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Abstract

Background: A virtual patient (VP) can be a useful tool to foster the development of medical history–taking skills without the
inherent constraints of the bedside setting. Although VPs hold the promise of contributing to the development of students’ skills,
documenting and assessing skills acquired through a VP is a challenge.

Objective: We propose a framework for the automated assessment of medical history taking within a VP software and then test
this framework by comparing VP scores with the judgment of 10 clinician-educators (CEs).

Methods: We built upon 4 domains of medical history taking to be assessed (breadth, depth, logical sequence, and interviewing
technique), adapting these to be implemented into a specific VP environment. A total of 10 CEs watched the screen recordings
of 3 students to assess their performance first globally and then for each of the 4 domains.

Results: The scores provided by the VPs were slightly higher but comparable with those given by the CEs for global performance
and for depth, logical sequence, and interviewing technique. For breadth, the VP scores were higher for 2 of the 3 students
compared with the CE scores.

Conclusions: Findings suggest that the VP assessment gives results akin to those that would be generated by CEs. Developing
a model for what constitutes good history-taking performance in specific contexts may provide insights into how CEs generally
think about assessment.

(JMIR Med Educ 2020;6(1):e14428)   doi:10.2196/14428

KEYWORDS

virtual patients; medical history taking; automated scoring; simulation training; medical education; medical students; educational
assessment; computer software; medical history–taking skills; medical history–taking skills assessment

Introduction

Background
Virtual patients (VPs) are increasingly used in health professions
education (HPE) [1,2], including the teaching of diagnostic
reasoning and interviewing [3]. Despite VPs’ positive impact
on learning and skill development [4-7], their usefulness and
effectiveness as learning tools have been challenged [8,9], and
questions have been raised about which competencies students

develop through VPs [10] and how VPs align with, and
complement, learning outcomes in HPE curricula [1,11]. One
main issue is the lack of outcome measures to monitor the
impact of VPs on student learning.

Developing and measuring specific learning outcomes is
challenging for many reasons, including the inherent variability
in the ways to solve complex problems in HPE [12] as well as
the impact of developmental and contextual perspectives on
skills and competencies [13,14]. Consequently, current outcome
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measures for VPs have mostly focused on pre-post satisfaction,
knowledge, or global correlation with other measures or tests
[15], which only provide partial insight into competency
development and mastery. More specific and accurate outcome
measures are required to explore further and document a VP’s
potential positive impact on students’ learning. One such
outcome measure is how well the assessment by a VP can
reproduce teachers’ assessment of students’ performance.

Assessment aligned with teachers’ judgment could become an
integral part of the utilization of VP software (1) by learners
for individual practice with feedback by the VP on performance
and (2) by teachers as a tool for illustration and evaluation. A
VP could be used for assessing reasoning and interviewing skills
[16-19] and would be readily acceptable to students [20].
Creating a realistic, credible, and multidimensional VP is
challenging [21]. The complexity of assessing integration of
reasoning and interviewing skills [22,23] adds further to the
challenge.

Our goal was to develop, and implement in a VP, an automated
assessment of medical students’ history-taking skills and
document how this assessment aligns with the perspectives of
clinician-educators (CEs).

Assessing Medical History–Taking Skills
Medical history is central to making a correct diagnosis, with
real as well as simulated patients [24,25]. Good history-taking
requires both skillful diagnostic reasoning and interviewing
[26]. Observation by CEs of students obtaining a patient’s
history at the bedside provides a valuable (and often the only)
opportunity for teaching and assessing how these twin skills
are integrated [27,28]. Several tools exist and can be used to
document parts of the medical history–taking skills such as the
Cambridge-Calgary model [29], the History-Taking Rating
Scale (HTRS) [30], the Maastricht History-taking and Advice
Checklist (MAAS) [31], and the Brown Interviewing Checklist
(BIC) [32].

The items assessed in these tools are broad and require human
judgment to assess. For example, “picking up clues” is an item
included in the section on “gathering information” of the
Cambridge-Calgary model. Such items as are covered under
“gathering information” may be self-evident for CEs, yet
translating them into an automated assessment is complex. For
instance, VP software can be set up to assess whether a student
picks up verbal clues. To do this, the VP must first be
programmed with specific instances in the simulation during
which the patient gives a verbal clue that must be picked up.
The software can then document the student’s behavior (did he

or she act on the clue?) and use it as evidence that he or she did
indeed pick up the clue. Picking up verbal clues is one of the
many skills that could be programmed in this fashion (ie,
instances and assessment of behavior), with this degree of fine
granularity into a history-taking VP.

A framework is required in the development of automated
assessment by VPs, modeled on how CEs’assess history taking.
Then from this framework, specific implementation rules can
be programmed into a VP to provide feedback on performance
to the learner (formative assessment). Once established, such a
framework could eventually lead to the development of
additional evaluation tools (summative assessment).

We developed a framework to precisely articulate skills assessed
in history taking by breaking down their broad components into
operational objective measures. To explore whether such
measures can be used in the ways outlined earlier, we tested
whether they were comparable with CEs’ assessments.
Articulating how we assess these skills furthers our knowledge
of how we assess history taking at the bedside through tools
such as the Calgary-Cambridge model.

The objectives of our study were as follows: (1) to present a
framework for assessing medical history–taking skills through
VP software and (2) to examine, using this framework, the
alignment of VP assessment with that of CEs.

A Framework for Virtual Patient Assessment of
Medical History–Taking Skills
Our goal was first to clarify expectations and assumptions about
medical history–taking skills, exploring ranges of acceptable
performance in the context of medical history taking [33]. Our
work thus began by operationalizing expected medical
history–taking skills at the clerkship level by identifying the
characteristics of a successful performance.

Building on years of experience assessing the bedside skills of
students such as those described by the HTRS, the MAAS, the
BIC, and the Calgary-Cambridge model and through iterative
consultations with colleagues from a Canadian University, the
principal investigator (JS) set out to break down the skills into
a framework comprising bite-sized specific instances and
behaviors that can be automated and thus programmed into a
VP. These were classified into 4 domains: breadth of data
gathering, depth of data gathering, logical sequence of questions,
and interviewing technique. These domains were then adapted
to be implemented into a specific VP environment. See Table
1 for the framework’s definitions and operationalization for
implementation rules.
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Table 1. Framework for virtual patient assessment of medical history–taking skills.

Implementation rulesDescriptionDomain

Breadth

Symptoms identified: as percentage
out of total number of relevant symp-
toms

Extent of exploration to find all relevant problem
areas in the patient’s situation

Breadth of data gathering

Depth

Details asked about the symptoms:
percentage out of total number of de-

tails programmed in the VPa

Extent of exploration to find all relevant details
about each problem area

Depth of data gathering

Logical sequence

Differential scoring for overall order
of identification of symptoms and for
alternative sequences (see Multimedia
Appendix 1)

Logical sequence that reflects thinking through the
relevant diagnostic possibilities

Sequence of questions

Interviewing technique

Generic questions: percentage out of
total questions–>scoring perfor-
mances using a range established by

the CEb

Asking for generic details that apply to each and
every symptom, such as duration, severity, course,
and precipitating factors

Component (a): appropriate use of generic questