%)Main reason for using ChatGPT in daily practice

31 (45.6)Writing papers

25 (36.8)Writing emails

21 (30.9)To access the latest research and evidence-based guidelines

15 (22.1)To access suggestions on diagnosis or treatment

12 (17.6)To improve patient communication

12 (17.6)To write grants

Incorporation of ChatGPT Into Daily Practice
Of the 77 participants who used ChatGPT, 36 (46.8%) used
ChatGPT in their clinical practice, 58 (75.3%) used it for
research, and 56 out of 77 (72.7%) used it for educational
activities (Figure 5).

Among all respondents, 42/101 (43.6%) participants agreed that
they would not be concerned if their clinician used ChatGPT
while providing care to them if they were the patient, whereas
32 (32.7%) disagreed and preferred that their clinician not use
ChatGPT during care.

The majority (n=79, 78.2%) of participants agreed that ChatGPT
could be useful for medical or health care professional
education. In nonclinical settings, participants stated that
ChatGPT could help to reduce workload (n=57, 73.1%), improve
efficiency by automating certain tasks (n=51, 65.4%), offer
greater access and efficiently summarize research articles (n=52,
66.7%), create patient educational materials (n=49, 62.8%),
provide quick answers to questions (n=48, 61.5%), and enhance
the ability to write papers (n=37, 47.4%).
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Figure 5. Factors contributing to use and nonuse of ChatGPT. The activities are not mutually exclusive and therefore, the total number of participants
may exceed 115.

Challenges for Integrating ChatGPT Into Daily
Practice
The main reasons for respondents not using ChatGPT included
concerns about the accuracy of ChatGPT responses (n=14,
29.8%), limited applicability to their practice (n=18, 38.3%),
legal and ethical considerations (n=6, 12.8%), limited diagnostic
capabilities (n=4, 8.5%), lack of time (n=3, 6.4%), and lack of
interest (n=2, 4.3%).

As one of the significant barriers is legal and ethical
considerations, participants were asked to define plagiarism or
copyright violations. Participants defined it as copying text or
ideas from ChatGPT and using it for another source without
citation (n=64, 63.4%), paraphrasing or summarizing content
from ChatGPT and using it for another source without citation
(n=41, 40.6%), using images from ChatGPT without permission
(n=36, 35.6%), reusing or repurposing content from ChatGPT
that was previously created for another purpose without
permission (n=44, 43.6%).

In response to the legal and ethical challenges, participants
proposed several solutions for integrating ChatGPT into daily
practice. Participants stated that data encryption (n=63, 62.4%),
access control (n=52, 51.5%), user authentication such as
two-factor authentication (n=48, 47.5%), compliance with
regulations such as Health Insurance Portability and
Accountability Act or General Data Protection Regulation
(n=62, 61.4%), transparency and informed consent (n=53,
52.5%), and regular training and awareness for health care

professionals (n=58, 57.4%) are necessary to ensure patient
privacy and data security.

Views on ChatGPT’s success and other possible uses
When asked whether the participants knew ChatGPT had
performed with ≥60% accuracy on the USMLE, 52 (51.5%)
participants indicated they had heard this before. Additionally,
76 (68.5%) participants reported that they had not used any
other AI platform.

Participants stated that ChatGPT can improve patient outcomes
through personalized health education by providing tailored
information and support (n=76, 75.2%); assisting with
medication management through reminders and refill
prescriptions, and provide information on side effects and
interactions (n=55, 54.5%); telemedicine support for health care
professionals to conduct virtual consultations, collect patient
data, and provide decision support (n=48, 50%); aiding in
symptom triage for patients (n=49, 48.5%); and offering mental
health support by providing guidance on self-management
techniques and coping strategies (n=49, 48.5%).

The distribution of responses based on different levels of
postgraduate experience is reported in Multimedia Appendix
4. This distribution was largely balanced between the
participants with fewer than 10 years and those with 10 or more
years of experience.
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Discussion

Principal Findings
This study offers a global perspective on how health care
professional perceive and use ChatGPT in clinical, research,
and educational context. Our findings demonstrate that
awareness and adoption of ChatGPT are already widespread,
with 76.2% of respondents having used the tool at least once.
Participants primarily reported using ChatGPT for manuscript
and email writing, grant application preparation, accessing
research articles, clinical guideline support, diagnostic
suggestions, and improving patient communication. Notably,
more than three-quarters of participants agreed that ChatGPT
holds potential utility in medical education, highlighting its
ability to enhance learning experiences and facilitate task
automation. Moreover, our study indicates that health care
professionals endorse its use among colleagues. However,
concerns about data privacy, ethical risks such as plagiarism,
and the accuracy of AI-generated content remained as significant
barriers to broader adoption. Proposed solutions included
implementing safety protocols such as data encryption, access
control, and regulatory compliance. In exploratory analyses
comparing ChatGPT use, we did not identify significant
differences across professional experience levels, which might
be due to the limited sample size. Due to the wide range and
uneven distribution of medical subspecialties represented, we
were not able to conduct a formal comparison across specialties.

Implications of Findings
Our findings highlight the broad and flexible potential of
ChatGPT in health care workflows. In clinical practice,
ChatGPT is perceived as a tool that can enhance efficiency by
automating routine documentation tasks, such as generating
draft discharge summaries and patient letters. It also supports
decision-making by offering fast access to evidence summaries
and aids communication through the creation of patient-friendly
materials [5,15]. In medical education, participants identified
ChatGPT as a valuable educational supplement—one that could
be incorporated into curricula to simulate real-world clinical
scenarios and assist in preparing students for standardized exams
like the USMLE [5,16]. It can also support personalized learning
experiences tailored to individual needs and self-directed
learning pathways. In research, ChatGPT was valued for its
ability in grant writing, literature synthesis, and ideation,
especially in the early stages of manuscript development or
protocol design [5].

These findings underscore the need for structured training
programs and ethical guidelines to support responsible
integration of AI tools. Implementing human-in-the-loop
systems, in which clinicians oversee and validate AI outputs,
may enhance safety, and build user confidence while mitigating
risks associated with biases or inaccuracies in AI-generated
content [17].

Comparison to the Literature
Our findings align with prior studies that underscore ChatGPT’s
potential in health care. Cascella et al [2] described ChatGPT’s
potential to reduce administrative burden and assist with clinical

reasoning, which mirrors participants’ reported use of ChatGPT
for documentation and clinical queries. In medical education,
Gilson et al [8] showed that ChatGPT achieved passing scores
on all three components of the USMLE, highlighting its utility
in medical education. Similarly, Kung et al [9] emphasized its
role in creating standardized templates for patient education
materials. These findings also align with our participants’views
on its usefulness for both learners and patients alike. Sallam
[18] highlighted ChatGPT’s capacity to process and summarize
complex medical data efficiently, which our participants also
leveraged for research and evidence access.

However, our study adds unique insights by capturing global
perspectives from diverse practice settings. Unlike prior reports
focused on specific institutions or national populations, our
results reflect a cross-disciplinary, international sample, offering
a broader view of how generative AI is being perceived across
diverse practice settings.

The main reasons behind the lack of use of ChatGPT in daily
practice were mainly due to the nonapplicability to their practice,
lack of information regarding its use, and concerns about the
accuracy of ChatGPT’s responses, and legal and ethical
considerations. The reason behind not using ChatGPT due to
lack of information may be partially attributed to insufficient
training opportunities for health care professionals in the use
of generative AI. Previous studies have also indicated similar
concerns regarding its implementation [19]. For instance, the
concern for the spread of wrong information is a major obstacle,
and different languages may have inconsistent results [20,21].
Many studies have shown that up to 96.7% of users are
concerned about ethical and legal obstacles [3,18], particularly
plagiarism [21-23], and copyright issues [3,18]. In a study
conducted by a university at Sweden, 62% of students
considered the use of chatbots for assignments and exams as
cheating [24]. Our study showed that 86 out of 101 participants
defined copying from ChatGPT as plagiarism. These concerns
show that the implementation of ChatGPT into clinical settings
will require a transition period supported by extensive safety
measures. Health care professional leaders need to work with
technology experts to develop learning objectives, curricula,
assessments and evaluations, and safety protocols for this
emerging technology.

Regarding the accuracy of ChatGPT’s responses, our study
shows that health care professionals identified this as having a
paramount importance. Similar studies have shown that
ChatGPT should be used with caution due to potential biases
of AI, which may lead to the generation of inaccurate
information. When used in the health care system, this could
potentially lead to harmful consequences [25].

Educational Implications
The educational relevance of our findings is especially
important. Our study suggests several opportunities:

• Curriculum design: Educators can incorporate ChatGPT
into simulation- and case-based learning modules to foster
clinical reasoning and application of evidence-based
medicine.
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• Needs Assessment: Educators may use baseline familiarity
and usage patterns to tailor AI training initiatives and
address gaps in knowledge or ethical understanding.

• Institutional Strategies: ChatGPT may serve as a tool in
flipped classrooms, interactive tutorials, and self-directed
learning, offering real-time feedback and access to
guideline-driven responses.

• Learner Outcomes: By providing immediate feedback and
access to evidence-based guidelines, ChatGPT has the
potential to improve learner performance on standardized
assessments [16].

Additionally, ChatGPT’s ability to generate accessible
explanations for patients could enhance health literacy and
improve communication between physicians and patients.

Strengths and Limitations
This study has several strengths. We examined ChatGPT
adoption from a global perspective. By including participants
from 21 countries and various clinical and academic
backgrounds, the study provides a valuable overview of current
usage patterns and attitudes toward generative AI tools in health
care. The survey instrument was comprehensive, capturing a
wide range of use cases and concerns across clinical, research,
and educational domains.

However, several limitations must be acknowledged. Although
participants were from diverse countries, they are unlikely to
represent the full range of health care professionals within their
regions. The sample was likely skewed toward individuals with
greater access to technology and academic networks, especially
in countries where access to ChatGPT or certain social media
platforms may be restricted or limited. Therefore, findings
should be interpreted with caution and may not be generalized
to all health care professionals in low-resource or digitally
restricted settings. The use of convenience and snowball
sampling likely introduced self-selection bias, attracting
participants with preexisting interest in technology or AI.
Because of this sampling method, we could not calculate a
response rate. Most respondents were from academic hospital
settings in the United States, which may limit applicability to

other regions or practice environments. Conducting the survey
in English may have limited the global inclusivity. Given the
swift pace of technological advancements, particularly in
generative AI applications such as ChatGPT and the continuous
process of learning and integration by health care professionals,
the present survey may not accurately capture the current
perceptions and attitudes of doctors and nurses toward these
technologies [26], limiting the temporal relevance of our
findings . Lastly, although our survey included open-ended
questions, multiple-choice questions may have led participants
to an available answer.

Future Directions
Further research is needed to address unanswered questions:

1. Long-term impact: Studies should evaluate how ChatGPT
influences clinical outcomes, patient satisfaction, and
educational performance over time.

2. Ethical frameworks: There is a pressing need for the
development of institutional and regulatory guidelines
governing AI use in health care [17].

3. Cross-language applications: Investigating how ChatGPT
performs across different languages could help improve
accessibility for non-English-speaking populations.

4. Training programs: Evidence-based strategies are needed
to guide health care professionals in the ethical and effective
use of generative AI technologies.

Conclusion
ChatGPT usage is expanding within health care settings due to
its variety of capabilities, and the majority of health care
professionals are likely aware of its availability. It can improve
the caliber of writing papers, grants, and emails; help health
care professionals in accessing the latest guidelines, diagnosis,
and treatment suggestions; and possibly improve patient
communication. There are several concerns related to the
implementation of LLMs in clinical practice, including legal,
ethical, and operational issues. Further research is necessary to
clarify the role of ChatGPT and LLM-based generative AI tools
in health care education, research, and clinical practice.
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Abstract

Background: Artificial intelligence (AI) systems are becoming increasingly relevant in everyday clinical practice, with Food
and Drug Administration–approved AI solutions now available in many specialties. This development has far-reaching implications
for doctors and the future medical profession, highlighting the need for both practicing physicians and medical students to acquire
the knowledge, skills, and attitudes necessary to effectively use and evaluate these technologies. Currently, however, there is
limited experience with AI-focused curricular training and continuing education.

Objective: This paper first introduces a novel blended learning curriculum including one module on AI for medical students
in Germany. Second, this paper presents findings from a qualitative postcourse evaluation of students’ knowledge and attitudes
toward AI and their overall perception of the course.

Methods: Clinical-year medical students can attend a 5-day elective course called “Medicine in the Digital Age,” which includes
one dedicated AI module alongside 4 others on digital doctor-patient communication; digital health applications and smart devices;
telemedicine; and virtual/augmented reality and robotics. After course completion, participants were interviewed in semistructured
small group interviews. The interview guide was developed deductively from existing evidence and research questions compiled
by our group. A subset of interview questions focused on students’ knowledge, skills, and attitudes regarding medical AI, and
their overall course assessment. Responses were analyzed using Mayring’s qualitative content analysis. This paper reports on the
subset of students’ statements about their perception and attitudes toward AI and the elective’s general evaluation.

Results: We conducted a total of 18 group interviews, in which all 35 (100%) participants (female=11, male=24) from 3
consecutive course runs participated. This produced a total of 214 statements on AI, which were assigned to the 3 main categories
“Areas of Application,” “Future Work,” and “Critical Reflection.” The findings indicate that students have a nuanced and
differentiated understanding of AI. Additionally, 610 statements concerned the elective’s overall assessment, demonstrating great
learning benefits and high levels of acceptance of the teaching concept. All 35 students would recommend the elective to peers.

Conclusions: The evaluation demonstrated that the AI module effectively generates competences regarding AI technology,
fosters a critical perspective, and prepares medical students to engage with the technology in a differentiated manner. The
curriculum is feasible, beneficial, and highly accepted among students, suggesting it could serve as a teaching model for other
medical institutions. Given the growing number and impact of medical AI applications, there is a pressing need for more AI-focused
curricula and further research on their educational impact.

(JMIR Med Educ 2025;11:e65220)   doi:10.2196/65220
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digital transformation; artificial intelligence; clinical AI; chatbot; digital literacy; medical education; medical students; medical
curriculum; qualitative content analysis; medical studies
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Introduction

Background
The digital transformation in the health care system represents
a fundamental process of change and innovation that is altering
the roles, competencies, and cooperation of doctors to a large
extent [1]. Eric Topol [2] describes an increasing
“super-convergence” of technologies that is transforming the
existing health care system into a digital health care system.
The key characteristics of this new system are individualization,
precision, and prevention. It is expected that this will result in
data-based health care that will be characterized by a pronounced
intensification of interdisciplinary cooperation and a stronger
participatory role for patients. Every patient is increasingly
becoming a “big data” challenge, with huge amounts of
information about previous illnesses and conditions. At the same
time, existing medical knowledge is growing exponentially.
These two facts cumulate in increasingly complex
decision-making processes in patient care. One recent digital
transformative technology that can help bridge this complexity
gap by preparing, analyzing, and organizing large amounts of
data is artificial intelligence (AI). In health care, AI is becoming
increasingly important for extracting and interpreting clinically
useful information from large volumes of digital data and
information sources and, in some cases, deriving
recommendations for therapeutic action.

In the following section, the term “AI applications in medicine”
refers to medical software, devices, and technologies such as
apps whose analytical processes are AI-based and which are
used in the health care sector by patients and/or practitioners.

AI Applications in Medicine
Integrating AI applications into medical processes can automate
repetitive tasks currently handled by humans. This hybrid
working model improves human performance through
technology. In 2012, the US Food and Drug Administration
(FDA) certified a medical AI application for the first time [3].
Currently, the FDA database comprises 950 applications (as of
the last FDA update on August 7, 2024), predominantly in
radiology and the cardiovascular field [4]. Clinical AI systems
have already demonstrated expert-level performance in
radiology [5-7] and equaled the diagnostic performance of health
care professionals in medical imaging [6]. Beyond radiology,
there are numerous publications on the clinical application of
AI [8-16] and large language models such as ChatGPT [17-19].
A scoping review by Han et al [20] generated an overview of
all published randomized controlled trials on clinical AI as of
November 2023 and found 84 studies. Their review underpins
the growing evidence for the use of AI-supported tools in health
care. However, from a populational and thus patient perspective,
attitudes toward AI in health care are still fluid and demonstrate
varying levels of knowledge, acceptance, and skepticism across
different countries and demographic groups [21-24].

The Need for Curricular Training About AI in
Medicine
This development has far-reaching implications for doctors and
requires a fundamental examination of AI systems [25,26]. At

present, neither medical professionals already practicing nor
the generation currently studying is adequately prepared for the
integration of AI in medicine. At the same time, both groups
will—or are already—encountering actionable AI in their
day-to-day work that is or will be able to predict, diagnose and,
if necessary, treat diseases [2]. At a clinical level, doctors require
the competencies to critically assess AI applications to use only
those tools that have an evidence-based effect on improving
clinical workflows or patient outcomes. At the development
level, it is also important to ensure that doctors are actively
involved in the development and scientific testing of new AI
applications. This raises the question of the extent to which
these systems can be effectively integrated into the diagnosis
and treatment process, as well as how limitations of the systems
can be recognized by medical users and how a fallback level
can be ensured. In rapidly changing health care systems, it is
therefore essential to ensure that doctors have the knowledge,
skills, and attitudes to both master current challenges and be
prepared for future challenges [1].

The basic competencies required for this must be learned by
medical students during studies and continuously developed
throughout their careers [27]. There are already various
international ideas for this qualification mandate. For example,
the Standing Committee of European Physicians addresses this
goal in its Policy on Digital Competencies for Doctors and
defines digital core competencies [28]. The EU Health Policy
Platform has formulated specific instructions for achieving these
core competencies [29]. According to these policymakers,
educators should consider including content about the following
skill sets into their curricula: (1) general digital skills (data and
software security, ethical and legal implications), (2) technical
digital skills (telemedicine, AI, health apps, smart devices,
robotics, virtual reality/augmented reality, data literacy), and
(3) the patient-doctor relationship (digital communication and
collaboration, digital health literacy). Seth et al [30] created a
theoretical framework of topics related to AI that need to be
taught to train medical students in this technology. Laupichler
et al [31] emphasize the need to assess medical students’ AI
literacy and attitudes in order to hone medical curricula to the
AI educational needs of the next generation.

According to a recent review by Gordon et al [32], a growing
number of medical schools are addressing AI throughout
medical studies, but this is limited by the fact that only 2 of the
278 included studies focused on educational competencies in
AI. For the German landscape, a study on national course
programs found that the majority (72%) of surveyed medical
schools stated that they offer AI-related learning opportunities
[33]. In contrast to this, 70% of German medical students
indicated in a survey conducted at the same time that they had
never received any education in digital topics [34]. This
surprising discrepancy can be explained by the fact that,
although most German medical schools report offering such
opportunities, they are mostly part of elective or extracurricular
courses, with only 2 institutions including a separate subject
specifically on AI in the core curriculum. As a result, existing
AI curricula are currently only available to a very limited
number of students, and large-scale AI education is still lacking.
Recent studies consistently highlight knowledge gaps in AI
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education from the perspectives of both international medical
students [31,35-37] and German medical students [31,34,38-41].
Students displayed low familiarity with AI and limited
awareness of its potential applications in health care; they also
reported limited or uncertain access to AI education in medical
training. However, they believed AI training would be beneficial
and showed great interest in working with it. Results differed
regarding attitudes. Although Alkhaaldi et al [36], Moldt et al
[42], and Laupichler et al [31] found students to be more
optimistic and accepting about AI applications, in Boillat et al’s
[37] survey there was more skepticism among students regarding
the potential harm of AI for patients and job safety within the
medical profession.

Despite the increasing number of medical schools that include
AI-related teaching according to recent literature, current
medical curricula struggle to meet the demands of students to
equip them with a strong competency base to interact with,
integrate, and critically evaluate AI tools in their clinical
practice. Integrating education on core AI competencies into
the general curriculum on a broader scale could significantly
improve students’ experience levels with AI, enhance their
attitudes toward the technology, and better prepare them to
navigate medical AI effectively in clinical practice.

The objective of this paper is twofold. The first part introduces
the concept of a novel, multisession elective course, “Medicine
in the Digital Age,” which integrates AI teaching in the context
of digital transformation into the medical curriculum at a
German university. The second part presents findings from a
qualitative interview evaluation of participants’ feedback on
the AI module as well as their overall experience of the elective.
Our aim was to conduct an explorative prospective study using
a semistructured qualitative interview approach to generate a
multidimensional insight into students’ knowledge, skills, and
attitudes in dealing with AI in medical practice and their overall
learning experience. For this, we asked students to comment
on the following a priori deductive dimensions of interest:
“Areas of AI Application,” “Future Work,” and “Critical
Reflection.” The interview findings supported the iterative
refinement of our teaching concept, as well as the ongoing
educational reform processes.

Methods

Ethical Considerations
The local ethics committee was consulted during the
development of the teaching evaluation for the curriculum
presented. Following the consultation, the committee confirmed
that the teaching evaluation constituted an additional quality
assurance measure for teaching and curriculum development.
This evaluation complements the existing concept for quality
assurance at the Mainz University Medical Centre [43]. In
accordance with the committee's recommendations, it was
determined that an ethics vote was not considered necessary.
However, participation in the evaluation required informed
written consent from all students involved and was strictly
voluntary. No compensation was provided to participants. To
ensure confidentiality, all responses were pseudonymized prior
to analysis.

Structure and Rationale Behind the Module on AI
The teaching module “Artificial Intelligence” is part of the
competency-based multisession elective course entitled
“Medicine in the Digital Age.” The overall course aim is to
equip students with digital skills that can be applied in a
medically sound, technically feasible, legally compliant, data
protection–compliant and ethically responsible manner and thus
prepare them for the working environments of the future [2]. It
was the first curriculum of its kind in Germany [1].

The “Medicine in the Digital Age” course consists of 5 modules:
AI; digital doctor-patient communication; digital health
applications and smart devices; telemedicine; and
virtual/augmented reality and robotics. The course is offered to
medical students in their clinical years as a 5-day elective, with
each module comprising an 8-hour face-to-face course day. The
didactic concept follows a flipped classroom and blended
learning format by combining e-learning (e-book), face-to-face
teaching (hands-on workshops, practical exercises, discussion
and reflection formats), coproduction, and transfer projects
(Figure 1). The different formats alternate over the course and
build on each other.

Figure 1. Didactic concept consisting of e-learning, workshops, discussion/reflection formats, and transfer. The results of the learning process are
incorporated into the e-learning e-book.

Using an interactive e-book, the participants deal with topics
of digital transformation in the preliminary stages of the course.
The e-book was created by our working group consisting of
experts from medicine, medical education, ethics, media

education, data science, and data protection, and also included
patient perspectives. Its content mirrors the program of the
elective course and contains a dedicated chapter for each
module, combining theoretical background, reflective articles,
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and stakeholder or patient interviews. Students are expected to
read the corresponding chapter in preparation for each course
day to independently develop the basics of digital medicine.
The entire e-book follows the collaborative concept of “Do it
by the book, but be the author” [44]. By incorporating all student
transfer projects into an iterative version of the e-book, students
are encouraged to actively interact with the course and become
the “authors” of their elective course’s e-book after completion
of the elective.

The thematic breadth and interconnectedness of medical
specialties necessitates an interdisciplinary team of lecturers.
Therefore, onsite teaching is carried out by various medical
disciplines (anesthetists, surgeons, medical informaticians,
psychologists, pediatricians, psychosomatics, radiologists,
orthopedic and trauma surgeons). In addition, computer
scientists, representatives of federal state data protection and
medical ethics, and patients complement the team of lecturers
in the spirit of a transdisciplinary approach.

For the AI module, e-learning combined with face-to-face
teaching and transfer tasks results in a total of 20 hours of
teaching on AI. In accordance with the KSAVE model
(Knowledge, Skills, Attitudes, Values, and Ethics) [45,46], the
AI module aims at teaching the following overarching
competences:

1. The student can describe various areas of application and
programs that work with AI and is able to categorize clinical
AI assistance systems in medical treatment in an
evidence-based manner.

2. The student is able to explain examples of AI-assisted
anamnesis, clinical examination, diagnosis, and therapy.

3. The student is able to name limitations of AI applications
in current clinical practice and to evaluate the use and
benefits of AI within the complex interplay of technical,
legal, and ethical principles as well as under sociopolitical
framework conditions and to place them in a medical
context.

4. The student is able to reflect on how roles in the medical
profession will change or evolve in the light of integrated
AI assistance systems.

To give an example: a student demonstrates competence mastery
by reflecting on the integration of AI-based systems into clinical
workflows in oncological imaging in radiology, emphasizing
their role in improving early identification of curative versus
palliative needs and complementing clinical decision-making.
They critically evaluate practical applications across anamnesis,
diagnosis, and therapy, addressing limitations such as data
quality, clinician acceptance, and ethical concerns. Through
this analysis, the student links theoretical knowledge to
real-world challenges, demonstrating readiness to apply AI to
improve patient care and health care processes.

In the onsite teaching of the AI module, the focus is on practical
workshops (Figure 2). These are designed to illustrate the
integration of AI into medical treatment processes, followed by
discussion and reflection sessions to promote the transfer to the
students’ own actions.

Figure 2. Workshops within the AI curriculum demonstrate hybrid workflows between humans and AI. The human workflow (lower section) is
enhanced by the integration of AI-based narrow intelligence (upper section) along the patient care continuum by various medical specialists. AI: artificial
intelligence.

Workshop on Medical History/AI Chatbot
To address the relevant technologies (ie, natural language
processing, large language models, and chatbots), students are
introduced to an AI-based smartphone app (Ada Health), which

acts as a chatbot to take a symptom-based clinical history and
make a suspected diagnosis [47-49]. Students then take a clinical
history in groups of two from one of the lecturers, who takes
on the role of a patient based on a predefined case vignette.
First, one of the students takes a classic medical history and
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formulates a suspected diagnosis. Thereafter, the second student
obtains a medical history of the same patient case by reading
out the chatbot’s questions. Subsequently, the independently
formulated suspected diagnoses are compared with the suspected
diagnoses of the chatbot in the entire group. The students discuss
which anamnesis questions and diagnoses they did not consider,
and which questions and diagnoses the chatbot did not list. The
usefulness of the different suspected diagnoses is then discussed
and differences in the clinical histories are explored to determine
the advantages and disadvantages of each method.

Workshop on Radiology/AI-Supported Radiology
Together with a radiologist, students learn how digitalization
is changing the way radiologists work (eg, Picture Archiving
and Communication System, radiology information system,
speech recognition). Radiological AI applications are
demonstrated as examples. Specifically, an AI for the automatic
detection of tumor-specific lung foci is demonstrated. The
software (InferVision, InferRead CT Lung) provides the user
with the size and localization of the lesion as well as an estimate
of the malignancy as a percentage. Additionally, an AI
application for the automatic diagnosis of conventional X-ray
examinations of the thorax is presented (Oxipit, ChestEye). The
students learn that a number of published papers have already
shown that various AI applications are equivalent to radiologists
in individual subtasks [6].

Workshop on Pathology/AI-Supported Pathology
Students are introduced to the influence of digitalization on the
field of pathology. For this purpose, a pathologist demonstrates
the use of AI as a supporting tool in the diagnosis and detection
of malignant changes in histopathological tissue sections [16].
Both the technical and informative background, as well as the
process of developing and scientifically evaluating an AI
application (AI development life cycle) and its practical
application (integration into patient care), are illustrated.
Students learn more about the future potential of AI in pathology
and can ask questions and contribute their own thoughts.

Discussion and Reflection Formats
For reflection, students and lecturers discuss the following
questions together in fishbowl discussions:

• What are the opportunities and risks of using AI in the
context of patient treatment?

• How do we deal with probabilities calculated by an AI?
• What will your day-to-day work look like in 2025?
• What new skills will you need in the future?

Transfer Projects
Throughout the course, students work in self-selected small
groups (groups of 4) on the overarching task of researching a
useful medical AI application and presenting it in plenary on
the last day of the course. The group presentations are followed
by 15-minute discussion rounds with the plenum. The transfer
projects students chose reflect the wide range of AI in terms of
technology (language, imaging, data procession), medical use
cases (conservative medicine, surgical medicine), and different
age groups (from AI solutions for pediatrics to palliative care).
In addition to their research, part of students’ transfer
performances also lies in critically analyzing and presenting
their various solutions. Among others, students addressed topics
such as an AI-supported ultrasound image navigation for
regional anesthesia [50], an AI algorithm supporting clinicians
in sepsis management [13], or an AI algorithm predicting the
end of life developed by Stanford University [51].

Evaluation
The elective course on Medicine in the Digital Age including
the presented AI module was introduced to the medical
curriculum at the University Medical Centre of the Johannes
Gutenberg-University Mainz. The evaluation of the 3 groups
consisting of medical students in their second and third clinical
year (ie, years 4 and 5 of the 6-year medical program) was
carried out using semistructured, focused, guided group
interviews consisting of open and targeted questions based on
Merton, Fiske, and Kendall [52,53]. The interview questions
were formulated based on the KSAVE model. The interview
guide aimed to ascertain the participants’existing competencies
in the areas of knowledge, skills, and attitudes in dealing with
AI in physicians’practice. This theoretical background resulted
in 3 main interview topics: “Areas of Application,” “Future
Work,” and “Critical Reflection” (Figure 3). Additionally, the
last section of the interview addressed students’ overall
assessment of the course. The interview guide was used to
evaluate the entire course and is provided in the appendix
(Multimedia Appendix 1).
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Figure 3. Outline of the main points of the interview guide questions on AI (circle) including guide questions (boxes outside). AI: artificial intelligence.

The focus group interviews took place within 2 weeks of the
comprehensive course. Participants were informed about
recording, transcription, data usage, storage, and privacy, and
consent was obtained beforehand. The interviews were
conducted and recorded by a researcher with expertise in
qualitative research. The audio files were then transcribed for
further analysis by 3 student research assistants (KD, LU, and
EK). The interview transcripts were subsequently analyzed
using content-structuring qualitative content analysis according
to Mayring [54]. This is a text analysis method that follows a
logical, systematic pattern and aims at transferring raw text data
into structured categories (Figure 4). Categories can be formed

deductively based on previous knowledge or hypotheses, or
inductively based on new, text-immanent findings. For a
structured evaluation of the results, the categories formed in the
category system were organized hierarchically into main
categories (MCs) and subcategories (SCs). The MCs were
deductively derived from the research questions prior to the
survey phase. During the analysis process, additional inductive
SCs were formed from the interview statements. Inductive
coding was used and codings were discussed and agreed upon
by the coding research assistants. Saturation was achieved by
interviewing all participants and subsequently coding all
interview material.
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Figure 4. Process of category development through the continuous comparison of the content of the deductive categories with the compiled material.
Through the steps of paraphrasing, generalization, and reduction of the content-structuring content analysis, additional inductive categories can be
developed, and the statements can then be assigned to an explicit category. MC: main category; SC: subcategory.

The Results section presents the parts of the overall evaluation
results that explicitly relate to the AI module and the overall
course assessment.

Results

Evaluation Outcomes
From 3 group cycles, 18 semistructured, focused, guided
interviews were conducted with all 35 participants (female=11,
male=24) from the 3 consecutive courses, which formed the
basis for the qualitative evaluation of the course concept. The
interviews lasted 24:36 minutes on average. In all interviews,
a total of 214 statements were made that could be assigned to
the area of “Artificial Intelligence” and 610 statements related
to “Overall Course Assessment.”

Following the analysis steps outlined above, the 3 deductive
MCs related to AI—“Areas of Application,” “Future Work,”

and “Critical Reflection”—were assigned further concrete
inductive SCs derived from the content of the text during the
evaluation process (Figure 5). Statements in the MC “Overall
Course Assessment” were divided into the 6 SCs “Learning
Experience,” “Learning Success,” “Structure,” “Content,”
“Methods,” and “Conclusion.” For quality assurance purposes,
the results report was written in accordance with the
Consolidated Criteria for Reporting Qualitative Research
(COREQ) checklist [55]. The following section details the
qualitative results for each main category. Anchor quotes support
the result report for each category. For this, quotes were
translated into English by the authors and minor changes were
made to improve readability. An extensive overview of anchor
quotes for all SCs is provided in the appendix (Multimedia
Appendix 2). Identification codes in parentheses accompany
each quote to allow allocation to individual participants (the ID
code reads as follows: course run:interview number:speaker
ID).
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Figure 5. Graphical depiction of the qualitative research results on the AI teaching module broken down into main and subcategories, based on 214
coding units (student statements). Percentages are relative to the overall sample of 214 statements on AI. All percentages are rounded. AI: artificial
intelligence; ELSI: Ethical, Legal, and Social Implications.

Main Category “Areas of Application”
This category investigated students’ knowledge about the
existence of different AI applications in health care and beyond
and their attitudes toward them after completing the elective
course. A total of 20% (43/214) of all statements on AI fall into
the category “Areas of Application.” Of these, 29 fall into the
SC “Medical fields of application” and 14 into the SC
“Nonmedical fields of application.”

For the SC “Medical fields of application,” students listed a
variety of medical use cases. The topics that were covered in
the course dominated, namely diagnosis in general as well as
image diagnosis in radiology, pathology, and dermatology.

During the week, for example, I learnt that the
radiologists can have the lung round foci assessed

by AI during the CT scan. With different probabilities.
[…] Then we learned in the pathology department
that in the future AI will also calculate […] how high
the probability is whether it is a tumor or not. Or […]
this dermatology AI, which can show whether it’s a
melanoma or a benign mole. […] So I’ve definitely
learnt a lot, I could go on listing all the examples.
[3:6:F]

In terms of diagnosis, participants rated the use of AI in triage
and preliminary anamnesis in the outpatient sector as useful.
This could reduce waiting times and counteract missing
information. Regarding image diagnosis, the students refer to
AI as a “safety net” backing up their own findings with a digital
second opinion.
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Interviewees expressed disbelief about the status quo on several
levels. They discussed the limited usage of AI applications in
everyday clinical practice and their own lack of knowledge
before attending the course. They identified a general absence
of curriculum focused on AI in medicine within their own course
of study. Overall, students were surprised by the variety of
possible applications, as well as by the rapidly increasing
number of market-ready AI medical products. They expressed
great interest in the use of AI in their medical practice and see
the meaningful and context-specific application of AI as an
urgent task of the present.

For the SC “Nonmedical fields of application,” at the
nonmedical level, students mentioned various possible or already
existing application scenarios for AI, some of which have been
adopted into everyday life without reflection (eg, voice
assistants, navigation, purchase recommendations). The most
attention was paid to autonomous driving and transportation.

Main Category “Future Work”
A total of 46% (99/214) of all statements on AI fall into the
category “Future Work.” Of these, 51 fall into the SC
“Human-machine interaction,” 26 into the SC “Change process
in general,” 9 into the SC “Digital competencies,” 7 into the
SC “Fears” and 6 into the SC “Infrastructure and technology.”

For the SC “Human-machine interaction,” students focus on
the question of how AI can contribute to becoming a better
doctor. The students state that they thought intensively about
the combination of humans and machines during the course
week and consider this combination to be the optimum for the
future practice of medicine.

Just like the chess player and the computer together
(Centaur Chess computer), they are unbeatable. […]
and hopefully it will be the same with the doctor [and
AI]. [2:1:3]

“Shared decision making” and digital second opinions can
counteract incorrect treatment or improve treatment outcomes
in the sense of assistive systems and thus increase patient safety.
The students describe their experiences with the anamnesis
chatbot and characterize the comparison of the two forms of
anamnesis as very informative. The differences between the
chatbot anamnesis and their own anamnesis practice were thus
revealed. Emphasis was placed on the aspect of social
anamnesis, which the students carried out more intensively than
the chatbot. However, the students rated the chatbot’s anamnesis
procedure as more structured and systematic than their own.
Students predominantly regard AI as an opportunity.

For the SC “Change processes in general,” students did not
consider the medical profession to be threatened by the use of
AI, but the practice of the profession and the subdivision of
specialties may change. Students stated that the rapid increase
in knowledge means that doctors are even more obliged than
before to undergo continuous further training. The preinformed
patient will become more of a discussion partner at eye level.
The interviewees see this as a great opportunity to improve the
doctor-patient relationship, as the inclusion of AI in routine
medical procedures could lead to an increase in personnel and

time resources, allowing doctors to focus on the traditional core
medical activities of consultation, treatment, and care.

For the SC “Digital competencies,” the competency profile and
requirements for the medical profession are also changing as a
result of the transformation. Here, the interviewees speak of a
lack of or inadequately trained digital skills, which are also not
considered in the standard curriculum. Students would like a
safe framework for trying out new technology. Furthermore,
the use of AI in everyday medical work requires clear quality
criteria that are similar to a review process for evaluating
technologies. The ability to correctly classify AI-generated
information and to critically question the statements made by
the AI is regarded as particularly relevant. According to the
students, it is and remains the task of the doctor to assess which
application is appropriate for the individual patient and when
treating physicians need to actively decide against its use.

Where does the AI get the data from? How is it
analyzed? And above all, how is it checked to make
sure it really is a sensible AI? You need to know that.
In a way just like we learn how to read scientific
publications. And decide whether they are good or
bad. [2:1:3]

For the SC “Fears,” the biggest problem addressed is general
ignorance and the resulting fear of, for example, the threat of
job losses. Students suspected that this fear is the reason why
AI applications are often not developed by health care experts,
but by fast-moving commercial companies. Students also
considered the combination of human and machine to be
problematic if it is not possible for the doctor to understand how
the AI operates and reaches decisions.

For the SC “Infrastructure and technology,” the students note
that the technical change in everyday working life is particularly
noticeable through deficits in (technical) equipment.

Main Category “Critical Reflection”
A total of 34% (72/214) of all statements on AI fall into the
category “Critical Reflection.” Of those, 36 fall into the SC
“Practical implementation,” 22 into the SC “ELSI aspects”
(Ethical, Legal, Social Implications), and 14 into the SC “Data
aspects.”

For the SC “Practical implementation,” students see
opportunities for larger-scale, international cooperation. This
requires openness and investment in progress and research.
They take their practical experience from the “clinical
anamnesis” workshop as an example of low-threshold contact,
which they want to take out of the course to raise awareness.
The limitations of the chatbot, for example, making a
misdiagnosis, are critically questioned. In such cases, the
intended time saving backfires and becomes extra work.

That would unsettle me […] if something completely
different comes out as a treatment suggestion or what
I see in an MRI image or something like that, then it
would make me very insecure and then I would want
to make sure. Be it through the senior physician or
that I can just have a look: How does this AI come
up with this? And if that doesn’t work, then it’s
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unfavorable for the procedure. Then you have to rely
on the senior consultant again and maybe the head
physician […] and then I’m back where I was before
without AI. [2:1:3]

One problem discussed is that current AIs can only act as
“narrow intelligence” in very specific settings, meaning that
anomalies that do not correspond to the AI’s specific field of
action remain undetected. This results in the risk of unconsidered
use. In general, all interviewees share the opinion that not
everything that is technically possible should also be used in
practice and that each use case must be considered individually.

For the SC “ELSI aspects,” the question of whether increasing
digitalization will reduce or intensify doctor-patient contact is
viewed critically. On the one hand, digitalization represents an
opportunity to relieve doctors and invest the freed-up capacities
in the doctor-patient relationship. On the other hand, there is a
risk that AI will impact the interpersonal interaction and thus
the patient’s individuality.

The possibility of consciously influencing AI is the subject of
intense ethical debate. Specifically, it is questioned at what point
it is unethical not to use the advancing technology, as this would
deliberately deny the patient the best possible treatment.

At some point it becomes unethical not to use such
things. […] That’s actually the point. Why are we
always so afraid that we’re not important enough?
At some point, the doctor is no longer the all-knowing
person. [2:3:1]

The interviewees see a further ethical dilemma in the case of a
discrepancy between the diagnosis provided by the doctor and
the AI. The right not to know and the handling of probabilities
play a decisive role in sensitive areas, such as prenatal or genetic
diagnostics and palliative medicine. Students also discussed the
unclear legal situation regarding liability issues as a possible
cause of rejection of AI applications.

For the SC “Data aspects,” regarding data protection, too little
regulation violates personal rights. Too much regulation makes
it difficult or, in the worst case, prevents access to data for
clinical research. In general, students also question the lack of
traceability of AI results. They critically note that convenience
or lack of time can lead to the results not being checked over
time.

Main Category “Overall Course Assessment”
Of all 610 “Overall Course Assessment” statements, 134 fell
into the SC “Learning Experience” and 108 into the SC
“Learning Success.” The remaining statements were categorized
into the SCs “Structure” (n=61), “Content” (n=126), “Methods”
(n=142), and “Conclusion” (n=39).

For the SCs “Learning Experience” and “Learning Success,”
students highlighted engaging with AI and digitalization as a
significant learning success, given the absence of such topics
in the standard curriculum.

I'm just glad that I had this week, because it really
showed me what we don’t learn at university. And
how big the topic actually is for us. [2:2:2]

They described the hands-on interaction with various
technologies as “eye-opening” (2:2:4) and the group work on
human-AI comparisons as “impressive” (2:1:4). Many students,
initially skeptical or ambivalent about AI, reported increased
knowledge and awareness of AI technologies and a deeper
understanding of their impact as a result of the elective. They
felt better prepared for their future careers regarding questioning
and categorizing digital tools such as apps or AI, and underlined
the gain in competences:

I think everyone left with a gain in expertise. Be it in
the form of medical expertise, technical expertise, or
simply that you’ve thought about things like data
protection and apps and so you’ve also gained
absolute everyday expertise. [1:3:B1]

For the SCs “Structure,” “Content,” and “Methods,” students
appreciated the involvement of diverse experts, valuing the
variety of perspectives on the technology.

What was outstanding […] was that the input came
from the legal side, from the ethical side, from the
technical side somehow every time. [3:8:A]

They praised the active and innovative learning format of the
elective, noting that it encouraged reflection and engagement
rather than the rote learning typical of other subjects.

It’s often the case that you’re told things and then
you have to memorize them. And here it was more the
case that you were given information but then had to
think about it yourself, for example to discuss it or
draw a picture or whatever. And that’s a completely
different kind of learning, which unfortunately we
don't usually do that much of in our degree programs.
So I thought it was really good. Because these are
actually skills that you should have and not that you
can somehow memorize a book. [2:1:3]

The discussion formats were highlighted as a distinctive feature
in comparison with previous teaching experiences, with critical
reflection helping students develop a more nuanced
understanding of the topic.

I think you learnt an incredible amount, especially in
the discussions, and you were actually forced to really
think about certain theses. I also found this kind of
discussion extremely productive. [2:2:4]

For the SC “Conclusion,” students almost unanimously agreed
that the elective had broadened their horizons and appreciated
the opportunity to participate. They wished that the course would
be expanded so that more students could participate. Some
expressed a wish for more breaks or even longer discussion
sessions. Although students felt that the scope and time
commitment of the elective was appropriate, many would have
liked it to last longer:

“I think the biggest minus is actually the time. It’s
rare that you leave a course saying: ‘Hey, I wish I’d
stayed longer.’ But […] Tuesday and Wednesday
were actually days when I thought: ‘Okay. I could
have stayed two hours longer’. [2:2:5]
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In summary, the qualitative evaluation showed a high level of
acceptance of the course concept and differentiated attitude
toward AI among students. The course participants emphasized
the increase in their knowledge and competences about the
technology as well as the appreciation they felt as a result of
the intensive and varied collaboration with each other and with
the lecturers. The opportunity for critical discussion, practical
interaction, and application was rated particularly positively.
All 35 students stated that they would recommend the elective
course to peers.

Discussion

Principal Findings
The digitalization of medicine and the use of AI applications is
a fundamental process of change that will have a major impact
on the future job profile of doctors to an extent that cannot yet
be foreseen. What is certain, however, is that we are
transitioning from the “information age” to the “age of artificial
intelligence” [26] and that the integration of AI into medical
treatment processes will redefine human-machine interaction.
It is therefore essential to prepare future doctors to use AI in
daily practice [27]. At present, although curricula are beginning
to change, structured teaching concepts are lacking in terms of
curricular mapping, although educators and practitioners
emphasize the need to impart such competencies both nationally
and internationally. Most students also advocate for AI education
in their studies and report limited or no exposure to AI
technologies and learning resources [35-37,41]. This does not
mean that students must be able to program themselves but they
must learn the practical application of AI in line with ELSI
principles, data science, biostatistics, and evidence-based
medicine during their studies [30,56].

The qualitative results of the AI module show that the
embedding of curricular teaching about AI is generally feasible
and sensible, that the added value of such a teaching module is
recognized by students and acknowledged with great interest
and acceptance, and that it leads to an increase in competence
among students and promotes a critical and reflective attitude
toward new technologies. Regarding the core aspects reflected
in the main categories of the analysis (Areas of Application,
Future Work, Critical Reflection), several key points can be
learned, as detailed in the following sections.

Areas of Application
At present, it is not sufficiently clear how and when AI should
be used in clinical diagnostics and therapy. Regarding the
“how,” students demonstrate a forward-thinking and nuanced
examination to potential AI applications in clinical settings.

With regard to the “when,” clarification is needed on the specific
areas and questions where AI can assist in the clinical workflow
[30,57]. Here, students express ambivalence about its
integration, acknowledging both benefits and risks.

Future Work
Regarding patient care, students highlighted AI’s potential to
enhance care through personalized application and resource
optimization, aligning with its reported ability to save time and

personnel resources amid health care resource scarcity [58].
Students expressed some apprehension about the future impact
of AI on the medical profession, though concerns about career
choices were less prominent. This aligns with a survey in which
83% of medical students disagreed that AI would render
radiologists obsolete [41]. Nonetheless, a minority of
participants expressed fears about career prospects. Although
AI’s full impact remains unpredictable, it is undeniable that
medical professions will change. Wartmann and Combs [26]
speak of a “reboot” of the health care system and postulate the
need to skillfully manage the interface between medicine and
machines, as AI will surpass human capabilities in certain tasks
[26]. Reflecting this, students stressed the importance of
human-machine interaction and corresponding digital skills.

Critical Reflection
Most students underlined the potential of AI for their future
career while maintaining a critical perspective, avoiding blind
enthusiasm. They emphasized the risk of AI manipulation and
its consequences for patient care, underscoring the need for
doctors to retain ultimate decision-making authority over AI
recommendations. The evaluation presented here thus indicates
students’ development of a critical attitude due to the module.
These findings underscore the importance of future medical
curricula teaching students to integrate AI assistance into their
decision-making processes [2].

At the industry and developer level, students also acknowledged
the need to design AI applications with ELSI aspects in mind.
Such recommendations already exist. For example, the
multisociety statement on the ethics of AI in radiology [59] and
a white paper from the European Society of Radiology outline
key ethical and practical considerations for the responsible use
of AI in clinical practice [60].

In summary, students acknowledged the evolving nature of AI
in health care as well as the necessity for skillful management
of the interface between medicine and AI. They emphasized
the importance of human-machine interaction as well as the
need to develop digital skills while maintaining a reflective
mindset toward technology.

Implications
Current literature on medical students’ evaluation of their AI
competencies demonstrates a relevant knowledge gap and the
need for rapid-employment curricula solutions to change this.
Overall, both the Medicine in the Digital Age elective as well
as its AI teaching module were demonstrated to be feasible and
reasonable teaching concepts, which supported maintaining the
blended learning approach and the basic content of the modules.
Nevertheless, valuable insights for iteration were drawn from
the evaluation. First, the course has been updated to reflect
technological and regulatory developments, such as the AI Act.
Second, insights from students’ transfer projects and reflective
discussions informed an “agility by design” [61] approach,
incorporating noteworthy projects or themes identified through
students’ input into the subsequent course iterations.

With the didactic framework, course design, and content
outlined, this teaching concept can serve as a transferable model
for implementation and adaptation in other universities or
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training settings. Adjustments may be required to address
specific target groups or local circumstances.

Evaluating the AI module’s learning objectives—knowledge,
skills, and reflection—is critical in both simulated (eg, Observed
Structured Clinical Examination exams) and real-world settings.
Complex educative interventions like this require robust
assessment of efficacy and sustainability. Future research should
explore whether a single elective suffices, if refresher courses
are needed, or if phased AI education is beneficial. To validate
this teaching course, prospective longitudinal trials comparing
students who attended the AI module and untrained students
are essential.

Methodological Strengths
The “Medicine in the Digital Age” curriculum described here
addresses the digital transformation of medicine in an
interdisciplinary and interactive way for medical students. AI
is one of the 5 teaching modules and the rapid development and
adoption of AI technologies in health care requires students and
professionals to familiarize themselves with it and develop an
attitude toward it. Standard quantitative methods can only
inadequately depict the development of a professional attitude.
The potential of the qualitative methodology used in teaching
research should therefore be emphasized. Qualitative approaches
provide insights into the learners’ assessment of individual
learning success, including gains in the areas of knowledge,
skills, and attitude, as well as the content design and
methodological structure. They are therefore ideal for the
iterative further development of teaching concepts and the
evaluation of attitude-oriented teaching content. The application
of qualitative methodology represents a distinctive strength and
unique contribution of this study. Although most research on
medical students’ perceptions relies on quantitative
questionnaire surveys, this study uses qualitative survey
instruments. The 2 existing qualitative studies in Germany are
limited by their focus on analyzing free-text survey responses
[34] and by their narrow scope, specifically examining students’
attitudes toward mental health chatbots [42]. To the best of our
knowledge, this study is the first to offer comprehensive,

in-depth qualitative insights into German medical students’
perceptions and attitudes toward AI.

Limitations
A common limiting factor in qualitative research is the small
sample size. Helfferich [62] cites a sample size of between 6
and 120 respondents as appropriate. This means that our sample
of 35 students can be assumed to have sufficient result validity.
A second limitation could be that the results present a
retrospective evaluation. Incorporating a qualitative pre-post
analysis might have drawn a more concise picture of students’
changes in knowledge, attitudes, and reflection on AI as a result
of the course. Third, the findings might not be generalizable to
other medical training programs, student attitudes, countries,
or demographics. Lastly, group dynamics in the focus groups
might have influenced the outcome by introducing social
desirability bias.

Conclusions
Digitalization will continue to fundamentally change medicine.
Therefore, in line with international appeals, today’s education
and training curricula must teach students and practicing
physicians the basic competencies for using digital tools such
as AI applications. It is not enough to simply integrate
context-specific AI solutions as teaching examples into existing
curricula. The aim of future curricula must be to equip students
with the key competencies for their future day-to-day work in
the age of AI and enable them to internalize knowledge, skills,
and attitudes toward these tools from the beginning of their
training. As an outlook for the AI curriculum presented here, it
can be said that it addresses this need in a unique way. The
qualitative teaching evaluation showed that students were able
to deal with the topic in a very differentiated way after the AI
teaching unit. The transferability of the curriculum to other
university locations can be assumed in principle. The curriculum
could therefore serve as an exemplary teaching concept for other
universities and contribute to training medical students in two
future-oriented skills: AI literacy and its transfer to medical
human-machine interaction.
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Abstract

Background: Programmatic assessment supports flexible learning and individual progression but challenges educators to
develop frequent assessments reflecting different competencies. The continuous creation of large volumes of assessment items,
in a consistent format and comparatively restricted time, is laborious. The application of technological innovations, including
artificial intelligence (AI), has been tried to address this challenge. A major concern raised is the validity of the information
produced by AI tools, and if not properly verified, it can produce inaccurate and therefore inappropriate assessments.

Objective: This study was designed to examine the content validity and consistency of different AI chatbots in creating single
best answer (SBA) questions, a refined format of multiple choice questions better suited to assess higher levels of knowledge,
for undergraduate medical students.

Methods: This study followed 3 steps. First, 3 researchers used a unified prompt script to generate 10 SBA questions across 4
chatbot platforms. Second, assessors evaluated the chatbot outputs for consistency by identifying similarities and differences
between users and across chatbots. With 3 assessors and 10 learning objectives, the maximum possible score for any individual
chatbot was 30. Third, 7 assessors internally moderated the questions using a rating scale developed by the research team to
evaluate scientific accuracy and educational quality.

Results: In response to the prompts, all chatbots generated 10 questions each, except Bing, which failed to respond to 1 prompt.
ChatGPT-4 exhibited the highest variation in question generation but did not fully satisfy the “cover test.” Gemini performed
well across most evaluation criteria, except for item balance, and relied heavily on the vignette for answers but showed a preference
for one answer option. Bing scored low in most evaluation areas but generated appropriately structured lead-in questions. SBA
questions from GPT-3.5, Gemini, and ChatGPT-4 had similar Item Content Validity Index and Scale Level Content Validity
Index values, while the Krippendorff alpha coefficient was low (0.016). Bing performed poorly in content clarity, overall validity,
and item construction accuracy. A 2-way ANOVA without replication revealed statistically significant differences among chatbots
and domains (P<.05). However, the Tukey-Kramer HSD (honestly significant difference) post hoc test showed no significant
pairwise differences between individual chatbots, as all comparisons had P values >.05 and overlapping CIs.

Conclusions: AI chatbots can aid the production of questions aligned with learning objectives, and individual chatbots have
their own strengths and weaknesses. Nevertheless, all require expert evaluation to ensure their suitability for use. Using AI to
generate SBA prompts us to reconsider Bloom’s taxonomy of the cognitive domain, which traditionally positions creation as the
highest level of cognition.

(JMIR Med Educ 2025;11:e69521)   doi:10.2196/69521
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Introduction

Across disciplines of education, including medical education,
programmatic assessment offers flexible learning modalities
that pave the road for individual progression. However, it

represents a challenge to educators, as they are required to
develop frequent assessments that reflect different competencies,
thus necessitating the continuous creation of examination content
in a comparatively restricted time [1]. For many years, multiple
choice questions (MCQs) have been adopted in medical
education for assessing knowledge and clinical reasoning skills
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in high-stakes undergraduate and postgraduate medical exams.
MCQs are reliable, objective, standardized, equitable, and
efficient formats for testing large volumes of content in a limited
time. A main problem with MCQs is that producing high-quality
questions is time-consuming, from drafting the question that
includes a clinical vignette or stem, a lead-in question, a correct
answer, and distractors to validation of content and detection
of potential flaws [1,2]. To tackle this dilemma, the application
of many technological innovations, including artificial
intelligence (AI), has been tried [3].

AI refers to machines mimicking the human brain in performing
intellectual tasks. This originates from the imitation game
developed by the British mathematician Alan Turing, who posed
the universally famous question “Can machines think?” [4].
Since then, many AI research laboratories have invested time,
effort, and money to answer this question. One particular AI
research laboratory known as OpenAI, based in California,
United States, has revolutionized our world at the end of 2022
by launching an AI-based large language model (LLM) software
(GPT-3.5) that uses natural language processing to engage in
human-like conversations and making it freely available for the
public [5]. Within a few weeks after its release, the OpenAI
chatbot, known as ChatGPT, had gained much attention in many
fields, including medical education. It became the
fastest-growing app of all time with more than 120 million users
in just a few months after its launch [6]. This led competitors
to develop and launch other chatbots. Microsoft launched Bing
Chat AI in February 2023, followed by Google releasing Gemini
in March 2023 [7]. A newer, improved version of ChatGPT
(ChatGPT Plus), which uses the GPT-4 Turbo language model,
has been developed by OpenAI and launched as a paid
subscription version by the end of 2023 [6]

In terms of assessment in medical education, ChatGPT has been
the most extensively studied chatbot. It was found to be able to
quickly and accurately apply known concepts in medicine to
novel problems, including reflection prompts and examination
questions, and to mimic human writing styles, introducing a
potential threat to the validity of traditional forms of medical
student assessment including short answer assessment [8], it
even successfully passed the USMLE (United States Medical
Licensing Examination) [9]. Similarly, ChatGPT-4 was able to
achieve a mean of more than 75% in the newly derived
undergraduate medical exit examination: UKMLA (United
Kingdom Medical Licensing Assessment) [10]. Its application
has been described across multiple areas of academic
assessment, for example, developing innovative assessments,
grading submitted work, and providing feedback [11].
Nevertheless, concerns persist around the validity of the
information provided by all AI tools. Sample [12] argued that
if the chatbot response is not properly verified, it can be
misleading and result in “junk science.”

Additionally, the broad availability of LLMs such as ChatGPT,
Gemini, and Bing has facilitated extensive comparative studies
across various domains. For example, 1 study evaluated these
models using case vignettes in physiology and found that
ChatGPT-3.5 outperformed Bing and Google Bard (an old
version of Gemini), indicating its superior effectiveness in
case-based learning [13]. Another study, using the

clinicopathological conferences method, compared the ability
of AI chatbots to infer neuropathological diagnoses from clinical
summaries. The findings revealed that Google Bard and
ChatGPT-3.5 correctly diagnosed 76% of cases, while
ChatGPT-4 achieved a higher accuracy rate, correctly
identifying 84% of cases [14]. Similarly, a comparison of
ChatGPT-3.5, Google Bard, and Microsoft Bing in hematology
cases highlighted significant performance differences, with
ChatGPT achieving the highest accuracy [15].

Recent studies have explored the use of AI in generating MCQs
and single best answer (SBA) questions for medical
examinations, highlighting its potential applications and
limitations. For instance, Zuckerman et al [16] examined
ChatGPT’s role in assessment writing, while Kıyak et al [17]
and Mistry et al [18] investigated AI-generated MCQs in
pharmacotherapy and radiology board exams, respectively.

Despite these contributions, the ability of AI to generate valid
SBA questions, an assessment format that better evaluates
higher-order cognitive skills such as data interpretation,
problem-solving, and decision-making [19], remains an area
requiring further exploration. Additionally, a critical
consideration is the variation in AI-generated outputs and the
potential for examination candidates to predict examination
items based on curriculum learning objectives (LOBs). Given
the significance of these issues, this study aims to examine the
content validity and consistency of different chatbots in
generating SBAs for undergraduate medical education.

Methods

Study Context
The Graduate Entry Medical Programme at Ulster University’s
School of Medicine is a 4-year program. Similar to most UK
medical schools, students undergo assessment through a series
of SBA papers comprising over 1500 questions across the
program. Managing this extensive assessment requirement has
prompted the exploration of innovative solutions to support the
assessment team.

To ensure assessment standards, the school has implemented a
rigorous quality assurance process. Questions are first created
by designated clinical or academic authors who have been
trained and provided with a “house style” to follow. Questions
then undergo internal review by other clinical or academic staff
before external review by external examiners to ensure they
meet rigorous requirements. Post hoc psychometric analysis of
question performance is also used to drive evidence-based
review and enhancement. This meticulous review process aims
to uphold the integrity and effectiveness of assessments used
to make high-stakes progression decisions and forms part of a
wider suite of quality processes to deliver against the assessment
strategy.

Study Design
This exploratory comparative study was conducted between
December 2023 and May 2024; we continued to follow the
school’s established quality assurance process, but the
designated first authors of the questions were AI chatbots. This
includes 3 versions of AI chatbots: ChatGPT which will be
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referred to as ChatGPT-3.5 in this study, Google Gemini, and
Microsoft Bing AI, in addition to the subscription-only version
of OpenAI: ChatGPT-4 that provides access to GPT-4 Turbo,
which is advertised as a more powerful and faster version of
GPT-4. During this study, Google changed the name of its
platform from Bard to Gemini. For consistency, this paper will

refer to the current name: Gemini. Figure 1 depicts the full study
design, which included three main phases: (1) Generation of
questions using various AI chatbots, (2) Assessment of the
consistency of the chatbot outputs, and (3) Evaluation of the
quality of the questions generated.

Figure 1. The study design. SBA: single best answer.

Generation of Questions Using Various AI Chatbots
In phase one, the research team randomly selected year 1
curriculum LOBs (n=10) to create SBA questions for. These
objectives were selected using stratified random sampling from
the official list of LOBs for second-semester educational units.
Three researchers were involved, and each one created a new
account for each of the 4 chatbot platforms. All researchers used
the same predefined prompts (see below) around the same time
(end of December 2023) to request 10 questions from each
chatbot, one for each LOB. The 10 prompts were entered one
by one in the same conversation with each chatbot. All the
questions were compiled into a shared Microsoft Excel
(Microsoft Corp) spreadsheet for analysis in steps 2 and 3.

To allow a fair comparison, the same prompt was used in each
chatbot, which specified SBA features:

• You are a university lecturer in a UK medical school.
Generate an MCQ on “the learning objective,” with the
following criteria:
• The question is in a clinical vignette format.

• The question is designed to assess the knowledge
(±clinical judgment) of undergraduate medical students.

• The question meets the standard for a medical graduate
examination.

• Five choices are allowed for each question.
• Only 1 correct answer
• Tag the correct answer.
• Justify the correct answer.

Assessment of the Consistency and Quality (Item
Flaws) of the Chatbot Outputs
In the second phase, researchers involved in the previous step
assessed each chatbot’s output consistency and technical flaws.
Consistency was evaluated based on the similarity between the
outputs generated across the 3 researchers, including any bias
in the correct answer allocation (eg, favoring option “A” as the
correct answer). Similarity was evaluated based on specific
elements of the output and accordingly classified into one of
three categories: (1) exact questions: when the outputs contain
the same wording, condition, and lead-in question; (2) similar
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questions: when the outputs share common elements such as
patient characteristics, age, condition, presentation, or lead-in
question; (3) different questions: when the outputs do not have
any content in common.

Technical item flaws assessed the overall construct and structure
of the questions produced by the chatbots using 7 previously
published criteria for determining the quality of SBAs [20]. The
7 criteria include judgments on whether the questions: follow
the SBA structural format, satisfy the “cover test” rule where
the question should be answerable solely from the vignette or
stem and lead-in (with the answers “covered”), test the
application of knowledge rather than recall isolated facts, have
item balance (which ensures a balance in information between
the stem, lead-in, and options), tests 1 idea, are dependent on
the vignette to reach the correct answer, and have appropriate
lead-ins length. The researchers used a defined scale to evaluate
how often or to what extent each criterion was met across the
3 researchers’ outputs. Each criterion was scored on a scale
from 0 to 3 for each of the 10 LOB prompts. In this scale, 0
meant none, 1 meant 1 SBA, 2 meant 2 SBAs, and 3 meant all
3 SBAs, representing the number of questions produced by each
chatbot that met the criterion. With 3 assessors and 10 LOBs,
the maximum possible score for any individual chatbot was 30.

Assessment of the Content Validity and Accuracy of
the Questions Generated
In phase 3, samples of questions generated by the chatbots were
distributed to various internal assessors as per our normal quality
review process. The questions were selected using stratified
random sampling to select 1 of the 3 questions generated by
each chatbot for each LOB, yielding a total of 39 questions.
Alongside this, a content validation evaluation form, developed
by the research team, was used to ensure consistent review
between assessors, providing assessors with clear expectations
and an understanding of the task. The assessors are faculty
members with expertise in the curriculum content. Each question
was evaluated by 7 assessors.

Considering published recommendations for content validation
[21,22], 20 internal assessors were invited, of which 7 consented
to participate. The internal assessors critically reviewed the
questions based on several criteria to ensure their quality and
alignment with educational objectives. This includes content
clarity and validity; accuracy of information, answers, and
justification; and educational accuracy. Each of these elements
was scored on a Likert scale of 1 to 4 (with 1 representing the
lowest level of construct and 4 the highest level of the construct;
Multimedia Appendix 1).

Statistical Analysis
Quantitative data was analyzed through scores obtained from
the rating scale using IBM SPSS Statistics (version 26; IBM

Corp). Subsequently, 2 content validity indexes were computed:
the Item Content Validity Index (I-CVI) and the Scale Level
Content Validity Index (S-CVI). Percentages and frequencies
were calculated for the questions’ scores to provide further
insights into the data. A 2-way ANOVA without replication
was conducted to assess differences in chatbot performance
across 6 domains. Post hoc comparisons were performed using
the Tukey-Kramer HSD (honestly significant difference) test
to identify specific group differences. The average ratings
provided by 7 evaluators were used for each chatbot and each
criterion. The Krippendorff alpha [23] was used to assess
interrater reliability, using the K-Alpha Calculator [24]. A
coefficient value of 0.8 is considered satisfactory [23]. However,
the low Krippendorff alpha suggested a need for further
refinement of the rating scheme or additional training for raters
to improve reliability.

Ethical Considerations
Participants were informed that their responses would be
anonymized and that they could withdraw from this study at
any point without penalty. Informed consent was obtained from
all participants before data collection. Only those who provided
explicit consent were included in this study. This study received
ethical approval from the Ulster University Centre for Higher
Education Research and Practice Ethics Committee and the
Learning Enhancement Directorate Ethics Filter Committee
(LEDEC; formerly CHERP; LEDEC-24-004). All data were
anonymized during the analysis phase to ensure confidentiality
and to protect participants’ identities. Staff members who chose
not to participate experienced no disadvantage or impact on
their professional standing. No financial or material
compensation was offered to participants for their involvement
in this research.

Results

Generation of Questions
In response to the predefined prompts provided to the chatbots,
3 of them (free ChatGPT, ChatGPT Plus, and Gemini) generated
10 questions each, for a total of 30 across the 3 researchers.
Bing could not respond to the prompt for LOB9 and thus
generated 9 questions, for a total of 27 across the 3 researchers.
Thus, 117 questions were generated (Multimedia Appendix 2).

Assessment of Consistency Within Chatbots and
Technical Item Flaws Among the Outputs
Consistency within chatbots was evaluated based on the
similarity of outputs between the 3 researchers and any bias in
the allocation of the correct answer option. Bing had the highest
degree of similarity between items generated by multiple users
(4 exact question matches and 20 similar ones), while
ChatGPT-4 had the highest degree of variation (Table 1).

Table . Similarity between the questions generated by different chatbots.

ChatGPT-4 (N=30), n (%)ChatGPT-3.5 (N=30), n (%)Bing (N=27), n (%)Gemini (N=30), n (%)

0 (0)2 (6.67)4 (14.81)0 (0)Exact questions

22 (73.33)22 (73.33)20 (74.07)24 (80)Similar questions

8 (26.67)6 (20)3 (11.11)6 (20)Different questions
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The original predefined prompt did not request answer options
to be given in any particular order. Therefore, for assessing
potential bias in the correct answer allocation, 3 scenarios were
modeled (Table 2):

• Any bias or preference in the correct answer allocation
based on the raw chatbot output.

• Any bias or preference in the correct answer allocation
based on the chatbot output when the researchers manually
ordered answers into alphabetical order.

• Any bias or preference in the correct answer allocation
based on a new output, where each chatbot was prompted
to produce 30 new SBA questions with answers
alphabetically.

Table . Assessment of possible bias or preference in correct answer allocation.

ChatGPT-4 (N=30), n
(%)

ChatGPT-3.5 (N=30),
n (%)

Bing (N=27), n (%)Gemini (N=30), n (%)Options

Original chatbot output

11 (36.67)9 (30)6 (22.22)5 (16.67)A

10 (33.33)10 (33.33)4 (14.81)12 (40)B

4 (13.33)7 (23.33)10 (37.04)6 (20)C

4 (13.33)3 (10)6 (22.22)5 (16.67)D

1 (3.33)1 (3.33)1 (3.7)2 (6.67)E

Manual reordering of chatbot output into alphabetical order

6 (20)8 (26.67)8 (29.63)4 (13.33)A

7 (23.33)3 (10)3 (11.11)10 (33.33)B

5 (16.67)7 (23.33)5 (18.52)3 (10)C

5 (16.67)6 (20)4 (14.81)9 (30)D

7 (23.33)6 (20)7 (25.93)4 (13.33)E

Gemini, ChatGPT-3.5, and ChatGPT-4 occasionally provided
answer options in alphabetical order when not specifically
prompted. Gemini consistently demonstrated a preference for
the correct answer to be listed as option B. The ChatGPT-3.5
and ChatGPT-4 appeared to favor options A, B, and C. Bing
appeared to favor options A and E.

Regarding the technical item flaws among the outputs, the
chatbots performed similarly in terms of following an SBA
format (Figure 2A) and achieving the “cover test” satisfaction
(Figure 2B), although ChatGPT-4 scored slightly lower on

satisfying the cover test. Overall, Gemini performed well across
most items, except for item balance. Notably, Gemini stood out
by creating questions with a lead-in that relied heavily on the
vignette for the answer (Figure 2F). Bing scored low across
most evaluation items but performed well in generating a lead-in
question of appropriate length (Figure 2G). ChatGPT Plus,
which required a paid subscription, did not outperform the other
chatbots in any item. The evaluation item “questions test the
application of knowledge rather than recall of isolated facts”
received the lowest scores across all the chatbots (Figure 2C),
with Gemini achieving the highest score among them.
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Figure 2. Shows technical item flaws among the chatbots: (A) single best answer format, (B) satisfy the “cover test” rule, (C) test the application of
knowledge rather than recall isolated facts, (D) questions were balanced, (E) lead-in question tests one idea, (F) questions depend on the vignette to
reach an answer, and (G) appropriate lead-in question length. The total number of questions generated by Bing was 27.

Assessment of Content Validity and Accuracy
Seven internal assessors evaluated item clarity and relevance,
deriving the I-CVI for individual SBA items and the S-CVI
(following the Universal Agreement method) to assess the
overall content validity for questions from each chatbot (Table
3). Items with I-CVI>0.79 and scales with S-CVI/UA>0.8 can
be interpreted as acceptable [20].

Assessors also evaluated items for content clarity and 4 elements
of accuracy: vignette information, answers, justifications, and
educational accuracy, on a scale from 1 to 4 (Tables 4 and 5).
The Krippendorff alpha coefficient was low, 0.016, with a 95%
bootstrap CI of −0.066 to 0.116.

As depicted in Tables 3 and 4, SBA questions from 3 chatbots
(ChatGPT, Gemini, and ChatGPT Plus) had similar content
clarity and S-CVI values. In comparison to the other chatbots,
Bing performed worst in content clarity, overall (scale) validity,
and all elements of item accuracy. ChatGPT Plus, which
required a paid subscription, did not outperform the other
chatbots except in the measure of educational accuracy. Further
statistical analysis was performed using the 2-way ANOVA
without replication, which showed statistically significant
differences among chatbots and domains (P<.05). However,
the Tukey-Kramer HSD post hoc test revealed no significant
pairwise differences between individual chatbots, as all
comparisons had P values>.05 and overlapping CIs. Thus,
although the chatbots’ performance varied overall, specific
chatbot differences were not statistically significant.

JMIR Med Educ 2025 | vol. 11 | e69521 | p.757https://mededu.jmir.org/2025/1/e69521
(page number not for citation purposes)

Abouzeid et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Item-content validity and scale-content validity across the chatbots.

ChatGPT-4ChatGPT-3.5BingGeminiItem number

I-CVIa

1111    1

1111    2

1111    3

1111    4

0.830.850.850.85    5

0.850.710.850.85    6

0.850.850.850.85    7

0.850.850.850.85    8

0.850.85—b0.85    9

0.850.850.850.85    10

0.910.90.830.91S-CVI/UAc

aI-CVI: Item Content Validity Index.
bNot applicable.
cS-CVI/UA: Scale Level Content Validity Index.

Table . Average score for content clarity and accuracy of items across the chatbots.

Educational accuracyeAccuracy of justifica-

tiond
Accuracy of answerscAccuracy of informa-

tionb
Content claritya

3.493.913.83.713.68Gemini

3.23.473.493.33.41Bing

3.53.93.843.713.75ChatGPT-3.5

3.563.823.813.663.71ChatGPT-4

aContent clarity refers to the extent to which the question is clearly written, free of ambiguity, and easily understood by the intended audience.
bAccuracy of information verifies that the facts, concepts, and explanations presented are scientifically and contextually correct.
cAccuracy of answers ensures that the correct response is indeed accurate, while the distractors remain plausible yet distinguishable.
dAccuracy of justification evaluates whether the rationale provided for correct and incorrect answers is logically sound, evidence-based, and supports
a deeper understanding of the topic.
eEducational accuracy assesses whether the question is appropriately challenging to the student level, measures higher cognitive levels (such as application
or analysis), and adheres to best practices in assessment design.

Table . Two-way ANOVA table.

P valueF testMean sum of squares
due to the source

dfSum of squares due to
the source

Source of variation

<.00124.265870.15217820.304357Average content clarity
and accuracy scores

<.001716.53494.493601417.9744Chatbots

——a0.00627180.05017Error

———1418.32893Total

aNot applicable.

Discussion

Interpretation of Findings
This study was designed to examine the content validity and
consistency of SBA questions generated by different chatbots

in the context of undergraduate medical education. The findings
revealed that no single chatbot excelled in all studied domains
nor demonstrated a universal superiority over other chatbots,
but rather showed unique strengths of some chatbots in specific
areas and highlighted their notable limitations in other ones.
This emphasizes the importance of critically assessing the output
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of chatbots in a context-sensitive manner. Bing produced items
that were least suitable for inclusion in medical student
assessment. These findings echo previous studies, which also
show Bing to generate less valid MCQs in comparison to other
chatbots [25]. ChatGPT-4 showed the greatest variation in
responses across users (suggesting higher protection against
examination candidates predicting potential assessment items),
and had strong performance in content clarity and accuracy,
though it also exhibited some less effective question design
practices, such as poorer performance in the “cover test” rule.
These findings align with the results of Doughty et al [26], who
found that GPT-4’s ability to generate effective MCQs was
nearly on par with human performance, in which 81.7% of the
generated MCQs met all evaluation criteria, suggesting that
fewer than 1 in 5 questions would need revision by instructors.
However, in cases where ChatGPT-4 failed to meet a quality
standard, this was typically the only issue with the question.
Gemini performed well across all evaluations, matching
ChatGPT Plus’s strong index score for content validity, and
excelled in creating questions where the lead-in tested 1 item
and relied heavily on the vignette for the answer. Although
slightly behind both ChatGPT versions in content clarity, Gemini
scored the highest in providing accurate justifications for the
correct answer.

This variation across chatbots is consistent with results from
studies where chatbots were asked to answer questions. Kumari
et al [15] found significant differences in solving hematology
case vignettes using LLMs. ChatGPT achieved the highest score,
followed by Google Gemini and then Microsoft Bing. In line
with this, Dhanvijay et al [13] reported that ChatGPT-3.5 scored
the highest, Bing the lowest, and Bard (Gemini) ranked in the
middle when solving case vignettes in physiology. When
chatbots were tested on their ability to answer SBA questions,
ChatGPT-4 and Microsoft Copilot (Bing) outperformed Google
Gemini [27]. Overall, these results suggest that OpenAI’s
ChatGPT shows strong potential in the medical education field.
However, it is worth noting that none of the models were able
to answer all questions correctly, and in our study, all platforms
had some flaws when generating SBAs.

Additionally, this study’s results reveal several key insights and
revelations concerning SBA questions produced by AI chatbots.
First, we observed that chatbots often exhibit a correct answer
bias toward particular options. Recent studies have identified
that LLMs tend to display positional bias when handling MCQs
[28,29]. Radford et al [30] and Li and Gao [31] found that this
susceptibility to positional bias is pronounced in the GPT-2
family however a more recent technical report for GPT-4
suggests AI’s performance in MCQ remains susceptible to the
position of the correct answer among the choices [32], a pattern
referred to as “anchored bias.” To minimize this inherent bias
that appears to occur across AI platforms, when using AI to
generate MCQ or SBA, we would recommend not stipulating
an order for answer options in the prompt.

Furthermore, assessment literature emphasizes that high-quality
SBA questions should assess the higher levels of Bloom’s
taxonomy to encourage students’ critical thinking and complex
problem-solving [33]. Our study revealed that chatbots were
not always successful in crafting questions that engaged these

advanced cognitive levels, and this was an area of relative
weakness when evaluating items. Gemini scored highest,
followed by ChatGPT Plus, ChatGPT-3.5, and then Bing.
Similar findings regarding ChatGPT’s limitations were reported
by Herrmann-Werner et al [34]. Likewise, studies by Klang et
al [35] and Liu et al [36] also emphasized GPT-4’s limited
ability to integrate knowledge and apply clinical reasoning,
highlighting challenges in logical reasoning, which could limit
AI’s ability to generate questions that test this concept. However,
it should be noted that while human-written questions were
rated higher in direct comparisons, the score gap was narrow
and largely insignificant, suggesting that AI tools still hold
potential as educational aids [2].

Our analysis also revealed some technical flaws, variations, and
inconsistencies in item construction within all chatbots. These
flaws highlight instances of overconfidence and inadequacies
in question design, suggesting an inability of the chatbots to
evaluate their output’s consistency, relevance, and complexity.
Flawed MCQs hinder the accurate and meaningful interpretation
of test scores and negatively impact student pass rates.
Therefore, identifying and addressing technical flaws in MCQs
can enhance their quality and reliability [37]. Similarly, Klang
et al [35] reported that approximately 15% of questions
generated using detailed prompts required corrections, primarily
due to content inaccuracies or methodological shortcomings.
These revisions often involved addressing a lack of sensitivity
in certain topics, such as failing to include specific details such
age, gender, or geographical context in the questions or answers.

Most of the questions tested recall and comprehension levels,
but Gemini included some that assessed the application of
knowledge. In contrast, Bing struggled to generate questions
on specific topics. These findings can be explained as critical
thinking at higher levels involves considering evidence, context,
conceptualization, methods, and the criteria required for
judgment [38]. AI models are trained on large datasets of text,
but they may not fully understand the context or underlying
concepts behind the content. Higher-order thinking skills, such
as application, analysis, and synthesis, require deeper
comprehension and reasoning that AI might not be able to
simulate effectively.

Thus, using AI to generate SBAs encourages us to reconsider
Bloom’s taxonomy of the cognitive domains [39,40], which
traditionally positions “creation” as the highest level of
cognition. In the era of AI, evaluation might be considered the
most critical level of cognition [41]. While AI chatbots can
often produce well-written questions aligned with LOBs, they
still require expert evaluation to ensure their suitability for use.
Future research should compare AI-generated outputs with those
from subject matter experts to assess accuracy and relevance.
Evaluating AI’s ability to test higher-order cognition in Bloom’s
taxonomy is also crucial. As AI evolves, ongoing validation is
essential to ensure reliability and effectiveness in assessments.

Despite the methodological rigor and innovative approach of
this study, some limitations need to be highlighted to improve
the interpretation of the findings presented here. First, the
researchers or assessors generated or evaluated only 30 questions
per chatbot. Variation was observed in the content validity and
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accuracy between the SBAs produced by an individual chatbot.
Therefore, this sample may not sufficiently represent the wide
range of possible outputs, potentially limiting the
generalizability and robustness of the findings. Second, the
accuracy of the chatbots’responses may have been compromised
by the absence of reference materials, which could have
negatively affected their performance. Finally, this study is
limited by low interrater reliability and the use of measures are
not specifically designed to assess MCQ quality. Future research
should consider using validated tools to enhance evaluation
accuracy.

Conclusions
Chatbot platforms varied in their ability to generate educational
questions. ChatGPT models produced the most variable outputs,

reducing predictability while maintaining strong content clarity
and accuracy with minimal answer bias. Gemini performed
similarly but showed a strong preference for 1 option, while
Bing had the least variation and the lowest content clarity and
accuracy. ChatGPT-4 did not significantly improve question
quality but maximized variability. Technical flaws were present
across all platforms, with many questions poorly linked to
vignettes. Most tested recall and comprehension, though Gemini
included some application-level items, whereas Bing struggled
with specific topics.

These findings highlight AI’s limitations in generating
higher-order thinking questions, reinforcing the need for expert
evaluation. This challenges Bloom’s taxonomy’s traditional
cognitive hierarchy, suggesting that “evaluation” may be more
critical than “creation” in AI-assisted assessments.
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Abstract

Background: Advancements in ChatGPT are transforming medical education by providing new tools for assessment and
learning, potentially enhancing evaluations for doctors and improving instructional effectiveness.

Objective: This study evaluates the performance and consistency of ChatGPT-3.5 Turbo and ChatGPT-4o mini in solving
European Portuguese medical examination questions (2023 National Examination for Access to Specialized Training; Prova
Nacional de Acesso à Formação Especializada [PNA]) and compares their performance to human candidates.

Methods: ChatGPT-3.5 Turbo was tested on the first part of the examination (74 questions) on July 18, 2024, and ChatGPT-4o
mini on the second part (74 questions) on July 19, 2024. Each model generated an answer using its natural language processing
capabilities. To test consistency, each model was asked, “Are you sure?” after providing an answer. Differences between the first
and second responses of each model were analyzed using the McNemar test with continuity correction. A single-parameter t test
compared the models’ performance to human candidates. Frequencies and percentages were used for categorical variables, and
means and CIs for numerical variables. Statistical significance was set at P<.05.

Results: ChatGPT-4o mini achieved an accuracy rate of 65% (48/74) on the 2023 PNA examination, surpassing ChatGPT-3.5
Turbo. ChatGPT-4o mini outperformed medical candidates, while ChatGPT-3.5 Turbo had a more moderate performance.

Conclusions: This study highlights the advancements and potential of ChatGPT models in medical education, emphasizing the
need for careful implementation with teacher oversight and further research.

(JMIR Med Educ 2025;11:e65108)   doi:10.2196/65108

KEYWORDS

ChatGPT-3.5 Turbo; ChatGPT-4o mini; medical examination; European Portuguese; AI performance evaluation; Portuguese;
evaluation; medical examination questions; examination question; chatbot; ChatGPT; model; artificial intelligence; AI; GPT;
LLM; NLP; natural language processing; machine learning; large language model

Introduction

Generative artificial intelligence (AI) represents a branch of AI
dedicated to the development of systems that can autonomously
generate high-quality digital content on demand, and it can do
so across various modalities, such as written text, images, audio,
and video [1-3]. Generative AI tools are trained on large
datasets, enabling them to produce work that mirrors
human-created content [2]. Nowadays, there are several
examples of generative AI tools, including ChatGPT (OpenAI
Inc), Runway, Gemini (Google Inc), DALL-E (OpenAI Inc),
Copilot (Microsoft Inc), Midjourney, NovelAI (Anlatan), Claude
(Anthropic), and Jasper AI, among others. ChatGPT, the large
language model (LLM) chatbot, developed by OpenAI [4], that

started the AI boom in November 2022, became the most
popular AI tool of 2023, accounting for over 60.2% of visits
between September 2022 and August 2023, with a total of 14.6
billion website visits [5]. ChatGPT’s availability as a free-to-use,
low-bandwidth service may reduce disparities compared to paid
versions or models by making advanced AI technology
accessible to a broader and more diverse global population [6],
contributing to making it the most popular generative AI tool
[7].

Recent literature reviews regarding AI have shown that this
type of technology has potential applications in several fields,
spanning from the architecture, engineering, and construction
industry to health care [8-11]. The possible applications in
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medicine are substantial, ranging from diagnostic and treatment
support (eg, clinical imaging improvement, classification of
diseases, prediction of disease onset, development of treatment,
and medication prescriptions) [12] to facilitate communication
and engagement between medical professionals and their
patients [13], and also improving medical education and its
accessibility [10,14,15]. For example, ChatGPT can be used as
a study tool to clearly explain complex medical concepts [16,17]
(eg, radiology reports [18]), create memory aids for challenging
topics, clarify medical practice questions, summarize research
articles, compile lists of differential diagnoses [17], generate
medical examination questions [19], and simulate
physician-patient interactions [14].

Medical written examinations are an important part in evaluating
the competence and knowledge of medical students and
graduates (eg, access of physicians to specialized training, such
is the case in Portugal). These examinations not only test factual
knowledge but also evaluate the critical thinking and
problem-solving skills of the candidates. With the recent
growing interest in AI, an important question arises: Can AI,
specifically ChatGPT, perform at a level comparable to human
candidates in medical written examinations? By evaluating
ChatGPT’s ability to correctly answer medical questions, its
medical proficiency and its potential role as an educational tool
can be assessed. Successfully completing this task can
demonstrate ChatGPT’s capability to serve as a resource for
medical students by providing continuous access to information,
particularly benefiting students in remote or under-resourced
areas [6].

ChatGPT is known for having the capability of performing near
the passing threshold of 60% accuracy of the United States
Medical Licensing Examination (USMLE) [20] and for
approximately having the knowledge equivalent to a third-year
medical student [21]. ChatGPT’s performance on medical
examinations has been analyzed across different countries and
questions. A 2023 systematic review with a meta-analysis of
19 articles found a mean performance of ChatGPT of around
61% [22], and a more recent review published in 2024 concluded
that, despite ChatGPT’s satisfactory performance in
examinations, further studies are necessary to fully explore its
potential in medical education [23].

Furthermore, ChatGPT struggles with non-English language
assessments possibly due to a limited understanding of linguistic
nuances and Western-centric internet data, which may not fully
represent the clinical and disease differences in some countries,
like African and Asian populations [24], warranting more studies
in other languages to ensure better understanding of ChatGPT’s
accuracy in diverse cultural contexts. For example, ChatGPT
performed considerably lower on a medical examination in
Chinese (45.8% correct answers on the Chinese National
Medical Licensing Examination) [25], and even worse in the
French examination with 22% correct answers [26].

In July 2024, OpenAI launched GPT-4o mini, a smaller version
of its latest GPT-4o (“o” for “omni”) AI language model. This
new model replaced GPT-3.5 Turbo in ChatGPT, making this
an ideal time to study the performance of both free models in
resolving written medical examinations.

This study aims to evaluate the performance and consistency
of 2 AI models, ChatGPT-3.5 Turbo and ChatGPT-4o mini, in
solving the questions of a non-English language (European
Portuguese) written medical examination, with a format of
multiple-choice with one best answer—the 2023 National
Examination for Access to Specialized Training (Prova Nacional
de Acesso à Formação Especializada [PNA])—and compare
their performance to that of human candidates.

Methods

Study Design
The PNA examination is part of the requirements for entering
specialized medical training in Portugal. Its purpose is to rank
candidates for accessing specialized training vacancies, so no
minimum passing grade is needed [27].

The PNA questions used in this study were from the actual 2023
Portuguese PNA examination, which is publicly available on
the web [27]. This examination includes 150 questions with 5
multiple-choice answers each, with only a single best answer,
similar to the USMLE. The questions are based on clinical
vignettes and divided into 2 parts with 75 questions each. The
examination emphasizes clinical reasoning and the application
and integration of clinical knowledge and is scored on a scale
from 0 to 150 points, with no penalties for blank or incorrect
answers. It covers various medical disciplines, including
medicine, surgery, pediatrics, gynecology and obstetrics, and
psychiatry. The examination duration is 240 minutes, divided
into 2 parts of 120 minutes each [27].

ChatGPT-3.5 Turbo was provided with the first part of the
examination (74 no image-based multiple-choice questions
[MCQs]) on July 18, 2024, and ChatGPT-4o mini with the
second part of the examination (74 no image-based MCQs) on
July 19, 2024. The questions were entered into the models in
European Portuguese and in a format similar to how they are
presented to human candidates, and each model was requested
to provide a single-letter answer, just like human candidates.
For each question, the models generated an answer using their
natural language processing capabilities. Following each model’s
response, a follow-up question, “Are you sure?” was asked to
test for consistency—this technique was previously used by
Brin et al [28]. An example of the input format of the questions
and the respective responses by ChatGPT in European
Portuguese is depicted in Table 1, with corresponding
translations to English performed by ChatGPT-4o mini. Each
question was addressed in a new chat session to reduce the
potential influence of memory retention bias of ChatGPT.
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Table . Example of the input format of the questions and the respective responses by ChatGPT.

Examination question translated to English
(performed by ChatGPT-4o mini)

Examination question in European Portuguese

A 73-year-old man comes to the hospital for
reevaluation of chronic obstructive pulmonary
disease (COPD). At the previous visit six months
ago, he was in GOLD stage B. He now reports
worsening shortness of breath with moderate
exertion over the past three months, without
changes in his usual cough or sputum production.
He denies fever, loss of appetite, or any new
complaints. His medical history also reveals
obesity. His usual medications include tiotropium
bromide and salmeterol. He is a former smoker
with a 40 pack-year history, quit 10 years ago.
Vital signs are temperature 36 °C, respiratory
rate 18/min, heart rate 78/min, and blood pressure
115/89 mm Hg; SpO2 94% (room air). On
physical examination, he shows lip cyanosis,
appears comfortable, and has muscle atrophy in
the temporal area. Lung auscultation reveals
scattered rare crackles, with no prolonged expi-
ratory phase. The rest of the physical examina-
tion, including cardiac auscultation, is within
normal limits.

Which of the following is most likely to reduce
the risk of death related to this condition?

Um homem de 73 anos vem à consulta hospitalar
para reavaliação de doença pulmonar obstrutiva
crónica. Na consulta prévia, há seis meses, apre-
sentava-se em estadio GOLD B. Refere agora,
desde há três meses, agravamento da dispneia
para esforços médios, sem alteração do padrão
habitual de tosse ou de expetoração. Nega febre,
perda de apetite ou outras queixas de novo. A
história médica revela ainda obesidade. A medi-
cação habitual inclui brometo de tiotrópio e sal-
meterol. É ex-fumador de 40 UMA desde há 10
anos. Os sinais vitais são temperatura 36 °C,
frequência respiratória 18/min, frequência
cardíaca 78/min e pressão arterial 115/89 mm
Hg; SpO2 94% (ar ambiente). Ao exame físico
apresenta cianose labial, com aparência confortáv-
el e atrofia muscular na área temporal. A auscul-
tação pulmonar revela crepitações raras dispersas,
sem prolongamento do tempo expiratório. O
restante exame físico, incluindo a auscultação
cardíaca, encontra-se dentro dos parâmetros de
normalidade.

Qual das seguintes alternativas mais provavel-
mente reduz o risco de morte relacionada com
esta doença?

Question

A. Azithromycin.
A. Azitromicina. B. Montelukast.

C.B. Oxygen therapy.Montelucaste.
C. D.Oxigenoterapia. Prednisolone.

E.D. Theophylline.Prednisolona.

Please indicate only the letter of the answer,
without justification.

E. Teofilina.

Indique apenas a letra da resposta, sem justifi-
cação.

The correct answer is:

(C) Oxygen therapy.

A resposta correta é:

(C) Oxigenoterapia.

ChatGPT-3.5 Turbo answer

Are you sure?Tem a certeza?Follow-up question

I apologize for the previous error. Let’s review
the situation:

Given the characteristics of the patient with se-
vere COPD and hypoxemia (SpO2 of 94% on
room air), the intervention that is most likely to
reduce the risk of death related to this condition
is oxygen therapy. Therefore, the correct answer
is:

(C) Oxygen therapy.

Peço desculpa pelo erro anterior. Vamos rever a
situação:

Dadas as características do paciente com DPOC
grave e hipoxemia (SpO2 de 94% em ar ambi-
ente), a intervenção que mais provavelmente re-
duzirá o risco de morte relacionada com esta
doença é a oxigenoterapia. Portanto, a resposta
correta é:

(C) Oxigenoterapia.

ChatGPT-3.5 Turbo answer

Human candidates’ scores were obtained from the official
records of the PNA 2023 examination, which are also publicly
available on the web [27].

To compare the mean scores of human candidates to those of
the language models, all questions of the PNA 2023 examination
had to be answered. Since the examination included 2 questions
using images (one in the first part and another one in the second
part; both with electrocardiogram strips), these questions were
answered by GPT-4o, as it can handle images in addition to
text.

Ethical Considerations
This study exclusively used data that had been previously
published online and did not involve direct interaction with
human participants. As a result, ethical guidelines pertaining to
human participants are not applicable.

Statistical Analysis
Analyses were performed using IBM SPSS Statistics (Version
21). The McNemar test [29] with continuity correction [30] was
used to determine differences between the first and second
responses of ChatGPT-3.5 Turbo and ChatGPT-4o mini.
Single-parameter t test was used to compare the performance
of ChatGPT-3.5 Turbo and ChatGPT-4o mini with that of human
candidates. Frequencies and percentages were used for
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categorical variables and means and CIs for numerical variables.
Statistical significance was considered at P<.05.

Results

Overall Performance and Consistency
In the initial response with ChatGPT-3.5 Turbo, of the 74
questions, 40 (54%) answers were correct and 34 (46%) answers
were incorrect. After the follow-up question, “Are you sure?,”
the number of correct answers decreased to 28 (38%), while the
number of incorrect answers increased to 46 (62%). This change
occurred because ChatGPT-3.5 Turbo corrected 12 originally
incorrect answers, but also changed 24 originally correct answers
to incorrect. This pattern of change approached, but did not
reach, significance (χ²1=3.361, P=.067).

Initially, of the 74 questions, ChatGPT-4o mini produced 48
(65%) correct answers and 26 (35%) incorrect answers. After
being asked, “Are you sure?,” the correct answers dropped to
42 (57%), while incorrect answers rose to 32 (43%). This change
occurred because ChatGPT-4o mini fixed 12 previously wrong
answers but also changed 18 previously correct answers to
incorrect. This pattern of change was not statistically significant
(χ²1=0.833, P=.361).

The 2 questions using images (one in the first part and another
one in the second part) were answered correctly by GPT-4o.

LLM Chatbot Versus Human
When evaluating AI capabilities in relation to human abilities,
LLM responses in part 1 of PNA (74 questions resolved by
ChatGPT-3.5 Turbo plus 1 by GPT-4o) showed lower accuracy
than human respondents. The human mean score was statistically
significantly higher by 6.04 (95% CI 5.65-6.43) than the LLM
score of 41 (P<.001).

In part 2 of PNA (74 questions resolved by ChatGPT-4o mini
added to 1 question by GPT-4o), the LLM score showed higher
accuracy than human respondents. The human mean score was
statistically significantly lower by 5.58 (95% CI 5.25-5.9) than
the LLM score of 49 (P<.001).

Discussion

Principal Findings
This study analyzes the performance of 2 ChatGPT models
(ChatGPT-3.5 Turbo and ChatGPT-4o mini) on the Portuguese
medical written examination: 2023 National Examination for
Access to Specialized Training, revealing important differences
in accuracy and consistency. Although, both ChatGPT-3.5 Turbo
and ChatGPT-4o mini answered correctly in the majority of the
questions, ChatGPT-4o mini achieved a higher accuracy rate
of 65% (48/74) compared to ChatGPT-3.5 Turbo’s 54% (40/74),
demonstrating a superior capability in handling medical
questions. Additionally, ChatGPT-4o mini showed greater
consistency in confirming answers, highlighting its reliability.
When evaluated against human respondents, ChatGPT-4o mini
outperformed the average human accuracy, while ChatGPT-3.5
Turbo fell short.

Strengths
This study stands out for its innovative approach in analyzing
the performance of ChatGPT-3.5 Turbo and ChatGPT-4o mini
in a medical examination context. It is the first to evaluate these
models using an examination conducted in a less commonly
studied language, Portuguese, thereby broadening the scope of
language-specific AI assessments. By incorporating the actual
scores of human candidates for comparison, the study provides
a robust benchmark against real-world performance.
Furthermore, the research examines the stability of the AI’s
answers by repeatedly asking “Are you sure?,” offering valuable
insights into the consistency of the responses.

Comparison to Prior Work
A recent study evaluated ChatGPT’s performance on medical
licensing examinations across multiple countries (United States,
Italy, France, Spain, United Kingdom, and India) and determined
a variable accuracy, ranging from 22% on the French
examination to 73% on the Italian examination [26]. In this
study, ChatGPT answered correctly in more than 50% of the
Portuguese medical examination questions, positioning it next
to the countries with better performance. For example, in a
Turkish study, ChatGPT reached 70.9% accuracy in the medical
specialty examination [31]. In the Iranian medical licensing
examination, ChatGPT performed with 68.5% of the questions
answered correctly [32]. And in Poland, ChatGPT achieved a
67.1% correct response rate on the Polish medical specialization
licensing examination [33].

When analyzing the differences between the 2 ChatGPT
versions, ChatGPT-4o mini outperformed ChatGPT-3.5 Turbo
in this study: 65% (48/74) vs 54% (40/74) correct response rate.
This suggests that advancements in the underlying architecture
and training data of ChatGPT-4o mini (knowledge up to October
2023) have improved its capability to understand and respond
to medical questions with more accuracy. Previous studies
evaluating the performance of different ChatGPT models found
that ChatGPT-4 consistently performed better compared to
ChatGPT-3.5. For example, ChatGPT-4 outperformed
ChatGPT-3.5 on the Polish Medical Final Examination [34],
the Spanish Medical Residency Entrance Examination (Médico
Interno Residente) [35], the 2023 Japanese Nursing Examination
[36], the Peruvian National Licensing Medical Examination
(Examen Nacional de Medicina) [37], and in the USMLE soft
skill assessments [28], to name a few. Nonetheless, ChatGPT-4
is a paid model and thus not accessible to everyone, which is
not the case for the most recent free-to-use ChatGPT-4o mini.

Another important aspect is consistency. The results of this
study revealed that ChatGPT-3.5 Turbo was less stable when
asked to confirm its original answers. These results are
consistent with those of Brin et al [28], who found that
ChatGPT-3.5 altered its answers 82.5% of the time in the
USMLE assessments [28]. Unfortunately, in this study, it was
not shown that by changing the original answers, ChatGPT-3.5
Turbo improves its accuracy. This contrasts with studies on
human students, which have shown that changing their answers
usually improves their test scores [38]. One can wonder, since
the “awareness of what one knows and does not know depends
in part on how much one knows” [39], does ChatGPT-3.5 Turbo
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change its answers because it does not know, or does it simply
change answers to satisfy the user when prompted?

When evaluating the AI models against human respondents, it
was found that in part 2 of the PNA examination (74 questions
resolved by ChatGPT-4o mini plus 1 question by GPT-4o), the
LLM outperformed the average accuracy of human participants.
In contrast, in part 1 of the PNA examination (74 questions
resolved by ChatGPT-3.5 Turbo plus 1 question by GPT-4o),
LLM showed lower accuracy than human respondents. This
indicates that while earlier versions, like ChatGPT-3.5 Turbo,
may have required a high degree of human oversight, more
recent and advanced versions, like ChatGPT-4o mini, have the
potential to match or exceed human performance in medical
domains. Although no previous studies have analyzed the
performance of ChatGPT-4o mini, and no direct comparisons
can be made, some studies have already noted that LLMs
outperformed human candidates in several medical
examinationinations (eg, the German Medical State
Examinations of 2022 [40], part 1 of the Fellowship of the Royal
College of Ophthalmologists MCQ examination [41], and the
University of Toronto Family Medicine Residency Progress
Test [42]).

Limitations
This study has several limitations regarding the performance
evaluation of ChatGPT-3.5 Turbo and ChatGPT-4o mini. The
analysis was based solely on ChatGPT’s indication of the correct
answer, which, while aligning with expectations for human
candidates, does not consider other aspects of examination
performance. Additionally, the grading did not account for the
complexity or length of the questions, providing an incomplete
assessment of the models’ performance. Further studies should
incorporate a more comprehensive evaluation framework that
considers the reasoning process and evaluates performance
across a broader range of question types and difficulties.

Future Perspectives
This study highlights the importance of continuous improvement
in ChatGPT models to further enhance their reliability and
accuracy. The superior performance of ChatGPT-4o mini
compared to its predecessor offers promising applications in
medical education. Its higher accuracy and consistency suggest
that it could serve as an effective tool for training medical
students. However, a broader assessment of ChatGPT-4o mini
across various tests and real-world scenarios is required, as good
performance on a specific test may not indicate abilities for
general and reliable medical education usage. Additionally,
there are known drawbacks and ethical considerations when
using AI applications, including the potential for fabricated,
incorrect, or biased information [43]. Other issues include
limited training periods and the possibility of providing different
answers to the same question depending on how the question
is phrased [43]. A recent systematic scoping review by Xu et
al [44] advises medical students to use ChatGPT cautiously,
cross-checking information with reliable sources and disclosing
AI-generated content in their work. Teachers should guide
students on the effective and ethical use of ChatGPT, assess its
reliability, and explore mixed assessment methods to evaluate
student abilities while considering its impact on traditional
assignments [44].

Conclusion
On the 2023 Portuguese National Examination for Access to
Specialized Training, ChatGPT-4o mini achieved an accuracy
rate of 65% (48/74), surpassing ChatGPT-3.5 Turbo. This
demonstrates a superior capability in handling medical
questions. ChatGPT-4o mini outperformed medical candidates,
while ChatGPT-3.5 Turbo had a more moderate performance.
This study highlights the advancements and potential of
ChatGPT models in medical education, emphasizing the
importance of careful implementation with teacher oversight
and further research.
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Abstract

Background: The integration of artificial intelligence (AI), notably ChatGPT, into medical education, has shown promising
results in various medical fields. Nevertheless, its efficacy in traditional Chinese medicine (TCM) examinations remains
understudied.

Objective: This study aims to (1) assess the performance of ChatGPT on the TCM licensing examination in Taiwan and (2)
evaluate the model’s explainability in answering TCM-related questions to determine its suitability as a TCM learning tool.

Methods: We used the GPT-4 model to respond to 480 questions from the 2022 TCM licensing examination. This study
compared the performance of the model against that of licensed TCM doctors using 2 approaches, namely direct answer selection
and provision of explanations before answer selection. The accuracy and consistency of AI-generated responses were analyzed.
Moreover, a breakdown of question characteristics was performed based on the cognitive level, depth of knowledge, types of
questions, vignette style, and polarity of questions.

Results: ChatGPT achieved an overall accuracy of 43.9%, which was lower than that of 2 human participants (70% and 78.4%).
The analysis did not reveal a significant correlation between the accuracy of the model and the characteristics of the questions.
An in-depth examination indicated that errors predominantly resulted from a misunderstanding of TCM concepts (55.3%),
emphasizing the limitations of the model with regard to its TCM knowledge base and reasoning capability.

Conclusions: Although ChatGPT shows promise as an educational tool, its current performance on TCM licensing examinations
is lacking. This highlights the need for enhancing AI models with specialized TCM training and suggests a cautious approach to
utilizing AI for TCM education. Future research should focus on model improvement and the development of tailored educational
applications to support TCM learning.

(JMIR Med Educ 2025;11:e58897)   doi:10.2196/58897

KEYWORDS

artificial intelligence; AI language understanding tools; ChatGPT; natural language processing; machine learning; Chinese
medicine license exam; Chinese medical licensing examination; medical education; traditional Chinese medicine; large language
model

Introduction

Traditional Chinese medicine (TCM), recognizeartid as one of
the most renowned traditional medical systems, boasts a history
spanning thousands of years. In the modern era, TCM has
evolved to form an integral part of the formal health care system

in East Asian countries, particularly in China and Taiwan [1,2].
TCM encompasses a wealth of theoretical knowledge and
features unique diagnostic and treatment methods, such as
acupuncture and herbal therapy. As a highly practical discipline,
TCM learning traditionally relies on the accumulation of
experience and the mentorship inherent in the master-apprentice
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system; hence, this education model may not be sufficiently
reliable or comprehensive. However, with the emerging need
for integrative medicine over time, TCM has been integrated
into the modern medical education system. This integration has
led to prominent changes in educational approaches. The
incorporation of TCM into academic institutions resulted in the
establishment of formal examination systems. For instance, in
Taiwan, TCM practitioners must pass a biannual licensing
examination, termed the National Senior Professional and
Technical Examinations for Chinese Medicine Practitioners
(hereinafter called the “TCM licensing examinations”), to
practice as a licensed TCM doctor, similar to their Western
medicine counterparts [3].

The advancements in technology and the development of
artificial intelligence (AI) have begun to impact and challenge
the medical field, with TCM being no exception [4,5]. In the
past year, significant progress has been made in AI language
models, particularly those based on the generative pretrained
transformer (GPT) architecture. ChatGPT, a conversational
variant of the GPT model, has demonstrated its potential across
various domains [6]. Recognized for its foundational medical
knowledge and conversational capabilities, ChatGPT is
considered a valuable tool in medical education, aiding in the
understanding and application of medical knowledge [7], thereby
facilitating student learning [8]. However, its responses are not
consistently reliable. Unlike humans who answer questions
based on an understanding of the content, it generates replies
by drawing from a vast database. Therefore, although it can
produce human-like conversations and respond to inquiries, it
cannot guarantee the accuracy of its responses [9,10].

Discussions have emerged regarding the sufficiency of AI for
clinical decision-making and basic medical consultation [7,11].
In addition, to be a potential mentor for medical students, one
benchmark is the ability of AI to pass national licensing
examinations (the minimum standard for practicing physicians).
Thus, the application of ChatGPT in medical examinations has
opened a new research direction. Studies have shown that GPT
models, especially GPT-4, can achieve commendable scores on
a variety of standardized tests for multiple professions, such as
physicians [12-14], pharmacists [15], and nurses [16]. This
success in examination settings has sparked interest in the
potential of ChatGPT as a self-learning tool, suggesting its use
for examination preparation and knowledge enhancement [17].

As previously mentioned, while TCM is a traditional medical
system distinct from modern medicine, it has been integrated
into modern medical education systems and subjected to formal
examinations. The question arises: does ChatGPT possess the
requisite knowledge level to assist TCM students in their
learning? Only 1 study examined GPT’s ability to answer TCM
questions, but it focused on questions sourced from online TCM

texts rather than formally recognized examination questions
and utilized older GPT models (GPT-3 Turbo) [18]. In contrast,
a more rigorous study on traditional Korean medicine found
that, due to the unique nature of traditional medicine, GPT
models require specially optimized prompts, such as
language-related adjustments, to pass examinations [19].
However, considering the classical Chinese language barrier
and different medical theories in TCM, whether GPT models
would face challenges in TCM licensing examinations remains
unexplored.

The aim of this study is to evaluate whether ChatGPT can
accurately understand and respond to TCM questions by
assessing its performance in simulated examination
environments. By analyzing the accuracy of AI-generated
answers, we sought to identify factors affecting their correctness.
This study also aims to understand the consistency between
AI-generated answers and their accompanying explanations,
offering insights into the depth of understanding of this model.
By analyzing the performance of ChatGPT in simulated TCM
licensing examinations and comparing it with human
performance, this study hopes to provide new insights and
recommendations for innovation and development in TCM
education.

Methods

Study Design
Figure 1 shows the data processing flowchart of this study. The
feasibility of using ChatGPT (GPT-4 model, with a knowledge
cutoff date of September 2021), developed by OpenAI, with 2
different prompts on responding to the first National Senior
Professional and Technical Examinations for Chinese Medicine
Practitioners was assessed by comparing the responses of the
model to those of licensed TCM resident doctors. A total of 480
questions from the 2022 examination were inputted into
ChatGPT, and 2 different approaches were used to obtain
responses from ChatGPT. The first step involved prompting AI
to select the correct answer directly from the question options.
The second step required ChatGPT to explain why each option
was correct or incorrect before selecting the correct answer. For
the second step, individual answers and explanations from
ChatGPT were manually assessed for accuracy and consistency.
Subsequently, accuracy was measured by comparing the
AI-selected answers with the correct answers. Additionally, the
performance of AI was benchmarked against that of human
experts. Two individual TCM resident doctors took the same
examination without preparation, and their answers were also
evaluated for accuracy. Finally, consistency was evaluated by
comparing explanations against a standard set of answers for
logical coherence, and the reasons for inconsistency were also
verified by the 2 TCM doctors.
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Figure 1. Flowchart of this study. GPT: generative pretrained transformer; TCM: traditional Chinese medicine.

The TCM Licensing Examination in Taiwan
In Taiwan, TCM doctors are qualified through 2 stages of
licensing examinations after graduation from their TCM course
at the university. The contents and answers are freely
downloadable after each examination from the following website
[20]. The examinations contain 2 stages corresponding to 10
subjects. The first stage consists of basic theory, including 黃
帝內經 (Huangdi Neijing), 難經 (Nanjing) (domain I), and
basic pharmacology and formulation (domain II). The second
stage consists of principles of diagnosis and treatment, including
傷寒論 (Shanghanlun) and 金匱要略 (Jinguiyaolue) (domain
III), TCM internal medicine (domain IV), TCM gynecology
and obstetrics (domain IV), TCM pediatrics (domain IV), TCM
dermatology (domain V), TCM otorhinolaryngology (domain
V, including questions regarding the specialty concerning ears,
nose, and throat [ENT]) and ophthalmology (domain V), TCM
traumatology (domain V), and acupuncture (domain VI). Each
domain contains 80 multiple-choice questions with single
answers. The full score of each domain is 100. The examination
score is calculated by dividing the total score by the number of
subjects. Only examinees obtaining average scores ≥60 pass
the examination. TCM students are eligible to take the first-stage
examination when they have earned the requisite fourth-year
university credits. Before the second-stage examination, TCM
students must first pass the first-stage examination and graduate
from the 7-year university course.

Question Characteristics
A total of 5 factors were used to characterize the examination
questions, including the cognitive level, depth of knowledge
(DOK), type of questions, vignette style, and polarity of
questions (Table S1 in Multimedia Appendix 1). LWT and YCL
independently reviewed and classified all questions according
to the definitions of these 5 factors. In case of disagreement,
HYC was consulted, and the disagreement was resolved by
reaching a consensus among all authors. Bloom’s taxonomy
was modified to classify the questions into lower-order thinking
skills (LOTS) and higher-order thinking skills (HOTS). LOTS

include remembering, understanding, and applying knowledge
to questions, while HOTS include further analyzing, evaluating,
and creating after learning [21,22]. For the DOK, 3 levels,
ranging from low to high based on Webb’s framework on
science, were defined as recall, concept, and strategic thinking.
Questions with higher levels of DOK indicate the recruitment
of sophisticated thinking [23]. Furthermore, the licensing
examinations in Taiwan are presented as single-choice questions,
adhering to the 1 stem, 4 choices policy. However, 2 types of
questions were used to add variety to examination questions,
including single-answer multiple-choice (SAMC) and
single-answer, multiple-response multiple-choice (SAMRMC)
questions. SAMC questions had only 1 most appropriate answer,
while SAMRMC questions require the tester to choose the most
appropriate answer composed of multiple correct options
provided in each question (Table S2 in Multimedia Appendix
2). Moreover, if the content of a question presents clinical
scenarios, this question would be categorized as the clinical
vignette type. This type of question typically aims to examine
the ability of the tester to analyze the clinical conditions and
corresponding actions. The polarity of a question depended on
whether the question was positively or negatively framed. A
“positive-choice question” solicits the correct or affirmative
answer, whereas a “negative choice question” demands the
identification of the incorrect or negative answer.

Prompt for AI-Generated Answers
To enhance the precision and brevity of responses obtained
from ChatGPT (GPT-4 model), we strategically added “think
step-by-step” to our queries. This approach aimed to guide the
model toward a methodical and sequential problem-solving
process. Subsequently, by integrating the command “but show
me only the answer, do not explain it,” we aimed to extract a
more refined and consolidated answer, significantly boosting
the response accuracy of the model. An example of a prompt
with response is demonstrated in Table S3 in Multimedia
Appendix 3. We created a collection of unique prompts derived
from an equal number of questions in the question database,
submitting them sequentially to the AI model. To solve the issue
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of memory retention between submissions, we used a specialized
application designed to initiate separate application
programming interface requests for each prompt. This approach
guaranteed that each application programming interface
interaction would be initiated separately. This ensures that the
processing of each prompt and the generation of its answer were
conducted in isolation, thereby preserving the integrity of the
responses without interference from a prior response [24,25].

Prompt for Explanations Provided By AI Through
Step-By-Step and Human-Curated Answers
Furthermore, to understand the thinking process of GPT and
evaluate the accuracy of its interpretation of our inquiries, we
prompted ChatGPT to “explain each item” for each question.
This prompt directed the AI to furnish exhaustive explanations
for each item [26] (Table S4 in Multimedia Appendix 4). LWT
and YCL reviewed all explanations to items and reached
decisive responses based on AI-generated explanations. This
process was termed “human-curated responses.” To authentically
represent the logic of AI, we refrained from making any human
amendments, even if the explanations provided by AI were
incorrect. The answer would be marked as “wrong” if the
AI-generated explanations were incorrect.

Outcome Assessment
We evaluated the accuracy of answers generated by the GPT,
those made by humans, and explanations provided by the GPT
and curated by humans. This was achieved by calculating the
ratio of accurate responses to the total number of questions and
representing the results as a percentage. This measure of
accuracy underwent comparative analysis across different
attributes of the questions. The human-curated answers, which
encapsulated the interpretation of questions by AI, were
evaluated by LWT, YCL, and HYC, who reached a consensus
to identify instances of misinterpretation of the question (GPT
cannot understand the question and does not provide an answer),
misunderstanding of concepts (GPT can understand the question,
but lacks knowledge of the topic), and incorrect application of
principles (the responses GPT provides are correct in general
but fail to answer the question).

Statistical Analysis
Proportions and percentages were used to present categorical
data. A logistic regression approach was adopted to assess the
effect of various attributes of questions on the correctness of
responses generated by GPT-4. The cognitive complexity of
the questions, their structural format, the inclusion of clinical

vignettes, the overall polarity of questions, and the subjects
were used as covariates in the logistic regression with
univariable and multivariable models. The influence of each
variable on the probability of the AI producing accurate answers
was quantified using the adjusted odds ratio, accompanied by
95% CIs. Additionally, the κ statistic was used to evaluate the
agreement between responses generated by GPT and curated
by humans. This represented the different viewpoints concerning
the same explanation between GPT and humans. P<.05 was
used as the threshold for statistical significance. All statistical
evaluation was performed utilizing Stata 17 (StataCorp LLC).

Ethical Considerations
This study did not require ethical approval, as it analyzed data
obtained from a publicly available database. The test questions
and answers used were originally created and copyrighted by
the Taiwan Ministry of Examination and made accessible for
academic research purposes. The Ministry retains full copyright
over the examination content and confirmed that this research
adhered to copyright regulations without any infringement.

Results

Question Characteristics
The examination encompassed a total of 480 questions spanning
10 specialties. Four image-related questions were excluded. Our
findings indicated that most questions were HOTS, SAMC,
negative-choice, and without a clinical vignette. According to
Bloom’s taxonomy of cognitive learning, the majority of
questions across all subjects required HOTS (263/476, 55.3%;
LOTS: 213/476, 44.7%). In particular, principles of diagnosis
and treatment, TCM internal medicine, TCM dermatology, and
TCM traumatology predominantly featured HOTS (58/80,
72.5%; 37/48, 77.1%; 13/19, 68.4%; and 17/20, 85%,
respectively), while TCM pediatrics mainly involved LOTS
(11/16, 68.8%). Within the LOTS category, “remembering”
was the most common type (121/213, 56.8%), while “analyzing”
dominated the HOTS category (255/263, 97%). In terms of
Webb’s DOK analysis of question types, the basic application
of skill/concept represented the largest proportion (248/476,
52.1%), surpassing recall (85/476, 17.9%) and strategic thinking
(143/476, 30%). A large portion of the questions were formatted
as SAMC (439/476, 92.2%). Negative-choice questions
comprised 62.2% (296/476) of the total, while 23.9% (180/476)
of the questions included a clinical vignette (Table 1, Figures
2 and 3).
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Table . Characteristics of TCMa licensing examinations in Taiwan, 2022.

TCM
acupunc-
ture
(n=80)

TCM trau-
matology
(n=20)

TCM
ENT, oph-
thalmolo-
gy (n=37)

TCM der-
matology
(n=19)

TCM pedi-
atrics
(n=16)

TCM

GYN/OBSb

(n=16)

TCM inter-
nal
medicine
(n=48)

Principle
of diagno-
sis and
treatment
(n=80)

Basic
pharmacol-
ogy and
formula-
tion
(n=80)

Basic theo-
ry

(n=80)

Total
(n=476)

Cognitive
level

LOTS c

31 (38.8)3 (15)13 (35.1)5 (26.3)8 (50)6 (37.5)1 (2.1)7 (8.8)19 (23.8)28 (35)121 (25.4)    Remem-
bering

7 (8.8)0 (0)5 (13.5)0 (0)0 (0)0 (0)2 (4.2)7 (8.8)10 (12.5)10 (12.5)41 (8.6)    Under-
standing

8 (10)0 (0)4 (10.8)1 (5.3)3 (18.8)3 (18.8)8 (16.7)8 (10)9 (11.3)7 (8.8)51 (10.7)    Apply-
ing

HOTS d

33 (41.3)17 (85)15 (40.5)13 (68.4)5 (31.3)7 (43.8)37 (77.1)54 (67.5)40 (50)34 (42.5)255 (53.6)    Analyz-
ing

1 (1.3)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)4 (5.0)2 (2.5)1 (1.3)8 (1.7)    Evaluat-
ing

Depth of knowledge

22 (27.5)4 (20)3 (8.1)3 (15.8)5 (31.3)4 (25)0 (0)6 (7.5)18 (22.5)20 (25)85 (17.9)    Recall

44 (55)8 (40)25 (67.6)8 (42.1)6 (37.5)7 (43.8)28 (58.3)44 (55)44 (55)34 (42.5)248 (52.1)    Basic
applica-
tion of
skill/con-
cept

14 (17.5)8 (40)9 (24.3)8 (42.1)5 (31.3)5 (31.3)20 (41.7)30 (37.5)18 (22.5)26 (32.5)143 (30)    Strate-
gic think-
ing

Type of question options and choices

69 (86.3)20 (100)30 (81.1)19 (100)13 (81.3)11 (68.8)48 (100)75 (93.8)76 (95)78 (97.5)439 (92.2)    SAMCe

11 (13.8)0 (0)7 (18.9)0 (0)3 (18.8)5 (31.3)0 (0)5 (6.3)4 (5)2 (2.5)37 (7.8)    SAM-

RMCf

Clinical vignette

74 (92.5)16 (80)29 (78.4)13 (68.4)14 (87.5)7 (43.8)22 (45.8)61 (76.3)63 (78.8)63 (78.8)362 (76.1)    With-
out clini-
cal vi-
gnette

6 (7.5)4 (20)8 (21.6)6 (31.6)2 (12.5)9 (56.3)26 (54.2)19 (23.8)17 (21.3)17 (21.3)114 (23.9)    With
clinical vi-
gnette

Polarity of question options

36 (45)13 (65)8 (21.6)9 (47.4)5 (31.3)3 (18.8)21 (43.8)36 (45)27 (33.8)22 (27.5)180 (37.8)    Positive

44 (55)7 (35)29 (78.4)10 (52.6)11 (68.8)13 (81.3)27 (56.3)44 (55)53 (66.3)58 (72.5)296 (62.2)    Nega-
tive

aTCM: traditional Chinese medicine.
bGYN/OBS: gynecology/obstetrics.
cLOTS: lower-order thinking skills.
dHOTS: higher-order thinking skills.
eSAMC: single-answer multiple-choice.
fSAMRMC: single-answer, multiple-response multiple-choice.
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Figure 2. Distribution of subjects in TCM licensing examinations. The detailed numbers and proportion of each subject’s question types can be seen
in Table 1. ENT: ears, nose, and throat; GYN/OBS: gynecology/obstetrics; HOTS: higher-order thinking skills; LOTS: lower-order thinking skills;
SAMC: single-answer multiple-choice; SAMRMC: single-answer, multiple-response multiple-choice; TCM: traditional Chinese medicine.

Figure 3. Analysis of question types according to Bloom’s cognitive level in TCM licensing examinations. ENT: ears, nose, and throat; TCM: traditional
Chinese medicine.

GPT-4 Model Performance and Accuracy Across
Different Question Characteristics
We observed that the performance of the GPT-4 model was
inferior to that of humans and did not demonstrate significant
variation across different categories of examination questions.

The GPT-4 model demonstrated an overall accuracy of only
43.9% (209/476). In comparison, 2 human evaluators achieved
accuracy rates of 70% (333/476) and 78.4% (373/476),
respectively (Table 2). The performance of ChatGPT across
various variables is shown in Table 3. The accuracy of
AI-generated answers did not show a significant correlation
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with the characteristics of the questions, regardless of the
classification method used (Figure 4). The GPT-4 model
demonstrated a performance close to that of humans in TCM
dermatology and TCM traumatology. The accuracy of
AI-generated answers varied among the test subjects, ranging
from 31.3% in TCM pediatrics to 73.7% in TCM dermatology.
Notably, only TCM internal medicine (adjusted odds ratio [aOR]
3.07, 95% CI 1.41‐6.68; P=.005), TCM dermatology (aOR

5.11, 95% CI 1.65‐15.85; P=.005), and TCM acupuncture
(aOR 2.14, 95% CI 1.12‐4.11; P=.02) showed statistically
significant better performance (Figure 4). On the other hand,
GPT had a higher, but not statistically significant, accuracy rate
for questions categorized as LOTS (96/213, 45.1%), SAMC
(197/439, 44.9%), strategic thinking (66/143, 46.2%), with
clinical vignette (52/114, 45.6%), and positive-choice (85/180,
47.2%).

Table . Accuracy rates of testers and ChatGPT-4 for TCMa licensing examinations.

Accuracy, %Number of correct responsesNumber of questions

70333476Human-made 1

78.4373476Human-made 2

43.9209476ChatGPT-4b

40.3192476Human-curated answer 1

39.1186476Human-curated answer 2

aTCM: traditional Chinese medicine.
bChatGPT did not show answers to 7 questions although an explanation was provided.
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Table . Accuracy rates of testers and ChatGPT-4 across different types and subjects of questions.

Accuracy, %

Human-curated 2Human-curated 1ChatGPT-4Human-made 2Human-made 1

Bloom’s cognitive level

75 (35.2)78 (36.6)96 (45.1)164 (77)150 (70.4)LOTSa

111 (42.2)114 (43.3)113 (43)209 (79.5)183 (69.6)HOTSb

Depth of knowledge

22 (25.9)27 (31.8)34 (40)65 (76.5)57 (67.1)Recall

102 (41.1)103 (41.5)109 (44)193 (77.8)172 (69.4)Basic application of
skill/concept

62 (43.4)62 (43.4)66 (46.2)115 (80.4)104 (72.7)Strategic thinking

Type of questions

176 (40.1)180 (41)197 (44.9)346 (78.8)312 (71.1)SAMCc

10 (27)12 (32.4)12 (32.4)27 (73)21 (56.8)SAMRMCd

Vignette style question

137 (37.8)143 (39.5)157 (43.4)283 (78.2)248 (68.5)Without clinical vi-
gnette

49 (43)49 (43)52 (45.6)90 (78.9)85 (74.6)With clinical vignette

Polarity of question

76 (42.2)78 (43.3)85 (47.2)142 (78.9)129 (71.7)Positive

110 (37.2)114 (38.5)124 (41.9)231 (78)204 (68.9)Negative

Subjects

28 (35)29 (36.3)29 (36.3)63 (78.8)51 (63.7)Basic theory

28 (35)32 (40)30 (37.5)66 (82.5)63 (78.8)Basic pharmacology
and formulation

29 (36.3)29 (36.3)29 (36.3)58 (72.5)57 (71.3)Principle of diagnosis
and treatment

24 (50)24 (50)30 (62.5)44 (91.7)41 (85.4)TCMe internal
medicine

4 (25)4 (25)8 (50)12 (75)10 (62.5)TCM gynecology and
obstetrics

7 (43.8)7 (43.8)5 (31.3)13 (81.3)11 (68.8)TCM pediatrics

12 (63.2)12 (63.2)14 (73.7)17 (89.5)14 (73.7)TCM dermatology

13 (35.1)13 (35.1)12 (32.4)26 (70.3)21 (56.8)TCM ENTf, ophthal-
mology

8 (40)8 (40)9 (45)14 (70)9 (45)TCM traumatology

33 (41.3)34 (42.5)43 (53.8)60 (75)56 (70)TCM acupuncture

aLOTS: lower-order thinking skills.
bHOTS: higher-order thinking skills.
cSAMC: single-answer multiple-choice.
dSAMRMC: single-answer, multiple-response multiple-choice.
eTCM: traditional Chinese medicine.
fENT: ears, nose, and throat.
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Figure 4. Factors associated with correct answers provided by ChatGPT-4. aOR: adjusted odds ratio; ENT: ears, nose, and throat; GYN/OBS:
gynecology/obstetrics; HOTS: higher-order thinking skills; LOTS: lower-order thinking skills; SAMC: single-answer multiple-choice; SAMRMC:
single-answer, multiple-response multiple-choice; TCM: traditional Chinese medicine.

Consistency Between AI-Generated Answers and
Human-Curated Answers and Analysis of Incorrect
Responses Provided by the GPT-4 Model
The consistency between AI-generated and human-curated
results was low (κ=0.504; Figure 5). After human review, the
accuracy of the human-curated answers showed an overall trend
of slight decrease, except for some minor increases in basic
pharmacology and formulation, TCM pediatrics, and TCM
otorhinolaryngology and ophthalmology. The accuracies for
the remaining specialties were slightly lower, ranging from

43.9% to 40.3% (Table 2, Figures 5 and 6). For human reviewer
1, discrepancies were observed between AI-generated responses
and those reviewed by humans, with 23.96% (115 of 480
questions) of the answers provided by AI conflicting with its
own explanations. For 33% of correctly answered questions (69
of 209 questions), the AI provided an incorrect explanation,
indicating a scenario of “correct answer, incorrect explanation.”
Conversely, for 17% of incorrectly answered questions (46 of
267 questions), the AI provided a correct explanation, suggesting
a case of “incorrect answer, correct explanation.” This reduced
the overall accuracy of the AI model to 43.9%.
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Figure 5. Accuracy rates of humans and ChatGPT-4 for TCM licensing examinations. The passing standard is an average score of 60. With 476
questions, the threshold is at least 286 correct answers (red dashed line). AI: artificial intelligence; TCM: traditional Chinese medicine.

Figure 6. Performance of humans and ChatGPT-4 across various subjects. ENT: ears, nose, and throat; GYN/OBS: gynecology/obstetrics; TCM:
traditional Chinese medicine.

We further analyzed the reasons responsible for the incorrect
answers provided by the GPT. For this purpose, we categorized
the potential reasons for these errors into 3 types:
misinterpretation of the question (failing to understand the
question), misunderstanding of concepts (lacking knowledge
of the topic), and incorrect application of principles (the content
is correct, but it does not answer the question). The results
revealed that most of the errors (263/476, 55.3%) were attributed

to the misunderstanding of concepts (Table 4, Figure 7).
However, a closer examination of the different characteristics
of the questions indicated that misunderstanding of concepts
was more common in LOTS, recall, and SAMRMC compared
to their counterparts. The second most common cause of error
was incorrect application of principles (20/476, 4.2%), followed
by misinterpretation of questions (7/476, 1.5%).
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Table . Reasons responsible for incorrect artificial intelligence–generated responses (human-curated).

P valueIncorrect application of
principles (n=20)

Misunderstanding of
concepts (n=263)

Misinterpretation of the
question (n=7)

Correct (n=186)

.25Bloom’s cognitive level

9 (45)124 (47.1)5 (71.4)75 (40.3)LOTSa

11 (55)139 (52.9)2 (28.6)111 (59.7)HOTSb

.06Depth of knowledge

3 (15)60 (22.8)0 (0)22 (11.8)Recall

9 (45)132 (50.2)5 (71.4)102 (54.8)Basic application of
skill/concept

8 (40)71 (27)2 (28.6)62 (33.3)Strategic thinking

.16Type of questions

20 (100)237 (90.1)6 (85.7)176 (94.6)SAMCc

0 (0)26 (9.9)1 (14.3)10 (5.4)SAMRMCd

.39Vignette style question

13 (65)206 (78.3)6 (85.7)137 (73.7)Without clinical vi-
gnette

7 (35)57 (21.7)1 (14.3)49 (26.3)With clinical vignette

.28Polarity of question

5 (25)98 (37.3)1 (14.3)76 (40.9)Positive

15 (75)165 (62.7)6 (85.7)110 (59.1)Negative

<.001Subjects

17 (85)35 (13.3)0 (0)28 (15.1)Basic theory

2 (10)49 (18.6)1 (14.3)28 (15.1)Basic pharmacology
and formulation

0 (0)48 (18.3)3 (42.9)29 (15.6)Principle of diagnosis
and treatment

0 (0)24 (9.1)0 (0)24 (12.9)TCMe internal
medicine

0 (0)12 (4.6)0 (0)4 (2.2)TCM gynecology and
obstetrics

0 (0)8 (3.0)1 (14.3)7 (3.8)TCM pediatrics

0 (0)7 (2.7)0 (0)12 (6.5)TCM dermatology

1 (5)22 (8.4)1 (14.3)13 (7)TCM ENTf, ophthal-
mology

0 (0)12 (4.6)0 (0)8 (4.3)TCM traumatology

0 (0)46 (17.5)1 (14.3)33 (17.7)TCM acupuncture

aLOTS: lower-order thinking skills.
bHOTS: higher-order thinking skills.
cSAMC: single-answer multiple-choice.
dSAMRMC: single-answer, multiple-response multiple-choice.
eTCM: traditional Chinese medicine.
fENT: ears, nose, and throat.
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Figure 7. Distribution of reasons for incorrect answers provided by ChatGPT-4. ENT: ears, nose, and throat; GYN/OBS: gynecology/obstetrics; HOTS:
higher-order thinking skills; LOTS: lower-order thinking skills; SAMC: single-answer multiple-choice; SAMRMC: single-answer, multiple-response
multiple-choice; TCM: traditional Chinese medicine.

Discussion

Performance of ChatGPT in Medical Examinations
This is the first study to test the capabilities of ChatGPT in TCM
examinations. ChatGPT has undergone rigorous testing for its
proficiency in medical examinations. Nonetheless, its
effectiveness in TCM licensing examinations remains
unexplored. Hence, this study fills a research void by examining
the capability of an advanced language model like ChatGPT in
the context of TCM. Generally, most studies indicate ChatGPT
can meet the medical examination pass standards. For example,
ChatGPT 3.5 scored around the pass mark on the United States
Medical Licensing Examination [14] and exhibited strong
performance in specialties such as radiation oncology and
neurosurgery [27,28]. GPT-4 surpassed 70% in its score for UK
medical licensing examinations [12], and its competency extends
to examinations in different languages. For example, GPT 3.5
typically scored around the passing mark on the Japanese
nursing examinations [16] and Korean medical student
parasitology examinations [29]. Although GPT-3.5 Turbo is
not yet capable, GPT-4 passed the medical licensing
examinations of China [30,31] and achieved 88.6% accuracy
in the equivalent examinations of Saudi Arabia [32].
Interestingly, it even outperformed human residents in the
residency training examinations of Japan [33].

Published research has identified 2 trends in this setting. First,
GPT-4 surpasses GPT-3.5 in identical medical examinations,
as demonstrated in medical student finals in Poland [34] and
the medical licensing examinations of Peru [35]. A systematic
review and meta-analysis of ChatGPT use in medical licensing
examinations worldwide observed similar results [36]. Second,
ChatGPT models showed higher accuracy when answering

questions translated into English compared with the original
language [34,37]. In Taiwan, traditional Chinese is the language
used for medical licensing examinations. Despite this
disadvantage, ChatGPT performed near the pass threshold for
the nursing [38] and pharmacy licensing examinations in Taiwan
[15]; translating pharmacy examination questions into English
indeed improved scores across all subjects [15]. Thus, it was
hypothesized that GPT-4 would perform similarly in TCM
licensing examinations. However, the results were surprising.
The study used the first 2022 TCM licensing examinations in
Taiwan as a case study to assess the performance of the model.
GPT-4 failed the exam with an overall accuracy of 43.9%;
following human revision of AI-provided explanations, the
accuracy further decreased to 40.3% (human 1) and 39.1%
(human 2). These results underscore the need for further research
and development on the application of AI models to TCM
examination preparation and highlight the existing knowledge
gap. The reasons behind these outcomes merit further
investigation.

Challenges Encountered by ChatGPT When
Answering Medical Questions
Previous literature has discussed the shortcomings and
challenges of ChatGPT in answering examination questions,
including a decreased proficiency in languages other than
English [34,37], AI “hallucinations” originating from erroneous
data [10,38], and proficiency limited to certain types of questions
[13,39]. The tendency for ChatGPT to be less proficient in
answering questions posed in languages other than English
stems from the fact that ChatGPT is an LLM trained primarily
on English language data, which includes a wide variety of
sources such as books, websites, and news articles [6]. The
questions for TCM licensing examinations are not presented in
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English. Although ChatGPT can fluently interact in traditional
Chinese, its responses to medical examination questions, which
require specific expertise and have standard answers, may reveal
its inadequacies. AI “hallucinations” indicate a tendency to
produce “hallucinations” or factually incorrect content due to
incorrect data. This poses the risk of generating misleading or
fabricated information, which complicates the use of AI as a
reliable self-learning tool [7,10]. We also encountered seemingly
plausible but incorrect content in AI-generated responses in our
research. We even found that verifying the authenticity of these
answers is more time-consuming and requires deeper
professional knowledge than the questions themselves. Our
study also showed that ChatGPT had higher, albeit not
statistically significant, accuracy rates for questions posed such
as SAMC (n=197, 44.9%) and presented with clinical vignettes
(n=52, 45.6%). This trend aligns with findings of previous
studies, such as a lower proficiency in multiple-choice questions
[13] and a poorer aptitude for conceptual questions compared
with clinical scenarios [39]. Despite these limitations, which
we have also encountered, other research has shown that
ChatGPT can pass examinations. Therefore, the use of ChatGPT
in the context of TCM may pose its own unique set of challenges
and necessitates further investigation.

Challenges Encountered by ChatGPT When
Answering TCM Examination Questions
We identified 3 main reasons for incorrect answers according
to AI-generated responses, namely misinterpretation of the
question, misunderstanding of concepts, and incorrect
application of principles. Misunderstanding of concepts was
the most prevalent, especially in questions with lower cognitive
demand such as recall and LOTS, as well as in questions where
a single item encompasses multiple questions (eg, SAMRMC),
indicating either a lack of knowledge or incorrect knowledge.
We believe that this primarily stems from 2 factors. First, the
database for TCM is currently incomplete. Second, compared
with Western medicine, TCM is often considered alternative
medicine. If an LLM such as ChatGPT answers questions based
solely on the Western medical knowledge system, then TCM
content may be ignored. Additionally, TCM focuses on
personalized treatment without a golden standard, leading to
the absence of definitive answers for the same disease.

The incomplete TCM database is due to challenges such as
insufficient data, lack of standardization, and unrepresentative
data sources. Although the specific TCM data that ChatGPT
uses for training are unclear, it is evident that the current online
data for TCM are significantly less comprehensive than those
for Western medicine. For instance, a bibliometric analysis over
the past 20 years did not show a significant presence of
TCM-related keywords in the context of pediatric allergic
rhinitis [40]. However, the usage rate of TCM for allergic
diseases in Taiwan is approximately 30%‐50% [41]. Therefore,
a model constructed based on such a database is likely to exhibit
discrepancies with reality. Furthermore, online data often contain
inaccuracies or incomplete information. Previous research has
shown that uncleaned training texts can affect performance and
could underpin the subpar performance of the trained model
[42].

It is important to note that, due to challenges in translation and
cultural appropriation, certain medical terms have different
connotations in the TCM and Western medical systems.
However, ChatGPT tends to interpret these terms with a
preference for their meanings within Western medicine. For
instance, in some AI-generated responses, the TCM term for
“肝” was mistakenly translated and described as the physical
organ “liver” in Western medicine. Similarly, the term for “瘧”
in TCM was translated and described as “malaria” in some
AI-generated responses. The understanding of “肝” in TCM is
not entirely the same as in modern medicine, and “瘧” in TCM
refers to a broad category of symptoms similar to malaria but
not restricted to infections caused by Plasmodium.

The crux of TCM is personalized treatment, which is antithetical
to gold-standard treatments. Hence, multiple therapeutic
approaches may exist for the same disease. If the examination
questions do not specify a particular scope or clear criteria, there
may be no standard answer or multiple possible solutions. This
study revealed that the decrease in the overall accuracy rate
after human review was primarily driven by a reduction in
accuracy for LOTS questions, whereas the accuracy rate for
HOTS remained stable or even increased. Regarding DOK, the
decrease in accuracy following human review was primarily in
recall, with less of a decrease noted in more advanced DOK
(eg, basic application of skill/concept, strategic thinking). This
suggests that GPT-4 is more adept at providing detailed
explanations for complex logical reasoning questions, as
opposed to simple memorization, which might be influenced
by incorrect information. In addition, if users intend to use GPT
to answer TCM questions, they should be particularly cautious
of potential hallucinations in lower cognitive demand questions.

Our study revealed that the GPT-4 model is currently unable to
pass the TCM licensing examinations. This research underscores
the limitations of the performance of AI in TCM licensing
examinations, as well as illuminates broader challenges within
the realm of integrating TCM knowledge into AI development.

Limitations
Although this study provides valuable insights into the use of
the GPT-4 model for TCM licensing examination preparation,
several limitations have been identified. The focus solely on
the GPT-4 model of ChatGPT might neglect the complexities
and potential capabilities of other recently developed AI-driven
language models, such as Claude 3 by Anthropic, Bard (Gemini
Pro) by Google, or LLaMa2 by Facebook. Notably, we did not
use expert-level AI, such as Med-PaLM by Google [43].
Moreover, we did not use other traditional Chinese-language
LLMs, such as Taiwan-LLM [44,45]. Nevertheless, GPT models
are the most widely used and studied models, and it is necessary
to use the same tool to facilitate comparisons with other research
studies [36].

Considering the cultural context specific to the TCM licensing
examination of Taiwan, the generalizability of our findings to
different regions or educational systems may be limited.
Notably, model performance may change over time, indicating
that our results may not be replicated in the future. This study
also did not account for potential inconsistencies in responses
provided by ChatGPT to identical queries during different
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sessions. However, this issue could be minimized by explicitly
setting the parameters of ChatGPT.

Additionally, the difficulty of each exam can vary, which might
affect ChatGPT’s performance. However, the difficulty is
generally controlled and, as a national exam, the pass rates have
been stable over the years [46]. Previous exam questions could
potentially be part of the GPT model’s training data (with a
knowledge cutoff date of September 2021), introducing bias.
Therefore, we only used the first exam of 2022 to mitigate this
issue.

Implications for Practice and Future Research
This study investigated the use of the GPT-4 model for TCM
licensing examination preparation. The findings revealed that
AI-driven tools are not yet valuable assets for TCM educators
and students. The observed limitations (ie, often providing
responses based on incorrect facts) highlight the need for further
development before this model can be effectively used as a
self-learning tool. As the AI field continues to advance with the
introduction of new models, educators must stay informed and
utilize the most effective tools while being cognizant of their
limitations. This study sets the stage for 2 potential research
directions. In terms of TCM, considering the suboptimal
examination results, we speculate that the primary drawback
lies in the quality of the front-end data. Future improvements
may include incorporating ancient TCM texts and customizing
training for LLMs.

We must deliberately incorporate relevant resources into our
training database materials, such as textbooks on TCM in
Chinese and ancient TCM texts. Currently, the majority of
descriptions and knowledge regarding TCM are in Chinese.
When these data are published in journals or translated into
English, they often adopt the framework and language of modern
medicine as a medium for knowledge transmission. This
approach tends to underemphasize the original content of TCM,
which is mostly documented in Chinese literature. Therefore,
the inclusion of TCM materials in LLM training and the
standardization of TCM should be targeted for improvement.

Tailoring training data for LLMs presents another promising
avenue for improvement. TCM comprises different schools,
suggesting that narrowing the knowledge domain could be more
advantageous. Hence, to excel in TCM, developing specialized
ChatGPT models or custom LLMs might be a beneficial
strategy. Considering the current limitations in enhancing the
database, integrating specific prompts offers an alternative
solution. For example, the chain-of-thoughts method, used in
LLMs for complex problem-solving, articulates intermediate
steps in reasoning. This approach is particularly effective for
models with extensive parameters, enhancing their ability to
manage multistep tasks [26]. It has been confirmed that this
method can also improve the performance of ChatGPT in
medical examinations [47]. Hence, the adoption of
chain-of-thoughts may be a viable strategy to address the
complexity of TCM examinations. Additionally, previous
research indicated that restricting ChatGPT to a single response
in a Basic Life Support examination may introduce bias. When
ChatGPT generates 3 responses per question, it successfully
passes the examination. Moreover, rephrasing incorrectly
answered questions as open-ended questions significantly boosts
the accuracy of ChatGPT. This implies that open-ended
questioning or multiple inquiries might be more effective than
single-choice formats [48].

Conclusion
Our study represents the first comprehensive assessment of the
performance of ChatGPT in TCM licensing examinations.
Despite advances in AI and its success in various medical
licensing tests, ChatGPT demonstrated a limited ability to
accurately respond to TCM examination questions, achieving
an overall accuracy rate significantly lower than that of its
human counterparts. This shortfall underscores the challenges
posed by the unique concepts and terminologies of TCM,
highlighting a significant knowledge gap in the understanding
of TCM principles by AI. Our findings call for further
advancements in AI training, specifically tailored toward the
intricate domain of TCM, to enhance its utility in this specialized
field of medicine.
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Abstract

Background: Interest has recently increased in generative artificial intelligence (GenAI), a subset of artificial intelligence that
can create new content. Although the publicly available GenAI tools are not specifically trained in the medical domain, they have
demonstrated proficiency in a wide range of medical assessments. The future integration of GenAI in medicine remains unknown.
However, the rapid availability of GenAI with a chat interface and the potential risks and benefits are the focus of great interest.
As with any significant medical advancement or change, medical schools must adapt their curricula to equip students with the
skills necessary to become successful physicians. Furthermore, medical schools must ensure that faculty members have the skills
to harness these new opportunities to increase their effectiveness as educators. How medical schools currently fulfill their
responsibilities is unclear. Colleges of Osteopathic Medicine (COMs) in the United States currently train a significant proportion
of the total number of medical students. These COMs are in academic settings ranging from large public research universities to
small private institutions. Therefore, studying COMs will offer a representative sample of the current GenAI integration in medical
education.

Objective: This study aims to describe the policies and training regarding the specific aspect of GenAI in US COMs, targeting
students, faculty, and administrators.

Methods: Web-based surveys were sent to deans and Student Government Association (SGA) presidents of the main campuses
of fully accredited US COMs. The dean survey included questions regarding current and planned policies and training related to
GenAI for students, faculty, and administrators. The SGA president survey included only those questions related to current student
policies and training.

Results: Responses were received from 81% (26/32) of COMs surveyed. This included 47% (15/32) of the deans and 50%
(16/32) of the SGA presidents (with 5 COMs represented by both the deans and the SGA presidents). Most COMs did not have
a policy on the student use of GenAI, as reported by the dean (14/15, 93%) and the SGA president (14/16, 88%). Of the COMs
with no policy, 79% (11/14) had no formal plans for policy development. Only 1 COM had training for students, which focused
entirely on the ethics of using GenAI. Most COMs had no formal plans to provide mandatory (11/14, 79%) or elective (11/15,
73%) training. No COM had GenAI policies for faculty or administrators. Eighty percent had no formal plans for policy
development. Furthermore, 33.3% (5/15) of COMs had faculty or administrator GenAI training. Except for examination question
development, there was no training to increase faculty or administrator capabilities and efficiency or to decrease their workload.

Conclusions: The survey revealed that most COMs lack GenAI policies and training for students, faculty, and administrators.
The few institutions with policies or training were extremely limited in scope. Most institutions without current training or policies
had no formal plans for development. The lack of current policies and training initiatives suggests inadequate preparedness for
integrating GenAI into the medical school environment, therefore, relegating the responsibility for ethical guidance and training
to the individual COM member.

(JMIR Med Educ 2025;11:e58766)   doi:10.2196/58766
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Introduction

Artificial intelligence (AI) is a technology capable of performing
tasks traditionally requiring human intelligence [1]. AI has a
long-standing presence in medicine across clinical, educational,
and administrative domains [2-4]. Generative artificial
intelligence (GenAI) technologies are a subset of AI that can
create new content.

In the clinical domain, GenAI has demonstrated proficiency in
performing tasks ranging from passing the United States Medical
Licensing Examination to providing empathetic patient
communication [5,6]. At a more advanced level, these tools
have answered real-world medical questions with more factual
accuracy and more empathy than human physicians [7,8]. Such
capabilities highlight GenAI’s potential as a pivotal tool in both
the learning environment of medical students and the broader
context of patient care. However, the integration of GenAI into
medical education raises important questions regarding the
ethical, legal, and practical implications of its use.

Increased computing power, the development of a user-friendly
conversational interface that lowers the technical barriers to
use, and the availability to the public at little or no direct cost
have made this technology nearly as available as web-based
search engines or document spell-checking for medical educators
and students. This has stimulated a great deal of interest by all
constituencies in medicine and medical education. GenAI is
only 1 component of the general field of AI. However, with the
recent nearly ubiquitous availability to the general population
in the United States, the yet clearly defined risks and benefits
have significant implications for the short term in all aspects of
medicine and the need for training and policies for medical
trainees.

The rapid evolution of GenAI highlights the responsibility of
medical schools to take a proactive approach to adapt their
curricula and policies to harness the benefits of these
technologies while mitigating potential risks. How medical
schools currently fulfill their responsibilities is unclear. There
are published reports highlighting individual AI-related training
programs, as well as recommendations for AI curriculum,
content, delivery, and challenges in medical schools [9-11].
While insightful, they do not describe the full educational
landscape of US medical schools that grant either DO or MD
degrees. This is particularly crucial in Colleges of Osteopathic
Medicine (COMs) in the United States, which account for a
significant and growing proportion of the country’s medical
student population. Understanding the current landscape of
GenAI policies and training in COMs is essential for identifying
gaps, setting benchmarks, and guiding future initiatives aimed
at effectively integrating GenAI into medical education.

GenAI has rapidly become nearly ubiquitous in the United States
and has the potential for significant benefits and risks. It is
unclear whether COMs have included training or policy
guidance in this domain. This study aimed to describe the status

of policy and training, specifically in one aspect of AI, GenAI,
for medical students, faculty, and administrators, as well as
near-term plans for policy and training development at COMs.
This analysis will provide an overview of the current state of
GenAI integration in osteopathic medical education, which will
demonstrate opportunities for future development.

Methods

Study Design and Population
This descriptive cross-sectional study targeted US COMs that
held full accreditation by the Commission on Osteopathic
College Accreditation as of the end of the 2022‐2023 academic
year. These COMs have at least 1 graduating class, ensuring
that they possess a comprehensive experience with the full
spectrum of undergraduate medical education. Approximately
28% of all US medical students are enrolled in COMs [12,13]
in academic settings ranging from large public research
universities to small private institutions. Therefore, we believe
that studying COMs will offer a representative sample of the
current GenAI integration in US medical education.

Ethical Considerations
Before initiating contact with potential participants, the
institutional review board (number 0723-10) of the University
of New England, Biddeford, Maine, granted this project an
exemption status. Participation in the study was voluntary, and
informed consent was provided in both the email invitation and
beginning of the survey. Data collection procedures were
designed for privacy and confidentiality with deidentification
of respondents. There was no compensation for survey
participation.

Survey Development and Data Collection
Due to the novel and rapidly developing field of GenAI, a survey
was developed using an iterative process to obtain the
availability, content, and development plans for training and
policies for students, faculty, and administrators. The survey
was designed to prioritize the general details of these domains.
This strategy was to maximize the survey participation and to
provide direction for potential future projects. The design was
led by team members with experience in the user interface
(GCL), survey development (GCL and SPT), COM medical
curriculum development (GCL and SPT), and COM
administrative management and operations (GCL and SPT).
The survey was tested before implementation with a
convenience sample of administrators and students to ensure
that the questions were straightforward and the web-based
survey system was usable. The order of survey items was the
same for all participants in each group, with each question being
presented on an individual screen. However, the surveys used
an adaptive methodology to expose participants only to pertinent
questions. For example, only those participants who answered
that they currently provided training would be asked about the
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content of the training. If a COM stated that they do not have
a GenAI policy, they would be asked about future development.

Data were collected using a survey distributed via a web-based
tool (Qualtrics XM). The recruitment for participation was sent
by an email directly to the potential participant. The recruitment
email described the project purpose and survey details, including
that the survey was on the web, anonymous, and no incentives
were provided for their participation. No personal data were
collected, including the respondent’s IP address. Two separate
surveys were developed: one for the deans of the COMs and
another for the presidents of the Student Government
Association (SGA). The dean’s survey included questions about
current and planned GenAI policies and training for students,
faculty, and administrators, as well as questions about the
content of existing policies and training (Multimedia Appendix
1). Recognizing that students are unlikely to have knowledge
of policy, curriculum planning, or those related to faculty or
administrators, the SGA president’s survey exclusively
encompassed questions about current student policies and
training (Multimedia Appendix 2). In both the dean and SGA
president recruitment email, the recipient was informed that if
there was a more appropriate survey responder, they may
forward the email to that person, such as, the dean to an
appropriate administrator, and the SGA president to a student.

Each dean and SGA president recruitment email included a
unique survey URL to ensure that only 1 response represented
each COM for each category. Qualtrics provides distribution
data that are separate from the survey results. This allowed
follow-up emails to nonresponders while maintaining the
anonymity of the data. Data were collected from July 28, 2023,
to September 14, 2023.

Data Analysis
Descriptive statistics were used to analyze the survey results.
Response rates for both surveys were calculated as the number
of completed surveys as a percentage of total COMs surveyed.
The number of started but not completed surveys was calculated
as a percentage of total COMs surveyed. For each COM not
providing training or having a policy, the status of development
was reported as the percentage of COMs surveyed without that
characteristic. Due to the anonymity of the respondents and the
institutional overlap of the dean and SGA presidents, no
statistical comparison between the 2 groups was made.

Results

Response Rates
Of the 32 COMs surveyed, 47% (15/32) deans and 50% (16/32)
SGA presidents completed the survey. Five surveys overlapped
deans and SGA presidents. The dean or SGA president
responded from 81% (26/32) of the COMs surveyed, providing
a comprehensive understanding of the COMs. All surveys started
were completed (100%).

GenAI Policies for Students
A vast majority of COMs reported a lack of established policies
regarding the use of GenAI by students. Specifically, 93%
(14/15) of deans and 88% (14/16) of SGA presidents indicated
that their institutions had no student-focused GenAI policies.
Among the few COMs with existing policies, the scope was
primarily limited to GenAI use in graded assignments. Of the
COMs with no policy, 79% (11/14) had no formal plans for
policy development. The stages of planning for student policy
are shown in Table 1.

Table . Status of student generative artificial intelligence policy and training development (Colleges of Osteopathic Medicine without policy or training).

Student elective educationStudent mandatory educationStudent GenAIa policy

151414Total surveys, n

Status, n (%)

8 (53.3)3 (21.4)3 (21.4)    Not working on a policy or educa-
tion

3 (20)8 (57.1)8 (57.1)    Informal conversations

2 (13.3)3 (21.4)1 (7.1)    Workgroup in place

1 (6.7)0 (0)2 (14.3)    Being drafted and under review

1 (6.7)0 (0)0 (0)    Approved to take effect after July
1, 2023

aGenAI: generative artificial intelligence.

GenAI Training for Students
Only 1 COM was identified as having mandatory student
training, which focused entirely on the ethics of using GenAI.
None of the COMs offered any elective training. Most COMs
had no formal plans to provide mandatory (11/14, 79%) or
elective (11/15, 73%) training. The stages of planning for student
training are shown in Table 1.

GenAI Policies for Faculty or Administrators
None of the COMs studied had a GenAI policy for faculty or
administrators. Similar to the students, 80% (12/15) had no
formal plans to develop one. The stages of planning for faculty
or administrator policy are shown in Table 2.
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Table . Status of faculty or administrator generative artificial intelligence policy and training development for Colleges of Osteopathic Medicine
(COMs) with no policy or training.

Faculty/administrator trainingFaculty/administrator policy

1015Total surveys, n

Status, n (%)

2 (20)6 (40)We are not working on a policy or
training

3 (30)6 (40)Informal conversations

2 (20)2 (13.3)Workgroup in place

3 (30)1 (6.7)Being drafted and under review

0 (0)0 (0)Approved and will take effect after
July 1, 2023

GenAI Training for Faculty or Administrators
Only 33.3% (5/15) of COMs had initiated faculty or
administrator-focused GenAI training. These predominantly
covered basic use and ethical considerations. Except for

examination question development, there was no specific focus
on skills to enhance educational efficiency or reduce workload
(Table 3). Fifty percent (5/10) of the COMs without faculty or
administrator training had no formal plans to develop training
(Table 2).

Table . Content of current faculty or administrator generative artificial intelligence training.

Deans, n (%)

5 (100)Total surveys

4 (80)How to use the technology

4 (80)Benefits/limitations of the technology

3 (60)Ethics of using it

2 (40)Legal perspective on using it

2 (40)Development of examination questions

Discussion

Principal Findings
Our survey uncovers a pronounced gap in GenAI policies and
training across US COMs, with the vast majority of institutions
surveyed lacking formal policy guidelines (93% dean responses
and 88% SGA president responses), and of the COMs with no
current student policies, 79% (11/14) had no formal plans for
future development. Furthermore, no COMs described any
student GenAI elective training, with 73% (11/15) reporting no
plans for mandatory educational programs. This underscores
an urgent GenAI training imperative for medical schools to
prepare future physicians for the imminent AI-enhanced health
care landscape. Little has been done to support COM faculty
to address these needs as no COMs surveyed had a formal policy
regarding Gen AI for faculty or administration, 80% (12/15)
did not have a plan to develop one, and only 33% (5/15) had
focused training mainly in the realm of utilization and ethical
considerations.

Comparison With Prior Work
In a recent national survey of US postsecondary schools, 8%
had GenAI policies in place [14]. In that report, the focus of the
policies was not described. If these were related to students, it
is comparable with the data of this project, where 7% (1/15) of
the deans or 12% (2/16) of the SGA presidents responded that

they had student GenAI policies. In our sample of student GenAI
policies, the focus was on using GenAI in graded assignments.
While there were few COMs with student-focused policies,
none of the COMs had faculty or administrator policies.

The survey results indicated that the status of COM AI policies
is unlikely to change significantly in the near future, with few
COMs having formal plans to evaluate and develop GenAI
policies. The 21% (3/14) of COMs with formal plans for student
policies and 20% (3/15) with plans for faculty or administrator
policies demonstrate that they are far less engaged than the
postsecondary programs, in which 57% are evaluating and
developing policies [14].

As with policy, training for COM students, faculty, and
administrators is minimal and does not focus on enabling
students, faculty, or administrators to increase productivity,
improve effectiveness, or decrease workload. Because the
majority do not have formal plans to develop training, this
situation is unlikely to change significantly in the near future.

Implications for Future Practice
The rapid advancement of AI technologies, including GenAI,
necessitates a proactive stance from medical education
institutions to integrate these tools effectively and ethically into
teaching, learning, and clinical practice. COMs must move more
quickly to develop AI policies and training. However, we do
not propose indiscriminately replicating the nascent policies or
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training approaches of other institutions, which may not be
appropriate for their institution. Furthermore, we caution against
a hasty and thoughtless development process merely for the
sake of establishing provisional measures. Instead, we propose
that medical educators and administrators use the growing body
of resources to strategically and methodically create policies
and training resources using interdisciplinary teams and
continually improve them as future GenAI innovations

progressively transform the paradigm of technology-assisted
human labor.

One example of resources to be reviewed is the study by Chan
[15] that presented an AI policy framework integrating their
local data and the UNESCO (United Nations Educational,
Scientific and Cultural Organization) AI policy guidance [16].
This policy framework is divided into 3 dimensions, governance,
operational, and pedagogical, and can also be used as a
competency framework, as shown in Table 4.

Table . Artificial intelligence (AI) education policy framework [15].

LeadershipContentExplanationDomain

TeachersTeaching and learning aspects of AI
integration.

Pedagogical • Rethinking assessments and
examinations. Developing stu-
dent holistic competen-
cies/generic skills

• Preparing students for the AI-
driven workplace

• Encouraging a balanced ap-
proach to AI adoption

Teaching and learning and IT staffPractical implementation of AI in
university settings

Operational • Monitoring and evaluating AI
implementation

• Providing training and support
for teachers, staff, and students
in AI literacy

Senior managementGovernance considerations surround-
ing AI usage in education

Governance • Understanding, identifying,
and preventing academic mis-
conduct and ethical dilemmas

• Addressing governance of AI:
data privacy, transparency, ac-
countability, and security

• Attributing AI technologies
• Ensuring equity in access to AI

Further frameworks for describing AI literacy and learner
competencies have emerged [9,10,17-20] and can form a starting
point for COMs when developing a curriculum consistent with
their institution’s educational mission and existing pedagogical
architecture. Building upon this framework, in addition to work
done internally, the growing body of published content resources
can be accessed and, where appropriate, integrated into their
development process. Some resources may be adapted from
general educational domains, including skills such as writing
[21] or faculty development of course content [22]. Other
resources are specific to clinical care [20,23], education [24],
or ethical use [25,26]. By adopting and evolving these
frameworks with growing evidence-based resources, medical
schools can ensure that their curricula not only cover the
operational aspects of GenAI but also address the ethical, social,
and professional implications.

This general framework is appropriate for learners at any
developmental stage. However, as in other areas of medical
education, the learners’ level of training [11,27] must be
considered. For faculty or administrators, responsibilities in
developing, integrating, and operationalizing the curriculum
must also be considered [28].

In addition to the trainee level, medical school policy makers
and educators must consider the systems in which future

physicians will work. Physicians should be part of a team with
diverse backgrounds and professional training to be most
effective. With further AI development, these teams will include
AI-powered computer assistants. The team must know how to
interact effectively and appropriately with this new “team
member,” including how it affects the patients and families they
care for. This awareness is similar to the early assessments of
the effects of electronic health records during clinical encounters
[29,30].

Implementing GenAI competencies or any new content is a
challenge with an already crowded curriculum. We propose that
GenAI be integrated into the current system, where other tools
are used to minimize the negative effect. When trainees learn
to search and evaluate background scientific publications, GenAI
can be incorporated where appropriate as one of the tools they
are trained with. Furthermore, when practicing for clinical
encounters, whether an actual clinical encounter or their
objective structured clinical exams, using GenAI as a tutor may
potentially reinforce their preparation. There are many similar
uses that will integrate GenAI as a tool and not necessitate a
significant increase in curriculum time and may additionally
make other aspects of their curriculum more effective. However,
these efforts will need further evaluation.
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By developing clear policies and offering robust training,
medical schools can ensure that future physicians are adept at
leveraging GenAI to improve health care outcomes while
navigating the ethical and professional complexities it presents.

Limitations
This study’s findings must be interpreted in light of several
limitations. The availability of data limits this project. Ongoing
assessment is needed that includes a larger group of medical
schools, including those that grant either doctor of osteopathic
medicine or doctor of medicine degrees. In addition, other
aspects of the physician’s life cycle (graduate medical education,
clinical practice, and continuing education) must be studied.

The rapidly evolving nature of GenAI requires institutional
policies and training initiatives that can quickly adapt,
necessitating ongoing research to capture these developments
accurately.

Conclusions and Future Directions
Most COMs do not provide AI policy guidance or training for
medical students, faculty, or administrators. There also does
not seem to be an appropriate prioritization by COMs to remedy
this deficiency. While many philosophers, including the great
baseball legend Yogi Berra, have opined that “It is difficult to
make predictions, especially about the future” [31], this
difficulty does not negate medical schools’ responsibility while
waiting for the future to become clear. They must assess future
physicians’ needs and implement appropriate training and
guidance in their programs. If the COMs do not lead, their
trainees will be unprepared for the future. This risks
inappropriate use of AI and the medical equivalent to the lawyer
who used GenAI to submit a brief in court that included
fabricated references or “hallucinations” [32].

Future research should explore effective strategies for
implementing GenAI education and policy development,
including interdisciplinary approaches and stakeholder
engagement.
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Abstract

Background: There has been a rise in the popularity of ChatGPT and other chat-based artificial intelligence (AI) apps in medical
education. Despite data being available from other parts of the world, there is a significant lack of information on this topic in
medical education and research, particularly in Saudi Arabia.

Objective: The primary objective of the study was to examine the familiarity, usage patterns, and attitudes of Alfaisal University
medical students toward ChatGPT and other chat-based AI apps in medical education.

Methods: This was a cross-sectional study conducted from October 8, 2023, through November 22, 2023. A questionnaire was
distributed through social media channels to medical students at Alfaisal University who were 18 years or older. Current Alfaisal
University medical students in years 1 through 6, of both genders, were exclusively targeted by the questionnaire. The study was

approved by Alfaisal University Institutional Review Board. A χ2 test was conducted to assess the relationships between gender,
year of study, familiarity, and reasons for usage.

Results: A total of 293 responses were received, of which 95 (32.4%) were from men and 198 (67.6%) were from women.
There were 236 (80.5%) responses from preclinical students and 57 (19.5%) from clinical students, respectively. Overall, males
(n=93, 97.9%) showed more familiarity with ChatGPT compared to females (n=180, 90.09%; P=.03). Additionally, males also
used Google Bard and Microsoft Bing ChatGPT more than females (P<.001). Clinical-year students used ChatGPT significantly
more for general writing purposes compared to preclinical students (P=.005). Additionally, 136 (46.4%) students believed that
using ChatGPT and other chat-based AI apps for coursework was ethical, 86 (29.4%) were neutral, and 71 (24.2%) considered
it unethical (all Ps>.05).

Conclusions: Familiarity with and usage of ChatGPT and other chat-based AI apps were common among the students of Alfaisal
University. The usage patterns of these apps differ between males and females and between preclinical and clinical-year students.

(JMIR Med Educ 2025;11:e63065)   doi:10.2196/63065

KEYWORDS

ChatGPT; artificial intelligence; large language model; medical students; ethics; chat-based; AI apps; medical education; social
media; attitude; AI

Introduction

ChatGPT is a sophisticated large language model of artificial
intelligence (AI) that was created by OpenAI and released to
the public in November 2022 [1]. It generates human-like
responses to natural language inputs. The users can hold a
conversation with the model where they input a prompt and
receive a response [2]. It has many applications including email
writing, solving math problems, grammar checking, generating
answers to complex questions, and more [3]. Other similar
chat-based AI apps include Google Bard, Microsoft Bing
ChatGPT, Socrative by Google, Hugging Chat, Snapchat AI,

Perplexity AI, and YouChat, among others. All these apps are
similar to ChatGPT in terms of generating natural responses to
prompts [4].

There has been a rise in new literature pertaining to the use of
ChatGPT and other AI tools among medical students. Many
published articles show that medical students have a positive
attitude toward using ChatGPT in education [5-8]. Many
students are eager to use AI tools as they believe it can
revolutionize medicine and dentistry [9,10]. Additionally,
ChatGPT and other chat-based AIs are continuing to evolve to
expand their scope of usage, for example, making virtual
histology slides for interactive learning [11-13]. Moreover,
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ChatGPT can be used in medical education and medical
specialties [14]. Its implications in the cardiovascular,
cerebrovascular, and radiology fields are being extensively
studied, as it can interpret medical imaging and potentially
provide a diagnosis [15-17].

Regarding medical research, ChatGPT and similar AI apps can
expedite the writing processes by enabling authors to allocate
their time and resources more efficiently, by reducing the time
spent on the laborious process of searching for relevant literature
[18].

A few studies have been conducted to determine students’
willingness to integrate AI tools such as ChatGPT into
education. One study demonstrated that both undergraduate and
postgraduate students in Hong Kong had a positive attitude
toward integrating AI tools into higher education due to its
ability to provide immediate solutions, help generate ideas, and
handle tedious tasks, allowing students to focus on more
important work [6]. Similarly, another study performed on
students and faculty at Texas University showed a favorable
perception of ChatGPT usage. The responses highlighted the
benefits of having access to an AI instructor, which can assist
in simplifying concepts by providing examples, offering study
advice, and working with students on individual projects [5].
However, the studies were relatively recent and recommend
further research, targeting different majors to understand the
specialized use of AI in different fields.

Within the Middle East, limited recent studies have assessed
medical students’ knowledge and attitudes toward AI. A recent
study assessed the awareness, perceptions, and opinions of
pharmacy undergraduate students toward AI at King Saud
University in Riyadh. The findings indicated a generally positive
attitude, with demographic factors such as gender and year of
study influencing their perceptions [19]. Another qualitative
study investigated the knowledge, benefits, concerns, and
limitations associated with the use of ChatGPT among medical
college faculty and students in Saudi Arabia; the results
highlighted both positive aspects such as enhanced
communication and learning, and concerns regarding reliability
and privacy [20]. Another study conducted at the University of
Jordan involving 623 randomly selected medical students
demonstrated a strong positive inclination toward using
ChatGPT for learning. The findings recommended integrating
ChatGPT into the university curricula, emphasizing benefits
for students and the potential for misuse [21].

Due to the rise in popularity of ChatGPT and other chat-based
AI in medical education, further research must be conducted to
understand students’ familiarity, usage habits, and attitudes
toward these technologies. Despite data from other parts of the
world and colleges, there is a significant lack of information on
this topic in medical education and research, especially in Saudi
Arabia. Therefore, this study was designed to study the
familiarity, usage, and attitudes of medical students at Alfaisal
University toward ChatGPT and other chat-based AI apps for
medical education and research. Furthermore, it explores the
perceived limitations, advantages, and ethical concerns that
arise from their use. This paper addresses the research question
“What are the familiarity, usage patterns, and attitudes of

Alfaisal University medical students toward ChatGPT and other
chat-based AI apps in medical education?” Based on existing
literature, we hypothesize that Alfaisal University medical
students are familiar with chat-based AI apps and hold positive
attitudes toward their use.

Methods

Study Design and Enrollment
This study was a closed cross-sectional survey that was
conducted among medical students at Alfaisal University.
Alfaisal University is a private university in Riyadh, Saudi
Arabia, that has around 1500 enrolled medical students.

Only current Alfaisal University medical students in years 1
through 6, of both genders, aged 18 years and above were
targeted by the questionnaire; students who did not meet the
eligibility criteria were not included in the study. The target
sample size was calculated to be in the range of 290‐310
students to achieve a 95% confidence level with a 5% CI, using
a sample size calculator.

The online questionnaire was made using Google Forms, a
web-based tool used to distribute surveys. The survey was open
for responses over 6 weeks, from October 8, 2023, to November
22, 2023. The current survey was modified based on earlier
published research [5,6]; the published surveys were chosen in
accordance with the IDEE (Identify, Discern, Ethics, Engage)
framework, which evaluates how students utilize chat-based AI
to achieve specific educational goals, assesses the perceived
level of AI integration, examines the effectiveness of AI tools,
and explores the ethical considerations involved. The survey
was revised to align with our requirements and complement the
goals of the study, as previous articles targeted different
populations. The answer choices were adapted to reflect the
context specific to medical students. The survey was sent to
students via email and through Whatsapp groups and other
social media outlets including Instagram and Twitter. The survey
was designed in accordance with the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES) [22,23].

The questionnaire (Multimedia Appendix 1) consisted of 21
questions distributed over 5 pages to assess familiarity, usage,
and attitude of medical students toward ChatGPT and other AI
apps. The survey consisted of four sections. The first section
addressed demographic aspects, including gender (males and
females) and academic year (preclinical: years 1‐3; clinical:
years 4‐6). The second section had questions regarding the
knowledge and use of ChatGPT and other chat-based AI apps,
including familiarity, frequency of use, and purposes of usage.
Participants were asked to rank their familiarity and frequency
through Likert-scale questions. For the purpose of usage, the
questions were divided according to uses in medical education
and medical research. Participants were asked to select all the
relevant choices. In the third section, participants were asked
to rate their attitudes toward using ChatGPT or other chat-based
AI apps in medical training using Likert-scale questions. They
rated their beliefs about the enhancement of medical education
through such tools, and their intentions to incorporate them into
their future learning practices. The final section investigated
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ethical considerations of students, including concerns about
academic dishonesty.

Descriptive statistics were performed to describe the level of
familiarity, reasons for usage, and attitudes of students toward

ChatGPT and other chat-based AI apps. A χ2 test was conducted
to assess the relationships between gender and year of studies
in terms of familiarity and reasons for usage of ChatGPT and
other AI apps. Data analysis was carried out using SPSS (version
29.0; IBM Corp). Statistical significance was set at P<.05.

Ethical Considerations
This study received ethical approval from the Institutional
Review Board at Alfaisal University (approval number:
IRB-20247). The participants were informed of the purpose of
the study; the survey was 4‐5 minutes long and the principal
investigator’s email was provided for inquiries. The students
provided written informed consent to participate in the research.
Participation was voluntary and the students were not given any

compensation. To maintain confidentiality, no personally
identifiable information such as names or college identity
numbers were gathered. The responses were only available to
the primary investigators and coinvestigators, and data were
anonymized.

Results

In total, 293 responses fit the inclusion criteria, 95 (32.4 %) of
which were from men and 198 (67.6%) from women. There
were 236 (80.5%) responses from preclinical and 57 (19.5%)
from clinical students, respectively. Participant familiarity with
various AI apps is summarized in Table 1. Most students were
familiar with ChatGPT and other chat-based AI apps. However,
men used ChatGPT, Google Bard, and Microsoft Bing ChatGPT
significantly more than women (all Ps<.05). Additionally,
Socrative by Google was used more by students in the
preclinical years when compared to students in clinical years
(P=0.11) (Table 1).

Table . Familiarity of students toward various artificial intelligence (AI) apps.

Academic yearGenderTotal number of
responses
(N=293), n (%)

AI apps

P valueClinical (N=57),
n (%)

Preclinical
(N=236), n (%)

P valueWomen
(N=198), n (%)

Men (N=95), n
(%)

.2755 (96.5)218 (92.4).03180 (90.9)93 (97.9)273 (93)ChatGPT

.7913 (22.8)50 (21.2)<.00131 (15.7)32 (33.7)63 (21.5)Google Bard

.6716 (28.1)73 (30.9)<.00148 (24.2)41 (43.2)89 (30.4)Microsoft Bing
ChatGPT

.012 (3.5)39 (16.5).9228 (14.1)13 (13.7)41 (14)Socrative by
Google

.8436 (63.2)145 (61.7).85122 (61.6)59 (62.8)181 (61.8)Snapchat AI

.542 (3.5)5 (2.1).554 (2)3 (3.2%)7 (2.4)Perplexity AI

.130 (0.0)9 (3.8).178 (4)1 (1.1)9 (3.1)YouChat

.384 (7)10 (4.2).157 (3.5)7 (7.4)14 (4.8)Poe-Telegram-
Chatsonic-Repli-
ka-Huggingchat

Reasons for using various AI apps are summarized in Table 2.
Men used ChatGPT for technical questions and solving practice
questions significantly more than women (both Ps<.05).

Additionally, clinical students used ChatGPT significantly more
for general writing compared to preclinical students (P=.005)
(Table 2).
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Table . Reasons for using various AI apps.

Academic yearsGenderTotal (N=293),
n (%)

P valueClinical (N=57),
n (%)

Preclinical
(N=236), n (%)

P valueWomen
(N=198), n (%)

Men (N=95), n
(%)

Usage of Chat-GPT/other chat-based apps for medical education

.5922 (38.6)82 (34.7).00760 (30.3)44 (46.3)104 (35.5)Asking technical
questions

.1327 (47.4)86 (36.4).5574 (37.4)39 (41.1)113 (38.6)Asking general
knowledge ques-
tions/advice on
medical issues

.0811 (19.3)73 (30.9).0650 (25.3)34 (35.8)84 (28.7)Solving practice
questions

.465 (8.8)29 (12.3).4421 (10.6)13 (13.7)34 (11.6)Generating
flashcards

.4720 (35.1)95 (40.3).6676 (38.4)39 (41.1)115 (39.2)Asking quick
questions when
stuck on a prob-
lem

.3023 (40.4)78 (33.1).1062 (31.3)39 (41.1)101 (34.5)Explaining con-
cepts

.5723 (41.1)87 (37).3178 (39.8)32 (33.7)110 (37.5)Summarizing
text

Usage of Chat-GPT/other chat-based apps for medical research

.521 (1.8)8 (3.4).956 (3)3 (3.2)9 (3.1)Helping with as-
signments, mak-
ing notes, draft-
ing emails

.0053 (5.3)1 (0.4).452 (1)2 (2.1)4 (1.4)General writing

.7718 (31.6)79 (33.6).3262 (31.3)35 (37.2)97 (33.1)Summarizing
texts

.8611 (19.3)48 (20.3).2336 (18.2)23 (24.2)59 (20.1)Proofreading

.7515 (26.3)67 (28.4).5053 (26.8)29 (30.5)82 (28)Grammar check-
ing

.05330 (52.6)91 (38.6).6580 (40.4)41 (43.2)121 (41.3)Paraphrasing

.0215 (26.3)31 (13.2).6830 (15.2)16 (17)46 (15.7)Writing sections
of research

.124 (7)35 (14.8).3329 (14.6)10 (10.5)39 (13.3)Generating cita-
tions

.0418 (31.6)45 (19.1).9043 (21.7)20 (21.1)63 (21.5)Searching for
relevant articles

.496 (10.5)33 (14).1122 (11.1)17 (17.9)39 (13.3)Analyzing litera-
ture

Attitudes and ethical knowledge toward AI apps are reported
in Table 3. Notably, the findings showed that 136 (46.4%) of
the participants believed using ChatGPT and other chat-based

AI apps for coursework was ethical, 86 (29.4%) were neutral,
and 71 (24.2%) considered it unethical (all Ps>.05) (Table 3).
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Table . Attitude and ethical knowledge toward AI apps.

Disagree/nonethical, n (%)Neutral, n (%)Agree/ethical, n (%)Aspect

26 (8.9)96 (32.8)171 (58.4)ChatGPT/other chat-based AI apps
can enhance my medical education

48 (16.4)96 (32.8)149 (50.9)In the future, I plan to incorporate
ChatGPT/other chat-based AI apps
into my learning procedures

26 (8.9)79 (27)188 (64.2)ChatGPT/other chat-based AI apps
can help me save time in medical
research

20 (6.8)80 (27.3)193 (65.9)ChatGPT/other chat-based AI apps
can provide me with unique perspec-
tives that I may not have thought of
myself

32 (10.9)81 (27.6)180 (61.4)ChatGPT/other chat-based AI apps
can provide me with personalized
and immediate feedback for my as-
signments

111 (37.9)78 (26.6)104 (35.5)I can become overreliant on ChatG-
PT/other chat-based AI apps

13 (4.4)54 (18.4)226 (77.1)ChatGPT/other chat-based AI apps
will enable academic dishonest be-
haviors

23 (7.8)64 (21.8)206 (70.3)I understand ChatGPT/other chat-
based AI apps can generate output
that is factually inaccurate

71 (24.2)86 (29.4)136 (46.4)To what extent do you think using
ChatGPT/other chat-based AI apps
is ethical for coursework?

Discussion

Principal Findings
This study investigated the familiarity, usage patterns, and
attitudes toward chat-based AI apps among medical students at
Alfaisal University, Riyadh, Saudi Arabia. The findings reveal
interesting insights into how this technology is integrated into
medical education and research.

When evaluating familiarity, it was found that a significant
majority of students (>90%) were familiar with ChatGPT, the
most popular application. Additionally, male students exhibited
a statistically greater familiarity with, and use of certain apps
compared to female students. Furthermore, preclinical students
were more familiar with Socrative by Google than other AI
apps.

For usage, the primary reasons for using chat-based AI were
related to medical education, including asking questions, solving
practice problems, generating flash cards, and summarizing
texts. Nearly 40% of the students reported using AI to ask quick
questions when stuck on a problem and explain concepts. While
less prevalent, AI was also used for tasks such as summarizing
research texts, proofreading, and paraphrasing.

When questioned about attitudes, most students agreed that
chat-based AI could enhance learning, save time, and provide
unique perspectives. A vast majority of medical students were
willing to incorporate ChatGPT and similar AI apps in their

learning strategies and believed that it enabled them to save
time. It also provided them with unique perspectives and
personalized and immediate feedback on their assignments.
Despite the positive outlook, a significant portion of students
(37.9%) expressed concerns about overreliance on AI; they also
had varying opinions regarding the ethical use of AI for
coursework. Despite the positive views on chat-based AI for
learning, a significant concern emerged among students. Nearly
77% students feared that these AI apps could contribute to
academic dishonesty.

Implications of Findings
The findings have significant implications for medical education.
The high awareness of chat-based AI, particularly among male
students suggests that integrating technology into early medical
education could enhance learning outcomes. The varied app
usage between preclinical and clinical students highlights the
importance of tailored educational tools at different training
stages. Furthermore, students’ comfort in using AI for daily
problem-solving underscores its potential to streamline research
workflows and enhance study efficiency, emphasizing the
importance of incorporating AI literacy and ethical
considerations into curricula.

The findings of this study reinforce the idea that the
conventional memory-based medical curriculum, which is
primarily memory based, must be followed by advancements
in AI. This model has been effective for centuries but
demonstrates limitations in the context of the AI age, where
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technology is evolving to assist with information retrieval, data
processing, and clinical decision-making. While memory and
foundational knowledge remain important, there is an increasing
need for critical thinking, problem-solving, and technological
literacy.

Competence in the efficient integration and using knowledge
from an expanding range of sources, including the ethical use
of AI must be taught to aspiring doctors[16,24]. These findings,
unique to this study, reinforce the importance of using AI in
medical education [9,16,21,25]. However, students also
acknowledged the potential for misuse, highlighting the
importance of clear guidelines and fostering a culture of
academic integrity alongside the integration of AI in medical
education.

Comparison of Literature
Regarding awareness, our findings are similar to a previously
published study from Saudi Arabia that assessed the awareness,
perceptions, and opinions toward AI among pharmacy
undergraduates. Several students had a positive awareness
toward AI and its implications in health care [19].

A cross-sectional study on medical and dental students’
perceptions of AI noted a lack of basic AI education in medical
and dental schools. Furthermore, raised concerns about
AI-competent doctors may replace doctors those less
knowledgeable in using AI. This suggests that educational
resources are crucial during earlier stages of medical training
to keep up with advancements in AI [9]. Additionally, another
study showed that pharmacy students deemed it essential to
incorporate AI into college curriculum to effectively educate
students on apps in the health care field [19].

A study in Canada reported similar results in terms of attitudes
toward AI in research. Conducted on Canadian entry-to–health
care students, it found that students who were interested in
research generally had a more favorable outlook toward AI [26].
This suggests a potential role of AI in enhancing research
efficiency.

However, concerns about the overreliance on AI were similarly
found in other studies. For instance, a cross-sectional study

conducted among pharmacy students in Saudi Arabia found
that 46% of students believed that the use of AI reduced the
humanistic aspect of health care, while 7.6% believed that AI
devalued the medical profession [12]. Similarly, another study
conducted on Canadian health care students expressed those
concerns that AI could eventually take over their jobs [26].

There were also varying opinions about the ethical use of AI
for coursework. A study at the University of Jordan encouraged
educators to integrate ChatGPT into medical curricula and
teaching practices, while also addressing student concerns and
the potential for misuse [21]. Similarly, a cross-sectional study
by Weidner and Fischer [27] in German-speaking European
countries highlighted the necessity of incorporating teaching
AI ethics into the undergraduate medical curricula. This
highlights the need for discussion around responsible AI
integration in medical education [9,16,25,28].

A previously published study emphasized the potential for
misuse, raising concerns that students might rely on ChatGPT
to outsource their assessment tasks [29]. Additionally, in a
qualitative study conducted at the Faculty of Medicine, Jazan
University in Saudi Arabia, respondents expressed ethical
concerns related to threats to academic integrity, plagiarism,
privacy, and confidentiality issues [7]. Our findings are similar
to these studies, highlighting the importance of clear guidelines
and fostering a culture of academic integrity [8,30].

Limitations of the Study
This study focuses on self-reported data, which may not always
reflect actual practices and can cause information bias. There
may be a chance of selection bias due to convenient sampling.
Additionally, the results may not be generalizable to other
countries, as cultural differences could lead to varying attitudes
and responses in different contexts.

Conclusion
Overall, this study provides valuable insights into the growing
integration of chat-based AI apps within medical education. As
technology evolves, it will be crucial to address ethical concerns
and ensure responsible use while maximizing the potential
benefits for student learning and research.
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Abstract

Background: Artificial intelligence advancements have enabled large language models to significantly impact radiology
education and diagnostic accuracy.

Objective: This study evaluates the performance of mainstream large language models, including GPT-4, Claude, Bard, Tongyi
Qianwen, and Gemini Pro, in radiology board exams.

Methods: A comparative analysis of 150 multiple-choice questions from radiology board exams without images was conducted.
Models were assessed on their accuracy for text-based questions and were categorized by cognitive levels and medical specialties

using χ2 tests and ANOVA.

Results: GPT-4 achieved the highest accuracy (83.3%, 125/150), significantly outperforming all other models. Specifically,
Claude achieved an accuracy of 62% (93/150; P<.001), Bard 54.7% (82/150; P<.001), Tongyi Qianwen 70.7% (106/150; P=.009),
and Gemini Pro 55.3% (83/150; P<.001). The odds ratios compared to GPT-4 were 0.33 (95% CI 0.18‐0.60) for Claude, 0.24
(95% CI 0.13‐0.44) for Bard, and 0.25 (95% CI 0.14‐0.45) for Gemini Pro. Tongyi Qianwen performed relatively well with
an accuracy of 70.7% (106/150; P=0.02) and had an odds ratio of 0.48 (95% CI 0.27‐0.87) compared to GPT-4. Performance
varied across question types and specialties, with GPT-4 excelling in both lower-order and higher-order questions, while Claude
and Bard struggled with complex diagnostic questions.

Conclusions: GPT-4 and Tongyi Qianwen show promise in medical education and training. The study emphasizes the need for
domain-specific training datasets to enhance large language models’ effectiveness in specialized fields like radiology.

(JMIR Med Educ 2025;11:e64284)   doi:10.2196/64284

KEYWORDS

large language models; LLM; artificial intelligence; AI; GPT-4; radiology exams; medical education; diagnostics; medical training;
radiology; ultrasound

Introduction

Artificial intelligence (AI) in radiology has significantly
improved diagnostic accuracy and educational methods for
radiologists. By using advanced machine learning and deep
learning techniques, AI applications have evolved from
enhancing image interpretation to supporting complex diagnostic
decisions [1]. These advancements not only increase the
efficiency of diagnostic processes but also provide radiologists
with interactive training simulations, crucial for their
professional growth and certification readiness [2-9].

Recent advancements have also emerged with the development
of large language models (LLMs) like GPT-4, Claude, Bard,
Tongyi Qianwen and Gemini Pro. These models have added a
new aspect to medical education by producing medically
accurate content and supporting advanced diagnostic reasoning

exercises [10,11]. These features are crucial for establishing
safe learning spaces where future radiologists can practice
detailed diagnostic reasoning and decision-making without
real-world clinical risks [12,13]. Moreover, these LLMs are
crucial in developing and clarifying complex medical scenarios
and test questions, improving the educational experience and
boosting the diagnostic abilities of students [14-16].

Despite these advancements, recent research has pinpointed
limitations in the use of LLMs in medical exams, particularly
in specialties like radiology that demand extensive clinical
insight. Studies have shown that while LLMs such as GPT-4
can manage simple diagnostic questions effectively, they
encounter difficulties with more complex cases that require a
deeper clinical understanding and the integration of diverse
medical information [17,18]. These findings highlight a
significant gap in the existing literature; there is a lack of
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comprehensive comparative studies that evaluate the
performance of various LLMs across different diagnostic
scenarios in radiology [19].

This study addresses this gap by comparing several mainstream
LLMs in text-based radiology board exams, without imaging
components, evaluating their overall performance. While a
secondary objective is to analyze performance by question type
and topic. This study hypothesizes that GPT-4 will outperform
other models, particularly in handling complex diagnostic
questions.

Methods

Study Design
This research was structured as a prospective, comparative
analysis that aimed to test the effectiveness of various notable
LLMs within a controlled environment resembling radiology
board examinations without images. The radiology exams
comprehensively evaluated a candidate’s radiology knowledge,
reasoning, and clinical skills. China does not currently have a
unified national licensing exam specifically for radiologists.
Given that the Canadian Royal College and American Board
of Radiology exams are viewed as authoritative and widely
recognized, test questions were selected according to the
standards of these two exams for model testing [20]. Both of
the exams assess candidates on a broad spectrum of radiology
topics using multiple-choice questions.

Ethical Considerations
Despite the reliance on nonpersonal, pre-existing data and the
lack of direct involvement of human or animal subjects, ethical
approval and the need for informed consent were waived by the
Institutional Review Board of Peking University First Hospital,
Beijing, China. The radiologists who participated in question
validation and categorization were compensated at a rate of 300
Chinese Yuan (US $40.91) per hour for their professional
expertise. All data used in the study were anonymized exam
questions, with no personal identifiable information involved.
The research strictly adhered to ethical standards, with data
integrity meticulously upheld throughout the study.

Models Selection
The models chosen for this investigation included GPT-4
(OpenAI), Claude 2.1 (Anthropic), Bard (Google, PaLM 2),
Tongyi Qianwen (Alibaba, Qwen-72B), and Gemini Pro 1.0
(Google). All models were tested from late November to early
December 2023. These models represent significant
advancements in AI, particularly in natural language processing.
They were selected based on their demonstrated success in
academic and professional settings, indicating their potential
effectiveness in educational applications.

Dataset Composition
The dataset for this study consisted of 150 multiple-choice
questions drawn from historical radiology board exams similar
to those given by the Canadian Royal College and the American
Board of Radiology. These questions were sourced from the
websites of Board Vitals [21] and CanadaQBank [22], which
are widely recognized for providing questions that closely reflect

the content and format of North American radiology board
exams. Each question was individually reviewed and validated
by two academic radiologists—one specializing in ultrasound
with 20 years of experience and the other in abdominal radiology
with 4 years of experience. Questions were only included if
both reviewers concurred on their relevance and appropriateness
for this study. Questions that involved images were excluded.

Question Categorization
All questions were classified according to their primary
assessment objectives using Bloom’s Taxonomy, including two
main categories: lower-order thinking (remembering and
understanding) and higher-order thinking (applying, analyzing,
and evaluating) [23]. Higher-order thinking questions were
further divided into specific groups such as description and
analysis of image findings, application of concepts, clinical
management, and calculation and classification. Additionally,
questions were also classified based on the specific area of
disease focus, including digestive, genitourinary,
musculoskeletal, respiratory, cardiovascular (including
angiography and intervention), nervous, breast and thyroid,
pediatrics, and imaging basics and physics. Each question was
reviewed and categorized independently by the two
board-certified radiologists mentioned above. Any
disagreements were then discussed collectively to arrive at a
consensus.

Scoring Criteria
The Canadian Royal College examination uses a pass-fail system
based on achieving at least 70% on all written components of
the examination. The American Board of Radiology uses a
criterion-referenced scoring system. This means that candidates
are evaluated against a predefined standard, not in comparison
to other test-takers. The passing standard is typically set by a
group of experts, including residency program directors and
experienced clinicians, who determine the difficulty level of
each question to ensure it aligns with the required competency
for independent practice. To pass, candidates must meet or
exceed the passing standard for all categories scored together.
For both exams, the questions undergo psychometric validation,
and questions that are not effective in discriminating between
candidates or are found too difficult may be removed. The
threshold for passing in this study was set at 70% to align with
the standards of the Royal College examinations in Canada.
This study did not use the criterion-referenced scoring system
used by the American Board of Radiology because its standards
were difficult to ascertain. Each multiple-choice question was
inputted into different LLMs, and the first response from each
model was recorded as the subject of analysis.

Statistical Analysis
To evaluate the association between model type and accuracy

for categorical variables, χ2 tests were used. For categories with
small sample sizes, the Fisher exact test was used to ensure the
validity of the statistical results. Odds ratios and their
corresponding 95% CIs were calculated using GPT-4 as the
benchmark. ANOVA was used to compare the mean accuracy
rates across different models. Following the results from the
ANOVA, Tukey’s honestly significant difference test was
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applied to identify specific pairs of models that demonstrated
significant differences in performance. Cohen d was calculated
to quantify the magnitude of differences between the models,
providing a clearer understanding of the practical significance
of the findings. Split-half reliability testing was used to assess
the consistency of each model’s performance across different
subsets of data, ensuring the reliability of the models over varied
test conditions. Statistical significance was set at an α level of
.05.

Results

Overall Model Performance
GPT-4 emerged as the leading model with an accuracy rate of
83.3% (125/150), significantly outperforming its peers. Tongyi
Qianwen also displayed strong performance, recording a 70.7%
(106/150) accuracy. Moderate effectiveness was observed in
models like Claude and Gemini Pro, with accuracy rates of
62.0% (93/150) and 55.3% (83/150), respectively. Bard trailed
with a 54.7% (82/150) accuracy rate, highlighting its challenges
in handling complex medical data under exam conditions (Table
1).

Table . Performance of different large language models on radiology board–styled multiple-choice questions without images.

Test score, n (%)Parameter

Gemini ProTongyi QianwenBardClaudeGPT4

83 (55.3)106 (70.7)82 (54.7)93 (62.0)125 (83.3)All questions (n=150)

Question type

29 (63)34 (73.9)27 (58.7)34 (73.9)38 (82.6)    Lower order think-
ing (n=46)

54 (51.9)72 (69.2)55 (52.9)59 (56.7)87 (83.7)    Higher order think-
ing (n=104)

Higher order thinking question categories

21 (60)28 (80)20 (57.1)23 (65.7)30 (85.7)    Description and ana-
lyze of image findings
(n=35)

17 (44.7)26 (68.4)17 (44.7)19 (50)34 (89.5)    Application of con-
cepts (n=38)

11 (57.9)13 (68.4)12 (63.2)12 (63.2)14 (73.7)    Clinical manage-
ment (n=19)

5 (41.7)5 (41.7)6 (50)5 (41.7)9 (75)    Calculation and
classification (n=12)

Question topic

9 (60)10 (66.7)5 (33.3)7 (46.7)10 (66.7)    Digestive (n=15)

11 (52.4)15 (71.4)14 (66.7)15 (71.4)19 (90.5)    Genitourinary
(n=21)

7 (63.6)9 (81.8)7 (63.6)6 (54.5)8 (72.7)    Musculoskeletal
(n=11)

8 (53.3)8 (53.3)8 (53.3)9 (60)12 (80)    Respiratory (n=15)

11 (50)18 (81.8)8 (36.4)14 (63.6)19 (86.4)    Cardiovascular
(n=22)

9 (81.8)8 (72.7)7 (63.6)9 (81.8)11 (100)    Nervous (n=11)

7 (50)9 (64.3)9 (64.3)9 (64.3)11 (78.6)    Breast and thyroid
(n=14)

9 (47.4)13 (68.4)11 (57.9)11 (57.9)15 (78.9)    Pediatrics (n=19)

12 (54.5)15 (68.2)12 (54.5)11 (50)19 (86.4)    Imaging Basics and
physics (n=22)

Detailed Performance Analysis by Question Type
The breakdown by question type revealed that GPT-4
consistently excelled in both lower-order and higher-order
thinking questions, scoring 82.6% (38/46) and 83.7% (87/104),

respectively. This indicated GPT-4’s capability to manage both
basic recall and more complex analytical tasks effectively. In
contrast, models such as Claude and Bard demonstrated a drop
in performance with higher-order thinking questions, achieving
only 56.7% (59/104) and 52.9% (55/104) accuracy in this

JMIR Med Educ 2025 | vol. 11 | e64284 | p.806https://mededu.jmir.org/2025/1/e64284
(page number not for citation purposes)

WeiJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


category, respectively. This gradient in performance highlighted
the difficulties faced by current LLMs in simulating the complex

cognitive processes involved in clinical reasoning (Figure 1).

Figure 1. Model accuracy by question type, illustrating the differentiation in model performance between lower-order and higher-order thinking
questions.

Performance Across Medical Specialties
Performance analysis segmented by medical specialty showed
marked variances. GPT-4 demonstrated exceptional proficiency
in neurology with a perfect score of 100% (11/11), and also
performed well in genitourinary and cardiovascular categories,
with accuracies of 90.5% (19/21) and 86.4% (19/22),
respectively. However, challenges were apparent in areas like
musculoskeletal and digestive categories, where high-performing
models like GPT-4 experienced reduced accuracy rates of 72.7%
(8/11) and 66.7% (10/15), respectively. These results indicated
that some specialties may need more tailored domain-specific
training for models to enhance their effectiveness (Table 1).

Detailed odds ratios and CIs for each model are presented in
Multimedia Appendix 1. The odds ratio results show that GPT-4
had the highest performance. All the other models had
significantly lower odds ratios compared to GPT-4. Tongyi
Qianwen had the highest odds ratio among the other models.
As shown in Multimedia Appendix 2, the pairwise comparisons
showed that GPT-4 significantly outperformed all other models,
with statistically significant differences observed in its
comparison with Claude (P<.001), Bard (P<.001), Tongyi
Qianwen (P=.009), and Gemini Pro (P<.001). Additionally,
Tongyi Qianwen exhibited a significantly higher accuracy
compared to Bard (P=.004) and Gemini Pro (P=.006). In
contrast, no statistically significant differences were found
between Claude and Bard (P=.20), Claude and Gemini Pro
(P=.24), or Bard and Gemini Pro (P=.90). These results suggest
that the performance of these models was relatively similar in
this dataset.

Discussion

Principal Findings
The exceptional performance of GPT-4 in this study aligns with
recent findings that highlight its advanced reasoning capabilities
and improvements over previous versions, such as GPT-3.5, in
various professional contexts, including various kinds of medical
exams [24]. GPT-4’s extensive training on diverse datasets and
its refined architecture enable it to adeptly handle complex
questions, which are typical in the specialized language and
scenario-based queries found in medical board examinations
[25]. Nevertheless, the performance differences observed among
models like Bard and Claude can be attributed to the nature of
their training and inherent limitations in processing complex
cognitive tasks, which are crucial in radiology examinations.
This is largely due to the absence of specialized medical training
data during their development phases. These findings are in line
with the research, which indicated that while GPT-4’s textual
reasoning is strong, its integration and analysis of image-based
information remains inadequate [26].

Models such as GPT-4 and Tongyi Qianwen, which displayed
superior performance, likely benefited from training datasets
that included medical scenarios. The significance of
domain-specific training is well-documented, emphasizing that
for LLMs to excel in specialized fields like radiology, they
require training with pertinent medical data. Both GPT-4 and
Tongyi Qianwen exceeded the 70% passing threshold for the
simulated radiology board exams. This marks a significant
achievement and shows the potential of these models in
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academic and professional environments. The threshold mirrors
real medical licensing exam criteria, offering a realistic measure
of AI’s potential performance in actual educational assessments.
The robust performance of Tongyi Qianwen, particularly in an
English-based setup, is notable. Despite generally not being
ranked as highly as Western models in AI benchmarks, its
performance indicates significant progress in China’s AI
development [27]. This supports calls for more inclusive and
diverse training datasets to reduce biases and improve the global
applicability of AI technologies.

GPT-4 has demonstrated the capability to pass simulated UK
Radiology Fellowship Examinations, especially in sections
focused on physics and single best answers [28]. However,
challenges remain when these models are tested with
image-based questions, highlighting a persisting gap between
current AI capabilities and the complex demands of radiological
diagnostics [26]. While integrating LLMs into medical education
and assessments promises transformative changes in how content
is delivered and evaluated, there is a risk of excessive reliance
on AI. This overdependence could potentially undermine the
development of critical thinking and diagnostic skills vital for
medical practice [25].

Limitations
This study’s limitations include its sole focus on text-based
questions and the exclusion of visual components, which are

integral to radiology. Future research should incorporate
multimodal assessments and also aim to integrate image
recognition capabilities with textual analysis to improve the
applicability of LLMs in radiology. These models will need to
be fine-tuned with domain-specific datasets to enhance their
practical utility in medical education and clinical diagnostics.
Another notable limitation is the delay between the submission
and publication of peer-reviewed articles, which can result in
outdated assessments of rapidly evolving LLMs. The models
evaluated in this paper were based on their versions from late
November to early December 2023, and significant
advancements have occurred since then, particularly with models
like Claude, which has been regularly updated, with multiple
new versions released by Anthropic. In future work, we intend
to continue discussing the accuracy comparisons among new
models as they are released. Additionally, if sufficient technical
resources are available, we aim to create a platform to maintain
an up-to-date database of LLM performance on this benchmark.

Conclusion
This article underscores the evolving capabilities and limitations
of LLMs in medical education. While models like GPT-4 show
promise, the path to their effective integration in clinical practice
requires ongoing refinement and a deeper understanding of their
operational dynamics in complex medical settings.
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Abstract

Background: Artificial intelligence (AI) has become widely applied across many fields, including medical education. Content
validation and its answers are based on training datasets and the optimization of each model. The accuracy of large language
model (LLMs) in basic medical examinations and factors related to their accuracy have also been explored.

Objective: We evaluated factors associated with the accuracy of LLMs (GPT-3.5, GPT-4, Google Bard, and Microsoft Bing)
in answering multiple-choice questions from basic medical science examinations.

Methods: We used questions that were closely aligned with the content and topic distribution of Thailand’s Step 1 National
Medical Licensing Examination. Variables such as the difficulty index, discrimination index, and question characteristics were
collected. These questions were then simultaneously input into ChatGPT (with GPT-3.5 and GPT-4), Microsoft Bing, and Google
Bard, and their responses were recorded. The accuracy of these LLMs and the associated factors were analyzed using multivariable
logistic regression. This analysis aimed to assess the effect of various factors on model accuracy, with results reported as odds
ratios (ORs).

Results: The study revealed that GPT-4 was the top-performing model, with an overall accuracy of 89.07% (95% CI
84.76%‐92.41%), significantly outperforming the others (P<.001). Microsoft Bing followed with an accuracy of 83.69% (95%
CI 78.85%‐87.80%), GPT-3.5 at 67.02% (95% CI 61.20%‐72.48%), and Google Bard at 63.83% (95% CI 57.92%‐69.44%).
The multivariable logistic regression analysis showed a correlation between question difficulty and model performance, with
GPT-4 demonstrating the strongest association. Interestingly, no significant correlation was found between model accuracy and
question length, negative wording, clinical scenarios, or the discrimination index for most models, except for Google Bard, which
showed varying correlations.

Conclusions: The GPT-4 and Microsoft Bing models demonstrated equal and superior accuracy compared to GPT-3.5 and
Google Bard in the domain of basic medical science. The accuracy of these models was significantly influenced by the item’s
difficulty index, indicating that the LLMs are more accurate when answering easier questions. This suggests that the more accurate
models, such as GPT-4 and Bing, can be valuable tools for understanding and learning basic medical science concepts.

(JMIR Med Educ 2025;11:e58898)   doi:10.2196/58898

KEYWORDS

accuracy; performance; artificial intelligence; AI; ChatGPT; large language model; LLM; difficulty index; basic medical science
examination; cross-sectional study; medical education; datasets; assessment; medical science; tool; Google

Introduction

Advances in artificial intelligence (AI), machine learning, and
large language models (LLMs) have made these tools widely
used across a variety of industries. Education and other fields
are increasingly using these technologies for decision-making
and predictive analysis, using machine learning fed by large
databases [1]. Their utility has expanded to a wide range of
applications, including speech recognition, image categorization,
and language translation [2].

The application of computer technologies to study and create
models for decision-making, prediction, and simulation is known
as machine learning. Model performance is based on training
datasets. The incorporation of AI into traditional health care
and medical education has had a substantial impact on medical
practices [3]. It has accelerated diagnostic processes in
radiography [4], pathology, endoscopy, and ultrasonography,
has improved clinical decision-making, and has decreased the
workloads of health care personnel. AI has had an impact on
pharmaceutical development and management and medical
education, resulting in a new paradigm [5].
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A study on the accuracy of ChatGPT in answering questions
that were contextually similar to those in the United States
Medical Licensing Examination (USMLE) reported accuracy
rates of 44%‐64% for step 1 and 42%‐57.8% for step 2,
depending on the dataset [6]. This research indicated that the
model’s accuracy in answering questions matched the passing
score for third-year medical students, suggesting that further
development is required for ChatGPT to meet or exceed the
USMLE passing criteria [7]. Additionally, the model has the
potential to generate insightful content that could aid human
learners in studying medical sciences [8].

Evaluations of ChatGPT’s accuracy in answering
university-level physiology examination questions have shown
it can correctly answer more than 75% of them. Furthermore,
it can provide explanations that align with expert assessments
[9]. For specialized surgical studies, ChatGPT’s GPT-4 model,
an evolution of GPT-3.5, has been used to assess surgical
question accuracy, revealing an overall accuracy of 76.4%,
compared to 46.8% with GPT-3.5, a statistically significant
difference (P<.05). GPT-4 showed an accuracy range of
63.6%‐88.3% across different topics, outperforming GPT-3.5
in every subtopic [10].

In terms of answering questions for family medicine experts in
Taiwan, ChatGPT demonstrated an accuracy of 41.6% in a study
that also found that the length of the questions did not affect
the model’s accuracy. However, the authors noted that the AI’s
accuracy might depend on the difficulty of the test, the local
language, and medical practices, which differ by region and
could reduce the model’s accuracy [11].

This study investigated the accuracy of responses from widely
used LLM AIs, including ChatGPT (with GPT-3.5 and GPT-4),
Bing, and Google Bard. Also, we compared their accuracy and
determined relationships with the difficulty index for
multiple-choice questions closely related to the content of the
Thailand Center for Medical Competency Assessment step 1,

as well as other factors that may affect the AI’s accuracy, such
as the length of the question, the presence of negatively worded
questions, and the variety of topics across various systems. This
research was undertaken to explore these dimensions.

Methods

Study Design and Setting
This study was carried out at the Institute of Medicine, Suranaree
University of Technology, Thailand. The curriculum has been
accredited by the World Federation for Medical Education since
2021, and the program enrolls 92 medical students annually.
Preclinical medical students receive instruction through a
collaboration between the School of Preclinic, the Institute of
Science, and the Institute of Medicine.

Ethical Considerations
The Human Research Ethics Committee at Suranaree University
of Technology approved an exemption (certificate of exemption
117/2566) for this study, which was conducted in accordance
with international guidelines for human research.

Data Source
This study used a set of 300 multiple-choice questions that
closely matched the content and topic distribution of Thailand’s
step 1 National Medical Licensing Examination. These questions
were voluntarily administered to third-year medical students in
February 2021 and 2022. This timing was chosen because the
students had already completed courses relevant to the
examination. The difficulty index and discrimination index of
each question were assessed from the test. The same set of
questions was used for both years without any modifications to
the content of the exam. The study excluded questions that
contained pictures or were not written in English. These
exclusion criteria were applied to ensure consistency in the type
of questions assessed and to maintain a focus on the textual
comprehension and response accuracy of the LLMs (Figure 1).
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Figure 1. Study flow chart.

Question Characteristics
Question length was defined as the number of words contained
within a question. Negative word questions were identified as
those containing the terms “not,” “no,” “exclude,” or “neither.”
Case scenario questions were characterized by the inclusion of
a clinical case scenario, providing a contextual background to
the question being asked.

We also used item analyses [12-14], such as the difficulty index,
discrimination index, and internal consistency reliability, as
independent factors associated with the LLMs’ accuracy.

Difficulty index (represented by the letter p) is the proportion
of examinees who answered a specific question correctly. If a
question is easy and every examinee answers it correctly, p will
be 1. Conversely, if no examinees answer the question correctly,
p will be 0. This index helps in evaluating the relative difficulty
of each question in an examination [12].

Discrimination index (represented by the letter r) refers to a
question’s ability to differentiate between examinees who have
high scores and those who do not. Questions with a high
discrimination ability are characterized by high scorers typically
answering them correctly, while low scorers tend to answer
them incorrectly [13]. The most widely used metric for assessing

a question’s discrimination ability is the point-biserial
correlation. The point-biserial correlation coefficient ranges
from −1 to 1. A higher point-biserial correlation indicates a
question with better discriminatory power.

Internal consistency reliability was measured with Cronbach α.
It ranges from 0 to 1, with higher values indicating greater
internal consistency. A Cronbach α value above 0.7 is generally
considered acceptable, values above 0.8 are considered good,
and values above 0.9 are considered excellent.

Prompt Input for LLMs
We used the prompt “Choose the best one answer.” Each
question was asked to each LLM after inputting the prompt
during the same period, from January 18 to 24, 2024. We
individually inputted the selected questions into various LLMs,
including ChatGPT (with GPT-3.5 and GPT-4), Microsoft Bing,
and Google Bard (one session contained one prompt and
individual question). The responses from these models were
then categorized as either correct or incorrect.

Statistical Analysis
In this study, discrete variables are represented as percentages,
while continuous variables are represented as either the mean
(SD) or median (IQR). The association between categorical
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variables was analyzed using the χ2 test or Fisher exact test.
The relationships between variables and the ability of the LLMs
to provide correct answers was examined using multivariable
logistic regression, with results reported as odds ratios (ORs)
and 95% CIs. Statistical significance was determined at a P
value of <.05 for all tests. The analysis was facilitated by Stata
(version 17; StataCorp), which was used for data analysis and
chart creation.

Results

We evaluated the LLMs by using a set of 300 multiple-choice
questions that were closely aligned with the content and topic
distribution of Thailand’s Step 1 National Medical Licensing
Examination. According to the exclusion criteria, 12
picture-containing questions and 6 non-English questions were
excluded; therefore, 282 eligible questions were included. All
eligible questions were concurrently input into various LLMs
(Figure 1). The responses were then recorded, categorizing the
outcomes as either correct or incorrect.

The questions were categorized according to the block system
(Table 1), with distributions as follows: 32.3% on general
principles, 5.7% on the hematopoietic system, 8.2% on the
nervous system, 3.9% on skin and connective tissues, 4.3% on
the musculoskeletal system, 7.8% on the respiratory system,
8.9% on the cardiovascular system, 7.5% on the gastrointestinal
system, 6.7% on the urinary system, 7.1% on the reproductive
system, and 7.8% on the endocrine system. The average question
length was 49.10 (SD 18.94) words, with 24 questions (8.2%)
containing negative wording. More than half of the questions,
specifically 53.2%, were based on clinical case scenarios (more
descriptive statistics for the item analysis for each block are
provided in Multimedia Appendix 1). The mean difficulty index
was 0.35, indicating moderately difficult to difficult questions.
The discrimination index was 0.16, suggesting a poor ability to
distinguish between higher and lower performers. Otherwise,
the internal consistency reliability, at 0.84, highlighted an
acceptable level of consistency across the examination.

Table . Question characteristics (n=282).

ValuesCharacteristics

Number of questions by block, n (%)

91 (32.3)General principlesa

16 (5.7)Hematopoietic system

23 (8.2)Nervous system

11 (3.9)Skin and connective tissue

12 (4.3)Musculoskeletal system

22 (7.8)Respiratory system

25 (8.9)Cardiovascular system

21 (7.5)Gastrointestinal system

19 (6.7)Urinary system

20 (7.1)Reproductive system

22 (7.8)Endocrine system

49.10 (18.94)Question length (words), mean (SD)

24 (8.5)Negative-word questions, n (%)

150 (53.2)Case scenario questions, n (%)

0.35Average difficulty index (p)

0.16Average discrimination index (r)

0.84Internal consistency reliability (α)

a“General principle” questions refer to fundamental principles in biochemistry, molecular biology, human development, genetics, normal immune
responses, basic pathological processes, laboratory investigations, general pharmacology, epidemiology, and biostatistics.

The overall accuracy of the LLMs in the basic medical science
examination was as follows (Table 2): GPT-4 achieved the
highest accuracy at 89.07% (95% CI 84.76%‐92.41%),
Microsoft Bing had an accuracy of 83.69% (95% CI
78.85%‐87.80%), GPT-3.5 recorded an accuracy of 67.02%

(95% CI 61.20%‐72.48%), and Google Bard demonstrated an
accuracy of 63.83% (95% CI 57.92%‐69.44%). The Fisher
exact test showed that GPT-4 performed more accurately than
Microsoft Bing, and that the difference was statistically
significant (P<.001)
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Table . Accuracy of large language models with 95% CIs, compared based on category (n=282).

Google BardMicrosoft BingGPT-4GPT-3.5

180236251189Number of correct answers

63.83 (57.92‐69.44)83.69 (78.85‐87.80)89.07 (84.76‐92.41)67.02 (61.20‐72.48)Overall accuracy, % (95%
CI)

72.53 (62.17‐81.37)84.62 (75.54‐91.33)90.11 (82.05‐95.38)84.62 (75.54‐91.33)General principles, % (95%
CI)

59.69 (52.36‐66.70)83.25 (77.18‐88.25)88.48 (83.08‐92.64)61.78 (54.49‐68.70)Block system, % (95% CI)

The GPT-4 model demonstrated the highest accuracy among
the LLMs in the general principles section for basic science,
achieving 90.11% (95% CI 82.05%‐95.38%), as shown in
Table 2. GPT-3.5 and Bing exhibited equal accuracy in this
section, with the lowest accuracy being 72.53% (95% CI
62.17%‐81.37%) for Bard. Additionally, GPT-4 maintained

its position as the top performer in the block system with an
accuracy of 88.48% (95% CI 83.08%‐92.64%), whereas Bard
again displayed the lowest performance in this segment (Figure
2). Overall, GPT-4 stood out for its superior performance in
overall accuracy, general principles, and the block system.

Figure 2. Comparative accuracy with 95% CIs for artificial intelligence models across different question categories.

Table 3 presents the number of correct answers stratified by the
block system alongside the proportion of correct answers relative
to the total number of questions. The GPT-4 model exhibited
the best performance, with its accuracy ranging from 84% to
95%. Following GPT-4, the Microsoft Bing model demonstrated

block system accuracies between 68% and 91%. The accuracy
of GPT-3.5 and Google Bard was comparable in this study, with
GPT-3.5 achieving between 53% and 85%, and Google Bard
ranging from 53% to 72%.

JMIR Med Educ 2025 | vol. 11 | e58898 | p.815https://mededu.jmir.org/2025/1/e58898
(page number not for citation purposes)

Kaewboonlert et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Number of correct answers stratified by block system (n=282)

Correct answers, n (%)Topic

Google BardMicrosoft BingGPT-4GPT-3.5

66 (73)77 (85)82 (90)77 (85)General principles (n=91)

11 (69)13 (81)14 (88)8 (50)Hematopoietic system
(n=16)

12 (52)19 (83)21 (91)13 (57)Nervous system (n=23)

5 (46)9 (82)10 (91)8 (73)Skin and connective tissue
(n=11)

8 (67)10 (83)11 (92)9 (75)Musculoskeletal system
(n=12)

13 (59)19 (86)17 (77)12 (55)Respiratory system (n=22)

16 (64)20 (80)21 (84)14 (56)Cardiovascular system
(n=25)

14 (67)18 (86)20 (95)15 (71)Gastrointestinal system
(n=21)

10 (53)13 (68)17 (90)10 (53)Urinary system (n=19)

12 (60)18 (90)18 (90)13 (65)Reproductive system (n=20)

13 (59)20 (91)20 (91)16 (73)Endocrine system (n=22)

Table 4 illustrates the question characteristics associated with
correct answers. There was a correlation between the difficulty
index and the accuracy in all 4 models, with the strongest
association observed in the GPT-4 model (OR 90.13, 95% CI
4.30‐1887.54; P=.004). This was followed by GPT-3.5, which
had an OR of 28.03 (95% CI 4.68‐167.98; P<.001). Microsoft
Bing and Google Bard demonstrated similar correlations with

correct answers, with ORs of 18.9 (95% CI 1.84‐195.42;
P=.01) and 18.73 (95% CI 3.12‐112.45; P=.001), respectively,
as shown in Table 4. There was no statistically significant
correlation between the accuracy of GPT-3.5, GPT-4, and Bing
and question length, negative word questions, clinical case
scenario questions, or the discrimination index.

Table . Multivariable logistic regression analysis showing question characteristics associated with correct answer of large language model artificial
intelligence (n=282).

Google BardMicrosoft BingGPT-4GPT-3.5Variable

P valueOR (95% CI)P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

.020.98 (0.97‐
1.00)

.941.00 (0.98‐
1.02)

.961.00 (0.98‐
1.02)

.070.99 (0.97‐
1.00)

Question
length (word)

.0070.26 (0.10‐
0.69)

.120.46 (0.18‐
1.22)

.140.44 (0.15‐
1.30)

.190.55 (0.22‐
1.35)

Negative word
question

.080.56 (0.30‐
1.07)

.870.94 (0.43‐
2.04)

.341.57 (0.63‐
3.93)

.850.94 (0.50‐
1.77)

Case scenario
question

.00118.73 (3.12‐
112.45)

.0118.9 (1.84‐
195.42)

.00490.13 (4.30‐
1887.54)

<.00128.03 (4.68‐
167.98)

Difficulty in-
dex (p)

.0489.31 (1.02‐
84.68)

.109.66 (0.67‐
140.06)

.334.85 (0.20‐
116.54)

.342.80 (0.34‐
23.32)

Discrimination
index (r)

aOR: odds ratio.

On the other hand, for Google Bard, longer questions had a
higher OR, of 0.98 (95% CI 0.97‐1.00; P=.02), for the model
to provide the correct answer than shorter questions. The
negative-word questions were less likely to be answered
correctly by the model, with an OR of 0.26 (95% CI 0.10‐0.69;
P=.007), compared to those without negative words.
Furthermore, questions with a higher discrimination index were
more likely to be correctly answered with statistical significance
by the model, with an OR of 9.31 (95% CI 1.02‐84.68,
P=.048), as compared to those with a lower discrimination

index. No statistically significant correlation was observed
between the accuracy of the AIs in answering clinical case
scenario questions, as presented in Table 4.

The correlation between the difficulty index and the estimated
accuracy of the various AI models, analyzed with binary logistic
regression, is shown in Figure 3. The GPT-4 model consistently
demonstrated the highest accuracy across all levels of question
difficulty index (Figure 3). Google Bard, on the other hand, had
the lowest estimated accuracy. The accuracy of the various
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LLMs improved as the difficulty index increased, indicating that these models performed better on easier questions.

Figure 3. Accuracy of various artificial intelligence models estimated based on difficulty index.

Discussion

Accuracy of the LLMs on Basic Medical Science
Examinations
This study compared the accuracy of LLMs in answering
questions from a basic medical science examination related to
the National Medical Licensing Examination, finding that GPT-4
had the highest accuracy, at 89.07%, and Google Bard had the
lowest accuracy, at 63.83%, when tasked with answering
questions in this context. The most frequently studied AI models
were GPT-3.5 and GPT-4.

These results align with the 2023 findings of Yanagita et al [15],
who used questions from the National Medical Licensing
Examination in Japan, administered by the Japanese Ministry
of Health, Labour and Welfare. When inputting Japanese
questions into the prompt, they reported an accuracy for GPT-4
of 81.5%, significantly higher than GPT-3.5’s accuracy of
42.8%, with GPT-4 surpassing the National Medical Licensing
Examination passing standard of 72%.

Our results are similar to those of the study conducted by Gilson
et al [6] in 2023, which found that the performance of GPT-3.5
on AMBOSS-Step1 and NBME-Free-Step1 was 44% and
64.4%, respectively. Flores-Cohaila et al [16] conducted a study
on the accuracy of LLMs on the Peruvian National Licensing
Medical Examination and discovered that GPT-4 had 86%

accuracy, following by GPT-3.5 at 77%, with moderately
difficult to difficult questions being associated with incorrect
answers (the OR for GPT-3.5 was 6.6, 95% CI 2.73‐15.95;
for GPT-4, the OR was 33.23, 95% CI 4.3‐257.12).

A literature review from China (Wang et al [17]) evaluated the
performance of GPT-3.5 and GPT-4 on the China National
Medical Licensing Examination and reported 56% and 84%
accuracy for GPT-3.5 and GPT-4, respectively, demonstrating
GPT-4’s superiority over GPT-3.5 in terms of accuracy on basic
medical science examinations.

The accuracy of GPT-4 and GPT-3.5 is influenced by the variety
within the question dataset. This results in diverse outcomes
across different countries, changing according to the
environmental context, difficulty level of the examination, and
the proportion of subcomponents within the examination
question sets, which may vary from one country to another.
Consequently, the estimated accuracy of AI models for each
dataset is not constant.

Difficulty Index and the LLMs’ Accuracy
In this study, we identified factors correlated with the accuracy
of AI models in answering questions. We found that for every
model, the difficulty index was associated with correctly
answering questions. Moreover, across all models, there was a
tendency to answer questions correctly as the difficulty index
increased (indicating easier questions). Specifically, GPT-4
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demonstrated the highest OR at 90.13 (95% CI 4.30‐1887.54;
P=.004), followed by GPT-3.5, with an OR of 28.03 (95% CI
4.68‐167.98; P<.001).

This result aligns with findings from Antaki et al [18] showing
that question difficulty was the most predictive factor of
GPT-3.5’s answer accuracy (likelihood ratio 24.05; P<.001)
and that GPT-4 was more accurate than GPT-3.5. The current
research reveals the accuracy of AI models in answering
questions across various disciplines, particularly studies focusing
on the renowned GPT-3.5 model. However, this study focused
on the relationship between the difficulty index, derived from
human examination observations, and the accuracy of every
simple-to-access LLM that is widely used. There was also a
variation in accuracy among all models, with GPT-4 being the
most accurate, and there was an obvious correlation with the
difficulty index for each model, indicating that easier questions
had higher accuracy.

The Implication of LLMs for Medical Education
This study’s findings hold significant implications for medical
education, particularly regarding the use of LLMs such as
GPT-4, Microsoft Bing, GPT-3.5, and Google Bard as
educational tools [19]. There are 3 major ways that this study’s
findings can be applied to augment traditional study methods.

First, enhancing study efficiency: the high accuracy rates of
LLMs, especially GPT-4, in answering medical examination
questions suggest their utility as effective study aids. By
providing immediate and accurate answers with explanations,
these models can help students identify areas of weakness and
reinforce their learning more efficiently than traditional study
methods alone.

Second, supplementing traditional education methods: LLMs
can act as supplementary tools in medical education, alongside
lectures, textbooks, and clinical scenarios. Integrating LLMs
into the curriculum provides students with an additional resource
for study and review to enhance the overall educational
experience.

Last, preparing for licensing examinations: given the study’s
focus on medical licensing examinations, LLMs could play a
crucial role in preparing students for these critical assessments.
The ability of LLMs to accurately answer examination questions,
such as those tackled by GPT-4, and explain reasoning processes
can assist students in better preparing for the format and content
of licensing exams.

LLMs may have a negative impact on medical education.
Excessive dependence on LLMs might impede the development
of independent critical thinking skills. Students may become
reliant on the model’s suggestions instead of developing their
own reasoning processes. LLMs can sometimes provide
incorrect, incomplete, or biased information [20,21]. This can
interfere with the development of critical appraisal skills, leading

students to accept inaccurate information, which may hinder
their critical thinking and medical reasoning abilities [22].
Additionally, reduced peer and mentor interaction can hinder
the development of professional judgment, depriving students
of diverse perspectives and collaborative problem-solving
experiences.

To maximize the benefits while minimizing the negative impact
of incorporating LLMs into medical education [23], 4 strategies
can be considered. First, structured use: LLMs can be
incorporated as supplementary tools in a structured curriculum
rather than as primary sources of information. Second, critical
appraisal training: the importance of critically appraising
information provided by LLMs should be emphasized, and
students should be taught how to cross-reference and validate
information. Third, independent thought should be encouraged:
environments should be fostered that encourage independent
thinking and problem-solving, using LLMs to support (not
replace) these processes. Fourth, monitoring and evaluation:
the impact of LLMs on students’ learning and reasoning skills
should be assessed, and educational approaches should be
adjusted based on these assessments.

Limitations
One significant limitation of this study is the LLMs’ ability to
accurately respond to complex medical examination questions.
Moreover, despite GPT-4’s high performance, the study’s focus
on a single culturally and geographically specific medical
licensing examination (Thailand Step 1 National Medical
Licensing Examination) may limit the generalizability of the
findings to other medical examinations and educational contexts.
The exclusion of questions containing images and those not in
English restricted the comprehensiveness of the assessment,
considering the importance of questions on visual diagnostics.
Updates to LLMs can significantly affect their accuracy, leading
to a potential increase in the capabilities of the models over
time. Furthermore, different LLMs can respond differently to
different prompts. They can generate different answers across
independent sessions, even with identical prompts. Therefore,
a sensitivity analysis of the accuracy of the LLMs’ responses
should be conducted with a variety of prompt and session
settings.

Conclusion
Our results show a significant variation in performance among
different LLMs, with the most accurate model being GPT-4.
This study has shed light on the role of LLMs as supplementary
tools in medical education, as well as the need for more research
to increase the generalizability of the findings to different
educational settings. We advocate for the ongoing development
and modification of LLMs to match the unique demands of
medical education internationally, which has important
implications for the future integration of AI in medical training
and test preparation.
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Abstract

Background: Medical students often struggle to engage with and retain complex pharmacology topics during their preclinical
education. Traditional teaching methods can lead to passive learning and poor long-term retention of critical concepts.

Objective: This study aims to enhance the teaching of clinical pharmacology in medical school by using a multimodal generative
artificial intelligence (genAI) approach to create compelling, cinematic clinical narratives (CCNs).

Methods: We transformed a standard clinical case into an engaging, interactive multimedia experience called “Shattered
Slippers.” This CCN used various genAI tools for content creation: GPT-4 for developing the storyline, Leonardo.ai and Stable
Diffusion for generating images, Eleven Labs for creating audio narrations, and Suno for composing a theme song. The CCN
integrated narrative styles and pop culture references to enhance student engagement. It was applied in teaching first-year medical
students about immune system pharmacology. Student responses were assessed through the Situational Interest Survey for
Multimedia and examination performance. The target audience comprised first-year medical students (n=40), with 18 responding
to the Situational Interest Survey for Multimedia survey (n=18).

Results: The study revealed a marked preference for the genAI-enhanced CCNs over traditional teaching methods. Key findings
include the majority of surveyed students preferring the CCN over traditional clinical cases (14/18), as well as high average scores
for triggered situational interest (mean 4.58, SD 0.53), maintained interest (mean 4.40, SD 0.53), maintained-feeling interest
(mean 4.38, SD 0.51), and maintained-value interest (mean 4.42, SD 0.54). Students achieved an average score of 88% on
examination questions related to the CCN material, indicating successful learning and retention. Qualitative feedback highlighted
increased engagement, improved recall, and appreciation for the narrative style and pop culture references.

Conclusions: This study demonstrates the potential of using a multimodal genAI-driven approach to create CCNs in medical
education. The “Shattered Slippers” case effectively enhanced student engagement and promoted knowledge retention in complex
pharmacological topics. This innovative method suggests a novel direction for curriculum development that could improve
learning outcomes and student satisfaction in medical education. Future research should explore the long-term retention of
knowledge and the applicability of learned material in clinical settings, as well as the potential for broader implementation of
this approach across various medical education contexts.

(JMIR Med Educ 2025;11:e63865)   doi:10.2196/63865

KEYWORDS

artificial intelligence; cinematic clinical narratives; cinemeducation; medical education; narrative learning; AI; medical student;
pharmacology; preclinical education; long-term retention; AI tools; GPT-4; image; applicability

Introduction

Background
Student and trainee engagement is a critical factor in medical
education, influencing outcomes such as academic achievement,
overall well-being, satisfaction, and reduced burnout [1,2]. High
levels of engagement have been linked to increased motivation
and better learning experiences, as active participation

encourages deeper understanding and application of complex
material [3]. In contrast, traditional lecture-based learning often
results in passive absorption of information, limiting student
engagement and negatively affecting the ability to interact
meaningfully with content [4]. To address this, we developed
a cinematic clinical narrative (CCN), an interactive multimedia
learning experience designed to enhance student engagement
by integrating cinematic storytelling and narrative-based
learning techniques. This method builds upon the principles of
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cinemeducation, a teaching approach that uses film to create
emotional connections and foster active learning [5]. By using
generative artificial intelligence (genAI) tools, we have further
enhanced the learning experience and decreased the barrier to
entry for instructors, making it more immersive and adaptable
to current educational needs. GenAI has been recognized as a
transformative tool in reshaping medical education, offering
new opportunities for interactive, technology-driven learning
environments that promote active student engagement [6,7].

The target audience for our CCN comprises first-year medical
students learning pharmacology related to the immune system.
Medical students often face a knowledge gap in understanding
complex pharmacological interactions and the intricacies of
immune responses largely due to the difficulty of the material
[8,9]. Furthermore, there is speculated to be a skill gap in
medical and other professional health science students in
applying theoretical knowledge to clinical scenarios [10] and
the real problem of burnout due to many factors, one of which
is the large amount of knowledge required to retain in a short
amount of time [11]. The CCN aims to address these issues by
enhancing comprehension, clinical application skills, and
empathy toward patients with autoimmune diseases.

The CCN used a unique instructional approach by merging
cinemeducation [5] with multiple genAI platforms, tailored for
first-year medical students in pharmacology. This method
addresses the challenge of enhancing engagement and
knowledge retention in complex subjects such as immune system
pharmacology. Unlike traditional didactic teaching, our
approach, supported by others advocating for innovative
teaching strategies, uses storytelling to deepen understanding
and empathy [12-14]. Use of genAI in medical training,
particularly in personalizing learning experiences and
competencies for genAI-based tools, is also a current area of
active research [15,16]. This aligns with other researchers who
highlight the importance of interactive and engaging content in
medical education [17]. Our project also leverages the
effectiveness of narrative-based learning, which offers an
experiential learning environment over conventional teaching
methods and is more accurate to real-world situations [18].

Medical students often struggle to engage with and retain
complex pharmacological concepts, especially in preclinical
education, where traditional teaching methods can lead to
passive learning and poor knowledge retention. To address this
challenge, we developed and implemented a novel instructional
approach, CCNs, which leverages multimodal genAI tools to
create immersive, engaging learning experiences. The aim of
this study is to evaluate the effectiveness of these
genAI-enhanced CCNs in increasing student engagement,
interest, and knowledge retention in medical pharmacology
concepts. We tested this intervention by assessing student
interest using the Situational Interest Survey for Multimedia
(SIS-M) and measuring examination performance on content
covered by the CCNs. We hypothesize that students exposed
to CCNs will report higher levels of engagement compared with
traditional case-based learning and have passing examination
grades on questions related to the CCN.

Theoretical Framework
The instructional method in the CCN uses contemporary
educational theories emphasizing active, learner-centered
approaches. Drawing inspiration from the Constructivist
Learning Theory, which advocates for knowledge construction
through experience [19], our approach uses an adaptation of
cinemeducation to create an immersive learning environment
[5]. This also aligns with Mayer’s Cognitive Theory of
Multimedia Learning, which suggests that learning is enhanced
through multimodal presentations [20]. Furthermore, our
multimodal use of various genAI platforms for content
development is informed by the Technological Pedagogical
Content Knowledge (TPACK) framework [21], ensuring an
effective integration of technology in teaching. This
methodology responds to identified needs in medical education
for more engaging and effective teaching strategies, bridging
theory and practice in a novel and impactful way.

Methods

Participants and CCN Design Overview
This study was conducted at the University of Idaho WWAMI
Medical Education Program, which is part of a collaborative
University of Washington School of Medicine program serving
Washington, Wyoming, Alaska, Montana, and Idaho. The
WWAMI program provides medical education to students across
these states, offering them the opportunity to complete their
first 2 preclinical years of medical school in their home states
before transitioning to clinical training. The target learners for
this study were first-year medical students in the WWAMI
program enrolled in a 6-week foundational infections and
immunity course, which included topics covering immune
system pharmacology. Students in this course attend
pharmacology lectures that culminate in clinical cases, allowing
them to apply their newly acquired knowledge of medications
to real-world patient scenarios.

We decided to reimagine one of these cases into “Shattered
Slippers,” a CCN that was presented as a fictional sequel to the
movie “Another Cinderella Story” (Multimedia Appendices 1
and 2). This fictional sequel features the star from the original
movie, Selena Gomez, which was purposeful, given her real-life
battle with lupus and her experience receiving a kidney
transplant. This choice not only provides a strong thematic link
connecting the CCN to the source material but also serves to
humanize and demystify the conditions under study.

The development of “Shattered Slippers” used a suite of genAI
platforms to create an immersive and engaging learning
experience (Figure 1). The plot was crafted using GPT-4, known
for its language understanding and generation capabilities. For
visual imagery, Leonardo.ai and Stable Diffusion were used to
generate high-quality, contextually relevant images. Narration
was produced using Eleven Labs, ensuring a coherent and
captivating storytelling experience. Furthermore, the theme
song, integral to setting the tone of the educational module, was
composed using the combined efforts of GPT-4 and Suno.
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Figure 1. Multimodal generative artificial intelligence (genAI) case generation approach. Each portion of the case used a different genAI platform for
material generation. These included ChatGPT (GPT-4), Leonardo.ai, Eleven Labs, and Suno.

These artificial intelligence (AI)–generated materials were all
integrated into 2 PowerPoint presentations. Part I of the CCN
was presented at the end of a 1-hour pharmacology lecture on
immunomodulatory drugs with specific focus on nonsteroidal
anti-inflammatory drugs, glucocorticoids, and innate immune
system inhibitors. Part II of the CCN was presented 4 weeks
later at the end of a 1-hour pharmacology lecture on
immunomodulatory and transplant drugs with specific focus on
cytokine inhibitors, cytotoxic drugs, and antimetabolites. Both
lectures were presented in-person with >90% of students
attending both lectures. The combined CCN is provided as a
supplemental file (Multimedia Appendix 2).

At the conclusion of the course, students were informed about
Selena Gomez’s actual medical journey. This revelation
effectively bridged the gap between the fictional narrative of
“Shattered Slippers” and real-world medical scenarios, thereby
enhancing the educational impact and relevance of the clinical
cases discussed.

Plot Development
The process of developing the plot for “Shattered Slippers”
began with a reimagining of a clinical case initially presented
in the first-year medical school curriculum. This original case

centered around a ballerina struggling with rheumatoid arthritis,
where students were tasked with diagnosing the sources of her
pain and inflammation and selecting suitable immunomodulatory
medications.

Using ChatGPT (GPT-4) [22], a large language model (LLM),
we transformed this clinical scenario into a compelling narrative
for “Shattered Slippers.” The sequential steps of the medical
case were input into GPT-4, with instructions to adapt these
into a fictional storyline (Figure 2 and Multimedia Appendix
3). To enhance thematic resonance and real-world connection,
the ballerina’s diagnosis in the plot was altered from rheumatoid
arthritis to lupus, mirroring the real-life medical condition of
Selena Gomez, who stars in the CCN.

Further expanding the scope of the narrative, the plot
incorporated a kidney transplant storyline. This addition served
a dual purpose. First, it aligned with the second lecture on
immunoregulatory pharmacology focusing on organ transplant
pharmacology. Second, it resonated with Selena Gomez’s
personal medical history, as she has undergone a kidney
transplant. This incorporation not only ensured continuity with
the educational objectives of the course but also added depth
and authenticity to the fictional narrative, making it more
engaging and relatable for the students.
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Figure 2. Excerpt of plot generation. The initial prompt in the conversation covered the development of a separate CCN. Prompt engineering techniques
in this initial prompt included Persona Prompting [23,24] and a modified version of Zero-Shot CoT [25]. Excerpts of the first prompt and output related
to the Shattered Slippers CCN are provided. CCN: cinematic clinical narrative; CoT: Chain of Thought; LLM: large language model.

Image Generation
In order to create a more immersive educational experience,
fictional images were integrated into the “Shattered Slippers”
case study. These images were generated using the Leonardo.ai
platform [26], which harnesses the capabilities of the Stable
Diffusion XL image–generating technology (Figure 3 and
Multimedia Appendix 4).

In an effort to maintain transparency and distinguish between
real and AI-generated content, all images depicting real people
were marked with an “AI-generated image” icon. This icon,

chosen for its symbolic significance, is the spinning top from
the movie “Inception.” The selection of this particular icon was
purposeful; it serves as a metaphor for the increasingly blurred
lines between reality and artificial constructs, mirroring the
movie’s thematic exploration of distinguishing reality from
illusion. This concept was explained to the students prior to
their engagement with the case, setting the stage for a thoughtful
consideration of the role and impact of genAI in content
creation. This iconography not only helped in identifying
AI-generated images but also subtly underscored the advanced
capabilities of genAI in creating hyperrealistic images.
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Figure 3. Artificial intelligence (AI)-generated image of Selena Gomez singing with Justin Bieber. The prompt used was “adult Selena Gomez and
Justin Bieber singing together.” The spinning top in the bottom right corner was added as a watermark to denote an AI-generated image. Generated
with Leonardo.ai.

Narration Generation
Enhancing the immersive aspect of the CCN, an audio narration
was incorporated to accompany the text on the PowerPoint
slides. This element was designed to emulate the experience of
listening to a movie narrator, thereby bringing the story of
“Shattered Slippers” to life in an auditory format. To achieve
this, the finalized script of the plot was submitted to the Eleven
Labs platform [27], which specializes in converting text into
lifelike audio narration (Multimedia Appendix 5).

Each of these audio narrations were incorporated into their
corresponding PowerPoint slides. As each slide was presented
during the course, the audio narration played automatically,
further synchronizing the visual and auditory elements of the
learning experience. This integration of audio narration with
the visual content not only enriched the storytelling aspect of
the module but also supported diverse learning styles, facilitating
a more engaging and multisensory educational experience for
the students.

Theme Song Generation
Although not directly educational, a theme song for “Shattered
Slippers” was created to complete the immersive experience.
The inclusion of a theme song aimed to add an additional layer
of engagement and context to the fictional movie, contributing
to a more comprehensive and cinematic learning environment.

The lyrics for the theme song were generated using GPT-4 [22].
Following the lyric generation, Suno Chirp Bot, a genAI tool

for music composition [28], was used to create the melody and
vocals for the theme song. This genAI-driven process allowed
for a harmonious blend of lyrics and music, resulting in a fully
rendered theme song (Multimedia Appendix 6).

Once completed, the theme song was embedded into the
PowerPoint presentation. This musical addition served as a
capstone to the multisensory educational module, further
enriching the student’s experience by providing a unique
auditory element that complemented the visual and textual
components of “Shattered Slippers.”

Data Collection
The “Shattered Slippers” CCN was integrated into 2 distinct
pharmacology lectures, both of which focused on medications
used in immune system modulation. The target audience for
this CCN was a class of 40 first-year medical students (n=40).
This approach aimed not only to enrich their understanding of
immunomodulatory pharmacology but also to engage them in
a unique and memorable learning experience.

To evaluate student interest in the CCN as an educational tool,
at the conclusion of the course, students were invited to
participate in a feedback process using the SIS-M [29-31] (Table
1) of which 18 students responded (n=18). The SIS-M was
developed by Dr Tonia Dousay, a professor in instructional
design and educational technology, to assess various constructs
of situational interest in multimedia-based learning
environments. Originally created for the educational field, the
SIS-M focuses on adult learners and measures constructs such
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as triggered situational interest (initial engagement with
multimedia), maintained interest, and value interest (perceived
usefulness of the content). The survey was originally used to
evaluate the effectiveness of multimedia in promoting
engagement and motivation in higher education and adult
learning settings [29,30] and has recently been used in medical
education research [31], making it an appropriate tool for
assessing learner engagement in this study. This survey was
used to capture their views and opinions on the “Shattered

Slippers” case, providing insights into student engagement,
interest, and the overall impact of the CCN on their learning
experience. The survey includes items to rank on a 1‐5 scale
(1=strongly disagree, 5=strongly agree), a question asking for
preference of clinical case format, and an open-ended question
asking, “Why do you think this is your preference.” The
CHERRIES report for this survey is supplied (Multimedia
Appendix 7).

Table . SIS items.

Survey itemSISa type

The multimedia presentation was interesting.SI-triggered

The multimedia presentation grabbed my attention.SI-triggered

The multimedia presentation was often entertaining.SI-triggered

The multimedia presentation was so exciting, it was easy to pay attention.SI-triggered

What I learned in the multimedia presentation is fascinating to me.SI-maintained-feeling

I am excited about what I learned in the multimedia presentation.SI-maintained-feeling

I like what I learned in the multimedia presentation.SI-maintained-feeling

I found the information in the multimedia presentation interesting.SI-maintained-feeling

What I studied in the multimedia presentation is useful for me to know.SI-maintained-value

The things I studied in the multimedia presentation are important to me.SI-maintained-value

What I learned in the multimedia presentation can be applied to my job.SI-maintained-value

I learned valuable things in the multimedia presentation.SI-maintained-value

aSIS: Situational Interest Survey.

Data Analysis
The research team used Microsoft Excel for the analysis of the
SIS-M survey results. The average class pharmacology
examination grades (n=40) from questions covered by the
“Shattered Slippers” case study (n=2) were analyzed for
achievement data. These included a multiple-choice question,
selected by the course lead (not the study author) from a pool
of questions that tested pharmacology content covered in each
pharmacology lecture. The questions were administered during
the students’ weekly examinations, scheduled for the week
immediately following the presentation of the material.
Importantly, these questions were modeled after USMLE-style
step 1 board questions, which assess students’ ability to apply
their pharmacological knowledge in a clinical context. Using
this format provides a rigorous and standardized measure of
student understanding of the material, ensuring that the
assessment reflects the type of knowledge and critical thinking
required for success on future board examinations.

The SIS-M survey’s analysis focused on various dimensions of
situational interest: triggered interest, maintained-value (MV),
maintained interest, and maintained-feeling (MF). Thematic
analysis was conducted using ChatGPT (GPT4o and o1-preview)
and Claude 3.5 Sonnet. This involved generating initial codes
and identifying themes, followed by the researcher combining
and refining these themes for overlap and relevancy between
the 3 LLMs [31]. Prompt engineering techniques used included
Persona Prompting [23,24], Zero-Shot Chain of Thought (CoT)

[25], and Self-Criticism [32]. The Zero-Shot Chain of Thought
prompting was not used with the ChatGPT o1-preview model,
as it has built-in Tree-of-Thought functionality in every output.
The initial prompt was the following:

Act like a brilliant medical education researcher. I
am doing a study on a Cinematic Clinical Narrative
(CCN) which is an educational tool that combines
clinical case studies with storytelling techniques
typically seen in movies or TV shows. By embedding
medical information within a compelling fictional
storyline, CCNs help medical students retain complex
medical concepts in an engaging, memorable way.
The CCN in the study was called “Shattered
Slippers,” was a fictional sequel to the movie
“Another Cinderella Story,” and stars Selena Gomez.
It covered the topics of immunomodulatory
medications for treating lupus, and kidney transplants.
I surveyed the participants on their preference of the
CCN over traditional clinical cases and asked them
to explain their preference. Please perform a thematic
analysis on the below participant responses marked
between <response> </response>. Let’s work this
out in a step by step way to be sure we have the right
answer.

<response>

Participant responses here

</response>

JMIR Med Educ 2025 | vol. 11 | e63865 | p.826https://mededu.jmir.org/2025/1/e63865
(page number not for citation purposes)

BlandJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


This was then followed by the following Self-Criticism prompt:
“Please reflect on your previous answer for any errors.”

Ethical Considerations
This educational research was approved as exempt by the
institutional review board of the University of Idaho (21-223).
As the CCN incorporated references to real celebrities and
included AI-generated images of actual people, we consulted
legal counsel to ensure compliance. The counsel advised that,
given the educational context and the clear labeling of images
as AI-generated rather than real, the usage was permissible.
Furthermore, we end the CCN with a brief description of the
real-life health struggles of the celebrities, which is all public
information. However, since this remains a legally gray area,
we recommend exercising caution in future projects that use

similar techniques. The SIS-M was conducted anonymously to
ensure the confidentiality of participants’ responses. No
identifying information was collected, allowing students to
provide honest feedback without concern for personal
attribution.

Results

The quantitative assessment of the “Shattered Slippers” CCN
using the SIS-M is summarized in Table 2. The results indicated
high levels in participants’ interest with the “Shattered Slippers”
CCN, with the majority of students (14/18) indicating a
preference for the CCN over traditionally presented clinical
cases, only 1 student preferring the traditional approach, and 3
expressing no preference (Table 3).
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Table . Situational Interest Survey for Multimedia results (N=18): scores.

VarianceSDMeanaMaximumaMinimumaQuestion

0.240.494.615.004.00The Shattered Slippers
case was interesting.

0.200.454.725.004.00The Shattered Slippers
case grabbed my atten-
tion.

0.330.584.675.003.00The Shattered Slippers
case was often enter-
taining.

0.330.584.335.003.00The Shattered Slippers
case was so exciting, it
was easy to pay atten-
tion.

0.240.494.395.004.00What I learned from
the Shattered Slippers
case is fascinating to
me.

0.240.494.395.004.00I am excited about
what I learned from the
Shattered Slippers
case.

0.350.594.395.003.00I like what I learned
from the Shattered
Slippers case.

0.220.474.335.004.00I found the information
from the Shattered
Slippers case interest-
ing.

0.250.504.505.004.00What I studied in the
Shattered Slippers case
is useful for me to.

0.310.564.285.003.00The things I studied in
the Shattered Slippers
case are important to
me.

0.360.604.445.003.00What I learned from
the Shattered Slippers
case can be applied to
my major/career.

0.250.504.445.004.00I learned valuable
things from the Shat-
tered Slippers case.

aRated on a 5-point scale (1=Strongly disagree, 5=Strongly agree).

Table . Situational Interest Survey for Multimedia results (N=18): preferences for case type.

CountWhich case type do you prefer?

1Traditional case studies

14Shattered Slippers case study

3No preference

Participants indicated a high average triggered situational
interest in the CCN (mean 4.58, SD 0.53), as well as high
maintained interest scores indicated by the students (mean 4.40,
SD 0.53).

The results for MF interest indicated high MF in students
receiving the CCN (mean 4.38, SD 0.51). A feeling of
educational value by the participants was supported by high
scores for MV interest (mean 4.42, SD 0.54).
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Bridging quantitative data with qualitative insights, the survey
conducted among participants also provided an open-ended
question for students to reflect on their opinion of the CCN.
Thematic analysis of the responses revealed the following:

• Enhanced engagement through storytelling and
entertainment: The combination of storytelling and
entertainment in the CCN heightened student engagement,
making the learning process more enjoyable and effective
compared with traditional methods.

• Improved memorability and recall of medical concepts:
The CCN’s engaging narrative and multimedia elements
enhanced memory retention, making complex medical
information more accessible and memorable.

• Relatability through pop culture and personal connection:
Leveraging familiar pop culture icons such as Selena Gomez
helped students form a personal connection with the
material, enhancing engagement and motivation to learn.

• Preference for interactive and detailed learning: Some
students value interactive learning environments and
detailed information, suggesting that while the CCN is
engaging, it could be further enhanced by incorporating
active learning elements and comprehensive content.

• Suggestions for improvement: Attention to technical
elements, such as the use of genAI voice narration, could
improve the overall effectiveness and reception of the CCN.

The thematic analysis reveals that the CCN “Shattered Slippers”
was preferred over traditional case studies due to its engaging
storytelling, enhanced memorability, and relatability through
pop culture references. While students appreciated the
innovative approach, some expressed a desire for more
interactive learning methods and provided suggestions for
technical improvements. Incorporating these insights can further
refine the CCN as a valuable tool in medical education.

In addition to the survey feedback from the SIS-M, the success
of the “Shattered Slippers” CCN was further demonstrated
academically. Students displayed strong comprehension and
knowledge of the material covered, achieving an average score
of 88% on examination questions pertaining to the case study
content. This high performance underscores the effectiveness
of the CCN as a teaching tool, suggesting that it may also be
useful in promoting academic performance as well as student
preference and interest.

Discussion

Principal Findings
The “Shattered Slippers” CCN supports the pedagogical value
of integrating innovative genAI-driven methods and culturally
resonant themes into medical education. Our study shows the
capacity of this approach to not only enhance student interest
but also promote their understanding and retention of complex
subject matter. Furthermore, it adds very little to no extra time
to the lecture material, as it basically reskins the existing
material into a more cinematic experience. This is particularly
important, as many new active learning teaching methodologies
either extend the amount of time students spend with the
material or cause instructors to remove large amounts of material

in order to incorporate novel active learning activities. We
considered it ethical to clearly mark AI-generated images of
real individuals to avoid confusion but did not deem it necessary
to label AI-generated material such as text or audio that was
not mimicking a real-world person. As genAI models continue
to improve in generating realistic images and cloned voices, it
will become increasingly important to label AI-generated
materials that mimic real-world individuals to prevent confusion
with reality and avoid potential legal issues.

This study shows the importance of engaging students beyond
conventional didactic methods, suggesting that the inclusion of
elements such as plot development, multimedia, and popular
culture can make learning more relatable and impactful. The
feedback from the SIS-M supports that this approach can
effectively address the initial problem of student disengagement
and the need for more effective educational strategies as
identified in the introduction.

The process of creating CCNs with genAI tools is highly
efficient and cost-effective. Designing the case outline took
about a day, while plot and narration generation were completed
in seconds using GPT-4 and Eleven Labs. Image and theme
song generation took under an hour each, with slight delays due
to iterative refinement. Overall, the time investment was
minimal compared with traditional methods. The required
technical skills are basic, involving familiarity with genAI
platforms for text, image, and audio generation and standard
project management skills to integrate these elements into a
PowerPoint slide deck. In terms of cost, the only expense was
a US $20 per month subscription to ChatGPT; other platforms
were used on free tiers. This low cost, combined with fast
production times, makes migrating to this format highly
accessible and efficient for educators, offering significant time
and cost savings compared with traditional content creation
methods of this caliber.

Future directions of this work will explore how similar
immersive educational experiences can be scaled and adapted
for diverse student populations and learning environments. The
versatility of genAI-enhanced CCNs extends beyond
pharmacology, offering potential applications in other areas
such as anatomy, pathology, and clinical skills. This pedagogical
strategy can be adapted to various medical disciplines, making
abstract topics more engaging and accessible to diverse learners.
It also asks questions on how educational policies might evolve
to integrate this type of AI-generated material into curricula
systematically. As genAI becomes more integral to education,
policies must address both the ethical use of genAI and the need
for genAI literacy among educators and students. Personalized,
genAI-driven learning experiences could revolutionize how
content is delivered, providing flexibility and tailored learning
opportunities. There is an opportunity to explore
interdisciplinary collaborations, merging medical education
with fields such as AI, storytelling, and multimedia design.
These collaborations could further refine educational tools and
help bridge the gap between traditional learning and modern
health care technologies, fostering genAI literacy in future
medical professionals. This promising pilot study shows
potential for scalability and broad applicability of
genAI-enhanced CCNs. The strategy offers a model for
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transforming how complex medical topics are taught, providing
a scalable, engaging solution that can be adapted across different
medical content areas to meet evolving educational needs.

Limitations
Our project has limitations in terms of cultural adaptability due
to its reliance on specific cultural references and celebrity
figures, which may not resonate with all audiences. Furthermore,
the use of genAI technologies presents challenges in
environments with varying levels of technological resources
and differing instructor familiarity with these platforms. While
the skills required to effectively use genAI can vary depending
on the model, these challenges are mitigated by the increasing
availability of more user-friendly genAI platforms. These
platforms are simplifying AI integration in educational contexts,
expanding the potential for their broader application. For
instance, prompt engineering, which is crucial for optimizing
output from LLMs, is becoming less essential with newer
versions such as ChatGPT’s o1-preview model, which
incorporates many of these strategies into the system itself. This
reduces the need for advanced user expertise and lowers the
barrier to efficient LLM use.

Another limitation of our study is the process of validity
checking for AI-generated content. Although the materials were
reviewed by medical professionals, including physicians, PhDs,
and PharmDs, to ensure accuracy, the use of genAI introduces
potential risks in content reliability, especially as AI-generated
content may produce subtle inaccuracies or lack the nuanced
context that a human expert might provide. Future
implementations of this approach would benefit from a
formalized validation process to ensure that the clinical and
educational integrity of AI-generated materials is maintained.

The evaluation methodology, focusing on immediate reactions
via the SIS-M, provides a single time point of the resource’s
impact but does not capture the longevity of knowledge retention

or the applicability of the learned material in clinical settings.
Furthermore, the study included a limited sample size, with
only 18 respondents to the SIS-M survey, which may not provide
a comprehensive view of the broader student population. Future
research could explore longitudinal studies to measure the
lasting educational benefits of such methodologies with a larger
participant population.

Furthermore, our study lacked a control or comparison group,
a common challenge in medical education research. All students
in the study were exposed only to the CCN case, and without
a traditional case-based learning comparison, it is difficult to
isolate the exact impact of the CCN on student performance.
While we acknowledge that a control group could provide
valuable insights, the integration of such comparisons is often
logistically difficult in medical school settings. Future studies
could address this by designing more controlled experimental
conditions or through the use of quasi-experimental designs to
better understand the differential effects of various educational
interventions on learning.

Conclusions
The “Shattered Slippers” CCN demonstrates the effectiveness
of combining cinemeducation with genAI in medical education.
This approach enhanced student engagement, promoted
knowledge retention, and offered a novel perspective on
complex pharmacological clinical cases. The application and
positive student feedback suggest that this multimodal genAI
approach to educational content creation has potential for
broader application in medical education. Our project also
highlights the need for continuous innovation and adaptation
in teaching methodologies to meet the evolving demands of
health care education. Future research and development in this
area could further transform medical education, making it more
engaging, effective, and aligned with modern technological
advancements.
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Multimedia Appendix 4
Leonardo.ai image generation.
[DOCX File, 3053 KB - mededu_v11i1e63865_app4.docx ]

Multimedia Appendix 5
Eleven Labs narration generation and audio clips.
[DOCX File, 13 KB - mededu_v11i1e63865_app5.docx ]

Multimedia Appendix 6
ChatGPT and Suno Chirp Bot theme song generation and audio clip.
[DOCX File, 15 KB - mededu_v11i1e63865_app6.docx ]

Multimedia Appendix 7
Situations Interest Survey of Multimedia CHERRIES (Checklist for Reporting Results of Internet E-Surveys) report.
[DOCX File, 15 KB - mededu_v11i1e63865_app7.docx ]
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Abstract

Background: With the rapid development of artificial intelligence technologies, there is a growing interest in the potential use
of artificial intelligence–based tools like ChatGPT in medical education. However, there is limited research on the initial perceptions
and experiences of faculty and students with ChatGPT, particularly in Saudi Arabia.

Objective: This study aimed to explore the earliest knowledge, perceived benefits, concerns, and limitations of using ChatGPT
in medical education among faculty and students at a leading Saudi Arabian university.

Methods: A qualitative exploratory study was conducted in April 2023, involving focused meetings with medical faculty and
students with varying levels of ChatGPT experience. A thematic analysis was used to identify key themes and subthemes emerging
from the discussions.

Results: Participants demonstrated good knowledge of ChatGPT and its functions. The main themes were perceptions of
ChatGPT use, potential benefits, and concerns about ChatGPT in research and medical education. The perceived benefits included
collecting and summarizing information and saving time and effort. However, concerns and limitations centered around the
potential lack of critical thinking in the information provided, the ambiguity of references, limitations of access, trust in the output
of ChatGPT, and ethical concerns.
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Conclusions: This study provides valuable insights into the perceptions and experiences of medical faculty and students regarding
the use of newly introduced large language models like ChatGPT in medical education. While the benefits of ChatGPT were
recognized, participants also expressed concerns and limitations requiring further studies for effective integration into medical
education, exploring the impact of ChatGPT on learning outcomes, student and faculty satisfaction, and the development of
critical thinking skills.

(JMIR Med Educ 2025;11:e63400)   doi:10.2196/63400

KEYWORDS

ChatGPT; medical education; Saudi Arabia; perceptions; knowledge; medical students; faculty; chatbot; qualitative study; artificial
intelligence; AI; AI-based tools; universities; thematic analysis; learning; satisfaction

Introduction

Artificial intelligence (AI) is a computer-based technology
invented as a digital system to imitate and aid human intellect
and skills. The wide use of AI technology is changing the
medical field considerably, aiming for more efficient patient
management. Medical education is one of the vital domains of
health care practice, in which AI has a promising contribution
by providing an alternative and efficient means of information
access, achieving teaching goals and skills development. As an
example, the integration of AI in simulated surgical skills
learning showed comparable results compared to remote expert
instructions [1], but it led to unintended outcomes in another
study, which affected trainees’ efficiency metrics on the cost
of safer skills development [2]. Case-based learning is another
potential field harnessing AI technology in medical education,
which has shown promising results [3]. AI technology has also
been used in teaching clinical examination skills, such as breast
self-examination, yielding mixed results: high levels of student
satisfaction paired with increased anxiety [4]. Such AI-driven
interventions will be leading health care practice in the future,
such as the introduction of machine-based surgical treatment
with robotic surgery, which has effectively promoted diagnostic
accuracy, achieving treatment goals and saving health care
professionals’ workload [5-7]. AI technology integration in
medical education and medical research will not only contribute
to patients’ care but also improve if not revolutionize the
medical education system [8,9]. All these changes of AI
integration into the medical practice need to be accompanied
by evolution in the medical teaching and training curricula [8,9],
facing significant interest among educators and researchers
recently on AI’s rapid involvement in medical education [10-13].

One of the pioneer and popular generative AI-based tools is
ChatGPT, a language model developed by OpenAI that uses
natural language processing to generate humanlike responses
to queries, with many potential applications in health care
[14,15]. ChatGPT was perceived by health care workers to
positively impact the future of health care systems by 76.7% in
a recent study [16]. However, little is known specifically about
the perceptions and experiences of faculty and students or
trainees against the use of ChatGPT in the context of medical
education within Saudi Arabia.

The health care sector in Saudi Arabia is experiencing dramatic
growth and reformatting, with a strong emphasis on prioritizing
medical education and digitizing the health systems. Therefore,
using AI technology in the health care system is a promising

strategy for substantial investments in medical, nursing, and
other specialized educational disciplines [17]. As medical
education evolves, the use of AI-based tools like ChatGPT could
potentially transform the way medical education is delivered
[18]. Literature has a gap in assessing the perceptions and
attitudes of medical education stakeholders regarding integrating
AI technology in curricula, clinical teaching, and simulation
skills development. Most literature addressed specific AI
technology adoption in medical practice or certain educational
domains but did not assess it collectively in multiple domains
related to medical education. Therefore, it is crucial to explore
the medical faculty staff and students’ knowledge, perceived
benefits, concerns, and limitations of ChatGPT application in
medical education.

This qualitative study seeks to explore the perception on the
use of newly introduced AI chatbots, like ChatGPT3.5, in
medical education from the perspective of faculty and medical
students. By deepening our understanding of faculty and
students’ knowledge about ChatGPT and its applications in
medical education, this study identifies both the facilitators and
barriers to its use. The research offers valuable preliminary
insights into the acceptance of AI-based tools in medical
education and informs the development of effective strategies
for integrating such tools within medical education systems in
Saudi Arabia and similar contexts, as more AI models evolve.

Methods

Study Design
This study was conducted using a focus group technique at the
College of Medicine, King Saud University, a leading university
in Saudi Arabia [19]. The study included faculty and students
from different levels.

The study aims to preliminarily explore and understand
participants’ perceptions of ChatGPT, a newly introduced large
language model. A qualitative methodology was chosen, as it
is well suited to exploring experiences, meanings, and
perspectives from participants’ viewpoints [20-22]. Examining
the perceptions of both faculty and students enables a
comparative head-to-head analysis of their viewpoints.
Qualitative methodology provides a deep explanation of
different viewpoints participants may have about ChatGPT use
in medical education. It can also allow the authors to propose
probing questions to understand and explore users’perceptions.
Although individual interviews would elicit a more detailed
picture of an issue, focus group discussion was used, as the aim
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of the study is to explore different viewpoints using participants’
dynamics and thought sharing to enrich the discussion [23].
Data source triangulation was applied to support the
trustworthiness of the findings and allow prelude comparison.

Participants were recruited from the College of Medicine
through purposive sampling. As a small number of faculty and
students used ChatGPT at the time of data collection, a
purposive sample was applied. A student was asked to announce
the need to interview students who have ever used ChatGPT.
Another announcement to faculty was made, and an invitation
was sent to random faculties from 3 departments who use or
want to share their ideas about ChatGPT in medical education.
The sample included 6 medical faculty members (2 associate
professors and 4 professors) and 6 medical students (2 second
year, 2 third year, 1 fourth year, and 1 fifth year). Two focus
group discussions were conducted in April 2023 on the Zoom
platform (Zoom Video Communications), one with faculty
members and the other with students, and each group consisted
of 6 participants. The discussions were conducted in English
language as preferred by the participants. Two of the authors
(NA and MHT) served as moderators, and each discussion lasted
for approximately 1 hour.

Using the Zoom platform in data collection facilitated gathering
participants at the same time after working hours. As the team
acknowledged that nonverbal cues may not be detected as
participants refrained from opening their cameras, follow-up
questions and probing were used to minimize subjectivity in
understanding participants’ responses. Not all participants knew
each other; hence, the setting was more private to freely share
opposing views.

A topic guide was prepared by the author (NA) to cover aspects
such as participants’ familiarity with ChatGPT, its uses,
facilitators, and limiting factors of its incorporation in medical
education. Probing and follow-up questions were allowed
depending on participants’ responses. The themes were saturated
at that time after the second interview possibly due to the limited
experience of participants in the early stages of ChatGPT launch.
Thematic analysis was used to analyze the data using a priori
themes and allowing new themes to emerge from the data [24].
The discussions were transcribed using Zoom’s automatic

transcription feature. This feature had the advantage of
identifying the name that the participants chose for themselves
in the discussion and linking it with the speaker.

The transcripts were revised and read multiple times to identify
patterns and themes that emerged from the data. A coding
framework was developed from the data by each coder (NA
and MHT) and applied using NVivo software (version 12; QSR
International) [25]. Themes were identified and refined through
an iterative process of coding, reviewing, and discussing the
data among the research team until a consensus was reached
[24]. Initial codes were developed by 2 different authors (NA
and MHT) and then, comparison and discussion were made to
agree on the coding framework. Coding themes were similar,
and no major changes were made in the thematic framework.

Ethical Considerations
This study received ethics approval from the Institutional
Review Board at King Saud University (approval 23/0155/IRB).
All participants provided verbal informed consent prior to their
inclusion in the study, including consent for the audio recording
of interviews. Participants were fully informed about the purpose
of the study, the voluntary nature of their participation, and their
right to withdraw at any time without any consequences. To
ensure participant privacy and confidentiality, pseudonyms were
assigned, and no identifying information was included in the
transcripts or final report. The data were securely stored and
accessible only to authorized members of the research team.
No compensation was provided to participants for their
participation in the study.

Results

Overview
In total, 6 medical faculty staff and 6 medical students with
different experiences with ChatGPT participated in the study.
Table 1 shows their demographic data. Figure 1 displays the
thematic framework used to assess participants’ perception of
ChatGPT in general and in medical education.

Analysis of the data from the discussion generated two main
themes: (1) participants’ general perception of ChatGPT and
(2) ChatGPT use in medical education and research.
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Table 1. Participants position, department, and frequency of ChatGPT use.

Using ChatGPTAge (years) and sexDepartmentPositionParticipant code

Regular user in medical education44 and maleCritical Care Department, College of MedicineFacultyParticipant 1

Regular user in medical education56 and maleEar, Nose, and Throat department, College of
Medicine

FacultyParticipant 2

Not a user60 and femaleFamily medicine, College of MedicineFacultyParticipant 3

Not a user38 and malePediatrics department, College of MedicineFacultyParticipant 4

Regular user in medical education41 and malePediatrics department, College of MedicineFacultyParticipant 5

Not a user58 and femaleMedical Education Department, College of
Medicine

FacultyParticipant 6

Regular user for general search20 and maleCollege of MedicineStudentStudent 1

Regular user for general search22 and maleCollege of MedicineStudentStudent 2

Regular user for general search21 and maleCollege of MedicineStudentStudent 3

Regular user for general search21 and maleCollege of MedicineStudentStudent 4

Regular user for general search19 and maleCollege of MedicineStudentStudent 5

Regular user for general search20 and maleCollege of MedicineStudentStudent 6

Figure 1. Thematic framework of participants’ perception on using ChatGPT.

Participants’ General Perception of ChatGPT

Overview
All participants expressed good knowledge of ChatGPT’s main
goal and functions. One participant noted:

The idea from this software is that it will chat with
you regarding any topic you will ask about...it chats
with me in a human like manner, and collect for me
the answers from all over resources, and display them.
[Participant 1]

One student described ChatGPT as an “assistant,” and others
elaborated:

Artificial intelligence helps me execute the command
that I’m asked to execute. [Student 2]

It’s another way of searching for highly accurate
information, depending on what I search for and how
I search for it. [Student 5]

Participants were challenged about ChatGPT compared to other
traditional search engines: “It is not at similar to Google, even
Google started invention of AI application to enrich its platform”
(Participant 2). Most participants supported the use of ChatGPT
but were not concerned about its information sources.

Benefits of ChatGPT
Two main subthemes emerged from the focus group discussions
about the benefits of using ChatGPT.

Collects and Summarizes Information
The majority of the participants believed that searching for
information through ChatGPT is more efficient compared to
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standard search engines, as the former saves time by
summarizing and textualizing the raw information output from
the search: “ChatGPT is beautiful in collecting information and
presenting it to me in a simplified text that I can easily
comprehend” (Participant 2).

Few participants used ChatGPT to review scientific papers or
provide ideas for new papers: “I used it to study limitations of
studies and the future recommendations for studies I was asked
to review...it gives me ideas” (Participant 2).

Students also noted:

I find ChatGPT more directive towards what I ask,
and to the point, mostly because when I look for
something on classical search engine, such as
Google...I have to go into some sub web pages which
has an answer and look between all the thousands of
answers to find one. While ChatGPT will give it to
me concisely like this is option A, option B, option C.
[Student 3]

Another faculty added, “It will do the search for me; then even
with critically appraise it and give me the final result”
(Participant 1). However, one faculty participant was more
conservative in her comments about using AI in collecting data
and did not perceive the information displayed by ChatGPT as
reliable because it lacks the “critical thinking” skill to enable it
to reach a final scientific plausible conclusion, “The problem
of collecting all the information in one place is that collecting
the information and giving it in a nutshell, in one place. This
machine is not critically thinking” (Participant 3).

Saves Time and Efforts
Opinions varied in terms of whether using ChatGPT saves time
and effort, considering the perceived benefits. One faculty
mentioned: “It saves time when I’m stuck in generating exam
question” (Participant 2). A student added: “It’s not accurate,
but at least it saves me time. This is the most important point”
(Student 4).

On the other hand, another faculty participant subtly disclosed
her denunciation about the functionality of ChatGPT. She
believed that ChatGPT helps partly in performing tasks, but
that advantage is contradicted by paying time to verifying and
authenticating the ChatGPT output.

Me as a researcher. When I search for information
I’m putting it together, ChatGPT tries to put it for
me. So far, I can’t see it superior to the human
mind...It does some of the work for me, but I have to
take it with a bunch of salt. [Participant 3]

Concerns About Using ChatGPT
When the participants discussed the drawbacks of using
ChatGPT, they mentioned expressions such as “hallucination”
and “blinding euphorically.” The following subthemes emerged
as perceived drawbacks of ChatGPT.

References Reliability
While few participants were not sure about the source of
ChatGPT information, most participants believed that it is the
internet: “It’s the same data retriever as Google” (Participant

3). Other participants had a deeper view: “ChatGPT generated
references, and citations have to be taken with caution”
(Participant 2).

Faculty experienced situations where they doubted the reference
of the information provided by ChatGPT. For example, one
faculty noted: “I’m not sure what are the sources used to extract
information, even if I ask for references, it might not mention
them...or at least it will not volunteer in mentioning them”
(Participant 1). While others defended that: “If it doesn’t have
access to the reference, it will tell that it doesn’t have access,
but if the reference is online, it can refer to that” (Participant
2).

Similarly, a student commented: “It is multitasking, rather than
searching for the source of information, it presents the answer
and references” (Student 5). One participant pointed that the
unreliability of ChatGPT sources supports her view of not
relying on ChatGPT.

Limited Access to Information
Several participants acknowledged ChatGPT’s limitation in
accessing all available information, driving caution while using
ChatGPT:

One of the restrictions regarding medical search, it’s
restricted to certain resources like PubMed...there
are some other medical websites that it cannot access
yet. [Participant 4]

We don’t know the algorithm behind the search nor
exactly how it looks for information. [Participant 6]

One of the participants elaborated that ChatGPT is invented by
humans; therefore, they may manipulate or restrict its search
and output.

It’s not free of bias. If I am asking for something
morally wrong or illegal. It will not answer because
it is constrained. So, it is not fully free from human
constraints. [Student 3]

Some faculty participants raised an ethical concern that may
affect the trust in ChatGPT information. One participant
explained:

Can drug company pay ChatGPT to display answers
that are in favour of certain medication? Could
ChatGPT be manipulated? ChatGPT inventors are
for sure looking for money somehow by anyway!
[Participant 1]

Overall ChatGPT Output
All participants believed that ChatGPT users should not fully
trust the information presented and practice caution, while others
elaborated that it is ideal for new topics as a jumpstart:

I should not take it (information from ChatGPT) for
granted; I have to review what’s there, but it gives
me a nice idea, very excellent ideas...It sheds the light
on some certain angles that I was not looking for.
[Participant 2]

Some participants pointed that trusting ChatGPT output depends
on your previous background about the topic:
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I should have the ability to differentiate between what
is reliable and what is not reliable...Myself, I am not
well-versed in medical education. For example, I am
highly qualified in research, but regarding education
I take for granted whatever output from ChatGPT in
that regard, while I can filter information regarding
research and judge it well. [Participant 3]

One student agreed:

It depends on what I am looking for. Sometimes it’s
very accurate. Sometimes it’s not...But as a human
mind I have an idea about what I am looking for,
therefore, I can judge if its accurate or doubt the
answer. [Student 4]

All participants agreed that the unfamiliarity of ChatGPT users
with its search algorithm enforced the participants’ trust issue.

A faculty explained:

Do we know the ChatGPT searching methodology?
is it scientific methodology? How it extracts the
information from the paper, how it appraises it? What
are the sources that this engine has access to? All
this will augment the reliability of my experience.
[Participant 1]

One participant mentioned that ChatGPT cannot be used for
critical thinking in certain contexts; thus, it cannot be fully
trusted:

It cannot give me what is relevant to me, my
community and population and my students...It might
be dangerous to put ChatGPT superior to human
intellect! [Participant 3]

Another faculty participant defended the ChatGPT’s reliability,
noting that it declares its level of expertise and specialty ahead
of each information presented:

If I ask ChatGPT about something in geology, it will
start with “I am not a geologist” and then move on
with the dialogue...and it finishes the response by “it
is very important to refer to those sources.”
[Participant 2]

ChatGPT Use in Medical Education and Research
Participants discussed ChatGPT use in medical education from
3 aspects as discussed below, but in general, they raised
concerns about using it without appropriate and dedicated
training.

Self-Learning Tool
The majority of faculty participants supported using ChatGPT
in the teaching process. A faculty participant commented:

Students are no longer enjoying the usual long
lectures, or didactic lectures but they enjoy more
challenging aspects exploring a new experience, and
living it...I think the ChatGPT could be used as a very
good trigger for the students to go and read and find
out more, discuss among themselves and go explore
this with their seniors, with their educators.
[Participant 5]

Another faculty added that it should be used to get an idea about
a topic, but further reading is important for students:

ChatGPT is like a short fast access to a topic, it helps
to get the most important information...they (students)
need to read the references. [Participant 1]

However, another faculty participant raised concerns using
ChatGPT for concluding opinions and summing debates:

If they (students) use ChatGPT just for recalling
information then no problem...But if they want to
make inferences, they should not use it. [Participant
3]

ChatGPT methodology was raised by another faculty participant
who did not support using it in learning at all because of its
unclear methodology and unverified information sources.

On the other side, the majority of student participants did not
support using ChatGPT to obtain information and felt the
traditional search engines are more reliable and easier to use:

I do not perceive it as a search engine. I don’t look
up medical information on it, or anything, because I
find the classic search engines easier. [Student 2]

I know exactly where the reliable sources are. Then
I can take the information from other sources with
confidence, and more simple steps. [Student 1]

Some participants, while supportive of ChatGPT’s use in
medical practice, emphasized its role in clinical medicine
education. They raised concerns about its impact on
decision-making, particularly due to ChatGPT’s inadequate or
unclear strategy for disclosing information sources:

If I look at the other search engines for which support
medical information, they present like up-to-date
information...ChatGPT is very complex, and the
methodology and the algorithm it uses is not clear
so, it is not a reliable source of information for
decision making and for serious information.
[Participant 1]

The issue of updated sources in ChatGPT was also raised:

We need to be cautious about using the
information...the medical field information is
changing very quickly, so we have to be careful about
this point. [Participant 4]

Other participants debated that the information accuracy depends
on user searching and prompt engineering skills:

Prompt questions will make the difference in getting
the response, and I recommend digging into the
prompts technology to get more accurate answers,
and doing this is important to acquire the right
answer. [Participant 2]

You get the response according to the precision of
the search. [Student 1]

Interestingly, a faculty participant raised the concern of students
and faculty losing their critical thinking skills if they depend
on ChatGPT:
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It is dangerous...because we are replacing critical
thinking. We are prioritizing this thing over human
intellect. [Participant 3]

A student participant who expressed poor research skills was
concerned about such skills being affected or even weakened
by dependence on ChatGPT in research. In general, students
did not support the use of ChatGPT as the primary source of
information, especially for new topics, but as a collateral
resource.

Teaching and Training Tool
Some participants believed that teaching modalities should
change after the introduction of AI technology. They expressed
optimism of more teaching methodology shifting from
memorization to critical thinking; however, this aim was not
perceived achievable through ChatGPT so far:

We must invest more in the skills of our medical
students and problem-solving critical thinking
analysis. These are the areas that is lacking in the
ChatGPT, and that we need to focus more on.
[Participant 4]

Faculty participants raised concerns about students’ replacement
of traditional lectures with AI applications like ChatGPT, which
might be risky in general, especially in the current stage of
unverified and undedicated AI applications for medical
education.

Another concern raised from one faculty regarding the lecturers
and trainers:

Do our faculty have enough knowledge to use and
recommend ChatGPT for their students and instruct
them how to use it and get maximum benefit from it?
[Participant 3]

However, all students did not see themselves relying on
ChatGPT for learning: “We just need to be familiar on how to
use ChatGPT and use it as a tool that supports our search rather
than completely relying on it” (Student 2).

Faculty participants differentiated between the needs of
postgraduate and undergraduate students and their use of
ChatGPT. One faculty (Participant 3) felt that using AI in
training postgraduate trainees would be difficult because
postgraduate training depends on building skills, while
undergraduate depends on memorization as per him.

ChatGPT might be a tool to generate clinical scenarios and draw
a framework for discussions with the students:

One problem would take weeks from our team and
long hours of sitting together and creating the medical
problems that we teach in the problem-based learning
sessions. So, it would be interesting to see how
ChatGPT deals with this. [Participant 4]

An interesting point mentioned by some faculty is the inability
of ChatGPT to teach students human, emotional, and social
skills: “Using AI is not designed to help in teaching some skills
such as Humanity and the communication, the teamwork”
(Participant 4).

Assessment Tool
Most faculty participants mentioned using ChatGPT for
academic assessment like examination questions generation:

I asked ChatGPT to generate questions for me with
scenario and without scenario...it was good to Very
good. It’s not reaching to excellent level. I have to
review and modify. [Participant 2]

In addition, most faculty participants mentioned using ChatGPT
for medical problems, clinical scenarios, and bedside teaching.
Some faculty participants raised the idea of using AI applications
like ChatGPT to assess the quality and objectives of
examinations in order to guide certain questions to assess critical
thinking rather than recall knowledge only. Cheating and
plagiarism were one of the raised concerns by the faculty during
the discussion: “We have to be very careful about cheating and
misuse of ChatGPT by our medical students in medical
assignments” (Participant 4).

In line with the former comment, one student defended his use
of ChatGPT, raising a debatable point of using AI applications
for academic assignments is ethical or not:

I mainly use it for writing, and then I just review it
and edit it...mainly for research or some essays...for
example I’d give it some data, and I ask it to write a
paragraph that summarizes this data, or an
introduction to something for example (Disease X).
[Student 2]

Another student mentioned that his use of ChatGPT in
assignments is mainly for summarization. Others use it to collect
information resources: “It can make my job way easier. For
example, if I have a research assignment to just collect the
resources about a topic” (Student 3).

Overall, all participants reached a conclusion of being
open-minded and accepting for the ChatGPT intrusion into our
lives: “I think it’s coming in the near future, and we need to
live in the reality to adjust and take the best out of it”
(Participant 4).

Discussion

Principal Findings
This paper presents a general snapshot of the faculty and
undergraduate medical students’ perceptions of ChatGPT and
its use in medical education. All participants demonstrated a
good understanding of ChatGPT and its functionalities; some
described its role as assistive, while others found it as a mere
information search tool. Almost all participants were impressed
by ChatGPT’s ability to provide a concise summary of search
results compared to traditional search engines, which is in line
with the literature [26]. On the other hand, few students in our
study perceived Google as a better tool for learning.

In line with other publications [27], our participants believe that
ChatGPT provides a more user-appealing and faster solution
for busy users by delivering a summarized, high-caliber textual
output. One of the major challenges they mentioned regarding
ChatGPT use is its sources of information, which is in line with
previously published similar studies showing that students and
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faculty are aware of the limitations of ChatGPT that influence
its accuracy [26,27]. In a comparative study between platforms,
ChatGPT-generated responses were considered to be reliable
and beneficial, while others deemed them potentially risky [28].
For example, a study showed that there were concerns about
ChatGPT advice regarding antimicrobial stewardship, general
course lengths were accurate but the duration varied, and source
control was either incorrectly cited as justification for prolonging
therapy or ignored entirely [29]. Therefore, ChatGPT output
should be dealt with skeptically and selectively, as poor users’
baseline knowledge might lead to risky, dangerous, or
suboptimal conclusions. Previous literature has shown that in
comparison with Google, the majority of the participants tend
to doubtfully trust ChatGPT output for reasons related to the
novelty of AI and users, lack of understanding of its algorithm,
and information sources as studied previously [14,30]. Notably,
only 40% of these experts concluded that the perceived value
of ChatGPT’s responses outperformed those from Google [31].

Therefore, participants tend to trust ChatGPT responses if they
have a previous background about the search topic. Participants
suggested that while ChatGPT might be helpful in certain
aspects of medical education, users should approach the
information with caution and apply their medical judgment.

The participants’concerns about ChatGPT output also stemmed
partly from the observed phenomenon of references’
hallucinations, which raised serious concerns about its reliability
and validity [32-34]. In addition, they stressed on the point of
ChatGPT’s limited access to updated medical literature. A
previous study had cautioned authors regarding references
generated by ChatGPT [35]. To overcome these limitations,
developers should work on expanding the access of ChatGPT’s
resources, improving its search methodology, and ensuring a
more comprehensive and reliable source of information.

Faculty participants explored the potential of ChatGPT in
generating examination questions and clinical scenarios,
enhancing bedside teaching, and reviewing assessments. Still,
they emphasized the need for reviewing and modifying
AI-generated content as well as the importance of developing
policies and strategies to tackle potential academic misconduct
related to ChatGPT use. Previous studies showed ChatGPT’s
excellent performance as it passed the American Heart
Association examination with 84% accuracy, but it failed
Taiwan’s family medicine examination and fared poorly on the
urology self-assessment examination [36-38]. A study concluded
that ChatGPT responses were frequently incomplete and
sometimes misleading [26]. However, a recent expletory review
showed that ChatGPT has a potential impact on medical
education, scientific research, and medical writing [14]. Thus,
the ChatGPT’s generated questions need to be carefully
examined and revised especially regarding scientific content.
Other research highlighted that generated output in that regard
is not highly different among different AI platforms, as the
multiple-choice question–based examination performance of
ChatGPT was marginally better than that of Google’s Bard [39].

Both faculty and students appreciated the time-saving advantage
of ChatGPT and its fast access to information. Therefore, faculty
used it in preparing lecture materials and examination questions.

While students used it in their academic assignments, this
mirrors a previous study about ChatGPT perception among
students who used it for generating academic content,
brainstorming ideas, and writing texts [40,41].

Faculty in our study and previous research raised concerns about
students’ ChatGPT overuse [13,27,42]. According to our
participants, using it by students may interfere with their critical
thinking, writing, and information retrieval skills. Faculty
highlighted the students’ need to critically review and modify
the AI-generated content, ensuring it aligns with academic
standards and expectations. Banerjee et al [11] reported that
postgraduate trainee doctors have an overall positive perception
of the impact of AI on clinical training; however, they found
that AI will eventually reduce the trainees’ clinical judgment
and practical skills. In line with that, the faculty participants
were concerned about students’ self-reliance on AI applications
on the cost of traditional teaching methods, which might deprive
them from skills best learned in person or group teaching. One
study listed the following as disadvantages: lack of originality,
inaccurate content, or unknown data sources [14]. It is also
uncertain how ChatGPT handles offensive material, false
information, or plagiarism [34].

Ethical concerns, such as potential manipulation by
pharmaceutical companies, were raised by participants.
Maintaining transparency and integrity in AI-generated
information is vital to address these concerns. Implementing
measures such as third-party audits, strict guidelines, data
transparency, and continuous monitoring of ChatGPT’s
information sources can help ensure the unmanipulated ethical
use of ChatGPT in medical education [43-45].

We recommend creating guidelines for students on the
appropriate use of AI applications, specifying tasks they should
complete independently and the extent to which AI tools can
assist. Additionally, we propose incorporating teaching sessions
to help students critically evaluate AI-generated outputs. At this
early stage of AI adoption [46], group teaching sessions
comparing the critical appraisal of medical topics using AI tools
versus traditional search methods would be beneficial. We also
emphasize leveraging AI applications primarily as advanced
search engines and using their summarization capabilities rather
than relying entirely on their final outputs.

Participants emphasized the importance of being open-minded
and adopting new technologies like AI chatbots including
ChatGPT. As AI chatbots could have cultural bias, addressing
cultural differences in learning styles is vital [46,47].

The potential implications of using ChatGPT in medical
education include improved efficiency, streamlined information
gathering, and time-saving benefits. However, future research
is needed to explore the impact of AI-based tools on medical
education in terms of quality, student and faculty satisfaction,
and the development of critical thinking skills. Ongoing research
and evaluation are essential to ensure the effective integration
of AI-based tools like ChatGPT into medical education while
addressing potential concerns and limitations.

In preparation for the future of medical education, educational
institutions should be proactive in integrating AI technologies
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like ChatGPT into their curricula and teaching methodologies
[48,49]. Educators and policy makers need to remain vigilant
about reliability concerns and actively take steps to be ready to
address the ethical challenges and possibilities arising from the
use of AI in health professions education [37,45]. This process
should involve regular evaluations, ongoing improvements, and
a strong emphasis on maintaining the essential human aspects
of medical education, such as critical thinking, communication,
and empathy.

Strengths
One of the strengths of this study is the qualitative design, which
allowed for an in-depth exploration of participants’experiences,
perceptions, and concerns related to the use of ChatGPT in
medical education, revealing diverse viewpoints and generating
valuable insights into the potential benefits and challenges of
integrating ChatGPT into medical education [50]. Moreover,
the study involved participants with varying levels of experience
with ChatGPT, ensuring a comprehensive understanding of the
perspectives of both novices and experienced users. The
identification of themes and subthemes has laid a solid
foundation for further research and exploration of AI-based
tools like ChatGPT in medical education.

Limitations
There are some limitations to our study. The sample size was
relatively small, and the participants were primarily drawn from
a single institution, which may limit the generalizability of some
findings to other medical education settings. The study did not
quantitatively assess the impact of ChatGPT on learning
outcomes, satisfaction, or other measurable aspects of medical
education, which could in the future provide valuable data to
supplement the qualitative findings. Additionally, since the
study’s focus was on understanding the perception of faculty
and students, the perspectives of other stakeholders, such as

administrators and policy makers, were not captured, and this
could be explored in future research [51-53]. Furthermore, the
study, which was conducted in the early phase of ChatGPT
launching, did not explore the long-term implications and
potential changes in perception and use of ChatGPT over time,
as participants’ experience with the tool may evolve, altering
their views on its benefits and limitations [54].

Therefore, future research should incorporate larger and more
diverse samples from multiple institutions as well as conduct
quantitative studies to measure the impact of ChatGPT on
various aspects of medical education in Saudi Arabia specifically
and globally. Longitudinal studies could be conducted to assess
the changes in perception and use of ChatGPT over time and
evaluate the long-term effects of its integration into medical
education.

Conclusions
Participants praised the advantages of ChatGPT, such as
time-saving and excellent summarizing skills. However,
concerns were raised regarding the accuracy and critical
appraisal of information provided by ChatGPT and the need to
approach the information with caution. ChatGPT-delivered
information and cited references’ hallucination were concerns
seriously raised by participants, which needs urgent assessment
and solution in addition to limited access to certain medical
databases. This study highlights the need for ongoing research
and evaluation to ensure that AI-based tools like ChatGPT are
effectively integrated into medical education while addressing
potential concerns and limitations. Educators and students must
also maintain a strong foundation in critical thinking and
judgment. As medical education continues to evolve, the
integration of AI technologies like ChatGPT has the potential
to transform the way medical education is delivered but must
be done with a thoughtful and ethical approach.
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Abstract

Background: Large language models, exemplified by ChatGPT, have reached a level of sophistication that makes distinguishing
between human- and artificial intelligence (AI)–generated texts increasingly challenging. This has raised concerns in academia,
particularly in medicine, where the accuracy and authenticity of written work are paramount.

Objective: This semirandomized controlled study aims to examine the ability of 2 blinded expert groups with different levels
of content familiarity—medical professionals and humanities scholars with expertise in textual analysis—to distinguish between
longer scientific texts in German written by medical students and those generated by ChatGPT. Additionally, the study sought
to analyze the reasoning behind their identification choices, particularly the role of content familiarity and linguistic features.

Methods: Between May and August 2023, a total of 35 experts (medical: n=22; humanities: n=13) were each presented with
2 pairs of texts on different medical topics. Each pair had similar content and structure: 1 text was written by a medical student,
and the other was generated by ChatGPT (version 3.5, March 2023). Experts were asked to identify the AI-generated text and
justify their choice. These justifications were analyzed through a multistage, interdisciplinary qualitative analysis to identify
relevant textual features. Before unblinding, experts rated each text on 6 characteristics: linguistic fluency and spelling/grammatical
accuracy, scientific quality, logical coherence, expression of knowledge limitations, formulation of future research questions,
and citation quality. Univariate tests and multivariate logistic regression analyses were used to examine associations between
participants’ characteristics, their stated reasons for author identification, and the likelihood of correctly determining a text’s
authorship.

Results: Overall, in 48 out of 69 (70%) decision rounds, participants accurately identified the AI-generated texts, with minimal
difference between groups (medical: 31/43, 72%; humanities: 17/26, 65%; odds ratio [OR] 1.37, 95% CI 0.5-3.9). While content
errors had little impact on identification accuracy, stylistic features—particularly redundancy (OR 6.90, 95% CI 1.01-47.1),
repetition (OR 8.05, 95% CI 1.25-51.7), and thread/coherence (OR 6.62, 95% CI 1.25-35.2)—played a crucial role in participants’
decisions to identify a text as AI-generated.

Conclusions: The findings suggest that both medical and humanities experts were able to identify ChatGPT-generated texts in
medical contexts, with their decisions largely based on linguistic attributes. The accuracy of identification appears to be independent
of experts’ familiarity with the text content. As the decision-making process primarily relies on linguistic attributes—such as
stylistic features and text coherence—further quasi-experimental studies using texts from other academic disciplines should be
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conducted to determine whether instructions based on these features can enhance lecturers’ ability to distinguish between
student-authored and AI-generated work.

(JMIR Med Educ 2025;11:e62779)   doi:10.2196/62779

KEYWORDS

artificial intelligence; ChatGPT; large language models; textual analysis; writing style; AI; chatbot; LLMs; detection; authorship;
medical student; textual analysis; linguistic quality; decision-making; logical coherence

Introduction

The rapid development of artificial intelligence (AI) and the
emergence of large language models (LLMs), such as ChatGPT,
have increasingly blurred the lines between human-written and
AI-generated text. This has created a significant challenge in
identifying the authorship of written work, especially as the use
of AI has become ubiquitous since chatbots have become freely
available [1,2]. Consequently, critical concerns have arisen in
the educational and academic sectors, where the reliability and
authenticity of written work are fundamental.

According to a recent nationwide survey, nearly two-thirds of
the German students reported using AI-based tools for their
studies, with ChatGPT being the most commonly used chatbot
[3]. ChatGPT, developed by OpenAI, an American AI research
laboratory, is a state-of-the-art AI chatbot capable of assisting
users with a wide range of tasks, from text generation to
problem-solving [4,5]. Its capabilities have opened up significant
opportunities for educational and academic contexts. For
example, AI-based tools like ChatGPT can support tasks such
as text analysis, translation, and proofreading for research
purposes [6]. They also can provide support to students by
enhancing their understanding of scientific methods, improving
and refining written work, and assisting with examination
preparation [3,7].

However, the widespread use of such tools raises concerns about
their impact on students’ development of critical and
independent thinking skills [8,9]. In addition, it is possible that
ChatGPT could provide incomplete or inaccurate information,
potentially leading to misunderstandings of academic concepts
and topics [10,11]. Further concerns arise from the potential for
academic dishonesty and plagiarism, particularly in the context
of written assignments and academic essays [9,12].

The lack of clarity on how to handle such cases is putting
universities in a quandary, leading to the first court cases and,
more recently, to the University of Munich being vindicated in
its decision to reject such written work [13]. In this case, an
essay submitted as part of a Master’s application was rejected
because it was “too well written,” raising suspicions that the
text was likely generated by an AI tool such as ChatGPT [13].
This case highlights that AI-generated texts are often
characterized by their seemingly perfected style of formulation
that refers to the linguistic level [13,14], a characteristic that is
known to be particularly pronounced and even more nuanced
in English output texts compared with other languages such as
German [15-18].

The relevance of the problem for medical studies is not obvious
at first glance because medical students generally do not have

to write long scientific texts on a regular basis during their
studies, but usually only for their doctoral thesis. However, the
increasing use of AI tools such as ChatGPT also poses
challenges in the medical field, where assessments rely not only
on linguistic quality but also on content accuracy. The potential
misattribution of authorship in medical texts—such as research
articles, patient information, or promotional materials—has
particularly serious implications, as errors or inaccuracies in
these contexts can have grave consequences. It can be assumed
that medical texts do not fall as much within the scope of
ChatGPT and are therefore more difficult to reproduce
accurately, especially because AI authors have no “moral
scruples” about concealing ignorance and replacing verified
sources with falsified ones [19-22]. However, a few studies
have addressed the problem of AI-generated content on medical
texts [21-26], reporting that ChatGPT has, at times, managed
to mislead medical professionals [26], which may suggest that
familiarity with content plays a minor role in authorship
identification.

Existing research on LLM-based text generators such as
ChatGPT frequently focuses on their role in assisting the writing
process rather than evaluating the quality and detectability of
longer scientific texts [27-29]. In addition, studies often
investigate the detection of texts written by chatbots using
automatic tools or even detectors specifically designed for this
purpose [18,25,27-30]. The detection rate of these detectors is
often higher than that of human reviewers, but the accuracy can
vary greatly depending on the text genre and the classifier used
[14,31]. Moreover, linguistic features appear to be the most
important subset of features influencing the performance of
feature-based classifiers [2,5]. In the academic domain,
educators still face the challenge of qualitatively assessing the
authenticity of student texts, often without the aid of automated
detection tools.

It is therefore of particular interest to determine how well human
readers from the academic field can detect differences when
directly comparing 2 texts on the same topic—an original
student text and an AI-generated text—and which features stand
out as particularly conspicuous and decisive for them. To better
distinguish between the relevance of content-related and
text-analytical attributes, we assembled a group of language
experts from the humanities field alongside a group of medical
experts specializing in pediatrics and neurology. Another key
novelty and prerequisite of our study is the use of fully
reproduced, longer scientific texts on medical topics written in
German by medical students.

Therefore, we conducted a study to determine whether medical
experts and humanities lecturers could distinguish between texts
written by medical students and those generated by ChatGPT
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(specifically ChatGPT version 3.5, March 23). Unlike the
interactive “Turing Test” [32], this task was not performed
through a dialogue with a machine but rather through an internal,
personal evaluation of 2 texts. We hypothesize that, in line with
the Turing prophecy [32], the correct identification rate for
AI-generated texts within a German medical sample is
approximately 70%, with content familiarity playing a secondary
role, while formal and linguistic features exert a greater
influence.

Through a prospective analysis of longer German-language
scientific texts written by students in the specialized
health-related field of medicine, this study aims to provide new
insights into AI-generated texts and the influence of content
familiarity and linguistic expertise. The findings are intended
to inform the development of guidelines to help lecturers (and
others) recognize AI-generated texts, even in the absence of a
comparable “original” text, and to contribute to future projects
addressing the challenges posed by AI tools in academia.

Methods

Recruitment Process
This semirandomized controlled trial was conducted between
May and August 2023 at the University Hospital of Pediatrics
and Adolescent Medicine, St. Josef-Hospital, Ruhr University
Bochum (RUB), Germany. To recruit participants, an open call
was issued to the Department of Pediatrics and Adolescent
Medicine and the Department of Neurology at the University
Hospital Bergmannsheil (both RUB). Senior physicians and
members of scientific working groups were invited to
participate, ensuring the involvement of clinical experts familiar
with the content of the texts. Participation was voluntary, with
clinical employment or medical expertise serving as key
inclusion criteria, along with an interest in scientific texts. In
the next phase of recruitment, a call was made to the Faculty
of Humanities at Ruhr University to include participants with
experience in text reception and analysis, with teaching
experience as an additional inclusion criterion.

Design
Each participant received 2 pairs of texts, totaling 4 printed
texts. Each pair consisted of 1 of 18 available term papers
written by a medical student and a corresponding text generated
by ChatGPT (version 3.5, March 2023), with the order of
presentation randomized. The medical experts received 1 pair
of texts on a topic closely related to their specialty and another
pair on a less familiar topic. For example, a pediatrician received
the text “Autoantibodies in Diabetes Mellitus,” while a
neurologist received “Measurement of Aδ and C Fibers in
Electrophysiology.” The second pair of texts covered a topic
less directly related to their field of expertise.

Given the exploratory nature of the study, it became increasingly
evident—only after completing the experimental phase with
the medical experts—that the extent to which content familiarity
influences the identification process needed further examination,
particularly in comparison to formal and linguistic aspects.

As a result, a second phase of the study was initiated, involving
a new group of experts with greater expertise in formal and

linguistic analyses. This allowed for a comparison of results
and evaluations across groups. In this group of humanities
experts, each participant received the same 2 pairs of texts to
ensure better comparability and verification of subject
unfamiliarity. The first pair addressed a more general topic also
familiar to nonmedical fields: “Iodine Deficiency.” The second
pair analyzed a more specialized medical topic: “Autoantibodies
in Diabetes Mellitus.”

Participants were asked to read a pair of texts and, based on
their personal experience with student-written texts, decide
within a week—without extensive research—which of the 2
they believed was generated by ChatGPT. To ensure the blinding
of both interviewers and participants, the headers of the texts
contained only a randomly generated 3-digit number and a
“chatbot or student” checkbox. Before the subsequent interview,
participants documented their decision by ticking the
corresponding box for their chosen text version. They were also
instructed not to discuss the task or the texts with one another.

About 1-2 weeks after the texts were distributed, participants
were invited to a semistructured interview—conducted in
person, by telephone, or via Zoom (Zoom
Communications/Qumu Corporation)—to discuss their
decisions, reasoning, and evaluations of the texts. Unblinding
occurred after the interviews.

Creation of the ChatGPT-Generated Versions
Eighteen German-language medical essays served as templates
for the ChatGPT-generated texts. These essays were written by
doctoral students from the University Pediatric Clinic and the
Clinic for Neurology at Bergmannsheil University Hospital,
RUB, Germany. They originated from the Doctoral Colloquium
pool at the University Hospital of Pediatrics and Adolescent
Medicine in Bochum. As part of the colloquium, each doctoral
student is encouraged to write a scientific essay thematically
related to their announced dissertation topic. To provide an
initial experience with scientific research and writing—and to
give the reviewing study coordinator a first impression of their
academic level and skills—students do not receive specific
instructions. For this study, all available German texts from this
pool that were written before the general introduction of
ChatGPT were considered, provided their authors consented to
their use.

We used ChatGPT version 3.5, March 14 to replicate the texts.
To generate a version with the same title and outline as the
original papers while avoiding text breaks, 2 separate prompts
were required to produce a continuous text from the introduction
to the conclusion (Table 1).

For the main part, depending on the type of original paper,
several commands were necessary. For example, see Table 2.

We then merged the individual sections to create a complete
term paper, supplementing it with a bibliography that listed the
sources provided by ChatGPT in sequential order. To ensure
consistency, we harmonized the formatting of both
ChatGPT-generated and student-written texts as much as
possible, using the Arial font (size 11 for body text and size 12
for headings) with justified alignment. Sections or sentences
specific to a student’s individual dissertation project were
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removed to maintain general applicability. However, we did
not alter the choice of words, sentence structure, punctuation,

spelling, or citation style.

Table 1. Prompts used to create ChatGPT text.

English (translation)German (original prompt)

•• “Please write a section on the topic [NAME OF SUBTOPIC] of the
[scientific/medical] term paper [NAME OF TERM PAPER].”

“Schreibe bitte einen Abschnitt über das Thema [TITEL DES
TEILTHEMAS] der [wissenschaftlichen/medizinischen] Hausarbeit
[TITEL DER HAUSARBEIT].” • “Support your statements with sources that can be found on PubMed.”

• “Belege Deine Aussagen mit Quellen, die bei Pubmed auffindbar
sind.”

Table 2. Additional instructions used to create ChatGPT text.

English (translation)German (original prompt)

“Write a section on the topic ‘Potentially reversible pathomechanism as
possible causes of hyposmia or anosmia in children’of the scientific paper
‘Causes and diagnostics of olfactory dysfunction in children and adoles-
cents’, which ties in with the previous section.”

“Schreibe einen Abschnitt zum Thema ‘Potenziell reversible Pathomech-
anismen als mögliche Ursachen von Hyposmie oder Anosmie bei Kindern’
der wissenschaftlichen Hausarbeit ‘Ursachen und Diagnostik von Riech-
störungen bei Kindern und Jugendlichen’, der an den vorherigen Abschnitt
anknüpft.”

Data Assessment During the Interview
The medical expert group was interviewed by 2 blinded
interviewers (BD and JSB), while the humanities expert group
was interviewed by a partially blinded interviewer (CM).
Initially, participants provided demographic information,
including age, experience in academic and student teaching,
academic qualifications, publication history, and prior
experience with ChatGPT. They were then asked to assess how
well the following questions were addressed in each text, using
the German grading system from 1 (very good) to 6
(unsatisfactory) (see Multimedia Appendix 1 for details). How
would you rate (1) linguistic fluency, (2) scientific quality (eg,
are the re-definitions scientifically derived and are studies cited
that lead to certain conclusions?), (3) internal logic, (4)
description of the limitations of current knowledge, (5) future
research questions, and (6) citations and references of the text?
Participants were then asked to identify which text version,
using the corresponding 3-digit number, they had categorized
as being generated by ChatGPT and to list the key reasons for
their decision, which the interviewer recorded using keywords.
Next, they rated their confidence in their decision on a scale
from 1 (very confident) to 6 (not confident at all). After this
initial assessment, participants were unblinded and informed
which text had been written by a student and which by ChatGPT.
In cases of misidentification, they were asked about their
suspected reasons, which the interviewer also documented using
keywords.

Construction of Categories
Beyond the identification rate and the text evaluations by each
group, a qualitative analysis of participants’statements regarding
their reasoning for assigning authorship proved essential. This
deeper analysis aimed to examine the influence of
content-related versus formal-linguistic aspects and to better
attribute global features to either student or chatbot authorship.
For this purpose, the free-text responses (recorded by
interviewers using keywords) were first thematically clustered
based on the terms mentioned (see sample statements in the

Free-Text Analysis section). Subsequently, through multiturn
discussions between medical and linguistic experts, these
thematic clusters were refined into distinct, nonoverlapping
categories that encompassed all interviewee statements while
reducing redundancy and multiple classifications.

Many of these categories align with standard text-analytical
frameworks, which typically cover a broad range of attributes,
including morphology, syntax, style, structure, coherence and
cohesion, content quality, form, and even sociolinguistic aspects
[33-35]. However, the categories derived in this study are
directly based on the text types used in the experiments. As a
result, they provide a more precise representation of the
emerging and still undefined text type “AI-generated” and are
therefore preferable (see Multimedia Appendix 2 for an
overview of the categories).

Statistical Analysis
Data were analyzed using Microsoft Excel, SPSS version 29.3
(IBM Corp.), and R-4.1.2 (R Foundation). Descriptive statistics
are presented as numbers (n) and percentages or as means (SD),
where appropriate. Univariate odds ratios and 95% CIs from
the Fisher exact test were used to examine the association
between demographic markers, participants’ field (medicine or
humanities), and their expertise with the likelihood of correctly
identifying a text’s source. The relationship between interview
scores and response accuracy was assessed using the 2-sided
Wilcoxon signed rank test for paired values. Additionally,
correlations among all 5 responses were tested using a Friedman
2-way analysis of variance for ranks with Bonferroni correction.

To analyze how participants attempted to identify the
machine-generated text, we modeled the association of the
derived categories (items) from the interviews based on their
likelihood of being mentioned in the context of a
chatbot-generated text. For each participant and interview, we
recorded whether an item was cited in reference to a perceived
chatbot text or a perceived student text. This association was
analyzed using repeated-measures logistic regression,
incorporating a random participant and sequence effect. The
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model was further adjusted for age group, the expert group
(medical vs humanities), and prior experience with ChatGPT
(binary).

Ethical Considerations
An application for the study project was submitted to the Ethics
Committee of the Medical Faculty at RUB (reference number
23-7837; April 2023). As the study did not involve direct
research on human participants or patient data, the committee
informed us that ethical approval was not required.

Results

Interviewee Sample
The biographical data of the 22 participating physicians (14
pediatricians, 3 nutritionists, 4 neurologists, and 1 neuroscientist)

and 13 humanities scholars (8 literary scholars, 3 Germanists
or linguists, 1 classical philologist, and 1 Romance philologist)
are presented in Table 3.

As there were more participating experts than available term
papers, 3 pairs of texts were each assessed by 3 or 4 medical
experts.

At the time of the survey, only one-fifth of the participants
reported having prior experience with ChatGPT. As the number
of participating experts exceeded the number of available term
papers, 3 pairs of texts were each assessed by 3 or 4 medical
experts.

Table 3. Interviewee sample.

Humanities experts (n=13)Medical experts (n=22)All participants (N=35)Characteristics

Age (years), n (%)

4 (31)13 (59)17 (49)<40

9 (69)9 (41)18 (51)≥40

Experience in academic teachinga (years), n (%)

N/Ab2 (9)2 (6)None

N/A8 (36)8 (23)<5

13 (100)12 (55)25 (71)≥5

PhD/professorship, n (%)

10 (77)18 (82)28 (80)Yes

Authorship in a publication, n (%)

12 (92)20 (91)32 (91)Yes

Experience with ChatGPTa, n (%)

5 (38)2 (9)7 (20)Yes

3 (23)4 (18)7 (20)Only a little

5 (38)16 (73)21 (60)No

aSelf-assessed.
bN/A: not applicable.

Detection Rate
With 35 participants evaluating 2 text pairs each—excluding 1
misaligned and omitted case—a total of 69 decision rounds
were conducted. In 48 out of 69 (70%) decision rounds,
participants correctly identified the authorship of the texts.
Medical and humanities experts showed a slight but
nonsignificant difference in detection rates, with medical experts
correctly identifying 31 out of 43 (72%) decision rounds
compared with 17 out of 26 (65%) decision rounds by
humanities experts (odds ratio 1.37, 95% CI 0.5-3.9). Among
the 35 participants, 21 (60%) misidentified the authorship of at

least one text pair, including 12 medical experts. Additionally,
5 (14%) participants, including 3 physicians, misidentified both
text pairs.

Notably, familiarity with the topic did not significantly impact
identification accuracy (Table 4), nor did personal characteristics
such as age, academic qualifications, or years of teaching
experience. However, younger participants without advanced
academic titles showed a slight tendency to better identify
ChatGPT-generated texts. Confidence in participants’ own
judgments did not differ significantly across groups (odds ratio
0.6, 95% CI 0.2-1.79).
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Table 4. Characteristics of the participants with correct and incorrect decisions about the authorship of the respective text.

Humanities expertsMedical expertsAll participantsCharacteristics

DecisionDecisionDecision

OR (95% CI)FalseCorrectOR (95% CI)FalseCorrectORa (95% CI)FalseCorrect

9 (35)17 (65)N/A12 (28)31 (72)N/Ab21 (30)48 (70)Tests, n (%)

Age (years), n (%)

N/A1 (12)7 (88)N/A8 (32)17 (68)N/A9 (27)24 (73)<40

0.18 (0.02-1.77)8 (44)10 (56)1.65 (0.41-6.63)4 (22)14 (78)0.75 (0.27-2.11)12 (33)24 (67)≥40

PhD/professorship, n (%)

N/A8 (40)12 (60)N/A10 (29)25 (71)N/A18 (33)37 (67)Yes

3.33 (0.33-34.12)1 (16.7)5 (83.3)1.2 (0.21-6.98)2 (25)6 (75)1.78 (0.44-7.2)3 (21.4)11
(78.6)

No

Experience in academic

teachingc (years), n (%)

N/A8 (36)14 (64)N/A7 (30)16 (70)N/A15 (33)30 (67)≥5

1.71 (0.15-19.36)1 (25)3 (75)1.31 (0.34-5.05)5 (25)15 (75)1.5 (0.49-4.56)6 (25)18 (75)<5 or none

Authorship in a publica-
tion, n (%)

N/A8 (33)16 (67)N/A11 (28)28 (72)N/A19 (30)44 (70)Yes

0.5 (0.03-9.08)1 (50)1 (50)1.18 (0.11-12.59)1 (25)3 (75)0.86 (0.15-5.12)2 (33)4 (67)No

Experience with ChatG-

PTc, n (%)

N/A5 (31)11 (69)N/A2 (18)9 (82)N/A7 (26)20 (74)Yes

0.68 (0.13-3.55)4 (40)6 (60)0.49 (0.09-2.69)10 (31)22 (69)0.7 (0.24-2.05)14 (33)28 (67)No

Text pair (sequence), n
(%)

N/A6 (46)7 (54)N/A6 (27)16 (73)N/A12 (34)23 (66)First

2.86 (0.53-15.47)3 (23)10 (77)0.94 (0.25-3.56)6 (29)15 (71)0.75 (0.27-2.09)9 (26)25 (74)Second

Familiar with the topic, n
(%)

N/A6 (46)7 (54)N/A6 (25)18 (75)N/A12 (32)25 (68)More

2.86 (0.53-15.47)3 (23)10 (77)0.72 (0.19-2.75)6 (32)13 (68)1.01 (0.36-2.8)9 (28)23 (72)Less

Self-confidence in the deci-

sionc, n (%)

N/A6 (32)13 (68)N/A7 (24)22 (76)N/A13 (27)35 (73)Rather sure

0.62 (0.1-3.66)3 (43)4 (57)0.57 (0.14-2.29)5 (36)9 (64)0.6 (0.2-1.79)8 (38)13 (62)Unsure

aOR: odds ratio for the correct decision.
bN/A: not applicable.
cSelf-assessed.

Interview Analysis
When authorship was correctly identified, texts written by
medical students received notably higher ratings for stylistic
fluency, the internal logic of argumentation, and scientific
quality (see Figure 1A, right-hand side). These differences were
less pronounced in the assessment of knowledge limitations and
future research directions. Regardless of correct identification,
the way sources were cited was consistently rated higher in

student-authored texts (Figure 1). Among humanities experts,
score differences between correctly and incorrectly classified
texts were minimal, though the academic quality of
student-written texts was still rated significantly (r=0.336,
P=.009) higher overall (Figure 1B, right-hand side). Many
participants who misidentified the authorship attributed their
errors to either underestimating the quality of student work or
overestimating ChatGPT’s capabilities—particularly in terms
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of logical coherence, the presentation of scientific knowledge limitations, and the formulation of new research ideas.

Figure 1. Association of mean school grade (using German school grades 1=very good to 6=unsatisfactory) and correctness of authoring identification
in (A) medical experts and (B) humanities experts. Participants were not yet unblinded at the time of assessment (see Multimedia Appendix 1 for details).
Left side: incorrect attribution, right side: correct attribution of authorship. *P<.05 (2-sided Wilcoxon signed rank test). C: chatbot-generated text; S:
student text.

Free-Text Analysis
We categorized the 187 freely formulated reasons participants
provided for their decisions into 1 of 12 derived categories (see
Multimedia Appendix 2). Three categories were excluded from
statistical analysis due to their low frequency: inconsistency of
writing style (n=4), other issues (n=4), and errors in content
(n=3). Notably, all 3 content-error attributions came from the
medical expert group. Of the remaining 176 statements, 88
(50%) were contributed by medical experts and 88 (50%) by
humanities scholars (Table 5).

The experiment revealed that significantly more statements
were made about (suspected) ChatGPT-generated texts (130/176,
73.9%) than about student-written texts, regardless of whether

the suspicion was correct (Table 5). Sample statements from
both groups are provided in Tables 6 and 7. Medical experts’
explanations were often concise, frequently critiquing a
“superficial” style with “unnecessary additional information.”
By contrast, humanities experts tended to provide more detailed
justifications, describing characteristics such as “smooth style”
and “redundancies.”

We analyzed the likelihood of specific categories being
mentioned in reference to texts suspected to be generated by
ChatGPT. The results indicate that “redundancy” (12/14, 86%,
associated with GPT vs 2/14, 14%, with student texts),
“repetition” (20/22, 91% vs 2/22, 9%), and “common thread
and coherence” (21/24, 88% vs 3/24, 13%) were the most
frequently cited characteristics (Figure 2).
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Table 5. The remaining 9 categories and item frequency by presumed nature of the text (for a detailed explanation in German and English, see Multimedia
Appendix 2).

How often mentionedCategoryItem

Medical expertsHumanitiesOverall, n (%)

Students, n (%)Chatbot, n (%)Students, n (%)Chatbot, n (%)

17 (9.7)71 (40.3)29 (16.5)59 (33.5)176 (100)

4 (23.5)4 (5.6)4 (13.8)4 (6.8)16 (9.1)Differentiated content1

1 (5.9)8 (11.3)2 (6.9)2 (3.4)13 (7.4)Superficial content2

N/Aa5 (7.0)2 (6.9)7 (11.9)14 (8.0)Redundancy3

N/A4 (5.6)4 (13.8)6 (10.2)14 (8.0)Monotonous structure of sentences4

1 (5.9)12 (16.9)1 (3.4)8 (13.6)22 (12.5)Repetition5

1 (5.9)11 (15.5)2 (6.9)10 (16.9)24 (13.6)Common thread coherency6

3 (17.6)8 (11.3)2 (6.9)3 (5.1)16 (9.1)Distinctive literature style7

4 (23.5)9 (12.7)6 (20.7)6 (10.2)25 (14.2)Form8

3 (17.6)10 (14.1)6 (20.7)13 (22.0)32 (18.2)Distinctive Wording9

aN/A: not applicable.

Table 6. Excerpt from the statements of the medical expert group on the main reasons for choosing ChatGPT as the author.

English (translation)German (original statement)

“‚seemed too perfectly written, superficial’”“‚erschien zu perfekt geschrieben, oberflächlich‘”

“‚useless knowledge, additional information that is not necessary for the
work‘”

“‚unnützes Wissen, Zusatzinfos, die nicht notwendig für die Arbeit wären‘”

“‚lack of common thread, lack of continuity of logic’”“‚fehlender roter Faden, fehlende Kontinuität der Logik’”

Table 7. Excerpt from the statements of the humanities expert group on the main reasons for choosing ChatGPT as the author.

English (translation)German (original statement)

“‚lack of coherence, redundancy, monotony [...] is very redundant, repeats
formulations sometimes several times in variations. The definition section
appears to be sequential, stylistically homogeneous, [...] partly one learns
what one could have imagined, [...]. The last paragraph roughly repeats
what was there before - which makes it seem as if he had already 'forgotten'
it.”

“‚fehlende Kohärenz, Redundanz, Monotonie […] ist sehr redundant,
wiederholt Formulierungen teils mehrfach in Variationen. Der Definition-
steil wirkt reihend, stilistisch homogen, […] teils erfährt man, was man
sich hätte denken können, […]. Der letzte Absatz wiederholt in etwa, was
vorher da stand - was so wirkt, als hätte er diesen schon 'vergessen'.”

“‚Smooth, fluent transitions, but overtextually worse, i.e. overall coherence
worse (repetition), 'haven't learned anything'.”

“‚Smooth, fließende Übergänge, aber übertextlich schlechter, d.h. gesamt
Kohärenz schlechter (Wiederholung), habe nichts gelernt‘.”

“‚Repetition of many sentences and contents; pronounced tendency towards
certain template-like formulations in the sense of a ‘presentation’, some-
times phrase-like without content. Visually well structured (given by the
headings), but a common thread is not easily recognizable, many things
appear to be merely a list of individual formations. [...] Mention of many
sources, their assignment to individual statements is often not concrete.”

“‚Wiederholung vieler Sätze und Inhalte; ausgeprägte Tendenz zu bes-
timmten schablonenartigen Formulierungen im Sinne einer ‘Anmodera-
tion’, z.T. phrasenhaft ohne Inhalt. Optisch gute Gliederung (vorgegeben
durch die Überschriften), jedoch roter Faden nicht gut erkennbar, vieles
wirkt lediglich wie aufgelistete Einzelformationen. […] Nennung vieler
Quellen, deren Zuordnung zu einzelnen Aussagen ist oft nicht konkret.”
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Figure 2. Estimated probability of thinking of ChatGPT as authorship.

Discussion

Overview
This analysis offers insights into the current identification rate
of AI-generated texts and their evaluation compared with
medical student texts by 2 different expert groups. It also
provides an initial overview of the decision-making processes
of medical and humanities experts during these assessments.
Our findings suggest that both medical and humanities experts
can effectively identify ChatGPT-generated texts in medical
contexts and that linguistic and stylistic features play a
significant role in distinguishing AI-generated from
human-written texts, regardless of content familiarity. This
supports the broader notion that linguistic analysis is crucial in
identifying AI-generated text, aligning with foundational
theories in human-robot interaction, such as Turing’s predictions
[32].

Identification Rate
In the 1950s, Alan Turing [32] predicted that within 50 years,
AI would advance to the point where the likelihood of
identifying a machine as nonhuman in a dialogue or an
“imitation game” would be no more than 70% [32]. With a
slight delay of about 20 years, his prediction was almost
precisely fulfilled in an online game inspired by the Turing Test
[5]. Unlike Turing’s method and the large-scale Israeli study,
our research did not involve direct dialogue between humans
and machines [5,32]. However, when participants were
presented with 2 texts of different authorship, an internal
dialogue was essential for making an authorship determination.

Ultimately, our study’s main finding aligns almost exactly with
Turing’s prediction: only in 48 out of 69 (70%) decision rounds,
participants correctly identified the ChatGPT-generated text.
This accuracy rate remained consistent regardless of whether
participants were experts in the content of the text or in linguistic
analysis, and irrespective of their prior experience with
ChatGPT. Notably, familiarity with the subject matter did not
appear to be a decisive factor, as humanities experts performed
similarly to medical experts who specialized in the respective
topics. Moreover, at the individual participant level, no
significant differences were found between the 2 expert groups
in terms of their proximity to the text’s subject matter.

A Chinese study by Ma et al [2], which also examined the
identification rate of chatbot-generated texts, reported similar
findings, with approximately 66% of texts correctly identified.
This study analyzed around 40 scientific texts, including 20
scientific paper abstracts and 20 wiki item descriptions, assessed
by 2 PhD students with a background in computer science [2].
Ma et al [2] also highlighted notable differences in writing style
between AI-generated and human-written scientific texts, a
conclusion that aligns with our findings. In our study,
participants primarily based their decisions on text-analytical
features, while content errors influenced their judgment in only
3 instances.

The study by Waltzer et al [36], which closely resembles our
research in design, reported similar findings. In their study, 140
college instructors were presented with pairs of essays and
correctly identified the ChatGPT-generated text 70% of the
time. Like our results, Waltzer et al [36] found that neither prior
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experience with ChatGPT nor subject-specific
expertise—measured by self-reported familiarity with the
topic—significantly improved identification accuracy [36].
However, a key difference is that their study analyzed
English-language essays written for a psychology program,
whereas our research focused on German-language texts
authored by medical students [36].

Performance
The evaluation of a text can focus on different levels and
aspects, often emphasizing either content or linguistic features.
Currently, AI programs such as ChatGPT are recognized for
their seemingly perfected linguistic style [13,14]. A notable
case at a German university (TU Munich) illustrates this: an
essay submitted as part of a Master’s application was
rejected—and this decision was upheld by a court—on the
grounds that it was “too well written,” strongly suggesting AI
authorship [13]. However, it is important to note that this essay
was written in English [13]. While ChatGPT is also proficient
in translating languages such as German and Chinese [15], its
performance in German differs from English. Research suggests
that AI-generated texts tend to be more nuanced and varied in
English than in German [16,17]. This discrepancy is likely due
to the greater availability of digital data in English, which results
in more refined and contextually accurate outputs. Nevertheless,
AI language models continuously improve as they interact with
users, enhancing their capabilities in non–English languages
over time.

Interestingly, the humanities group, despite their focus on
linguistic features, identified ChatGPT-generated texts less
accurately than the medical expert group—though this difference
was not statistically significant. Notably, humanities experts
rated the linguistic quality of ChatGPT texts higher than those
written by medical students, a contrast that was significant
compared with the evaluations of the medical experts. The
decision-making process behind text identification revealed key
patterns: participants were more likely to suspect a human author
when encountering spelling and grammatical errors, greater
variation in sentence structure, medical-specific terminology,
a writing style aimed at a professional readership, or shifts in
citation style.

An “AI author,” by contrast, was suspected if there was a
monotonous sentence structure, partly “English” grammar, a
“smooth” wording s tyle ,  that  i s ,  good
readability/understandability, but overall more superficial, an
intended less professional readership, better overall formal
structure of the text (derivation, outline, weft), frequent
repetitions, and a lack of supra-textual coherence of the
argumentation in contrast to the coherent and easily
comprehensible sequence of arguments within individual
paragraphs.

Many studies explored the identifiability of chatbot-generated
text using machine learning–based detectors, a subset of AI
technologies [27-29]. These detectors often achieve higher
identification rates than human evaluators. However, direct
human comparison is rarely included, and accuracy and
F1-scores vary significantly depending on the text genre and
the specific machine learning classifier used. For instance, when

various LLM-based classifiers are applied to different data sets,
their accuracy ranges from 70% (DetectGPT classifier on
Wikipedia articles) to 97% (GPT-Pat classifier on
COVID-19–related question-answer data sets). Similarly,
perplexity-based classifiers achieve around 70% accuracy on
ACL paper abstracts, whereas RoBERTa (Robustly Optimized
BERT Pretraining Approach)–based classifiers reach up to 97%
on COVID-19–related data sets [37].

Another challenge is that while these tools are generally reliable
in detecting AI-generated text, they are not always sufficiently
accurate in identifying human-authored text. This suggests that
the tools may struggle with the complexity of human writing
while also highlighting a key limitation—especially in cases
where a lecturer, for example, must evaluate a single piece of
writing without comparison [14,31].

Our study also compares the performance of medical students
and ChatGPT. Notably, the texts written by medical students
received higher professional evaluations. However, the
humanities experts specifically rated the linguistic quality of
ChatGPT-generated texts more favorably. Additionally, when
comparing ChatGPT’s performance with that of medical students
in an examination setting—such as in the study by Huh
[38]—ChatGPT performed worse than medical students [31].
In a parasitology examination, ChatGPT correctly answered
60.8% of the questions, whereas the average score among 77
medical students was significantly higher at 90.8% [38]. In
comparison, a German study by Friederichs et al [39] found
that ChatGPT correctly answered two-thirds of all
multiple-choice questions at the level of the German state
licensing examination in the Progress Test Medicine. It even
outperformed most medical students in their first 3 years and
performed comparably to students in the later stages of their
studies [39]. Our study also revealed that participants who
overestimated ChatGPT’s writing capabilities and
underestimated those of the students were more likely to
misidentify the author. This misconception was particularly
evident in cases where participants misclassified texts in both
sessions, suggesting that their biased perception significantly
influenced their decisions.

Interpretation
Our study demonstrates that the identification rate predicted by
Turing holds within a group primarily engaged in student
teaching and academic writing. Our findings confirm the
expectation that linguistic features play a more significant role
in identifying AI-generated texts than content familiarity or
specialized expertise. In both expert groups, text-analytical
features were the primary factors influencing their decisions.
This aligns with the emerging field of stylometric analysis,
which is increasingly being applied to the detection of
AI-generated content [40]. ChatGPT-generated text, especially
in comparison to authors from the (fictional) literature domain,
exhibits limited stylistic variety [41]. Notably, there was no
significant difference in the identification rate between the 2
expert groups, despite 1 being more familiar with the subject
matter. Higher proximity to the topic was also not a predictive
factor at the individual participant level. Instead, certain
linguistic characteristics played a key role in the
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decision-making process and were consistently associated with
AI-generated texts. In particular, redundancy, repetition, and a
lack of coherence were distinctive features attributed to
ChatGPT-generated texts. While these traits influenced the
perception of AI authorship, they ultimately did not prove to
be reliable predictors for correct identification. The linguistic
features of ChatGPT-generated texts are often perceived as
superior due to their smoother wording and better structural
organization. This aligns with findings from [42], which indicate
that AI-generated texts tend to exhibit relatively low lexical
density, high reading ease, and frequent use of the simple present
tense. Whether these linguistic characteristics, if systematically
outlined in a manual and provided to participants beforehand,
could enhance identification accuracy remains an open question.
However, this presents an intriguing avenue for future research.

Limitations
While numerous studies are currently investigating the
performance of LLM-based text generators such as ChatGPT,
many focus primarily on their assistive role in the writing
process rather than assessing the quality of fully generated
long-form scientific texts. A key contribution of our study is
that it examines complete, AI-generated scientific texts rather
than partial outputs. Additionally, instead of relying on
specialized AI detection tools, we analyze how individuals
working in academia recognize such texts without assistance
and how they evaluate their performance while identifying
distinct linguistic features. This study enables the compilation
of categorical features that could aid in identifying AI-generated
text in both academic and everyday reading. However,
limitations in generalizability arise due to the relatively small

sample size and the exclusive use of a single AI model,
ChatGPT version 3.5. Nevertheless, for an exploratory study,
we do not consider this a critical issue. Additionally, participants
were aware that 1 of the texts had to be AI-generated, raising
the question of whether they would have identified an
AI-authored text without this prior knowledge. A further
limitation arises from the use of different interviewers for the
2 expert groups, who also differed methodologically in terms
of blinding. However, it should be noted that the decision to
identify the authors was always made before the interview
process. Additionally, the interview was transcribed in bullet
points, so some information may have been lost in this process.
Finally, the dynamic nature of development should also be
acknowledged, as ChatGPT, like other AI programs, is
continuously being developed and improved.

Conclusion
Our study shows that linguistic and text-analytical features, in
particular, play a role in the decision-making process for
correctly identifying a chatbot author. In our sample, both
nonspecialists and specialists identified AI-generated texts with
an accuracy rate of approximately 70% (48/69). Further
quasi-experimental studies using texts from other academic
disciplines should be conducted to determine whether
instructions based on these features can enhance lecturers’
ability to distinguish between student-authored and AI-generated
work.

A follow-up study could be conducted in a few years to track
the evolution of AI-generated text identification and examine
whether identification success changes as AI technology and
tools advance.
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Abstract

Background: As health care moves to a more digital environment, there is a growing need to train future family doctors on the
clinical uses of artificial intelligence (AI). However, family medicine training in AI has often been inconsistent or lacking.

Objective: The aim of the study is to develop a curriculum framework for family medicine postgraduate education on AI called
“Artificial Intelligence Training in Postgraduate Family Medicine Education” (AIFM-ed).

Methods: First, we conducted a comprehensive scoping review on existing AI education frameworks guided by the methodological
framework developed by Arksey and O’Malley and Joanna Briggs Institute methodological framework for scoping reviews. We
adhered to the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) checklist for reporting the results. Next, 2 national expert panels were conducted. Panelists included family medicine
educators and residents knowledgeable in AI from family medicine residency programs across Canada. Participants were
purposively sampled, and panels were held via Zoom, recorded, and transcribed. Data were analyzed using content analysis. We
followed the Standards for Reporting Qualitative Research for panels.

Results: An integration of the scoping review results and 2 panel discussions of 14 participants led to the development of the
AIFM-ed curriculum framework for AI training in postgraduate family medicine education with five key elements: (1) need and
purpose of the curriculum, (2) learning objectives, (3) curriculum content, (4) organization of curriculum content, and (5)
implementation aspects of the curriculum.

Conclusions: Using the results of this study, we developed the AIFM-ed curriculum framework for AI training in postgraduate
family medicine education. This framework serves as a structured guide for integrating AI competencies into medical education,
ensuring that future family physicians are equipped with the necessary skills to use AI effectively in their clinical practice. Future
research should focus on the validation and implementation of the AIFM-ed framework within family medicine education.
Institutions also are encouraged to consider adapting the AIFM-ed framework within their own programs, tailoring it to meet the
specific needs of their trainees and health care environments.

(JMIR Med Educ 2025;11:e66828)   doi:10.2196/66828
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Introduction

The College of Family Physicians of Canada (CFPC) establishes
standards for postgraduate family medicine training and its
accreditation [1]. It promotes a competency-based curriculum
model known as Triple C (comprehensive, continuous, and
centered in family medicine) [2] based on the Canadian Medical
Education Directives for Specialists (CanMEDS)—Family
Medicine framework [3] and on assessment objectives for
certification in family medicine [4]. To ensure that medical
curricula respond to new developments in health care, education,
and societal trends, they must undergo periodic review,
modification, and renewal [5-9]. Accordingly, a number of new
content areas have been introduced in the recent past into the
family medicine curricula. They include leadership [10], social
determinants of health [11], ethics [12], global health [13-15],
and physician wellness and burnout [16-18]. The increasing
complexity of the medical needs of an aging population, the
exponential growth in medical knowledge, and an increasingly
digitalized environment suggest the need for digital-mediated
solutions to support medical practitioners.

Artificial intelligence (AI) and its applications have made a
rapid impact on many segments of society, including medicine
[19] and notably, in primary health care [20]. While there is no
universal consensus on the definition of AI, the World Health
Organization [21] describes it as “the performance by computer
programs of tasks that are commonly associated with intelligent
beings.” The introduction, integration, and implementation of
AI-based tools and systems into family medicine education and
practice assume an adequately trained cohort of users, but to
date, training of family physicians on relevant aspects of AI to
ensure effective and safe implementation has been absent or
inconsistent [20,22]. As such, the CFPC’s Outcomes of Training
project has identified digital care and health informatics as a
training gap and an area for educational enhancement requiring
priority attention across the 17 family medicine postgraduate
programs in Canada [23,24]. There have been efforts to include
AI education globally within each level of medical training.
These efforts are led by national medical associations such as
the UK National Health Service, the US American Medical
Association, and Canada’s Royal College of Physicians and
Surgeons. They have released documents recommending policies
for integrating AI within their respective medical educational
institutions [25-27].

Initiatives of AI teaching directed at physicians already in
practice include the development of a continuing professional
development 3-module CFPC Learn e-course titled, “Artificial
Intelligence for Family Medicine” [28]. The first module of this
course reviews the basic functionality of AI with applications
in family medicine, while the second module focuses on core
terminology and related concepts as well as potential harms or
risks associated with AI. The last module reviews the concepts
of the first 2 and focuses on learning how to tell if an AI-based
tool is working well [28].

Competency about a particular subject has been described as
the ability to carry out a certain task or action at a basic or
acceptable level [29]. Liaw et al [30] have recently proposed

six competency domains for family medicine training in AI: (1)
foundational knowledge (What is this tool?), (2) critical
appraisal (Should I use this tool?), (3) medical decision-making
(When should I use this tool?), (4) technical use (How do I use
this tool?), (5) patient communication (How should I
communicate with patients regarding the use of this tool?), and
(6) awareness of unintended consequences (What are the “side
effects” of this tool?).” These authors suggest that such
competencies can be integrated within current residency training
during existing sessions on health informatics or evidence-based
medicine but emphasize that these competencies are a “point
of departure” and must be further worked on [30].

A curriculum framework can be described as “a core policy
document that describes a range of requirements, regulations
and advice which should be respected by all stakeholders in the
education system, and which should guide the work of schools,
teachers and the developers of other curriculum documents”
[31]. Curriculum frameworks allow for a visual and detailed
roadmap to develop and implement a curriculum [32]. Input
from an interdisciplinary team of medical educators, AI experts,
end users, researchers, and curriculum designers [33] can
effectively support the development of a curriculum framework
for teaching AI in family medicine postgraduate training
programs. Our comprehensive review of the available
curriculum frameworks [34,35] highlighted that there is no
framework designed specifically for family medicine residency
and no paper that described a systematic approach to design
one. From the 2 frameworks uncovered, one framework was
incomplete, while the other framework was brief and focused
on ophthalmology [34]. The ophthalmology curriculum
framework lacks adaptability, as it may prove inadequate for
family medicine residency due to the diverse, community-based
nature of family medicine, which differs significantly from the
highly technological and hospital-based focus of ophthalmology.

Considering the gaps mentioned previously and the foundational
importance of curriculum frameworks in the creation of new
educational structures, our objective was to design and develop
a curriculum framework for AI family medicine education, that
is, Artificial Intelligence Training in Postgraduate Family
Medicine Education (AIFM-ed), ensuring alignment with current
competencies and educational goals. To achieve this, a
combination of validated methods including 2 national expert
panel discussions were conducted, supplemented by a previous
comprehensive systematic scoping review [34]. Developing a
framework based on expert insights would help address gaps
in AI education and provide an adaptable guide for family
medicine educators, curriculum designers, postgraduate
residency program directors, medical education researchers,
and policy makers in health care education. Due to the
systematic approach in designing this framework, audiences
can adopt this framework to other fields and specialties,
considering that our review did not find any systematically
developed frameworks.
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Methods

Study Design
For the construction of an AIFM-ed framework, we followed
the analysis, design, development, implementation, and
evaluation model for instructional design, using the first 3
activities to guide our work. We followed a two-step approach
suggested by Redwood-Campbell et al [36] for framework
development, wherein (1) a review of the literature was made
focusing on curriculum frameworks and core competencies for
AI education in medicine [34,35] and (2) a working group used
qualitative or consensus methods for final development of the
framework.

Our scoping review aimed to synthesize knowledge from the
literature on curriculum frameworks and current educational
programs that focus on the teaching and learning of AI for
medical students, residents, and practicing physicians, and
adhered to PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) guidelines. Details of this comprehensive study have
been published elsewhere [34,35]. Our review specifically
identified several AI educational curricula programs (eg,
courses, workshops, webinars, and projects) and 2 curriculum
frameworks for AI education, one outlining a broad framework
for any level of education [37], while the other described a
complete framework for ophthalmology residency education
[38].

The outcome of our review was the identification of early
concepts that could be applied to elements of the curriculum
framework for family medicine and AI [34,35]. This initial
curriculum framework was later used during the panel discussion
as part of the co-development and redesigning of the framework.
This discussion applied the curriculum framework structure
described by Obadeji [39], which examines six common
elements: (1) the need and the purpose of a curriculum or a
program, (2) learning objectives and outcomes, (3) course
content that will facilitate the accomplishment of the objectives
or learning outcomes, (4) organization of the content, (5)
implementation of curriculum, and (6) curriculum evaluation
and refinement. This study examined all elements except the
final element (curriculum evaluation and refinement). The initial
framework was deemed successful by the expert team based on
the following indicators: relevance to medical educators and
curriculum designers, alignment to current family medicine
competencies and educational goals, clarity of AI-specific
content, and its potential for further validation. However, we
acknowledge that further studies are needed.

Qualitative Methodology
The expert panel methodology follows the SRQR (Standards
for Reporting Qualitative Research) checklist [40]. Expert panels
help to attempt to reach consensus on controversial subjects
[41,42] such as the risk of AI tools leading to reduced
proficiency in independent critical thinking and clinical
judgment among physicians. The use of qualitative consensus
methods for curriculum development facilitates input from a
wide range of stakeholders (eg, physicians and curriculum
developers) in order to assess and validate expert knowledge

[43]. The use of expert panel discussions to assist in creating
curricula has become established in pedagogical research and
development [44]. Examples within the field of medicine include
discussions around social determinants of health for
undergraduate medical education [45], telemedicine
opportunities for postgraduate medical education [46], and
geriatric oncology in continuing medical education [47].

Participant Recruitment and Sampling Strategy
Our panel size fell within the recommended average of 8
members or a median of 6 [48]. The definition of an expert in
our case is flexible due to the limited knowledge and experience
on this emerging topic; this is emphasized by Duncan et al [49],
who state that, “[t]oo narrow a definition, however, can restrict
the number of potential participants.” In our case, we chose
experts according to the definitions of Fink et al [41], which
state that they must be, “representative of their professional
group, with either sufficient expertise not to be disputed or the
power required to instigate the findings.” This was reinforced
by Mead and Mosely [50], which state that, “experts can be
defined in a number of ways, such as their position in a hierarchy
[...] or as recommended by other participants in a study.”
Therefore, from these definitions, we selected panelists based
on their academic qualifications, their number and relevance of
AI-related publications, professional experience within the
development, implementation or research of AI, and finally,
any participation in AI-specific projects or conferences.

For panel 1, we reached out to family medicine (clinical)
educators from affiliated universities and professional
organizations across Canada via email. Snowballing by this
initial group generated the names of others known as family
medicine educators. For panel 2, family medicine residents were
invited from an initial group of residents who were
knowledgeable and aware of AI, and that initial group helped
to recruit relevant residents for this study.

Each participant voluntarily participated in the study by
providing their explicit consent and agreement, which was
confirmed through email correspondence. To uphold
confidentiality, data were safeguarded through limited, secure
data access, the disposal of audiotapes after transcription, and
the anonymous analysis of transcripts.

Ethical Considerations
This study involved a panel discussion with experts, which does
not require formal ethics board approval under the Economic
and Social Research Council Framework for Research Ethics
guidelines [51]. According to these guidelines as well as
Canada’s Tri-Council Policy Statement on Ethical Conduct for
Research Involving Humans, research that presents minimal
risk and does not involve sensitive information may be exempt
from formal ethics review [52]. This study adhered to these
recognized guidelines, ensuring that all participants were treated
in accordance with principles of research integrity, voluntary
participation, and informed consent.

Participant Eligibility Criteria
Input from 2 different types of panelists was desired, and they
were included as participants within 2 distinct expert panels.
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The first included family medicine educators practicing in
Canada who were somewhat knowledgeable or have expertise
in AI education. No limitations were placed on years of practice
experience, years of knowledge or experience in AI, language
proficiency, work setting, or the types of patients for whom
they provided care. The second expert panel included
participants who were at the time of the study family medicine
residents at McGill University, and who were somewhat
knowledgeable in AI. No limitations were placed on language
proficiency, years of knowledge or experience in AI, work
settings, or the types of patients they provided care for.

Data Collection
We conducted a recorded session of each expert panel via Zoom
(version 5.16.10; Zoom Video Communications). The use of a
web-based expert panel minimizes costs associated with travel;
it also mitigates potential biases linked to panelists [53]. Each
web-based expert panel discussion was approximately 2 hours
long, followed the same format, used congruent discussion
guides, and was facilitated by 2 members of the research team
(RT and SAR). The discussions began with a brief presentation
given by RT on the results of the first step of the project, that
is, the comprehensive scoping review in the field [34,35].
Following the presentation, each of the five elements of the
curriculum framework: (1) the need and the purpose of a
curriculum or a program, (2) learning objectives and outcomes,
(3) course content that will facilitate the accomplishment of the
objectives or learning outcomes, (4) organization of the content,
and (5) implementation of the curriculum were discussed
sequentially and at length. When presenting each element,
participants were invited to respond and discuss their opinions
and thoughts related to each element, allowing for the
co-development and redesigning of the framework together.

Data Analysis
Expert panel discussion data were analyzed using content
analysis strategies [54,55] as previously used in a study
developed for a training model for nurses using a literature
review and expert panel discussions, in which data were
analyzed using a descriptive qualitative approach that includes
content analysis [56]. In our work, the preparation phase

included transcribing the data, immersing in the data, and
obtaining a sense of whole through reading the transcript
multiple times. In our study, once the recordings from the expert
panel discussions were received, one of the authors (RT) listened
to the entire recording and subsequently transcribed it verbatim.
The next stage of data analysis was the organizing phase, in
which open coding and the creating of categories were
conducted along with the grouping of codes under higher-order
headings. These were carried out by one of the authors (RT)
and verified by the senior author (SAR).

As the analysis of data used an inductive approach, no prior
coding systems were used, such that coded categories were
derived directly from the data [55]. Sentences and phrases from
the panelists were captured. In vivo coding was used to prioritize
participants’ language and perspectives, while descriptive coding
aided in categorizing key themes. Two independent coders
reviewed the data (RT and SAR), with discrepancies resolved
through discussion between coders and the research team.
Saturation was achieved when no new themes emerged during
the coding of the final transcript. The final step included the
presentation of the final curriculum framework, which resulted
from the incidence of codes and categories and its relation to
the literature. Codes and categories derived were prioritized and
highlighted with how frequently they appeared during the panel
discussion as well as the overlap between both groups. These
highlighted findings were then compared with existing literature
to either support or challenge them. If these codes and categories
were supported by the literature, they were subsequently
integrated into the framework.

Results

Panelists Characteristics
A total of 37 educator and resident experts were invited, 14 for
the educator group and 23 for the resident group. Ultimately, 8
from the former and 6 from the latter group participated, for a
total of 14 participants. Scheduling problems were the most
common reasons for nonparticipation. The characteristics of
those included in the expert panel discussion are displayed in
Table 1.

Table 1. Characteristics of expert panel participants included.

Resident experts (n=6), n (%)Educator experts (n=8), n (%)

Sex

4 (66)3 (38)Male

2 (33)5 (62)Female

Educational background

0 (0)7 (88)Doctoral (PhD)

2 (33)1 (22)Master

4 (66)0 (0)Bachelor or MD only

Affiliation

6 (100)5 (62)McGill University

0 (0)3 (38)Other academic institution
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Curriculum Framework for AIFM-ed

Overview
Our project has identified five elements of the curriculum
framework for AI training in postgraduate family medicine
education: (1) need and purpose of the curriculum, (2) learning

objectives, (3) curriculum content, (4) organization of
curriculum content, and (5) implementation of the curriculum.
A condensed visual representation of the AIFM-ed curriculum
framework is displayed in Figure 1, while each element is
discussed in detail below.

Figure 1. Representation of the AIFM-ed curriculum framework. AI: artificial intelligence; AIFM-ed: Artificial Intelligence Training in Postgraduate
Family Medicine Education; PGY: postgraduate year. * refers to the Quintuple Aim.

Element 1: Need and Purpose of the AIFM-ed
Curriculum
When modifying a curriculum in family medicine postgraduate
training, it is important to understand why it must be changed
and for what purpose. Both panels discussed the current low
priority of AI curricula. Residents emphasized a lack of exposure
in training and practice. Both panels agreed that the integration
of an AI curriculum will inevitably become imperative,
recognizing its potential as an essential toolset in practice. One
educator summarized this thought by saying, “AI will continue
to evolve quickly, so a curriculum must be built for the future.”

To describe the need and purpose for AI education in family
medicine, we co-developed the following: “The purpose of an
AI curriculum for family medicine residents is for future family
physicians to: (a) gain foundational and adaptive knowledge
and clinical skills, (b) to critically appraise evolving AI tools,
and (c) to align AI integration in Family Medicine with the
quintuple aim for health care improvement (i.e., improving
population health, improving the provider and patient
experience, reducing costs, and advancing health equity
[57,58]).”

Using various definitions of AI, the educator panel debated
what constitutes AI specifically in family medicine. The term
“AI-based tools” is used throughout the results of this paper as
a way of describing technologies empowered or enabled with
AI algorithms to support clinical practice. This term has been
used in previous literature on AI in the context of family
medicine training [20,30].

Element 2: AIFM-ed Learning Objectives
Learning objectives are statements that describe significant and
essential learning that learners need to be familiar with and
reliably demonstrate at the end of a course or educational
program [59]. The following outlines the learning objectives
for AI training, aligning with CanMEDS and family medicine
roles. Table 2 presents each CanMEDS role on the left column
[3], with their affiliated learning objectives for AI family
medicine education as structured by participants during the
panel on the right column. Although the learning objectives are
comprehensive and their practical application for most family
doctors may be limited, they are ideal for advancing the
knowledge and skills of AI-empowered family physicians.
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Table 2. Learning objectives discussed during panels about artificial intelligence (AI) in relation to Canadian Medical Education Directives for Specialists
(CanMEDS) roles.

The learner engaged in AI education will be able toCanMEDS roles

Family medicine expert with AI knowledge

Family physicians are skilled generalists who should be able to
understand and use technology including AI tools to provide high-
quality, responsive, community-adaptive care across the lifecycle,
from prevention to palliation, in multiple settings, and for diverse
populations.

• Explain a basic understanding of AI and basic concepts in relation to
family medicine.

• Demonstrate the use of AI-based tools for family medicine by showing
how to use the tool and understand the output.

• Critique and decide on when to use an AI-based tool over another health
care resource.

• Recognize AI-based tools’perceived biases and discriminatory behavior
(eg, an AI-based tool diagnosing skin conditions mainly trained on im-
ages of lighter skin tones may be less accurate in detecting conditions
in individuals with darker skin tones) and the results demonstrated by
AI-based tools where the learner will be able to solve and prevent further
effects.

Communicator

Family physicians foster life-long therapeutic relationships with
patients and their families. This incorporates the dynamic ex-
changes that occur before, during, and after the medical encounter
that facilitates gathering and sharing essential information for ef-
fective patient-centered health care [3].

• Explain to patients the current AI-based tool they are using and its results.
• Address relevant gaps of understanding of AI tools among patients such

as differing cultural perspectives and digital health literacy.

Collaborator

Family physicians work with patients, families, communities, and
other health care providers to provide safe, high-quality, patient-
centered care [3].

• Practice a collaborative team-based approach, including establishing
positive and continuing working relationships with relevant stakeholders
in relation to developing, implementing, and improving the quality of
AI-based tools.

Leader

Family physicians must actively contribute to implementing and
maintaining a high-quality health care system and take responsibil-
ity for delivering excellent patient care. This includes prioritizing
and using health care resources efficiently, executing tasks collab-
oratively with colleagues, and contributing to ongoing quality im-
provement initiatives within their own practice and its management
[3].

• Identify which AI-based tools are appropriate for the clinical practice
of family physicians.

• Allocate AI-based tools, when available, to specific tasks (eg, adminis-
trative work) in order for optimal patient care and practice management.

• Analyze incidents of use of AI-based tools, appraise AI-based tools, and
resolve any issues to avoid patient injury.

Advocate

Family physicians leverage AI-driven insights to advocate for pa-
tients and communities, using their expertise to identify health
needs, drive meaningful change, and mobilize resources for im-
proved care outcomes [3].

• Extend AI-based tools and resources, when available and known, with
other family physicians and family medicine communities.

• Advocate for established AI-based tools, when available, to patients
with the aim of improving their health outcomes.

Scholar

Family physicians demonstrate a lifelong commitment to excellence
in practice through continuous learning and teaching others; gather,
combine, and evaluate evidence; and contribute to the creation and
dissemination of knowledge [3].

• Participate in scholarly activities related to AI that benefit professional
growth, clinical practice, and patients.

• Maintain or enhance one’s own knowledge and skills through profession-
al educational activities related to AI and ongoing self-directed learning.

Professional

Family physicians are committed to the health and well-being of
their patients and society through competent medical practice; ac-
countability to their patients, the profession, their colleagues, and
society; profession-led regulation; ethical behavior; and mainte-
nance of personal well-being [3].

• Recognize and appropriately respond to ethical, legal, and social issues
encountered in practice, as it relates to AI-based tools and family
medicine by communicating to the proper channels and resources (eg,
AI and data experts, information technology specialists, ethics boards,
and lawyers).

Element 3: AIFM-ed Curriculum Content
When developing a curriculum, a crucial task is to identify
relevant subject knowledge, skills, attitudes, and behaviors that
will help form the learning objectives [39]. Currently, there is

no required AI education in Canadian undergraduate medical
education. However, both educators and residents in our study
agreed that for AI to be efficiently introduced in family medicine
residency, it must be preceded by education in undergraduate
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medical education. This earlier introduction of principles and
concepts of AI will facilitate learning the more difficult material
that is to come. The panels envisaged a basic stream of education
in residency for those who had no exposure in undergraduate
years. This would address fundamentals and basic knowledge
of AI (eg, history, AI model development process, and core
algorithms). A more advanced stream of AI education for
residents would summarize the fundamentals and focus on how
to use AI-based tools (applications) along with how to decide
when to use and evaluate them (critical appraisal).

Residents noted that understanding how AI-based tools are used
in clinical practice was the preferred content area for study, with
less attention devoted to ethical, legal, and social considerations
of AI. A resident put this in context, noting that they “do not
need or want to learn the history of ChatGPT, but rather how
to write effective prompts within this natural language
processing chatbot.” Table 3 summarizes the key concepts and
areas of interest that family physicians should learn and content
to include in the curriculum, as viewed by the participants.

Table 3. The curricular concepts and topics of relevance to family physicians.

SubtopicsMain curricular topic

Overview of AIa and data science in family medicine

Providing an overview of AI definitions and concepts including machine
learning as well as topics related to data science (eg, mathematics and statis-
tics) and clinical epidemiology for family medicine.

• Review of AI (definitions and concepts) as it relates to family
medicine

• Introduction to AI and fundamentals of data science in family
medicine

• Strength and limitations of AI-based tools

Ethics, legal, and social considerations

Understanding the ethical, legal, and social concerns of AI as it impacts
family medicine clinical practice.

• Ethics, patient rights, data security, and confidentiality
• Liabilities and regulatory and policy considerations
• Equity, diversity, and inclusion of AI

Application of AI in family medicine

Understanding how to choose and engage with AI-based tools in clinical
settings and workflows with the ability to understand, interpret, and apply
results of AI systems in clinical practice.

• Clinical practice management and operation
• Preventative care and risk profiling (eg, mental health and

chronic disease)
• Patient self-management
• Physician decision support
• Physician wellness and resilience
• Social determinants of health

Appraisal of family medicine AI-based tools

Assessing and reviewing AI-based tools to ensure safe and effective integra-
tion and use in clinical practice.

• Identification of potential AI adverse effects and potential
solutions

• Quality improvement

aAI: artificial intelligence.

Element 4: Organization of AIFM-ed Curriculum
Content
Family medicine postgraduate training is 24 months long in
Canada. Given that the current curriculum is considered very
heavy, educators and residents emphasized that the addition of
another competency could be a burden to both educators and
resident learners. They nonetheless agreed that AI curricula will
eventually need to be added to that and an organized teaching
structure would need to be established. Residents favored
incorporating the teaching within the existing, already tight,
24-month core teaching, so that the benefits of longitudinal
learning could be taken advantage of. The educators saw AI
knowledge–based training during the first postgraduate year,
followed by the development of AI-based clinical skills in the
second postgraduate year. Educators proposed that if deeper AI
education is needed, an additional third-year training program
could be introduced for a select group of interested trainees to
develop advanced AI skills in family medicine.

Element 5: Implementation of AIFM-ed Curriculum
Curriculum implementation will require the identification of
appropriate resources (eg, educators and materials) along with
educational strategies that will facilitate teaching activities and
learner evaluation.

Curriculum Delivery
Residents highlight that AI education must be longitudinal, as
it must be built upon throughout the medical education
continuum. Furthermore, educators emphasized that residency
is student-centered with learners coming from diverse
backgrounds where they must replicate the actual tasks
performed during in practice. Therefore, the learning theory of
constructivism appears to be a sound and advantageous choice.
This learning theory posits that learners actively construct their
own learning by drawing upon their prior experiences [60].

There are several methods to implement an AI education
curriculum to family medicine residents; however, there are
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certain methods that are recommended by both educators and
residents. In terms of learning about the knowledge and
background of AI (eg, review of AI concepts or the ethical,
legal, and social considerations of AI), hybrid (web-based and
in-person) courses with asynchronous web-based modules, and
in-person workshops, problem-solving sessions could be applied.
Residents emphasized that didactic large group lectures
especially in regard to a novel topic such as AI would be less
engaging. The learning of such content should be considered a
refresher with emphasis on the context of AI in family medicine.
Both educators and residents then suggest that the in-person
sessions would serve as a space for questions and answers and
problem-solving activities.

To execute these educational methods, human resources (eg,
AI medical educators) and material resources (eg, existing
AI-based tools) are pertinent. Educators and residents
highlighted that experts in the field of AI and family medicine
would be ideal; however, educators emphasized that the faculty
challenges such as the current number of experts are limited to
provide this education. To overcome this, residents suggested
that once an AI curriculum is established, further educators
could be sourced from recently graduated residents who
completed the AI in family medicine curriculum. With respect
to material resources such as family physician–focused AI-based
tools, both groups emphasized that they must be validated before
use in educational settings.

Assessment and Evaluation Methods
Residents emphasize that the assessment and evaluation methods
for the curriculum should be simple in context and focus on
learners’participation and exposure. More specifically, learners
should be able to have the capacity to demonstrate how to use
AI-enabled tools and techniques in a health care setting. This
can be seen through the completion of projects and
problem-based and simulation-based assessments. Educators
on the other hand emphasized taking into account Kirkpatrick’s
4 levels of training evaluation model [61], where assessments
should be directly related to the activity’s learning objectives.

Discussion

The First Curriculum Framework for AI in Family
Medicine (AIFM-ed)
In this study, we introduced a novel and evidence-based initial
curriculum framework, that is, AIFM-ed developed for AI
literacy education in family medicine postgraduate training.
This systematically co-developed framework used a combination
of validated methods including a comprehensive scoping review,
resident and educator panel discussions, and the involvement
of interdisciplinary experts in the field. During the development
and cocreation of this framework, several key findings emerged.
These include the crucial role of multiple resource partners and
innovative practices when integrating AI educational content
in family medicine education. For example, AI technology
vendors specializing in health care, upcoming startups, and
AI-focused organizations.

Furthermore, educators and residents stressed the importance
of learning about the application of AI-based tools and

simulating their use as a method of learning. Several innovative
practices have already been implemented including case-based
learning and flipped classroom models. Moreover, the adoption
of AI-based tools can be diverse depending on its context (eg,
teaching and learning and clinical practice) with several barriers
and enablers. Additionally, the study identified several
challenges in effectively integrating an AI curriculum framework
into existing educational structures. These include the lack of
AI definition standardization, the reduced urgency in practice
due to the lack of time and resources, as well as the capacity to
balance theoretical and practical curricular content.

Interprofessional Collaboration and Resources
During the development of the AIFM-ed curriculum framework,
several resource partners were identified when discussing the
implementation of AI education in family medicine.
Interprofessional collaboration within multidisciplinary teams
is essential in order for an AI curriculum to be effective [62].
Other researchers emphasize this sentiment when listing their
recommendations of ensuring a responsible integration of AI
technologies in medical education [63]. This multidisciplinary
team and resource partners may include several stakeholders
such as nurses, social workers, epidemiologists, AI experts, data
engineers, software developers, and patients [64]. Other resource
partners identified included AI technology vendors specializing
in health care, upcoming startups, and AI-focused organizations.
Residents brought up the concept that AI-based tools and AI in
general will substantially change in the future (eg, improved
tools, systems, and integrations) and thus stressed the importance
of continuous partnerships with other professionals in order for
relevant information and AI tools.

Educators emphasized that they were unaware of many AI-based
tools for patient support and were thus apprehensive in
advocating for AI-based tools. Therefore, family physicians and
other primary care team members (eg, administrative staff and
nurses) should share AI-based tools and resources, when
available and known, with other family physician and family
medicine communities. Additionally, residents have suggested
that before advocating or suggesting AI-based tools, a list of
recommended AI-based tools must be developed and released
from a medical organization such as the CFPC. Currently, there
is a scoping review and inventory that has identified and
evaluated published studies that have tested or implemented AI
in primary care settings [20,65]. This can be a starting point for
such a list of recommended AI-based tools.

Application and Simulation of AI-Based Tools
Both educators and residents emphasize that a curriculum should
focus on how to use AI-based tools (application) along with
how to decide when to use and evaluate them (critical appraisal).
Residents are already doing this comparatively as seen through
their discussions of using ChatGPT, an AI-based chatbot
launched by OpenAI that can be used as a digital consultant
(eg, simple inquiries about diagnoses and treatment plans). One
resident stressed that although they use ChatGPT at times for
inquiries related to patient care, they are cautious of the
information, as they are aware that ChatGPT can make mistakes
and always consult other resources. As ChatGPT rises in
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prominence, its impact on medical education has been evident
through the resident panel discussion and the literature [66,67].

The incorporation of AI content in medical education has already
begun with innovative practices, which include case-based
learning and flipped classroom models. Case-based learning
incorporates real-world AI use cases, where AI is used in clinical
practice as examples for physicians [68]. Through this learning
approach, students have a better understanding of the technical
aspects of AI, as it allows physicians to compare their thought
processes with other students and critically reflect or challenge
their assumptions and biases of AI and clinical practice [68].
One study assessed the capabilities of ChatGPT within the
framework of a preclerkship case-based active learning
curriculum. Although the AI chatbot is not comprehensive
enough to serve as a textbook, it was shown to answer questions,
generate test questions, and appropriately respond to prompts
in case-based learning scenarios [69]. According to a scoping
review of teaching AI ethics in medical education, 5 publications
reported in using case-based learning when understanding ethical
challenges [70]. Resident panelists believe that simulation of
these tools is beneficial, as it allows residents to enjoy the
learning process and realize how these AI-based tools would
operate in actual clinical settings. During these simulation
sessions or case-based learning approaches, educator panelists
highlighted reviewing the capabilities and basic functions of
AI-based tools.

Another practical example of incorporating AI content through
innovative practices is the flipped classroom model approach.
Flipped classroom models can consist of web-based content
supplemented by in-person classroom sessions [71], a key
observation reinforced by residents of the panel discussion. One
study designed and evaluated a novel AI course for medical
students using a flipped classroom model, and they found that
attending the course can increase self-perceived AI readiness
in medical students [71]. In addition, educators have also
commented on facilitating AI learning by integrating family
medicine AI-based tools in quality improvement projects, which
has been emphasized and recommended by other researchers
[72].

Adopting AI in Education and Clinical Practice
Family physicians use AI, when implemented, primarily for
diagnosis, detection, or surveillance purposes [20]. Although
educators have flexibility in choosing from a wide range of AI
tools, certain tools have proven to be particularly essential for
effective integration. These include AI-enabled chatbots, clinical
documentation support, and diagnostic decision support, which
have shown to improve physicians’ efficiency and accuracy in
their work [73-75]. However, there have been several barriers
identified in previous reviews, which have made the adoption
of AI-based tools difficult [76-78]. These issues include a lack
of trust among educators, students, and clinicians; insufficient
training and digital literacy; and resistance to change [77].

Additional challenges include data privacy and patient safety
concerns, ethical and legal issues, interoperability issues, lack
of funding, and inequities in access to AI tools—particularly
between rural and urban settings [79]. In contrast, several
strategies and enablers have been identified in order to better

facilitate the adoption of AI and its continued use. These
strategies include strategies fostering interdisciplinary
collaboration between educators, clinicians, and AI developers;
providing targeted training programs to build AI literacy;
developing high-quality datasets for diverse use cases; and
creating supportive regulatory frameworks [77]. Establishing
national or local community networks to share resources and
best practices, while leveraging trusted relationships within
these networks, can also significantly enhance confidence in
and adoption of AI-based tools. To identify relevant enablers
and barriers to AI adoption of a certain audience, a
comprehensive, stakeholder-centered approach is essential. For
example, researchers in Canada conducted in-depth interviews
with primary health care and digital health stakeholders and
were able to ascertain their current barriers and potential
facilitators of AI [80].

It is important to note that AI systems exist in diverse contexts
and content with distinct implications, risks, and ethical and
legal challenges depending on their application and domain.
For example, in education, AI-enabled tools using large
language models may offer personalized education, but biases
may be propagated, inaccurate information may be generated,
or students may overrely on AI, undermining their critical
thinking skills [63,81]. In addition, there is potential for the
exacerbation of inequities in accessing AI tools as well as the
misuse of AI-generated content. In comparison, AI-enabled
tools in clinical practice, such as decision-support systems,
could carry risks of incorrect or biased recommendations that
may directly impact patient outcomes [82,83], thus, raising
ethical concerns about patient autonomy and safety as well as
legal liability in cases of harm. Therefore, the differences of AI
in each domain are important to understand in order to identify
appropriate safeguards. Future research should conduct
comparative analyses of AI’s risks, implications, and ethical
and legal dimensions in educational versus clinical settings,
examining factors such as accuracy, equity, accountability, and
trust. These studies can inform best practices and policies to
optimize AI’s potential while mitigating domain-specific risks.

Curriculum Framework Challenges
During the development of this curriculum framework, there
were several challenges in effectively integrating an AI
curriculum framework into a family medicine residency training
program. During the expert panel discussions, many experts
emphasized the issue regarding the lack of standardization with
the definition of AI. Although a definition of AI was chosen
for the purpose of the panel, a specific and committed definition
of AI within medical education has not been established [84-86].
Panelists argued that an AI definition must be properly explained
to avoid confusion or misrepresentation. In relation to family
medicine, a recent primer for AI in primary care was published,
which provided the definition, “The field of AI is broad and
rapidly expanding. The field is centred on how computers might
be able to perform humanlike ‘intelligent tasks,’ such as
summarizing large amounts of information or making inferences
about a situation” [87]. The discussions regarding this
framework highlight the necessity of a standardized AI
definition for better development of teaching and learning
content. This is especially true when specializing in different
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fields of medical education, including family medicine and
primary care.

There is a need to introduce AI education within family
medicine; however, the low urgency and priority to integrate
this type of education at the moment were noted throughout the
discussions. This can be due to the lack of AI-enabled tools for
family physicians currently being developed, tested, and
implemented in practice [88,89]. Furthermore, some residency
programs lack the appropriate AI tools or are in lower-resource
settings. As a result of the minimal exposure family physicians
have with AI, their motivation to learn about the topic can also
be reduced. This reduced priority of AI education competes
with the CFPC’s 105 topics of family medicine curricula [4].
This is exacerbated by the fact that Canada is in a unique
position, in which the length of residency training is only 2
years. In addition, the rapid advancement of AI introduces an
extra layer of complexity. As new AI-based tools emerge and
existing ones advance, educators and family physicians must
frequently reassess and update their knowledge and skills. For
example, the recent introduction of generative AI and generative
AI tools such as ChatGPT has gained widespread popularity in
medical and academic settings [90]. Thus, it is difficult to
maintain a robust framework due to the inevitable rapid changes
of AI in health care. Therefore, the eagerness to integrate this
type of education within the curriculum should be met with
caution to manage the expectations of both educators and
learners.

A key observation made throughout the panel discussion was
about the AI content and how much should a family physician
know about AI. During the discussions, many of the participants
voiced support on the application and appraisal of AI-enabled
tools. This is especially challenging when residency is only 24
months, and there are no required AI educational programs
presented in the Canadian undergraduate medical education
system. Therefore, within the learning objectives, in regard to
how much a family physician should know about AI remains
undetermined. Further research must be conducted to investigate
the level of AI education a family physician should be aware
of. Overall, the aforementioned challenges must be addressed
in order for this curriculum framework to be effectively
implemented.

Future Studies
Following the analysis, design, development, implementation,
and evaluation model process, researchers may move forward
to the implementation and evaluation of the AIFM-ed
framework. During the implementation step, an educational
program such as a course or workshop can be developed with
the main concepts originating from the curriculum framework.
The training for family medicine is already packed; thus, the
implementation of this framework will depend on several factors
including the current use of AI-enabled tools in family medicine
training, previous training in AI (eg, the undergraduate
foundation of AI), and the capacity of experienced teachers.
However, once implemented, certain success indicators will
need to be evaluated to understand its impact as well as any

areas for improvement. Future studies could explore indicators
such as the perceived impact of the framework, degree of
implementation, as well as knowledge and skill apprehensions.
These indicators can be evaluated through the
framework-derived educational training program according to
the Kirkpatrick model [61].

Strengths and Limitations of This Study
This study had several strengths, including the formation of a
national, multidisciplinary panel of family medicine educators.
This diverse panel facilitated enriching discussions with varied
expertise and insights, allowing for a comprehensive
understanding of practical implications and current perspectives
on AI education in family medicine postgraduate training.
Additionally, by involving both educators and residents, the
AIFM-ed curriculum framework ensures the representation from
key stakeholders involved in the teaching and learning process
of AI education. This co-design approach enhanced the
relevance and applicability of the AIFM-ed curriculum
framework. Regarding the overall development of this
framework, a multi-method systematic approach was used,
which includes a comprehensive systematic scoping review and
multiple expert panel discussions. This approach allowed us to
identify and build on existing AI curriculum topics and resources
while also creating new ones. Furthermore, this structured and
reproducible methodology ensures a robust foundation that can
be used by other educators and researchers to develop training
programs (eg, courses) following the established framework.

Despite the strengths, this study also had few limitations. First,
the study was developed for programs in Canada, which limits
its applicability to other countries due to the different medical
education structures globally and their current relationships
with AI. However, this could be a starting guide for other
researchers to adapt it to their own context. Additionally, expert
panel diversity was limiting, where the resident panel came
from a single institution, which may further limit the
generalizability of the framework. Furthermore, as the
participants for the panel discussion were not randomized and
were purposively recruited, the results may be subject to
selection bias.

Conclusions
We co-developed an AIFM-ed framework for family medicine
residency training that outlines its curricular purpose, learning
objectives, AI curricular topics, delivery methods, and
evaluation strategies to be used by medical institutions. The
AIFM-ed curriculum framework ultimately aims to enhance
the education of future family physicians, equipping them to
effectively integrate AI-enabled tools into their practice and
patient care. It is hoped that this framework will provide further
advocacy, productivity, and gradual change within the area of
curriculum development and AI medical education. Overall,
medical institutions are encouraged to begin equipping future
physicians with the knowledge, skills, and confidence to
effectively use AI-enabled tools, as these technologies will
continue to grow within the field of health care and family
medicine.
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Abstract

Background: As artificial intelligence and machine learning become increasingly influential in clinical practice, it is critical
for future physicians to understand how such novel technologies will impact the delivery of patient care.

Objective: We describe 2 trainee-led, multi-institutional datathons as an effective means of teaching key data science and
machine learning skills to medical trainees. We offer key insights on the practical implementation of such datathons and analyze
experiences gained and lessons learned for future datathon initiatives.

Methods: We detail 2 recent datathons organized by MDplus, a national trainee-led nonprofit organization. To assess the efficacy
of the datathon as an educational experience, an opt-in postdatathon survey was sent to all registered participants. Survey responses
were deidentified and anonymized before downstream analysis to assess the quality of datathon experiences and areas for future
work.

Results: Our digital datathons between 2023 and 2024 were attended by approximately 200 medical trainees across the United
States. A diverse array of medical specialty interests was represented among participants, with 43% (21/49) of survey participants
expressing an interest in internal medicine, 35% (17/49) in surgery, and 22% (11/49) in radiology. Participant skills in leveraging
Python for analyzing medical datasets improved after the datathon, and survey respondents enjoyed participating in the datathon.

Conclusions: The datathon proved to be an effective and cost-effective means of providing medical trainees the opportunity to
collaborate on data-driven projects in health care. Participants agreed that datathons improved their ability to generate clinically
meaningful insights from data. Our results suggest that datathons can serve as valuable and effective educational experiences for
medical trainees to become better skilled in leveraging data science and artificial intelligence for patient care.

(JMIR Med Educ 2025;11:e63602)   doi:10.2196/63602
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Introduction

The exploration of machine learning (ML), artificial intelligence
(AI), and other data science-driven technologies is becoming
increasingly popular within clinical medicine [1-5]. Given the
rapidly growing presence of ML in health care innovation, it is
important for both current and future physicians to understand

the fundamentals of ML technology and how they may help
inform clinical decision-making.

However, data science and AI education in current medical
school curricula are lacking. Despite recent efforts to integrate
AI learning objectives into medical education [6-10], few US
medical schools have formally integrated AI-based topics into
their curricula. Pupic et al [11] and Civaner et al [12] report
studies of small self-selected groups of medical students and
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residents participating in both student- and faculty-led electives
covering the fundamental theory behind AI applications for
medicine. However, opportunities facilitating real-world
experience remain limited [13,14].

One potential method for hands-on AI education popular across
many fields of science and engineering is the “datathon,” which
is a short competition where teams of students work together
to create new solutions to domain-specific challenges through
leveraging real-world data and algorithms. Following Daneshvar
et al [15], we also make the important distinction between
datathons and hackathons. Traditionally, hackathons are
product-orientated initiatives where team projects are primarily
focused on programming novel products and applications. By
contrast, the primary learning objectives for our datathons were
to (1) teach student participants how to analyze complex datasets
to support clinical insights, and (2) leverage ML models to
derive these clinical insights from data. Oyetade et al [16] offer
a scoping review of datathons and found that such events help
students learn both technical and soft skills and argue that
datathon-based pedagogies be incorporated in classroom
environments. Silver et al [17] describe a hackathon event for
current attendings in clinical practice and found that study
participants were better equipped to accelerate specialty-focused
innovation after the hackathon. However, similar events
specifically designed for medical students and other
undergraduate trainees are not well described in the literature.

In this work, we hypothesize that datathons can be an effective
training initiative to teach skills in AI to medical trainee
participants. To evaluate this hypothesis, we describe 2
datathons hosted by MDplus, a 501(c)3 national student-run
nonprofit whose mission is to support and empower future
physician-innovators. We describe the structure of the events,
present data on educational outcomes, and offer resources and
recommendations for putting together similar events in the
future. Our results suggest that datathons and similar events
may be an effective means for AI education for medical students.

Methods

Overview
In this section, we detail the logistics of organizing and
executing 2 trainee-led datathon events. A number of features
distinguish our events from prior work. First, the datathons are
trainee-led; all members of the organizing committee were
undergraduate medical trainees at the time of the event. Second,
the datathons were held digitally over the course of
approximately 3 weeks (Figure 1). Finally, the target participant
audience of our datathons included current undergraduate
medical trainees at institutions granting doctoral degrees. These
features of our datathons substantially differentiate them from
prior work [15-17], and also affected our design and
organization of the events that we detail below.

Figure 1. Overview of the datathon event. The MDplus datathon ran for approximately 4 weeks and was loosely divided into two parts: (1) Team
formation and project ideation and (2) project execution.

Timeline and Participant Recruitment
We, the datathon organizing team, detail 2 datathon events
organized by MDplus between 2023 and 2024, herein referred
to as “the datathons.” Each datathon ran for approximately 3
weeks (Figure 1), and was organized by the medical trainee-led
executive team of MDplus, consisting of a core datathon
planning team of 8 medical trainees. To accommodate the
participation of medical trainees from across the United States,
the entirety of both datathons was held digitally. The MDplus’
Slack community, monthly newsletter, and social media pages
(LinkedIn, Instagram, and Twitter) were used to advertise the
datathon. Over the span of 3 months prior to the start of the
datathon, 2 organizing team members were tasked with
recruiting sponsors, mentors, knowledge experts, and judges
through the MDplus and personal networks, while 3 organizing
team members—all with prior experience working as software
engineers prior to medical school—crafted and iterated the
educational material and dataset curation for the event. One

team member helped publicize the event on social media.
Registration for the event was limited to current trainees (ie,
medical students, residents, and graduate students) in the United
States. To provide a fair learning environment for trainees, our
organizing team opted to exclude attending physicians, industry
professionals, and individuals with extensive technical
backgrounds in software engineering from participation.
Participants were asked to form their own teams of 3-5
individuals.

Datathon Theme and Dataset
Each of the datathons focused on a specific theme to help
participants contextualize their projects within a specific
application relevant to health care. The theme of the 2024
datathon was responsible generative AI and that of the 2023
datathon was value-based care (VBC). Generative AI is an area
of ML that uses technologies such as large language models
(LLMs) to create new content by learning patterns from existing
human-generated examples [18-20]. While such technologies
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have the potential to improve health care delivery, recent work
has highlighted a growing need to better evaluate how clinicians
can use these tools responsibly before real-world integration is
possible [21-23]. Separately, VBC refers to a health care
delivery model in which providers are held accountable for
improving patient outcomes. In a VBC system, providers are
often rewarded with incentivized payments based on quality of
care, provider performance, and the patient experience [24].

To enable participants to explore projects related to each of
these themes, a medical dataset was made available for
participants to use in each of our datathons. All datasets were
made available via Hugging Face (Hugging Face, Inc), a public
repository to facilitate the sharing of ML data and models. In
our 2023 VBC datathon, participants were required to use the
Medical Information Mart for Intensive Care (MIMIC)-IV
dataset [25], a single-site dataset of patient records and
admission details. Briefly, the MIMIC-IV dataset contains
anonymized patient data aggregated from over 500,000 patients
at the Beth Israel Deaconess Medical Center between 2008 and
2019. Variables from this rich dataset include
electrocardiograms, medical imaging studies, health records,
and patient laboratory values and outcomes, among others. We
chose to use this dataset specifically for the datathon because
of the following factors:

Public Availability
In similar prior events organized by the authors, we found that
procuring a real-world dataset of health care data can often be
prohibitively expensive or constraining, especially for trainee-led
initiatives with limited budgets. To circumvent this problem,
we used the MIMIC-IV dataset, which is made publicly
available by Johnson et al [25].

Real Patient Data and Outcomes
The primary learning objective of our datathons is to teach
participants how to derive data-driven insights to affect and
ultimately improve patient care. We therefore sought to provide
real patient data for participants to explore and use for their
projects in alignment with this goal.

Prevalence of Prior Work
The vast majority of our participants have minimal (if any) prior
experience with programming and data analysis techniques. For
this reason, the abundance of prior literature and publicly
available coding resources for interacting with the MIMIC-IV
dataset helped lower the barrier to participating in the datathon.

Multiple Modalities of Data
Many participants have individual academic and personal
interests in medicine, and we sought to encourage participants
to craft and work on projects that were interesting to them. The
abundance of textual, image, biomedical signal, and laboratory
data available in the MIMIC-IV dataset was important to make
this possible.

All participants in the datathon were required to sign a data use
agreement and complete responsible data handling training in
order to gain access to the MIMIC-IV dataset. Participating
teams were tasked with thinking critically about quantitative
methods, conducting appropriate analyses (eg visualization,

statistics, and other computational tools), and contextualizing
clinical insights into actionable proposals that solve a problem
related to VBC for relevant stakeholders.

While organizing for the 2024 generative AI datathon, we found
that one limitation of the MIMIC-IV dataset was its size and
complexity, making it unwieldy for some participants to work
with for their projects. To overcome this challenge while
simultaneously retaining the desirable features listed above, our
2024 datathon introduced the concept of datathon “tracks”:
teams were able to choose to participate in 1 of 3 tracks within
the broader theme of responsible generative AI. Each track was
associated with its own dataset: (1) Clinical Documentation
track participants used the MTS-Dialog dataset of
patient-physician conversation transcripts from Abacha et al
[26]; (2) Medical Education track participants used the MedQA
dataset of practice medical board examination questions from
Jin et al [27]; and (3) Mental Health track participants used the
SuicideWatch and Mental Health Collection dataset of tagged
social media posts from Ji et al [28]. Participants were allowed
to participate in at most 1 of the 3 tracks.

Resources and Support
An official datathon page [29] was created for participants as
a central hub with instructions, registration, and materials for
the event. Links to the datathon’s Github Repository were
provided with written tutorials and example code, including (1)
downloading and overview of the datasets; (2) introduction to
Python (Python Software Foundation; offered in both the 2023
and 2024 datathons; see Multimedia Appendix 1); and (3) an
introduction to R (R Foundation; offered only in the 2023
datathon). Optional workshops and private Zoom (Zoom
Communications, Inc) events with experienced data scientists
were offered to participating trainees, including Python and R
bootcamps, oral presentation workshops, and a prerecorded
Zoom talk with physician experts. The scope of the projects
was largely left up to the discretion of individual team members;
participant teams were encouraged to leverage the optional
workshop sessions and public discussion channels on Slack if
they would benefit from discussing potential project ideas with
others, although no explicit guidance on project ideation or
constraints was given other than all teams had to (1) use the
official datathon dataset and (2) work on a project under the
broad datathon theme (ie, VBC in 2023 and responsible
generative AI in 2024) and track. No tutorials or structured
datathon programming were provided for teaching participants
how to use GitHub, GitLab, Microsoft Excel, or other computing
tools. Communication and announcements throughout the
datathon were conducted through Slack.

Submission Requirements and Judging Criteria
In the 2023 VBC datathon, teams were asked to submit a written
technical report of their work without restrictions on the word
count and were asked to record a 5-minute-long oral presentation
highlighting key contributions and findings. Participants were
free to use any programming language or software to perform
their analysis. In the 2024 generative AI datathon, teams were
asked to submit a 1-page extended abstract with at most 1 figure
and unlimited references and a written technical report without
word count restrictions. Judging criteria in both datathons
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included statistical rigor, relevance to the datathon theme (VBC),
creativity of visualization and analysis, and team diversity
(Multimedia Appendix 2).

Final Showcase Event
In the 2023 VBC datathon, an internal set of 4 blinded judges
composed of members of the MDplus datathon organizing
committee evaluated the initial anonymized submissions and
selected 7 finalist teams to present at the finalist datathon
showcase event. Each team played their recorded 5-minute oral
presentations and were allotted 2 minutes immediately after for
responding to judge questions. A panel of 5 judges—recruited
for their diverse range of expertise in the VBC space—evaluated
the finalists’ submissions. In total, 3 of the judges are health
care executives, 4 are practicing clinicians, and 1 is a product
manager.

In the 2024 generative AI datathon, an internal set of 3 blinded
judges composed of members of the organizing committee
evaluated the 14 initial anonymized team submissions and
selected 8 finalist teams to present at the final datathon
showcase. Finalist teams were invited to a 2-hour finalist
showcase event where they were each allotted 8 minutes for a
live oral presentation followed by 2 minutes of question
answering with the judges. We recruited a panel of 4 judges to
evaluate the finalist submissions: 1 judge is a software engineer
at a health care company, 1 judge is a postdoctoral fellow in a
health care AI lab, and 2 judges are practicing physicians in the
United States. In general, we found the live oral presentations
to be better received by the judges and audience members than
playing prerecorded presentations.

Postdatathon Survey
Upon the conclusion of each datathon, an anonymous
16-question open survey (Multimedia Appendix 3) was
electronically sent to all registered participants that submitted
a final project via both Slack and email; this survey study was
exempted by the University of Pennsylvania Institutional Review
Board (protocol #856530). The survey was created in close
collaboration with an attending physician at a US academic
medical institution with expertise in medical education and
assessing educational outcomes and was piloted within the
datathon organizing team prior to the public release of the
survey. Participants were requested to complete the survey
within the 2 weeks immediately following the conclusion of
the respective datathon, and the survey remained open for 3
weeks. Participant emails were collected to ensure that no
individual filled out the survey multiple times but were removed
prior to analysis. The optional, opt-in survey asked respondents
questions pertaining to team demographics, medical education
status, medical specialty interest, familiarity with technical and
computational tools, and subjective datathon quality. The
questions were divided between 4 survey pages, each taking
approximately 1 minute to complete; no partial survey responses

were submitted. Participants were asked to rate their familiarity
with quantitative tools before and after the datathon on a 4-point
scale (1=no familiarity, 4=a lot of familiarity) and were also
informed that the study results would be anonymized and
deidentified prior to analysis. To assess the efficacy of the
aforementioned technical Python and R tutorials for datathon
participants, we compared them against participant subjective
familiarity with quantitative tools—namely, GitHub and
Microsoft Excel—that were not taught explicitly as a part of
the datathon. Data were analyzed using the Fisher exact test in
Python 3. To better characterize participant experiences during
the datathon, survey respondents also rated their agreement with
a set of 5 standardized statements regarding (1) overall
enjoyment of the datathon, (2) VBC topic understanding, (3)
ability to identify problems in health care, (4) ability to generate
insights from data, and (5) likelihood of future datathon
participation. Participant sentiment was quantified using a
5-point Likert scale (1=strongly disagree, 5=strongly agree)
[30].

Ethical Considerations
This study was exempted by the University of Pennsylvania
Institutional Review Board (protocol #856530). All opt-in
participants provided informed consent prior to data collection
and were not compensated for participating in our optional,
opt-in survey as a part of our study. Confidentiality and privacy
were maintained during data acquisition and analysis, and
participants had the right to withdraw their data from the study
at any time without any consequences.

Results

Datathon Logistics
In the 2023 datathon, 28 teams consisting of a total of 109
participants registered for the datathon, of which 13 of the initial
registered teams submitted a final project, while in the 2024
datathon, 25 teams consisting of 110 participants registered for
the datathon, of which 14 of the initial registered teams
submitted a final project. Among the submitted projects, 7 and
8 were chosen as finalists to present at the synchronous digital
showcase in 2023 and 2024, respectively. In the 2023 VBC
datathon, the 7 projects addressed a variety of topics related to
VBC, including chronic kidney disease underdiagnosis, the
efficacy of social work referrals, and readmission rates for
alcohol-related conditions, among others. Similarly, the 2024
responsible generative AI datathon featured 2 clinical
documentation track teams, 3 medical education track teams,
and 3 mental health track teams. We include brief descriptions
of each of the finalist projects in Table 1. The final showcase
was followed by the announcement of the 3 winning projects;
we announced the winning teams at the end of the showcase in
the 2023 datathon and 48 hours after the end of the showcase
in the 2024 datathon.
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Table . Sample datathon project descriptions. Descriptions of finalist datathon projects for the 2023 and 2024 MDplus datathons are shown to illustrate
the diversity of project submissions from participating teams.

Project descriptionTheme or track

Value-based care • Minimizing chronic kidney disease (CKD) underdiagnosis using
machine learning

• Significant association of social work referral and 30-day unplanned
hospital readmission for patients with alcohol-related disorders using

MIMICa-IV data
• Can we curb frequent emergency department (ED) visits due to alco-

hol-related conditions?
• Automatic knowledge graph extraction from medical discharge notes

for clinical decision support
• Contrast overuse in patients with renal disease: a targeted analysis
• Analyzing acuity as a tool for value-based care
• Machine learning-driven forecasting and characterization of the in-

tensive care unit (ICU)-admitted heart failure patient population in
the MIMIC-IV (version 04) database

Responsible generative AI: clinical documentation • Cost-benefit analysis of non-artificial intelligence (AI) and AI models
implemented for predicting chief complaints

• Bridging speech documentation and clinical support through LLMb

automation
• Automating trust in AI-generated clinical notes: developing a look-

up tool for real-time verification

Responsible generative AI: medical education • Using a LLM for USMLEc preparation via generative AI
• Use of LLMs in assessing how age and gender affect model accuracy

in clinical reasoning

Responsible generative AI: mental health • Reassessing specialist models: risks in fine-tuning LLMs for mental
health tasks

• Robust text classification and grounded LLM integration for person-
alized mental health support

• Characterizing suicidal ideation subtypes in social media posts via
unsupervised contrastive feature identification

aMIMIC: Medical Information Mart for Intensive Care.
bLLM: large language model.
cUSMLE: United States Medical Licensing Examination

The organization-accrued cost of organizing and running the
datathons was US $28 per participant, averaged over the number
of participants who individually registered for the datathon
regardless of whether they ultimately submitted a final project.
The majority of expenses supported prize money, computing
resources for participants, technical skill-based workshops, and
other resources that were provided during the datathon. In our
experience, most of the costs accrued were for (1) the prize
money of the datathon winners and (2) honorariums for the
guest judges in the finalist showcase events. We primarily relied
on sponsorships from industry partners to provide computing
resources for participants, and MDplus community members
readily volunteered to help lead technical skill-based workshops
and offer pro-bono mentorship to participating teams.

Survey Results
Out of the 219 registered participants (summed over both
datathons), 61 (28%) completed the postdatathon survey (Table
2). A majority who completed the survey identified as male
(71%, 43/61) and were under the age of 25 years (61%, 37/61).
Survey respondents self-reported as Asian (69%, 42/61), White
(20%, 12/61), Middle Eastern or North African (3.3%, 2/61),
Hispanic or Latinx (3.3%, 2/61), or Black or African American
(1.6%, 1/61); and 3.3% (2/61) preferred not to say. In total,
49/61 (80%) of survey respondents were medical students (Table
3); there was a wide range of medical specialty interests amongst
the medical trainee survey respondents, with internal medicine
(21/49), surgery (17/49), and radiology (11/49) being the most
popular specialties.
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Table . Demographic information of participants who completed the postdatathon survey (N=61).

Value, n (%)Characteristics

Age, years

37 (61)<25

22 (36)25–30

1 (1.6)30–35

1 (1.6)≥35

Self-reported race and ethnicity

42 (69)Asian

2 (3.3)Hispanic or Latinx

2 (3.3)Middle Eastern or North African

12 (20)White

1 (1.6)Black or African American

2 (3.3)Prefer not to say

Gender

43 (71)Male

18 (29)Female

Sexual orientation

57 (93)Heterosexual or straight

4 (6.6)Bisexual, gay, lesbian, or other

Disability status

54 (89)Does not identify as a person with a disability

5 (8.2)Does identify as a person with a disability

2 (3.3)Prefer not to answer

Current education status

49 (80)Medical student or resident physician

12 (20)Other
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Table . Datathon participant analysis. Current medical education status and medical specialty interest information for participants who completed the
postdatathon survey (N=49) filtered by medical student and resident physician status. Note that respondents were allowed to select multiple medical
specialties.

ValueCharacteristics

Current medical education status, n (%)

14 (29)    First-year medical student

19 (39)    Second-year medical student

6 (12)    Third-year medical student

4 (8.2)    Year-out medical student

5 (10)    Fourth-year medical student

1 (2.0)    Resident physician

Medical specialty interests, n (%)

9 (18)    Anesthesia or critical care

1 (2.0)    Cardiology

5 (10)    Dermatology

4 (8.2)    Emergency medicine (EM)

1 (2.0)    Family medicine (FM)

21 (43)    Internal medicine

2 (4.1)    Mental health counseling and therapy

9 (18)    Neurology

3 (6.1)    Obstetrics and gynecology (OB/GYN)

5 (10)    Ophthalmology

5 (10)    Pediatrics

1 (2.0)    Physical medicine and rehabilitation (PM&R)

1 (2.0)    Plastic surgery

8 (16)    Psychiatry

11 (22)    Radiology

17 (35)    Surgery (general or unspecified)

2 (4.1)    Orthopedic surgery

1 (2.0)    Not currently exploring a medical specialty

Familiarity with quantitative tools, Python, R, Github/Gitlab,
and Microsoft Excel before and after participating in the
datathon was assessed (Figure 2). As a reminder, a core
component of the programming of both our VBC and generative
AI datathons was the educational workshops and tutorials on
data analysis and ML skills using Python. Workshops on the
programming language R were only offered in the 2023 VBC
datathon. As our negative controls, we also asked participants
to rate their skills with Github/Gitlab and Microsoft Excel;
neither of these software were primary educational components
of the datathons. As expected, participant familiarity with
GitHub/Gitlab and Microsoft Excel did not significantly change

before and after the datathon (GitHub/Gitlab: P=.92; Microsoft
Excel: P=1.00; pairwise Fisher exact test). In contrast, subjective
participant familiarity with Python significantly improved
through participation in the datathons (P=.04; pairwise Fisher
exact test); familiarity with R showed some evidence of
improvement (P=.83; pairwise Fisher exact test), although it
did not reach the traditional threshold for statistical significance
likely due to the limited sample size of the study. Our reports
support that targeted educational tutorials during the datathon
event can empower participants with improved technical skills
relevant to data science applications in medicine.
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Figure 2. Bar plot visualizing participant self-assessment of technical skills before and after participating in the datathon for all 61 survey responses.
Python was the only skill out of the 4 above that was an educational component in both the 2023 VBC and 2024 generative AI datathons. Participant
scores correspond to the following: (1) no familiarity; (2) a little familiarity; (3) some familiarity; (4) a lot of familiarity. * Indicates a statistically
significant difference in the distribution of scores before and after participating in the datathon (Python: P=.041; pairwise Fisher exact test). n.s. indicates
no statistically significant difference in the distribution of scores. (R: P=.83; GitHub/Gitlab: P=.92; Microsoft Excel: P=1.00; pairwise Fisher exact
test).

Figure 3 examines the participant experience quantified by
participant agreement with a set of standardized statements.
Overall, 57/61 (93%) survey respondents enjoyed participating
in the datathon, and 38/61 (62%) respondents affirmed that the
datathon improved their understanding of the VBC or
responsible generative AI theme (ie, Likert score of 4 or 5). We
also found that 47/61 (77%) respondents stated that their ability
to identify problems in health care improved, and 50/61 (82%)

respondents agreed that they were better equipped to generate
meaningful insights from data. Of the 61 participants, 50
participants (82%) also expressed interest in participating in
similar datathon events in the future. For each of these
statements, an “agreeable sentiment” was determined by
indicating a Likert scale value of either 4 (“I somewhat agree
with the statement”) or 5 (“I strongly agree with the statement”)
on a 5-point scale in the participant survey response.
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Figure 3. Bar plot visualizing survey results assessing for subjective datathon quality. Participant scores correspond to the following: (1) Strongly
disagree; (2) Disagree; (3) Neither agree nor disagree; (4) Agree; and (5) Strongly agree.

Qualitative Survey Results
The survey also included an open-ended response option for
participants to provide any additional comments. There was a
mix of short, positive comments and comments that offered
suggestions for future events. Based on our qualitative analysis,
key areas for improvement to consider for future datathon
iterations include (1) ensuring a balanced distribution of
technical skills between participating teams; (2) expediting the
team creation process; and (3) offering additional technical
workshops and tutorials to participants. Representative example
unedited participant comments are shown below:

I think in the future, it’d be more effective to make
sure each team at least has a “senior” tech lead
(someone with 3-5+ years of tech experience) and a
“junior” tech lead (1-2 years) to ensure there is great
education for all parties involved, as well as greater
quality of work. This is of course for folks seeking out
teams and not those who already have a team formed
that they are comfortable with.

…I feel like the team creation process could’ve been
a little faster and I was only able to join a team
around halfway into the datathon which didn’t give
us enough time to work on our idea. But overall, I
really appreciate the effort and time put in by
everyone involved and I definitely hope to be involved
in this again!

Discussion

Principal Findings
In this work, we describe an instance of a trainee-led datathon
to teach medical trainees how to effectively leverage modern
computational tools to solve real-world problems in medicine.
We show preliminary evidence that trainees become more
familiar with foundational skills such as reading and writing
computer programs in Python and R, are satisfied with their
participation, and are eager to participate in similar initiatives
in the future. To our knowledge, our national, trainee-led
datathons were the first to bring together teams of medical
students, residents, and graduate students to propose data-driven
solutions within VBC. Our study ultimately supports that
datathons can be effective platforms to teach medical trainees
how to leverage AI to advance clinical medicine.

Logistical Insights and Best Practice Recommendations
In this section, we offer additional discussion on subjective
design choices and lessons learned from the MDplus datathon
organizing team. We hope that our experiences and takeaways
can serve as a foundation for which future datathon educational
initiatives can build upon.

Perhaps one of the most notable logistical details that distinguish
our datathons from related hackathons that are traditionally
organized by computer science students outside of medicine is
that our datathons each spanned the course of multiple weeks
asynchronously, whereas hackathons are often held over the
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course of a few days in a single physical location. While we
recognize that there are likely untapped benefits with this
alternative strategy, we chose to run an extended digital datathon
due to two primary reasons: (1) to support participation from
MDplus members spanning multiple countries and timezones;
and (2) to minimize potential time conflicts with concurrent
medical school curricula for participants. In our work, these 2
constraints together necessarily precluded an in-person datathon;
in situations where either one or both constraints are not limiting,
future work may warrant exploring similar datathon initiatives
spanning a few days hosted in a single physical location.

Separately, we also emphasize the importance of carefully
choosing the datasets used in the datathon. In our 2023 VBC
datathon using the MIMIC-IV dataset, we retrospectively
observed that some participants initially struggled with the
technical implementation details of working with the MIMIC-IV
dataset due to the sheer volume of data available and the
preprocessing steps before any ML modeling could be done.
This consideration was especially important as the majority of
participants registered in the datathon with little or no prior
experience with computer programming (Figure 2). At the same
time, participants also voiced enthusiasm for the diversity of
data available in the MIMIC-IV dataset—making multiple
modalities of data available, such as medical imaging, textual
clinical documentation, biometric signals, and tabular data,
allowed for participating teams to design and execute projects
tailored to their specific interests. In our 2024 generative AI
datathon, we found that the introduction of datathon “tracks”
enabled us to offer 3 diverse dataset options while
simultaneously removing the extra data processing steps outside
the scope of the datathon learning objectives.

We also evaluated the utility of unstructured “office-hour”
sessions where participating teams could ask experienced
members of the community for assistance with their projects.
Despite holding multiple office-hour sessions at different times
of the day throughout the datathon, we found that only 1 team
attended any of the office-hour sessions in the 2023 VBC
datathon. Because of this low attendance, we opted to remove
synchronous office hours from the 2024 datathon programming
and instead implemented a custom anonymous discussion forum
via the datathon Slack communication channel where
participants could ask questions anonymously that could be
viewed and answered by anyone. Subjectively, we found that
this asynchronous mode of communication made it easier for
participants to seek help with their projects and observed greater
engagement in public discussions after this feature was
implemented. Future work is warranted to more rigorously
evaluate the utility of such interventions.

Finally, we acknowledge that disciplines such as medicine and
computer science have historically seen disproportionate
participation from trainees of certain racial, socioeconomic, and
gender backgrounds. These systemic trends well described in
prior work [31,32] are reproduced in our datathons as well
(Table 2); as topics such as data science, VBC, and generative
AI become increasingly important components of modern health
care, it is crucial that all future clinicians from all backgrounds
can interact meaningfully with these concepts and their
applications. We hope that future work will explore how to

reduce barriers to participation for historically marginalized
groups of trainees.

Related Work
The majority of prior work published in related literature details
short datathons lasting a few days at a single physical location
with a different target participant group. Hochheiser et al [33]
describe a 2-day datathon consisting of 5 participating teams
of clinicians and informaticians working on elucidating potential
sources of bias within health care ML models. While their
synchronous datathon model may be suitable for participants
at a single physical site, such a model was intractable for our
purposes as participating trainees were distributed across
multiple institutions and time zones. Sobel et al [15] detail a
similar datathon at a single physical location, but their study
was primarily conducted with undergraduate and graduate
students with pre-existing computational backgrounds, as
opposed to undergraduate medical trainees from institutions
granting postdoctoral fellowships as in our case. Anecdotally,
we found evidence of similar initiatives held at the institutional
level, such as the Digital Critical Care Datathon [34], the New
York University Health Tech Datathon [35], and the Society of
Critical Care Medicine Datathon [36]; each of these were
single-institution initiatives with different datathon design
constraints. To our knowledge, we are the first to describe a
trainee-led, multi-institutional, asynchronous datathon effort
and demonstrate preliminary evidence of its efficacy and
potential role in the future of medical education.

Limitations
There are also limitations associated of our study. Firstly, our
datathon was coordinated digitally with participants joining
from across the United States. While we acknowledge there are
both benefits and drawbacks to a datathon (as opposed to their
in-person counterparts), we leave a rigorous comparison between
their utilities in modern medical education paradigms for future
work. Furthermore, both participating in the datathon and
completing the postparticipation survey were opt-in processes,
and so it is unclear how our findings would translate to
undergraduate medical trainees who might have systematically
chosen to not participate in the datathons—for example,
potential participants who were more hesitant in learning about
AI and data science practices in medicine and those whose
medical school coursework made concurrent participation in
the datathon unfeasible. Our survey results also exclude
individuals who initially signed up to express interest in
participating in the datathon but ultimately decided not to submit
a final project. Given the opt-in design of our survey study, we
were unable to assess the efficacy of our datathons for these
individuals. Future work might evaluate how similar initiatives
could scale across more diverse participant profiles and foster
participation from student trainees of all backgrounds and
perspectives. Finally, our postparticipation survey makes use
of retrospective questions that ask participants to subjectively
reflect on their skill development, rather than an objective
evaluation of participant skills through a standardized
programming examination. We chose this study design for two
primary reasons: (1) because of the diverse array of participant
projects, the skill sets that they developed through their
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participation in the datathon are likely equally diverse, making
a single standardized examination challenging to construct; and
(2) in our initial efforts in organizing the datathon, we
hypothesized that the survey response rate would be too low to
adequately power our study if we asked participants to complete
opt-in programming examinations. We leave the exploration of
using more standardized assessments of programming skill
competencies attained through datathon initiatives as future
work.

Conclusions
Ultimately, the goal of this datathon was to provide opportunities
for trainees—especially medical students—to improve their
data skills and to identify data-driven solutions to problems in
health care. Participants practiced using hands-on data science
and artificial intelligence to explore meaningful clinical
problems and voiced a collective interest in continuing to
participate in similar initiatives in the future. Overall, our results
and collective experiences suggest that datathons can be valuable
within undergraduate medical education.

 

Acknowledgments
The authors thank the teams at Hugging Face, Doximity, Merck, Conduce Health, and AvoMD for their generous support and
sponsorship of the 2023 and 2024 MDplus datathon events, and the datathon judges (listed in no particular order) Reza Alavi,
MD, MHS, MBA; Caroline Berchuck, MD, MPH; Amit Phull, MD; Sid Salvi; Kathryn Teng, MD, MBA, FACP; Andrea Green;
David Dupee, MD; Marc Triola, MD; and Jannes Jegminat, PhD for lending their time and expertise in helping run a successful
datathon event. The authors also thank Eric Shan, Katie Link, Julia Bondar, Vamsi Chodisetty, and other members of the MDplus
community and executive team for their help in organizing and running the datathon event. MSY was supported by NIH F30
MD020264, and ELL was supported by NIH T32 training grant GM146636; the content in this manuscript is solely the responsibility
of the authors and does not necessarily represent the official view of the NIH.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Introduction to Python Datathon Tutorial.
[PDF File, 150 KB - mededu_v11i1e63602_app1.pdf ]

Multimedia Appendix 2
Judging Rubric for Datathon Finalist Showcase Event.
[XLSX File, 13 KB - mededu_v11i1e63602_app2.xlsx ]

Multimedia Appendix 3
Post-Datathon Survey.
[DOCX File, 18 KB - mededu_v11i1e63602_app3.docx ]

References
1. Hege I, Kononowicz AA, Adler M. A clinical reasoning tool for virtual patients: design-based research study. JMIR Med

Educ 2017 Nov 2;3(2):e21. [doi: 10.2196/mededu.8100] [Medline: 29097355]
2. Pongdee T, Larson NB, Divekar R, Bielinski SJ, Liu H, Moon S. Automated identification of aspirin-exacerbated respiratory

disease using natural language processing and machine learning: algorithm development and evaluation study. JMIR AI
2023 Jun 12;2:e44191. [doi: 10.2196/44191] [Medline: 39105270]

3. Chae A, Yao MS, Sagreiya H, et al. Strategies for implementing machine learning algorithms in the clinical practice of
radiology. Radiology 2024 Jan;310(1):e223170. [doi: 10.1148/radiol.223170] [Medline: 38259208]

4. Haug CJ, Drazen JM. Artificial intelligence and machine learning in clinical medicine, 2023. N Engl J Med 2023 Mar
30;388(13):1201-1208. [doi: 10.1056/NEJMra2302038] [Medline: 36988595]

5. Kendale S, Bishara A, Burns M, Solomon S, Corriere M, Mathis M. Machine learning for the prediction of procedural case
durations developed using a large multicenter database: algorithm development and validation study. JMIR AI 2023 Sep
8;2:e44909. [doi: 10.2196/44909] [Medline: 38875567]

6. Seth P, Hueppchen N, Miller SD, et al. Data science as a core competency in undergraduate medical education in the age
of artificial intelligence in health care. JMIR Med Educ 2023 Jul 11;9:e46344. [doi: 10.2196/46344] [Medline: 37432728]

7. Arango-Ibanez JP, Posso-Nuñez JA, Díaz-Solórzano JP, Cruz-Suárez G. Evidence-based learning strategies in medicine
using AI. JMIR Med Educ 2024 May 24;10:e54507. [doi: 10.2196/54507] [Medline: 38801706]

8. Shimizu I, Kasai H, Shikino K, et al. Developing medical education curriculum reform strategies to address the impact of
generative AI: qualitative study. JMIR Med Educ 2023 Nov 30;9:e53466. [doi: 10.2196/53466] [Medline: 38032695]

JMIR Med Educ 2025 | vol. 11 | e63602 | p.884https://mededu.jmir.org/2025/1/e63602
(page number not for citation purposes)

Yao et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v11i1e63602_app1.pdf&filename=db1e4011-1b03-11f0-a818-a7817e982c99.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e63602_app1.pdf&filename=db1e4011-1b03-11f0-a818-a7817e982c99.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e63602_app2.xlsx&filename=db38f401-1b03-11f0-a818-a7817e982c99.xlsx
https://jmir.org/api/download?alt_name=mededu_v11i1e63602_app2.xlsx&filename=db38f401-1b03-11f0-a818-a7817e982c99.xlsx
https://jmir.org/api/download?alt_name=mededu_v11i1e63602_app3.docx&filename=db4a8031-1b03-11f0-a818-a7817e982c99.docx
https://jmir.org/api/download?alt_name=mededu_v11i1e63602_app3.docx&filename=db4a8031-1b03-11f0-a818-a7817e982c99.docx
http://dx.doi.org/10.2196/mededu.8100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29097355&dopt=Abstract
http://dx.doi.org/10.2196/44191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39105270&dopt=Abstract
http://dx.doi.org/10.1148/radiol.223170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38259208&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra2302038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36988595&dopt=Abstract
http://dx.doi.org/10.2196/44909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38875567&dopt=Abstract
http://dx.doi.org/10.2196/46344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37432728&dopt=Abstract
http://dx.doi.org/10.2196/54507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38801706&dopt=Abstract
http://dx.doi.org/10.2196/53466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38032695&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Furlan R, Gatti M, Mene R, et al. Learning analytics applied to clinical diagnostic reasoning using a natural language
processing-based virtual patient simulator: case study. JMIR Med Educ 2022 Mar 3;8(1):e24372. [doi: 10.2196/24372]
[Medline: 35238786]

10. Sun L, Yin C, Xu Q, Zhao W. Artificial intelligence for healthcare and medical education: A systematic review. Am J
Transl Res 2023;15(7):4820-4828. [Medline: 37560249]

11. Pupic N, Ghaffari-zadeh A, Hu R, et al. An evidence-based approach to artificial intelligence education for medical students:
A systematic review. PLOS Digit Health 2023;2(11):e0000255. [doi: 10.1371/journal.pdig.0000255]

12. Civaner MM, Uncu Y, Bulut F, Chalil EG, Tatli A. Artificial intelligence in medical education: A cross-sectional needs
assessment. BMC Med Educ 2022 Nov 9;22(1):772. [doi: 10.1186/s12909-022-03852-3] [Medline: 36352431]

13. Gray K, Slavotinek J, Dimaguila GL, Choo D. Artificial intelligence education for the health workforce: expert survey of
approaches and needs. JMIR Med Educ 2022 Apr 4;8(2):e35223. [doi: 10.2196/35223] [Medline: 35249885]

14. Chan KS, Zary N. Applications and Challenges of Implementing Artificial Intelligence in Medical Education: Integrative
Review. JMIR Med Educ 2019 Jun 15;5(1):e13930. [doi: 10.2196/13930] [Medline: 31199295]

15. Sobel J, Almog R, Celi L, Yablowitz M, Eytan D, Behar J. How to organise a datathon for bridging between data science
and healthcare? Insights from the Technion-Rambam machine learning in healthcare datathon event. BMJ Health Care
Inform 2023 Sep;30(1):e100736. [doi: 10.1136/bmjhci-2023-100736] [Medline: 37696642]

16. Oyetade K, Zuva T, Harmse A. Educational benefits of hackathon: a systematic literature review. WJET
2022;14(6):1668-1684 [FREE Full text] [doi: 10.18844/wjet.v14i6.7131]

17. Silver JK, Binder DS, Zubcevik N, Zafonte RD. Healthcare hackathons provide educational and innovation opportunities:
a case study and best practice recommendations. J Med Syst 2016 Jul;40(7):177. [doi: 10.1007/s10916-016-0532-3] [Medline:
27277278]

18. Barabucci G, Shia V, Chu E, Harack B, Laskowski K, Fu N. Combining multiple large language models improves diagnostic
accuracy. NEJM AI 2024 Oct 24;1(11). [doi: 10.1056/AIcs2400502]

19. Goh E, Gallo R, Hom J, et al. Large language model influence on diagnostic reasoning: a randomized clinical trial. JAMA
Netw Open 2024 Oct 1;7(10):e2440969. [doi: 10.1001/jamanetworkopen.2024.40969] [Medline: 39466245]

20. Savage T, Nayak A, Gallo R, Rangan E, Chen JH. Diagnostic reasoning prompts reveal the potential for large language
model interpretability in medicine. NPJ Digit Med 2024 Jan 24;7(1):20. [doi: 10.1038/s41746-024-01010-1] [Medline:
38267608]

21. Ong JCL, Chang SYH, William W, et al. Ethical and regulatory challenges of large language models in medicine. Lancet
Digit Health 2024 Jun;6(6):e428-e432. [doi: 10.1016/S2589-7500(24)00061-X] [Medline: 38658283]

22. Omiye JA, Lester JC, Spichak S, Rotemberg V, Daneshjou R. Large language models propagate race-based medicine. NPJ
Digit Med 2024;6(1):195. [doi: 10.1038/s41746-023-00939-z]

23. Hager P, Jungmann F, Holland R, et al. Evaluation and mitigation of the limitations of large language models in clinical
decision-making. Nat Med 2024 Sep;30(9):2613-2622. [doi: 10.1038/s41591-024-03097-1] [Medline: 38965432]

24. Teisberg E, Wallace S, O’Hara S. Defining and implementing value-based health care: a strategic framework. Acad Med
2020 May;95(5):682-685. [doi: 10.1097/ACM.0000000000003122] [Medline: 31833857]

25. Johnson AEW, Bulgarelli L, Shen L, et al. MIMIC-IV, a freely accessible electronic health record dataset. Sci Data 2023
Jan 3;10(1):1. [doi: 10.1038/s41597-022-01899-x] [Medline: 36596836]

26. Ben Abacha A, Yim WW, Fan Y, Lin T. An empirical study of clinical note generation from doctor-patient encounters.
Presented at: Proceedings of the 17th Conference of the European Chapter of the Association for Computational Linguistics;
2023; Dubrovnik, Croatia p. 2291-2302. [doi: 10.18653/v1/2023.eacl-main.168]

27. Jin D, Pan E, Oufattole N, Weng WH, Fang H, Szolovits P. What disease does this patient have? A large-scale open domain
question answering dataset from medical exams. Appl Sci (Basel) 2021;11(14):6421. [doi: 10.3390/app11146421]

28. Ji S, Li X, Huang Z, Cambria E. Suicidal ideation and mental disorder detection with attentive relation networks. Neural
Comput & Applic 2022 Jul;34(13):10309-10319. [doi: 10.1007/s00521-021-06208-y] [Medline: 33746365]

29. MDplus. MDplus DS & AI - datathon. URL: http://ai.mdplus.community/datathon/2023 [accessed 2024-01-18]
30. Likert R. A technique for the measurement of attitudes. Arch Psychol 1932;140:1-55.
31. Hendricks-Sturrup R, Simmons M, Anders S, et al. Developing ethics and equity principles, terms, and engagement tools

to advance health equity and researcher diversity in AI and machine learning: modified Delphi approach. JMIR AI 2023
Dec 6;2:e52888. [doi: 10.2196/52888] [Medline: 38875540]

32. Aggarwal R, Farag S, Martin G, Ashrafian H, Darzi A. Patient perceptions on data sharing and applying artificial intelligence
to health care data: cross-sectional survey. J Med Internet Res 2021 Aug 26;23(8):e26162. [doi: 10.2196/26162] [Medline:
34236994]

33. Hochheiser H, Klug J, Mathie T, et al. Raising awareness of potential biases in medical machine learning: Experience from
a Datathon. medRxiv 2024 Nov 2:2024.10.21.24315543. [doi: 10.1101/2024.10.21.24315543] [Medline: 39502657]

34. Elbers P, Thoral P, Bos LDJ, Greco M, Wendel-Garcia PD, Ercole A. The ESICM datathon and the ESICM and ICMx data
science strategy. Intensive Care Med Exp 2024 Mar 12;12(1):29. [doi: 10.1186/s40635-024-00615-w] [Medline: 38472595]

35. Health Tech Datathon. NYU grossman school of medicine. URL: https://med.nyu.edu/our-community/health-technology/
events/health-tech-datathon [accessed 2025-04-07]

JMIR Med Educ 2025 | vol. 11 | e63602 | p.885https://mededu.jmir.org/2025/1/e63602
(page number not for citation purposes)

Yao et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.2196/24372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35238786&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37560249&dopt=Abstract
http://dx.doi.org/10.1371/journal.pdig.0000255
http://dx.doi.org/10.1186/s12909-022-03852-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36352431&dopt=Abstract
http://dx.doi.org/10.2196/35223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35249885&dopt=Abstract
http://dx.doi.org/10.2196/13930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31199295&dopt=Abstract
http://dx.doi.org/10.1136/bmjhci-2023-100736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37696642&dopt=Abstract
https://un-pub.eu/ojs/index.php/wjet/issue/view/509
http://dx.doi.org/10.18844/wjet.v14i6.7131
http://dx.doi.org/10.1007/s10916-016-0532-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27277278&dopt=Abstract
http://dx.doi.org/10.1056/AIcs2400502
http://dx.doi.org/10.1001/jamanetworkopen.2024.40969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39466245&dopt=Abstract
http://dx.doi.org/10.1038/s41746-024-01010-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38267608&dopt=Abstract
http://dx.doi.org/10.1016/S2589-7500(24)00061-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38658283&dopt=Abstract
http://dx.doi.org/10.1038/s41746-023-00939-z
http://dx.doi.org/10.1038/s41591-024-03097-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38965432&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000003122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31833857&dopt=Abstract
http://dx.doi.org/10.1038/s41597-022-01899-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36596836&dopt=Abstract
http://dx.doi.org/10.18653/v1/2023.eacl-main.168
http://dx.doi.org/10.3390/app11146421
http://dx.doi.org/10.1007/s00521-021-06208-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33746365&dopt=Abstract
http://ai.mdplus.community/datathon/2023
http://dx.doi.org/10.2196/52888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38875540&dopt=Abstract
http://dx.doi.org/10.2196/26162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34236994&dopt=Abstract
http://dx.doi.org/10.1101/2024.10.21.24315543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39502657&dopt=Abstract
http://dx.doi.org/10.1186/s40635-024-00615-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38472595&dopt=Abstract
https://med.nyu.edu/our-community/health-technology/events/health-tech-datathon
https://med.nyu.edu/our-community/health-technology/events/health-tech-datathon
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Datathon. Society of Critical Care Medicine (SCCM): The Intensive Care Professionals. URL: https://sccm.org/research/
discovery-research-network/datascience/datathon [accessed 2024-12-01]

Abbreviations
LLM: large language model
MIMIC: Medical Information Mart for Intensive Care
ML: machine learning
VBC: value-based care

Edited by B Lesselroth; submitted 24.06.24; peer-reviewed by M Knopp, PM Naliyatthaliyazchayil, S Purkayastha; revised version
received 02.12.24; accepted 25.02.25; published 16.04.25.

Please cite as:
Yao MS, Huang L, Leventhal E, Sun C, Stephen SJ, Liou L
Leveraging Datathons to Teach AI in Undergraduate Medical Education: Case Study
JMIR Med Educ 2025;11:e63602
URL: https://mededu.jmir.org/2025/1/e63602 
doi:10.2196/63602

© Michael Steven Yao, Lawrence Huang, Emily Leventhal, Clara Sun, Steve J Stephen, Lathan Liou. Originally published in
JMIR Medical Education (https://mededu.jmir.org), 16.4.2025. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Medical Education, is properly cited. The
complete bibliographic information, a link to the original publication on https://mededu.jmir.org/, as well as this copyright and
license information must be included.

JMIR Med Educ 2025 | vol. 11 | e63602 | p.886https://mededu.jmir.org/2025/1/e63602
(page number not for citation purposes)

Yao et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://sccm.org/research/discovery-research-network/datascience/datathon
https://sccm.org/research/discovery-research-network/datascience/datathon
https://mededu.jmir.org/2025/1/e63602
http://dx.doi.org/10.2196/63602
http://www.w3.org/Style/XSL
http://www.renderx.com/


Effect of Immersive Virtual Reality Teamwork Training on Safety
Behaviors During Surgical Cases: Nonrandomized Intervention
Versus Controlled Pilot Study

Lukasz Mazur1,2, PhD; Logan Butler1, MD; Cody Mitchell1, BS; Shaian Lashani1, BS; Shawna Buchanan1, BSN;

Christi Fenison1, MA; Karthik Adapa1, MD, PhD; Xianming Tan3, PhD; Selina An4, MD; Jin Ra4, MD
1Department of Radiation Oncology, Division of Healthcare Engineering, School of Medicine, University of North Carolina, Campus Box 7512, Chapel
Hill, NC, United States
2School of Information and Library Science, University of North Carolina, Chapel Hil, NC, United States
3Gillings School of Global Public Health, University of North Carolina, Biostatistics, Chapel Hill, NC, United States
4Department of Surgery, School of Medicine, University of North Carolina, Chapel Hill, NC, United States

Corresponding Author:
Lukasz Mazur, PhD
Department of Radiation Oncology, Division of Healthcare Engineering, School of Medicine, University of North Carolina,
Campus Box 7512, Chapel Hill, NC, United States

Abstract

Background: Approximately 4000 preventable surgical errors occur per year in the US operating rooms, many due to suboptimal
teamwork and safety behaviors. Such errors can result in temporary or permanent harm to patients, including physical injury,
emotional distress, or even death, and can also adversely affect care providers, often referred to as the “second victim.”

Objective: Given the persistence of adverse events in the operating rooms, the objective of this study was to quantify the effect
of an innovative and immersive virtual reality (VR)–based educational intervention on (1) safety behaviors of surgeons in the
operating rooms and (2) sense-making regarding the overall training experience.

Methods: This mixed methods pre- versus postintervention pilot study was conducted in a large academic medical center with
55 operating rooms. Safety behaviors were observed and quantified using validated Teamwork Evaluation of Non-Technical
Skills instrument during surgical cases at baseline (101 observations; 83 surgeons) and postimmersive VR based intervention
(postintervention: 24 observations within each group; intervention group [with VR training; 10 surgeons] and control [no VR
training; 10 surgeons]). VR intervention included a 45-minute immersive VR-based training incorporating a pre- and postdebriefing
based on Team Strategies and Tools to Enhance Performance and Patient Safety (TeamSTEPPS) principles to improve safety
behaviors. A 2-tailed, 2-sample t-test with adjustments for multiplicity of the tests was used to test for significance in observable
safety behaviors between the groupings. The debriefing data underwent analysis through the phenomenological analysis method
to gain insights into how participants interpreted the training.

Results: Preintervention, all safety behaviors averaged slightly above “acceptable” scores, with an overall average of 2.2 (range
2‐2.3; 0‐3 scale). The 10 surgeons that underwent our intervention showed statistically significant (P<.05) improvements in
90% (18/20) of safety behaviors when compared to the 10 surgeons that did not receive the intervention (overall average 2.5,
range 2.3‐2.7 vs overall average 2.1, range 1.9‐2.2). Our qualitative analysis based on 492 quotes from participants suggests
that the observed behavioral changes are a result of an immersive experience and sense-making of key TeamSTEPPS training
concepts.

Conclusions: VR-based immersive training intervention focused on TeamSTEPPS principles seems effective in improving
safety behaviors in the operating rooms as quantified via observations using the Teamwork Evaluation of Non-Technical Skills
instrument. Further research with larger, more diverse sample sizes is needed to confirm the generalizability of these findings.

International Registered Report Identifier (IRRID): RR2-10.2196/40445.

(JMIR Med Educ 2025;11:e66186)   doi:10.2196/66186
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Introduction

High-quality health care necessitates ongoing efforts to reduce
the occurrence of medical errors [1]. Surgical patients face
heightened risks of adverse outcomes related to errors due to
the invasive nature of surgical procedures [2]. It is estimated
that more than 4000 preventable surgical errors occur annually
on a national scale [1,2]. Such errors can result in temporary or
permanent harm to patients, including physical injury, emotional
distress, or even death, and can also adversely affect care
providers, often referred to as the “second victim.” A notable
example is the unintended retention of foreign objects, which
is believed to happen at least once in every 5500 surgeries [3].
This can lead to the need for reoperation, extended hospital
stays, and complications such as sepsis. Furthermore, the
average additional cost associated with each incident of
unintended retention is estimated to exceed US $200,000 [4].
Common underlying causes of surgical errors identified by the
Joint Commission include the lack of established policies and
procedures, issues related to hierarchy and intimidation,
ineffective communication among care team, and the failure of
staff to relay pertinent patient information [5]. Additionally,
factors such as excessive workload, time constraints, and
burnout are linked to increased error rates [5]. Addressing these
root causes has proven challenging, as complex health care
delivery systems tend to evolve over time, leading to the
emergence of new failure sources and pathways. Teamwork
skills are often essential for preventing such errors that could
lead to patient harm [6]. [7], To address these issues, the Team
Strategies and Tools to Enhance Performance and Patient Safety
(TeamSTEPPS) framework was specifically designed as a
resource to help health care providers improve patient safety
behaviors through effective communication, leadership, situation
monitoring, and mutual support [8]. [9,10] By using the
TeamSTEPPS framework, it is possible to assess the use and
quality of patient safety education and behaviors among
operating room staff and establish a baseline for improvement.

Virtual reality (VR) is a digital technology that enables a virtual
manifestation of the real world [11]. VR provides a more
captivating experience compared to viewing a conventional
video, as it fully envelopes the viewer within the narrative [12].
In VR, the audience becomes an integral part of the story rather
than merely an onlooker. The advantages of immersive VR
primarily include: (1) viewers are placed within a 360-degree
environment, where each movement of the head unveils new
dimensions of the scene. Conversely, traditional video confines
viewers to a fixed perspective on a flat screen. (2) Participants
in VR actively engage with the narrative, rather than remaining
passive spectators. (3) A profound experiential learning
opportunity, allowing participants to engage with the contextual
realities of a surgical error in the surgical environment.

While live mock simulations with standardized patients are used
for certain health care scenarios, the logistical demands of
accurately recreating a surgical environment are substantial.
These include the coordination of a full surgical team, time
spent in an operating room, and the creation of a realistic setting,
along with patient representation and various special effects
that must align with the error, necessitating cleanup and reset

after each simulation. The extensive resources required make
this approach neither cost-effective nor scalable for providing
multiple realistic experiences for individual learners.
Furthermore, a live mock simulation often fails to address the
comprehensive needs of learners, as it does not provide insights
into the broader contributing factors and repercussions that
extend beyond the confines of the operating room. While this
disconnect may not significantly affect certain types of learning,
such as factual recall, the deeper cognitive processing of
theoretical scenarios, particularly in the context of complex
situations, could be enhanced through more experiential learning
methods such as VR [13]. Experiential learning fosters a
personalized and cognitive interaction with educational content,
highlighting the relationship between learning and its practical
application in the real world. If health care workers are to engage
in sense-making regarding the intricate realities associated with
adverse events, VR may provide distinct advantages over 2D
content and live mock simulations by offering an immersive
perspective of events as they would unfold in real life.

In recent years, VR has seen increasing use for safety training
across industries [14-17]. VR safety training has great potential,
as it allows trainees to experience complex, challenging
situations that are difficult to replicate in the real world due to
ethical, cost, and time constraints. However, there is a lack of
research examining the efficacy of immersive VR-based
interventions focused on safety education and behaviors as
proposed by the TeamSTEPPS framework. Thus, given the
persistence of adverse events in the operating rooms, the
objective of this pilot study was to quantify the effect of an
innovative and immersive VR-based educational intervention
focused on TeamSTEPPS on (1) safety behaviors of surgeons
in the operating rooms and (2) sense-making regarding the
overall training experience and contributing factors associated
with the surgical error.

Methods

Ethical Considerations
This study obtained ethics approval via the Institutional Review
Board of the University of North Carolina at Chapel Hill
(22‐1150). Participants were provided with and signed an
informed consent form before engaging with activities related
to this study. Participants in the intervention group were
provided with a small token of appreciation ($25) for
compleating the VR intervention process. Patients or the public
were not involved in the design, conduct, reporting, or
dissemination plans of our research. All results are reported in
an aggregate manner to ensure the privacy and confidentiality
of participants. The protocol for the full mixed methods pre-
versus postintervention study design was published in JMIR
Research Protocols [18].

Recruitment
A scripted email with a flyer was sent through a listserv to
inform prospective participants about this study. Our research
team was on standby to answer any questions from prospective
participants, and the principal investigators’contact information
was available on the flyer. First, for the baseline measurement,
a volunteer sample of 83 surgeons (35 attendings, 41 residents,

JMIR Med Educ 2025 | vol. 11 | e66186 | p.888https://mededu.jmir.org/2025/1/e66186
(page number not for citation purposes)

Mazur et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and 7 fellows; 36 female and 47 male) was enrolled and
participated. Surgeons volunteered by providing verbal consent
to be observed and scored for safety behaviors before each
surgical case. One surgeon refused to participate (no reasons
stated). For the pilot study, 10 out of 83 (12%) surgeons (7
attendings and 3 residents; 5 female and 5 male) volunteered
to undergo the immersive VR-based educational intervention
and to undergo the follow-up observations and scoring. An
additional 10 of 83 (12%) surgeons (10 attendings and 0
residents; 3 female and 7 male) volunteered to undergo
follow-up observation and scoring without being exposed to
the intervention.

Study Design
This mixed methods pre- versus postintervention study with a
baseline and intervention or control groups was conducted at a
large academic medical center with 55 operating rooms. For
the baseline measurement, safety behaviors were quantified
while observing 101 surgical cases from October 31, 2022, to
February 21, 2023, with 83 surgeons. For the pilot study, 24
observations within each group were conducted from April 17,
2023, to November 2, 2023, with 10 surgeons in the intervention
and control group, respectively. Data was collected using the
Teamwork Evaluation of Non-Technical Skills (TENTS)
instrument. We opted for the TENTS instrument instead of
alternatives such as the TeamSTEPPS Team Performance
Observation Tool due to our requirement for a more focused
evaluation of nontechnical teamwork aspects. TENTS is
specifically designed to assess nontechnical dimensions of
teamwork, encompassing team member interactions, task
delegation, and information management, which makes it
particularly relevant in situations where technical skills are not
the primary concern. Additionally, TENTS provides a more
detailed observational framework, allowing for a comprehensive
evaluation of specific teamwork behaviors, in contrast to the
broader categories covered by the TeamSTEPPS Team
Performance Observation Tool. In our study, we used TENTS
items 1A to 4D to assess individual behaviors of surgeons in
independent settings (except for the 3 residents who were part
of the intervention group), while items 5 and 6 were used to
evaluate the overall team functioning and leadership. To train
the observers for scoring items 5 and 6, we assembled a team
of 17 medical student volunteers who were tasked with
conducting observations using the TENTS instrument. They
used a simplified scoring scale ranging from 0 to 3, where 0
indicates expected behavior not observed, 1 signifies observed
behavior that was poorly executed or counterproductive, 2
denotes acceptable performance, and 3 represents excellent
performance. The students received 1.5 hours of instruction on
TeamSTEPPS patient safety behaviors and were trained to apply
the validated TENTS instrument consistently. Following this,
they participated in facility tours and were guided through the
observation protocol, which included a practical demonstration
of the TENTS scoring process. The students were assigned to
surgical cases by aligning their weekly schedules with the
relevant cases, while being blinded to the treatment status of
the surgeons during postintervention observations. TENTS
scores were recorded during real-time observations of surgical
procedures using paper forms, and students were required to

provide written justifications for behaviors rated as 1 (poor) or
3 (excellent) to offer context for their evaluations.

Interventions or Exposures
We used state-of-the-art filming equipment to capture a 360°
view of the event and the perspective of those involved in the
error event and contributing events. We built the scripts for the
scenes, recruited actors (attendings, residents, students, and
administrators) with lived experiences in health care to help
with the filming, identified filming locations, rehearsed all the
scenes, and filmed our scenes. This training was delivered to
the participants using a VR head-mounted display to ensure an
immersive environment (see Multimedia Appendix 1 for a
1-minute summary clip of the training). Specifically, we used
the Pico Neo 3 Pro Eye headset (PICO Technology Co Ltd)
with 6DoF VR hardware or software to administer the training.

Participants were exposed to a 45-minute immersive VR-based
training based on TeamSTEPPS principles to improve safety
behaviors. Overall, our overarching training story is focused on
a human error that occurs at the operating table but is caused
by many factors, as explained by the James Reason Swiss
Cheese Model [19] and Human Factors Analysis and
Classification System (HFACS) [20]. Training involved a
standardized pre- and postbriefing aimed at comprehending and
identifying potential behavioral enhancements within the
training narrative, grounded in TeamSTEPPS principles.
Specifically, we sought to collect participants’ perspectives on
the overall training experience and their interpretation of the
TENTS and HFACS-related factors that contributed to the
patient safety incident illustrated in the VR training. The
debriefing data underwent analysis through the
phenomenological analysis method [21] to gain insights into
how participants interpreted the training and the patient safety
incidents they encountered, thereby refining their understanding,
behavior, and commitment to TeamSTEPPS practices. This
qualitative analysis was performed by 2 researchers, a senior
surgical attending and a fourth-year surgical resident, using the
data frame theory of sense-making [22]. The primary objective
of this qualitative effort was to enhance our understanding of
the main outcomes and measures outlined below.

Main Outcomes and Measures
The primary outcome measures were the pooled average and
95% CI of observed TeamSTEPPS related behaviors quantified
using the validated TENTS instrument (including 20 types of
safety behaviors across 4 domains [communication, leadership,
situation monitoring, and mutual support] scored from
0=expected but not observed, 1=observed but poorly performed
or counterproductive, 2=observed and acceptable, and
3=observed and excellent).

Statistical Analysis
A 2-tailed, ANOVA was used to test for significance between
the groupings. For given comparators (eg, [1] vs [2] or [2] vs
[3]), we used a false discovery rate (FDR) control (the
Benjamini-Hochberg procedure) to adjust the resulting P values
(from the 2-sample t-tests) to account for the multiplicity of the
tests. We claimed a result to be statistically significant if the
adjusted P value is less than .05. All analyses were performed
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with R statistical software. Data analysis was conducted from
August 10 to December 1, 2023.

Results

Preintervention, all safety behaviors averaged slightly above 2
(“acceptable”), with an overall average of 2.2 (range 2‐2.3).
There was no significant difference between the intervention
and the control group at the preintervention stage. The results

indicated that the 10 surgeons that underwent our intervention
showed statistically significant (P<.05) improvements in 90%
(18/20) of safety behaviors when compared to the 10 surgeons
that did not receive the intervention (overall average 2.5, range
2.3‐2.7 vs overall average 2.1, range 1.9‐2.2; Table 1). Our
qualitative analysis revealed 492 individual quotes. The results
suggest that the observed behavioral changes are a result of a
sense-making emerging from 5 specific themes as discussed
below.
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Table . Summary of results (baseline vs intervention).

P valueIntervention, mean (SD)Baseline, mean (SD)TENTSa behavior

.0012.708 (0.455)2.227 (0.53)Communicates and receives
information appropriately

1a

.0012.625 (0.484)2.237 (0.452)Comfortable speaking up
and asking questions

1b

.022.458 (0.498)2.135 (0.504)Responses to feedback be-
tween team members

1c

.142.261 (0.439)2.097 (0.433)Communicates and receives
information to or from pa-
tient

1d

.042.444 (0.497)2.133 (0.505)Uses language in urgent sit-
uations appropriately

1e

.032.542 (0.498)2.26 (0.464)Uses teamwork tools1f

.022.55 (0.497)2.222 (0.451)Learns together, focuses on
improvement following a
problem

1g

.0012.708 (0.455)2.274 (0.493)Leaders effectively manage
team during their roles

2a

.022.583 (0.571)2.247 (0.501)Verbalizes plan: intentions,
recommendations, or time-
frames

2b

.0072.458 (0.498)2.104 (0.369)Delegates tasks appropriate-
ly

2c

.032.542 (0.498)2.281 (0.475)Instructs as appropriate to
the situation

2d

.0052.5 (0.5)2.11 (0.526)Pays attention to surround-
ings or environment

3a

.022.5 (0.5)2.208 (0.433)Aware of each other, contri-
butions, strengths, and
weaknesses

3b

.032.524 (0.499)2.236 (0.428)Verbalizes adjustments in
plan as changes occur

3c

.0012.708 (0.455)2.26 (0.464)Willingness to ask for help
or additional resources

4a

.152.417 (0.493)2.253 (0.437)Willingness to support oth-
ers across different roles

4b

.042.333 (0.471)2.103 (0.338)Accomplishes and priori-
tizes tasks appropriately

4c

0.032.316 (0.465)2.038 (0.341)Employs conflict resolution4d

0.0012.708 (0.455)2.258 (0.44)Rating of how well the team
functioned as a whole

5

0.0012.708 (0.455)2.247 (0.434)Rate how well leaders func-
tioned and how the team re-
sponded

6

aTENTS: Teamwork Evaluation of Non-Technical Skills.

Discussion

Principal Results

Overview
The results show that participants exposed to our intervention
displayed improved levels of safety behaviors, as quantified by

the TENTS instrument, in 90% (18/20) of the safety behaviors
measured. Specifically, quantitative data suggests that surgical
teams were more effective in developing and maintaining a
dynamic awareness of the situation in the operating room. This
was achieved by assembling and understanding data from
various sources (eg, patient, team, time, displays, and
equipment), and using strong communication and leadership
skills to think ahead and provide clear direction while being
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considerate of individual team members’ needs. Importantly,
these improvements were observed not only at the individual
level, as shown by the TENTS instrument, but also in the overall
team functioning and leadership, as indicated by aggregate
measures of “how well the team functioned as a whole,” ”how
well the leaders functioned,” and “how the team responded.”

The 2 behaviors that did not reach statistical significance, despite
trending positively, were 1d (communicating and receiving
information with patients), and 4b (willingness to support others
across different roles) (Table 1). For the communication
behavior, very few such interactions were observed during the
surgical cases, limiting our assessment of this behavior.
Regarding the willingness to support others across roles, this
was the highest-scoring behavior at baseline, suggesting it may
have been challenging to improve further. This implies that in
the dynamic and complex surgical environment, team members
may struggle to step outside their designated roles to provide
support to one another, as they focus intently on delivering
excellent patient care and ensuring safety within their specific
responsibilities.

Our qualitative analysis suggests that these behavioral
improvements materialized from the enhanced understanding
of skills needed in the operating room by reinforcing critical
behaviors related to the sense-making of themes presented
below.

Need for Effective Teamwork and Communication
The VR training modeled effective versus ineffective team
communication, demonstrating how dismissing or ignoring
concerns can lead to errors and decrease team trust. Participants
may have practiced assertive communication, such as how a
resident can escalate a concern when an anesthesiologist is
distracted or how surgical technology can improve instrument
handling. VR also emphasized calling out errors in a
constructive way, rather than scolding or ignoring them.

The most consistent topics addressed by the subjects during the
poststudy interview were teamwork and communication, and
how these traits are essential for a well-functioning operating
room. Participants noted how the VR training vividly illustrated
both the consequences of poor communication and the benefits
of a cohesive team. The training emphasized that errors often
arise not solely from technical mistakes but from an inability
to effectively relay and escalate concerns. The lack of teamwork
and communication in the ineffective VR scenario was
particularly alarming to participants. One individual highlighted
the disconnect among team members: “There was clearly not a
deep relationship between the surgeon, the resident, the scrub,
the circulator, and the anesthesiologist; they just seemed
completely disconnected [and] in their own worlds.” Another
key issue was the absence of assertive communication when
concerns arose. One participant recalled: “The resident did pick
up on the change in the heart rate tone, questioned the
anesthesiologist about it, who blew her off.” The absence of
closed-loop communication was another prevalent theme.
Participants remarked on how essential feedback loops were
often missing in the ineffective scenarios, which contributed to
preventable errors: “No closed-loop communication. Just a lot
of people suggesting things but the other person either wasn’t

listening or just kind of ignored it and moved along. Even when
it was something that could have prevented safety issues.”
Overall, the poststudy interviews reinforced that teamwork and
communication are foundational to operating room effectiveness.
The VR training provided a powerful demonstration of how
dismissing concerns, failing to engage in open dialogue, and
neglecting structured communication can significantly hinder
patient safety. By recognizing these pitfalls and emphasizing
assertive, closed-loop communication, participants reported a
newfound appreciation for fostering a more cohesive and
communicative operating room team.

Emphasis on Empathetic Workplace Culture and
Psychological Safety
VR heightened participants’ awareness of how fatigue,
dismissive communication, and team dynamics impact
psychological safety in the operating room. By simulating
real-world scenarios, it demonstrated how exhaustion and
distractions compromise decision-making, how seemingly minor
quips or sarcasm can erode team cohesion, and how validating
trainee concerns fosters a culture of safety and respect. This
reinforced the importance of clear, professional communication
and proactive leadership in creating a supportive and effective
surgical intervention.

The VR training underscored how the psychological safe
environment of the operating room directly impacts team
effectiveness, patient safety, and overall workplace culture.
Participants became more empathetic and attuned to how fatigue,
dismissive behavior, and team dynamics can create a toxic
versus supportive surgical setting. By immersing participants
in scenarios where exhaustion led to oversight, sarcasm eroded
trust, and concerns were either validated or dismissed, the
training highlighted the importance of maintaining a
psychologically safe and healthy work environment. One of the
most striking realizations was how fatigue and distraction—often
seen as inevitable in surgical practice—could significantly
impair decision-making and communication. As one participant
noted, “Exhaustion, lack of sleep, and lack of focus on the
attending’s part... distraction from the anesthesiologist... these
are indicators that their wellness score is probably not stellar.”
Additionally, the training revealed how subtle, seemingly
harmless behaviors can undermine psychological safety.
Participants observed how sarcastic remarks or casual quips,
even when meant humorously, created an environment where
individuals felt less comfortable speaking up. “There were a lot
of quips...I don’t think they contributed too much. And they
can be detrimental.” Another crucial takeaway was the need to
legitimize concerns when raised, rather than allowing the
pressures of a high caseload to override safety. One participant
reflected, “I think we can always do better legitimizing people
raising concerns...the pressure to feel rushed and move quickly
... can obviously be counterproductive.” Perhaps most telling
was the recognition that team dynamics set the tone for the
entire operating room. When interpersonal relationships are
strained, it affects everyone, from the attending surgeon to the
anesthesia technician. One participant encapsulated this
sentiment: “Because I think we’ve all been in rooms where [if]
the staff doesn’t get along …it makes it miserable for everyone.”
The VR training effectively demonstrated how the psychological
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environment of the operating room shapes both patient safety
and team dynamics, making participants more aware of the
subtle but powerful ways fatigue, communication styles, and
validation of concerns impact surgical outcomes. By immersing
participants in realistic scenarios, the training seemed to inspire
an appreciation for operating rooms, where they do have a
psychologically healthy environment.

Need for Leadership With Personal Responsibility and
Accountability
VR simulation highlighted the ripple effect of individual
actions—how fatigue, inattention, or lack of engagement from
a team member impacts the whole operating room. It also
reinforced that leaders (attendings, residents, or nurses) set the
tone for safety culture, whether by ensuring protocols are
followed or by fostering an environment where concerns can
be raised. The VR training may have helped participants
recognize their personal accountability in maintaining operating
room safety and identifying behaviors that contribute to or
undermine team effectiveness.

The training reinforced the critical role that leadership plays in
shaping operating room culture, particularly in fostering
accountability and ensuring adherence to safety protocols.
Participants observed how leadership—or the lack thereof—had
a cascading effect on communication, decision-making, and
overall team cohesion. By placing participants in scenarios
where leadership failures led to errors or unsafe practices, the
training emphasized the responsibility of every operating room
member to contribute to a culture of accountability. A key
takeaway was the attending surgeon’s responsibility in setting
the tone for the operating room environment. As 1 participant
remarked, “The attending surgeon sort of sets the tone in many
ways, and by not looking into concerns...[and] cutting corners
in order to be able to increase throughput...—that’s just not
good leadership.” Beyond the attending, participants recognized
how personal accountability extends to every team member.
The training exposed moments where concerns were voiced
quietly but never formally escalated, leading to missed
opportunities to address potential safety issues. One participant
reflected, “...everyone was making little comments, but no one
was, again, like really saying them. They were all kind of talking
to themselves....” The VR also made participants more aware
of how the pressure to move quickly can lead to cutting corners,
potentially compromising patient outcomes. One participant
acknowledged, “We all get caught up in rush, rush, rush…and
I’ve done that before, where you look through the labs, like,
it’s probably fine. It usually is. But what if it’s not?” Ultimately,
the training reinforced the idea that each case demands
responsibility and accountability. The VR experience
demonstrated how a disengaged or inattentive leader could
undermine these traits by dismissing concerns or prioritizing
efficiency over protocol.

Need for Stability
The VR training elicited participants’ desires and personal
experiences to have surgical teams that are consistent and
connected. Understandably, those who are working in a
high-stakes, high-stress environment would want to mitigate
other factors that could lead to negative patient outcomes or

contribute to workplace burnout and distress. The VR training
showed participants what can happen with a more discordant
or unstable working environment, which can mimic reality, and
many participants were quick to point out how deleterious that
can be to the dynamics of an operating room.

The training highlighted the critical role that stability plays in
fostering an effective and supportive surgical environment.
Participants emphasized the need for consistency in team
composition, resource availability, and leadership
presence—elements that are often taken for granted but can
significantly impact patient safety and staff well-being. In the
high-stakes, high-stress environment of the operating room, an
unstable or discordant team structure can lead to inefficiencies,
miscommunication, and increased burnout, all of which were
vividly demonstrated in the VR scenarios. Many participants
noted how instability, whether due to staffing shortages,
systemic pressures, or administrative constraints, can disrupt
operating room dynamics. One participant reflected on the
broader hospital structure, stating, “It didn’t seem like there
was support from a majority of people...No one person can do
it all.” A major recurring theme was the strain placed on
attendings who were expected to be in multiple places at once,
highlighting the impact of systemic pressures on operating room
stability. As 1 participant observed, “I mean, there were clearly
systemic pressures for the attending to be in multiple places at
one time, I would say primarily pressure for throughput, short
staffing.” This speaks to the broader challenges of balancing
efficiency with quality care. This particularly resonated with
our interviewees as it is something that a vast majority of health
care workers can relate to. By experiencing the challenges of
an unstable operating room environment with the constant,
relatable pressure to do more, participants gained a deeper
appreciation for the structures and policies needed to foster a
more reliable and effective surgical setting.

Emphasis on Outcome and Attention to Detail
This VR module showed participants what can happen when
means do not at all justify ends. In a system where outcomes,
whether it be several cases completed or the speed of the
operation, are prioritized over how those end points are
achieved, it can lead to consequential errors. While operating
rooms need to maintain a high level of efficiency, the
consequences of doing so can come at the expense of the patient.
It can be challenging for surgeons to balance their commitment
to good patient care with intense pressures for increased
efficiency and decreased case turnaround time.

The VR training underscored the risks of prioritizing efficiency
and case volume over patient safety and procedural integrity.
Participants recognized how a results-driven culture, where
speed and throughput are emphasized over safe surgical practice,
can lead to critical errors and compromise team effectiveness.
While efficiency is a necessary component of modern surgical
workflows, the VR scenarios illustrated the consequences of
allowing productivity pressures to override fundamental
principles of patient care. One participant stated, “many other
factors—fatigue [and]the pressure from hospital administration
for revenue and productivity,” when reflecting on the systemic
pressures driving an outcome-based mindset. The VR module
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demonstrated how this tunnel vision manifests at different levels
of the operating room team. One participant observed, “The
resident’s main mission was ‘I gotta close so I can go to the
other room.’ The surgeon was like ‘I gotta get these 12 cases
done because that’s what administration says.’ The circulator
was like ‘We gotta get these cases done so we can all go home.’”
Participants also reflected on the human cost of this approach,
not just for the patients but for the surgical teams themselves.
One particularly striking insight was, “ ...it’s fine to be efficient.
It’s not fine to be in a hurry. And I think that it’s really, really
important for all of us to think about....” The training allowed
participants to experience the tension between efficiency and
quality care, a concept that is ubiquitous among health care
settings. By highlighting the potential dangers of an
outcome-driven approach, the VR module reinforced the need
for deliberate, methodical teamwork, where safety is never
sacrificed in the name of speed or the bottom line.

The VR training also reinforced the critical importance of
attention to detail in the operating room, highlighting how even
small lapses in accuracy can lead to significant consequences.
By immersing participants in real-world scenarios, the module
demonstrated how factors such as fatigue, communication
breakdowns, and time pressures can contribute to oversights.
It emphasized that attention to detail is not just an individual
responsibility but a collective effort, where every team member
plays a role in maintaining surgical precision.

The training reinforced the critical role of accuracy in the
operating room, emphasizing how seemingly minor lapses in
attention to detail can have significant consequences for patient
outcomes. Participants recognized that surgical safety is not
solely dependent on technical skill but also on the thoroughness
of preoperative preparation, intraoperative vigilance, and
collective situational awareness. Several interviewees pointed
out the dangers of neglecting critical details in the operating
room. For example, many participants highlighted that the
failure to properly assess a patient’s anticoagulation status before
surgery leads to cancellation of cases and delays in care. Another
key theme was the lack of a shared mental model among the
surgical team, leading to fragmented awareness of the patient’s
condition. As one participant described, “I’m not sure that there
was a complete understanding of the entire situation... that global
shared mental model of where everybody was, the implications
of the decisions, and how things were happening was kind of
missing.” The scenarios also illustrated that once the ball was
set in motion, no one had the care or will to change it. One
participant noted, “It seemed like both the surgeon and the
resident didn’t have a good sense of who the patient was, what
the case was, if they were on anticoagulation. And then even
when the resident realized and brought it up to the attending,
the attending was like, ‘It’s fine, it’s too late, moving on.’”
Ultimately, the VR experience reinforced the necessity of
meticulous preparation, comprehensive team awareness, and
an environment where concerns are acknowledged rather than
dismissed. It demonstrated that attention to detail is not merely
an individual responsibility but a collective effort, where every
member of the surgical team plays a vital role in ensuring safe
and effective patient care.

Comparison With Prior Work
This pilot study is the first to quantify the effects of an
immersive VR-based educational intervention focused on
improving TeamSTEPPS-related behaviors among surgeons in
the operating room. Overall, the findings align with previous
non–VR-based research highlighting the importance of
teamwork training for enhancing soft skills critical to patient
safety [23-27]. Our findings also align with the conclusions of
the work by Abelson et al [11] that supports the motion that VR
is a feasible solution for team-based training, and Gasteiger et
al [12] that postulate that technical and nontechnical skills
training programs using VR for health care staff may trigger
perceptions of realism and deep immersion and enable easier
visualization, interactivity, enhanced skills, and repeated practice
in a safe environment, which in turn may improve skills and
increase learning, knowledge, and learner satisfaction. Notably,
prior work using VR to teach TeamSTEPPS for cesarean section
surgery showed that the VR-based content improved teamwork
competencies in interprofessional surgical teams [28]. By
addressing the need for teamwork training, while using the
TeamSTEPPS framework, and incorporating innovative
educational technologies such as VR, this study demonstrated
how collaboration among surgical team members can be
enhanced [28]. Finally, in a randomized trial, Liaw et al [13]
showed that learning outcomes did not show an inferiority of
team training using VR when compared with live simulations,
which supports the potential use of VR to substitute conventional
simulations for communication team training.

However, many of these initiatives concentrate on skills
pertinent to the immediate context of errors, such as
communication and teamwork in the operating room, as well
as technical competencies, while often neglecting training
related to systemic flaws, the culture of patient safety, and the
unreliable thought processes and behaviors that can lead to
mistakes or hinder their prevention. We propose that trainees’
comprehension of the factors leading to patient safety incidents
as highlighted by the HFACS framework, their sense-making
of safety behaviors as outlined by the TENTS tool, and their
understanding of TeamSTEPPS principles in the context of the
surgical error can lead to improvements in patient safety.

Limitations
While the findings of this study offer valuable insights, there
are several important limitations to consider. First, the results
are based on a single experiment with a relatively small sample
size from 1 academic medical center. To address the small
sample size, we used a 2-tailed, ANOVA for significance
between the groupings using the FDR to adjust the resulting P
values (from the 2-sample t-tests) to account for the multiplicity
of the tests. For a 2-tailed, ANOVA for significance between
the groupings, without the FDR control, the analysis would
require approximately 68 participants to obtain a medium and
to large effect size, the power level of 0.8, and an α of .05.
Larger-scale studies could also take into account various
confounding factors, such as training levels, gender, and race.
Additionally, the possibility that more motivated individuals
enrolled in the intervention group may have skewed the results.
Second, the participants’ awareness of being observed may have
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influenced their performance, potentially biasing the results
toward better patient safety practices. To mitigate this effect,
all participants were allowed to withdraw from the study at any
time and were assured that their individual results would remain
confidential. Third, the TENTS instrument and scoring could
be imperfect. We address this by conducting robust training and
practice with the TENTS tool and by blinding students to the
treatment status of the surgeons during postintervention
observations. Despite the limitations associated with this
approach, the involvement of medical student volunteers was
essential for executing this extensive observational study without
incurring financial costs. Future iterations of this research could
leverage such a program, benefiting both the institution through
enhanced understanding of behaviors in operating rooms and
the students through valuable operating room exposure and
hospital experience. In summary, while the findings offer
valuable insights, the limitations of this single-site study with
a small sample size and potential participant bias must be
considered. Larger, more robust studies will be needed to

validate and expand upon these preliminary results. There is
also a need for longitudinal studies to assess effects over time.

Conclusions
A VR-based immersive training program focused on
TeamSTEPPS principles appears effective at improving safety
behaviors, as measured by the TENTS tool. Our qualitative
analysis based on 492 quotes from participants, suggest that the
observed behavioral changes are a result of an immersive
experience and sense-making of key training concepts where
participants could see the consequences of suboptimal teamwork
(eg, poor leadership and communication, lack of attention to
detail, failure to take responsibility, low psychological safety
to speak up, etc). Given the persistent patient safety issues in
operating rooms nationwide, such innovative and immersive
patient safety education programs could provide a scalable
intervention to help reduce patient harm in the long run.
However, further research with larger, more diverse sample
sizes is needed to confirm the generalizability of these findings.
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Abstract

Background: Health care practitioners use clinical decision support systems (CDSS) as an aid in the crucial task of clinical
reasoning and decision-making. Traditional CDSS are online repositories (ORs) and clinical practice guidelines (CPG). Recently,
large language models (LLMs) such as ChatGPT have emerged as potential alternatives. They have proven to be powerful,
innovative tools, yet they are not devoid of worrisome risks.

Objective: This study aims to explore how medical students perform in an evaluated clinical case through the use of different
CDSS tools.

Methods: The authors randomly divided medical students into 3 groups, CPG, n=6 (38%); OR, n=5 (31%); and ChatGPT, n=5
(31%); and assigned each group a different type of CDSS for guidance in answering prespecified questions, assessing how
students’ speed and ability at resolving the same clinical case varied accordingly. External reviewers evaluated all answers based
on accuracy and completeness metrics (score: 1‐5). The authors analyzed and categorized group scores according to the skill
investigated: differential diagnosis, diagnostic workup, and clinical decision-making.

Results: Answering time showed a trend for the ChatGPT group to be the fastest. The mean scores for completeness were as
follows: CPG 4.0, OR 3.7, and ChatGPT 3.8 (P=.49). The mean scores for accuracy were as follows: CPG 4.0, OR 3.3, and
ChatGPT 3.7 (P=.02). Aggregating scores according to the 3 students’ skill domains, trends in differences among the groups
emerge more clearly, with the CPG group that performed best in nearly all domains and maintained almost perfect alignment
between its completeness and accuracy.

Conclusions: This hands-on session provided valuable insights into the potential perks and associated pitfalls of LLMs in
medical education and practice. It suggested the critical need to include teachings in medical degree courses on how to properly
take advantage of LLMs, as the potential for misuse is evident and real.

(JMIR Med Educ 2025;11:e55709)   doi:10.2196/55709
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clinical decision support systems; CDSS; decision support; decision support tool; clinical decision-making; innovative teaching

Introduction

Clinical reasoning and decision-making are at the core of the
medical workflow. If they are accurate and grounded on solid
and updated evidence, they help ensure the best health outcomes
for patients. Clinical decision support systems (CDSS) have
been implemented to aid practitioners in this duty [1-3]. Clinical
practice guidelines (CPG) serve as the prototype for CDSS.
They are published and updated at varying frequencies by
scientific societies and policy makers, covering virtually every

medical field or disorder. Over time, the number and complexity
of CPG have increased, resulting in more detailed and robust
recommendations. However, this has also led to reduced
immediacy and ease of access and comprehension for medical
professionals. Additionally, there may be multiple CPG for a
single pathological condition, sometimes with conflicting
recommendations. As a potential solution, emerging
technologies on the internet have given rise to new CDSS
options known as online repositories (ORs). These repositories,
like encyclopedias, consolidate and synthesize knowledge
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related to various medical disorders. They draw from current
practices, available CPG, and the latest published evidence,
making this information easily accessible to physicians.
Typically provided by publishing groups, ORs often require
subscription-based access. Two of the most popular options are
“UpToDate” (by Wolters Kluwer [4]) and “BMJ Best Practice”
(by BMJ Publishing Group [5]), both available as websites and
mobile apps. The recent introduction of large language models
(LLMs) for public use has generated both excitement and debate.
Their adoption has rapidly grown across various human
activities [6]. Many foresee the immense potential benefits of
applying such technology to medical practice, while others
harbor concerns about the dangers it might pose if left
unregulated and misaligned [7-12].

Without a doubt, LLMs like ChatGPT represent a new
generation of CDSS with unparalleled assistance capabilities.
They can engage in active interactions with users and directly
interpret medical information, extending far beyond simple
guideline consultation. They can suggest possible diagnostic
workups (DWs) or treatment algorithms [6]. In such cases,
physicians would no longer need to navigate extensive datasets
of clinical information, distill practical advice from lengthy text
pages, or grapple with uncertainty about consulting the correct
or sufficient sources. On the flip side, it is evident that LLMs
also carry the potential for misuse, which could lead to
significant harm to patients [7-9,11,13]. There’s a risk of guiding
clinicians down erroneous thought processes, potentially
resulting in wasted time and the unintentional complication of
cases. When the alternatives being evaluated are either incorrect
or become excessively numerous, the complexity of a case may
inevitably worsen. As a result, there is legitimate concern
regarding how the indiscriminate use of LLMs might
inadvertently drive-up health care costs. This underscores the
importance of integrating LLMs into clinical decision-making
(CDM) processes with caution and judiciousness.

However, although the adoption of innovative CDSS tools is
steadily rising, the lack of dedicated training in their proper
utilization undermines their full potential as valuable aids [9,10].

The aim of the present study was to investigate how senior
medical students employ CDSS in the resolution of a clinical
case with the ultimate intention of designing specific educational
programs. Specifically, we conducted a hands-on session to
compare CPG, ORs, and an LLM (ChatGPT) in terms of speed
and accuracy of the clinical decisions proposed after consultancy
with the CDSS.

Methods

Study Design
The present is a report of a hands-on practical session taking
place during the Course of Internal Medicine at our university.
The subject of the analysis was the quality of students’ answers
to a number of open-ended questions related to clinical reasoning
and problem-solving, as a proxy for their capacity to employ
different CDSS. A fictional clinical case was designed by the
authors to control for complexity. Additionally, ChatGPT
(version 3.5) generative capabilities were used to fabricate vital

parameters, physical examination, and laboratory results for the
fictional patient. ChatGPT was asked to include confounding
factors in the answers provided. The authors revised generated
elements to make sure they met the study requirements. The
complete clinical case, open-ended questions and conversation
with ChatGPT are available in Multimedia Appendix 1 and
Multimedia Appendix 2.

Participants, Recruitment Strategies, and Sampling
Method
Students attending the last lesson in the academic year 2022/23
Course of Internal Medicine of the International MD Program
degree at Vita-Salute San Raffaele University, Milan (IT), were
all included in the study, with convenience sampling. No
exclusion criteria were applied.

Experimental Groups, Randomization, and Blinding
In total, 3 groups with comparable numbers of students were
defined at the beginning of the lesson (Multimedia Appendix
3). Starting from the first seating rows, students were randomly
assigned a number from 1 to 3 and consequently formed the 3
groups. Each group nominated a delegate who randomly picked
an envelope containing the indication of the type of CDSS to
be used by his or her group, either (i) CPG, (ii) OR, or (iii)
ChatGPT. For each group, only the delegate was allowed
web-based access to the CDSS. Group assignments were open
label. The group assigned to CPG was allowed to use the internet
to search for and consult CPG deemed useful to solve the case.
The group assigned to OR was allowed to use the internet to
access UpToDate and look for articles and algorithms or tables
deemed useful to solve the case. The group assigned to ChatGPT
was allowed to log into the LLM and use it to ask and gather
information deemed useful to solve the case.

The delegate was also in charge of sending his or her group’s
clinical decision to the researchers via a mobile phone SMS
text message. An inspector of the research staff was assigned
to each group to guarantee that only the assigned CDSS was
used. The questions were shown along with the presentation of
the clinical case in a Microsoft PowerPoint (Microsoft
Corporation) slideshow. For each question, a countdown timer
was shown on the projector screen, and the start time was
recorded by the researchers. Time required by each group for
each answer was calculated by subtracting the start time from
the mobile message arrival time.

Outcomes/Assessment
In total, 1 junior resident in internal medicine, 1 senior resident
in internal medicine, and 2 internal medicine junior consultants
were asked to perform blind external assessment of the answers.
They were provided with a form containing the same clinical
case and questions shown to the students together with the
answers given by each group, with no details on CDSS used.
Answers were graded from 1 to 5 in terms, respectively, of
completeness and accuracy. Completeness was described as:
“Is the answer complete or does it miss anything?”. Accuracy
was described as: “Is the answer precise and adherent to clinical
practice, or too vague, too wide, too superficial?”
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Sample Size
Sample size was not defined a priori. Sample size was
determined by the number of students that attended the lesson
on that day.

Statistical Analysis
Scores are reported as mean. For further analysis, the 8 questions
were grouped into 3 domains according to the students’ skill
investigated: (1) differential diagnosis (DD, Q 1-5-6), (2) DW
(Q 2‐7), and (3) CDM (Q 3-4-8). The Kruskal-Wallis test was
performed to establish whether there was a significant difference
among the 3 groups in the times and scores overall and in each
student skill domain. Microsoft Excel (Microsoft Corporation)
and GraphPad Prism (version 9.0; GraphPad Software) were
used as software tools for the analysis.

Ethical Considerations
This study does not require ethical approval as this is a report
of data collected for monitoring and reporting purposes of
innovative teaching activities taking place at Vita-Salute San
Raffae le  Univers i ty,  accord ing  to  the
Self-assessment-Evaluation-Accreditation system (AVA) of
ANVUR, to which our institution is subject [14]. The data were
generated during a hands-on session taking place during a usual
lesson and in a teaching, non-experimental environment, with
no risks for the participants. Data represent the output of each
student group; they therefore collect aggregated information,
with no individual identity linked to them. No confidential data
were collected. No compensation was provided to participants,
and they were able to opt out at any time during the lesson.
AVA aims to improve the quality of teaching and research

carried out in the Italian universities through the application of
a quality assurance model based on internal procedures for
planning, management, self-assessment, and improvement of
training and scientific activities and on an external verification
carried out in a clear and transparent manner. The requirements
of the new AVA3 model underline the importance for the
universities to promote, support, and monitor the participation
of teachers in training and teaching refresher initiatives in the
various disciplines, including those relating to the use of
innovative teaching methodologies, also through the use of
online tools and the provision of multimedia teaching materials
[14]. The presented data were collected in this context, and,
accordingly, no ethics approval was applied for (Page 3, Art.5,
Clause 2 of [15]).

Results

A total of 16 students were included: 6 allocated to the CPG
group (F=5, 83%), 5 to the OR group (F=2, 40%), and 5 to the
ChatGPT group (F=3, 60%).

During the presentation of the clinical case, all 3 groups were
presented with questions, and students were required to provide
their responses as quickly as possible, within predefined time
limits. The time taken to answer each question was recorded
for all groups. Except for one response, all answers were given
within the allocated time (see Table 1). Of the 49 total allocated
minutes, the CPG group took 41 minutes to complete the clinical
case, the OR group 45 minutes, and the ChatGPT group 38
minutes. The total time taken to answer, expressed as a
percentage of the allocated time, was not significantly different
among groups (P=.69).
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Table . Time (min) required for answers and mean score received at the external assessment in terms of completeness and accuracy for each answer
given by each group. Overall time for completion and median score across all answers for each group are also reported. Allotted time was exceeded
only in Q4 by OR group.

ChatGPTOnline repositoriesClinical practice guidelines

QualityTime (min)QualityTime (min)QualityTime (min)

Accuracy,
mean (SD)

Complete-
ness, mean
(SD)

Accuracy,
mean (SD)

Complete-
ness, mean
(SD)

Accuracy,
mean (SD)

Complete-
ness, mean
(SD)

3.8 (0.5)4.0 (0.8)83.0 (0.8)3.5 (0.6)83.8 (1.3)4.0 (0.8)8Q1. Rank the
possible dif-
ferential diag-
noses in
terms of
probability.

8 mina

3.8 (1.3)3.8 (0.5)62.5 (1.0)4.8 (0.8)73.8 (0.5)4.0 (0.8)7Q2. Based
on the previ-
ous list,
which diag-
nostic
workup
would you
set up?

8 minb

2.3(1.3)4.0 (0.8)24.0 (1.2)3.8 (1.0)54.3 (1.0)4.0 (0.8)3Q3. Which
values are al-
tered?

5 minc

4.3 (1.0)4.0 (0.8)44.3 (1.0)4.0 (0.8)63.8 (1.5)4.3 (1.5)5Q4. Which
treatment do
you start?

5 minc

3.3 (1.3)3.0 (0)63.8 (1.0)3.8 (0.5)43.8 (1.0)3.8 (1.0)5Q5. Which
are the possi-
ble causes of
hypercal-
cemia?

8 mina

4.0 (0.8)4.3 (1.0)52.0 (0.8)3.0 (0.8)54.3 (1.5)4.0 (1.4)3Q6. Can you
narrow down
the previous
list based on
these find-
ings?

5 mina

4.3 (0.9)4.0 (0.8)23.4 (0.7)3.8 (1.5)54.5 (1.0)4.3 (1.0)5Q7. Which
are the prima-
ry diagnostic
tests that you
order?

5 minb

4.0 (1.1)3.8 (1.0)53.4 (1.3)3.5 (1.3)54.3 (1.0)3.8 (0.5)5Q8. Which
therapeutic
choice do
you offer to
the patient?

5 minc
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ChatGPTOnline repositoriesClinical practice guidelines

QualityTime (min)QualityTime (min)QualityTime (min)

Accuracy,
mean (SD)

Complete-
ness, mean
(SD)

Accuracy,
mean (SD)

Complete-
ness, mean
(SD)

Accuracy,
mean (SD)

Complete-
ness, mean
(SD)

3.7d (0.7)3.8 (0.4)383.3d (0.8)3.8 (0.5)454.0d (0.3)4.0 (0.2)41TOT/meana

aDifferential diagnosis
bDiagnostic workup
cClinical decision-making
dP=.02.

The questions were then categorized into 3 major domains: DD
(Q 1-5-6), DW (Q 2‐7), and CDM (Q 3-4-8). The time taken
to answer, as a percentage of the allocated time, by each group
of students according to the provided domains is shown in

Figure 1(A, B and C). While no statistically significant
differences were observed, it is worth noting that the ChatGPT
group tended to respond more quickly to questions related to
DW and CDM.

Figure 1. Sum of the time taken by the 3 groups of students to answer questions in the 3 domains. Results are shown as the percentage of the total
allocated time for that domain. CPG: clinical practice guidelines; OR: online repositories.

Answers were assessed for completeness, which considered the
depth of information provided, and for accuracy, which assessed
adherence to clinical practice versus an excess or superficiality

of information. These evaluations were conducted by 4 external
reviewers who were blinded to the group assignment. Scores
are reported in Table 1 and Figure 2.
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Figure 2. Box plots of scores obtained by the 3 groups of students for (A)overall completeness, (C)overall accuracy, (B)completeness in the 3 domains,
(D)accuracy in the 3 domains. DD: differential diagnosis; DW: diagnostic workup; CDM: clinical decision-making (*P<.05).

Overall, the CPG group performed best, reaching the highest
mean scores for completeness (4.0) and accuracy (4.0) (Figure
2A and C). The ChatGPT group comes in second place, with
equal completeness (3.8 vs 3.8) compared to the OR group but
higher accuracy (3.7 vs 3.3). The Kruskal-Wallis test showed
non-significant difference among groups for overall
completeness (P=.49), and a significant difference in overall
accuracy between the 3 groups (P=.02), particularly—at post
hoc analysis—between the CPG and the OR group (P=.02).

Aggregating scores according to the 3 students’ skill domains,
trends in differences among the groups emerge more clearly
(Figure 2B and C). When it comes to generating differential
diagnoses, the CPG group was the most complete (3.9) and
accurate (3.9) among the 3, whereas the OR group has the worst
scores for both completeness and accuracy categories, with
mean scores of 3.4 and 2.9, respectively, among the lowest
registered. On the contrary, whenever students were asked to
provide a DW for the patient, the OR group appeared as the
most complete (4.3), although the least accurate (3.0),
considering the source of the competition. In this domain, the
other 2 groups come quite close (4.1 and 4.1 for CPG; 3.9 and
4.0 for ChatGPT) and maintain coherent scores in between their

own completeness and accuracy. Lastly, when knowledge had
to be applied to drive clinical decisions, as tested in CDM
questions, the 3 groups obtained similar scores in terms of
completeness, while the CPG group succeeded as the most
accurate (4.1), followed by the OR group (3.9) and the ChatGPT
group (3.5).

Of note, it appears evident how the CPG group performed the
best in nearly all domains and maintained almost perfect
alignment between its completeness and accuracy. The ChatGPT
group maintained an overall mediocre yet stable performance,
without ever achieving the best scores. On the other hand, the
OR group showed mixed features, with notable peaks of
performance–with scores equal to or higher than the ChatGPT
contender–but some other dramatic drops in answer quality in
terms of accuracy in more than one skill domain.

Discussion

In recent years, the availability of tools to support clinicians in
the diagnostic and therapeutic processes has grown considerably.
Although the use of CDSS is widespread, individuals often use
them without specific education and pay little attention to their

JMIR Med Educ 2025 | vol. 11 | e55709 | p.903https://mededu.jmir.org/2025/1/e55709
(page number not for citation purposes)

Montagna et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


inherent limitations, especially in the case of their newest
potential counterparts, such as ChatGPT [1].

To assess how final-year medical school students make use of
the available CDSS and to begin considering an instructional
approach for the use of such tools, we designed the experiment
outlined in this study. Observing the students’ interaction with
the assigned CDSS during the resolution of a clinical case and
analyzing their answers, we recorded specific criticalities
regarding the use of each CDSS.

In terms of rapidity of use, ChatGPT seems to represent a
significant breakthrough in the world of CDSS. If traditional
encyclopedic or textbook-like written resources call the reader
to go through the entire material to properly understand a topic
and retrieve correct clinical answers or guidance, an
instantaneous chat environment allows for both a quick overview
of disciplines and—at the same time—deep vertical dives into
specific details. Students using ChatGPT arrived at the required
answer almost always faster than their colleagues aided by CPG
or OR, especially in questions regarding DW and CDM. It seems
that the role of ChatGPT in the chat dialogue more closely
resembles the attitude of a human counterpart (for example, a
senior teaching physician asked for guidance), whose responses
are fast, direct, and usually finely targeted. Such answers follow
the students’ line of reasoning and indirectly encourage them
to choose a unique path of solution out of many possible
scenarios. This dynamic emerges as brilliantly effective
whenever the students embark on the correct clinical thought
process but can lead to disastrous consequences whenever
students feed cognitive biases or overt errors into their chat
conversation. On the contrary, CPG and OR offer vast amounts
of information, such as long lists of items and in-depth
descriptions, whose digestion is neither easy nor fast. Therefore,
whenever consulted correctly and for enough time, CPG and
OR—especially the former, our results seem to
suggest—generally help students give answers of higher quality,
both in terms of completeness and accuracy. No real-time
interaction is present; therefore, they appear almost immune to
reader-introduced bias and misinterpretation.

In the modern era, velocity is a precious commodity, especially
in the fast-paced clinical context, where less and less time is
available for extensive reference consultation. This might
influence current and future generations of medical school
students to prefer chatbot-based guidance over preformed texts
as routine help throughout their study [1,8].

As said, in terms of highest answer quality, there seems to be
no rival to CPG. Old-fashioned guidelines might be slower to
consult but grant far greater quality information to students,
helping them to be complete and accurate in key tasks, such as
generating differentials and deploying clinical decisions.
Possibly, CPG might also enhance the student’s comprehension
of the analyzed topic, given the broader context and deeper
description always provided. Nonetheless, in a continuously
evolving context of increasing number and complexity of CPG,
it would be presumptuous to expect students to rely on their use
only [4,5,9].

ORs offered unexpected and ambiguous results, as the
performance of these students was not stable across questions,

and their answers could reach both extremes of the score
spectrum. ORs are intrinsically designed and thought of as an
evolution of CPG, more accessible and applicable to practice.
This aspect may emerge in the excellent quality of answers
given by this group in the DW domain, where students were
able to follow the detailed workup algorithms offered by OR,
which can graphically synthesize even complex clinical
scenarios. An interesting experience across teaching hospitals
in Japan evidenced a somewhat significant positive correlation
between the use of OR and score performance in a national
general medicine test, in a numerous population of over 3000
residents. According to the authors, frequent logging into and
consultation of UpToDate might have contributed to improved
clinical reasoning skills, specifically in the tested domains of
DD generation, and clinical decision deployment [16].

Specific Observations Around the Students’ Use of
Each Type of CDSS

CPG Group
For this group’s ability to reach a correct solution, the crucial
step seemed to be selecting the proper guideline to consult.
Once correctly identified, suitable CPG contain virtually
everything a physician should know about a disease. During
the initial process of elaboration of a clinical scenario, though,
it is not immediately clear which disease entity, often more than
one, is going to be selected as a candidate diagnosis for the
patient. Choosing the right CPG can therefore be quite
challenging. Additionally, CPG deliver their content in the form
of plain text and interspersed summary tables and charts. The
students had some difficulty in focusing on the right chart.

OR Group
Likely due to their lack of experience with the tool, the students
failed to search for symptoms within the query. One hypothesis
could be that they relied on their prior knowledge to make
decisions rather than on the results obtained from each query,
preventing them from breaking free from their preconceptions.

ChatGPT Group
Our results revealed students to lack substantial background on
how to properly approach an LLM chatbot. Masterprompting,
referred to as the assignment of the role and behavior expected
from the chatbot, was not provided by the students.

Using an LLM as a CDSS inevitably introduces a “prompt bias,”
for which the human subjective way of reasoning and choice
of questions to be asked directly influence how the chatbot
perceives the information and how it transforms its responses
accordingly. Along such a general trend, the students’ prompts
were not properly designed and translated into confused and
misleading answers by ChatGPT. For example, clinical details
were provided without any structure or further clinical context,
triggering diverging suggestions by the chatbot. Accordingly,
hints were given by the instructor on asking the LLM directly
how to convey information for it to understand and elaborate
on such information at its best, but consistent results did not
follow.

On other instances, it was ChatGPT itself that derailed students’
reasoning. For example, a chatbot answer about laboratory
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values, lacking a relative unit of measurement and normal
reference ranges, leads to misinterpretation of hypercalcemia
as hypocalcemia, a critical mistake.

ChatGPT does not provide any literature citation and guideline
reference to support its own line of reasoning, as other CDSS
do in the form of easily accessible links to further explanations
and deeper dives (eg differential diagnoses, varying DWs, tables
of available first-line therapies, etc) [6]. Such an absence seemed
to be associated with a significantly lower propensity of students
to question either their own knowledge or the answers
formulated by ChatGPT, blindly accepting the information
provided. Whenever such indulgence was noted and pointed
out by the instructors, students confessed how certain answers
provided by ChatGPT were not completely clear and
understandable; nonetheless, they willingly accepted them as
valid.

Limitations
Some limitations of this report must be underlined. First, the
restricted number of students who took part in the experiment.
This may have led to uneven distribution of differently ranked
students in the groups, despite the random strategy used for
group definition. Second, our methodological constraints lead
to insufficient statistical power to draw sound conclusions.
Lastly, the experiment has not yet been repeated, and the results
have been further confirmed or discarded with other clinical
cases.

Conclusions
As in many other disciplines, the adoption of LLMs in medical
practice and in the medical school curriculum is inevitable [10].
Our hands-on session suggests the critical need to include in
medical degree courses teachings on how to properly take

advantage of LLMs such as ChatGPT, as we verified that the
potential for misuse is evident and real.

Our experience suggests the need for medical students to be
acquainted with LLMs in their learning process and future
profession. ChatGPT does not provide nor teach a reasoning
method to approach a medical case resolution, a relevant issue
for it to be recognized as part of the armamentarium in formal
medical education. CPG and OR, on the contrary, most often
provide step-by-step guidance on how to behave in each clinical
scenario, how to approach diagnosis, and how to address
treatment of diseases. References and recommendation strength
form the cornerstone of these tools and help the student get
progressively acquainted with ever-updating medical knowledge
[4,5].

In conclusion, regarding the upcoming future, we suggest
medical educators to:

• start to increasingly incorporate and refer to LLMs in their
teachings, also by building tailored case studies [17-20];

• favor practice-based learning by using LLMs as a help to
navigate guidelines and repositories with more ease and
speed;

• exploit the very limitations of LLMs—such as the lack of
an explicit reasoning method or unsure reliance on the latest
published literature—to prompt students to consciously
provide them themselves to the chatbot, turning the CDSS
consultation process into a bidirectional teaching
environment, possibly uncovering biases and
misconceptions on both sides;

• help students in focusing on their accountability: they
should be pushed to continuously look for evidence and
validation of their own clinical reasoning, avoiding relying
completely on that of LLMs.
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ChatGPT conversation history for clinical case generation.
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Multimedia Appendix 2
Clinical Case and questions for students.
[PDF File, 56 KB - mededu_v11i1e55709_app2.pdf ]
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Multimedia Appendix 3
Workflow Diagram.
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Abstract

Medical education has not traditionally recognized patient safety as a core subject. To foster a culture of patient safety and enhance
psychological safety, it is essential to address the barriers and facilitators that currently impact the development and delivery of
medical education curricula. The aim of including patient safety and psychological safety competencies in education curricula is
to insert these into the genome of the modern health care worker.

(JMIR Med Educ 2025;11:e68046)   doi:10.2196/68046

KEYWORDS

patient safety; psychological safety; medical curriculum; professional competence; clinical competence

It has been over 25 years since the beginning of the active
development of the patient safety movement, during which the
theories and methods of patient safety science have evolved.
We now understand the key drivers and practices for safer care
[1], and while there have been many achievements and successes
in implementation, transfer to different contexts, reliability, and
sustainability remain challenging.

One of the underlying problems is that the health care workforce
has limited training in the theories and methods of patient safety
and insufficient training in improvement or implementation
science. Developing sustainable changes in the way we approach
patient safety requires radically rethinking how we educate the
health care workforce of the future, so that patient safety
becomes integrated into the way they work, that is, part of the
genome of a modern health care worker.

In the past, patient safety was presumed to be synonymous with
being a professional, so it was implicit that on completing
medical or nursing education, one would be safe. This clearly
is not the case. The paper by Carillo et al [2] approaches this
challenge from the perspective of the critical practice of
psychological safety in the workforce as the foundation for safer
care. They first assessed the current status of training programs
for medical students and trainees across Europe, with regard to
the acquisition of knowledge, skills, and attitudes about patient
safety. This was followed by the development of a suggested
set of competencies for psychological safety that should be

acquired during training programs. The curriculum is a valuable
addition to our understanding of foundations for safer care. The
focus on psychological safety as a key competency of patient
safety training, rather than a mere focus on knowledge, is a
novel approach to the curriculum. Additionally, it can form the
basis of a better response to the second victim following an
adverse event. Several themes arose from the paper that should
be considered.

First, the focus on psychological safety changes the focus of
education, shifting away from concentrating only on knowledge
acquisition, as in other curricula such as the World Health
Organization (WHO) [3] patient safety curriculum, which is
under review. A modern patient safety curriculum needs to
specify the learner outcomes of knowing what to do and how
to generate feelings of being psychologically safe when applying
safety science in the workplace to create safer clinical teams.
This will be essential for the delivery of the WHO Patient Safety
Global Action Plan [4].

Second, a patient safety curriculum cannot stand alone outside
the wider concepts of quality in health care. This is an ongoing
debate, but many other domains of quality impact the safe
delivery of care. Therefore, a patient safety curriculum should
be part of a comprehensive set of competencies that facilitate
the implementation of patient safety improvement initiatives.
Knowledge and skills of improvement methodology and
implementation science are essential, and there are examples
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of frameworks that achieve this goal for comprehensive quality
in health care [5]. Equally, psychological safety influences the
success of improvement efforts, implementation efforts, and
innovation, all of which depend on being able to speak openly
and share new ideas without fear.

Third, it should be determined whether one can engender
psychological safety via a training program alone and whether
a program is the sole foundation on which a safe system can be
built. Organizational culture is fundamental for psychological
safety. Psychological safety can only thrive within a team or
organization that has a culture of safety that includes a focus
on communication, feedback, respect, and trust [6]. Although
this is part of the program suggested, there is often a disconnect
between the theoretical classroom and trainees’ lived
experiences. Psychological safety requires positive team and
organizational relationships that facilitate team members being
safe [7]. The proposed framework for psychological safety
includes structural, interpersonal, and individual factors that
extend beyond education and depend heavily on leadership.
Applying this in practice is challenging [8].

Fourth, to create a strategy for safer care delivery, we need to
consider the reasons why medical education has not made patient
safety an integral part of the curriculum, despite growing
evidence of interventions that decrease harm and create a safer
health care environment. Most academic institutions remain
hierarchical and are steeped in the traditional medical model of
teaching. Reasons for the reluctance to incorporate patient safety
include lack of awareness of the emerging science, lack of

leadership prioritization, curriculum overload, and competition
with other emerging sciences [9]. For the proposed curriculum
to succeed, these challenges need to be addressed head-on, and
a radical rethink of medical education is required.

Finally, we need to consider the efficacy of patient safety
training to make a difference. Two systematic reviews indicate
the heterogeneity of papers that assess the effectiveness of
patient safety education programs. The link between education
and improved clinical outcomes is not strong [10]. There appears
to be a disconnect between undergraduate patient safety training
and what happens in the clinical setting [11]. This indicates the
need for training programs to be integrated into postgraduate
and undergraduate programs. It also suggests the need for early
evaluation of any new program to ensure that what is imagined
is being achieved.

In conclusion, Carillo et al [2] have shown a way forward for
patient safety training. The challenge will be implementation
within traditional medical education curricula. Perhaps the
solution to this could be coproduced by educators, trainees, and
patients rather than created by experts and mentors alone. Even
though the goal must be transformation in how patient safety
is considered within medical education, we can start to create
the conditions for these competencies to thrive at our next
classroom meeting, simulation session, team huddle, or
handover. Imagine the power of a senior clinician openly sharing
their vulnerability of not being able to know everything that is
required to be safe, inviting respectful dissent, and graciously
embracing difficult news. That is the improvement way!
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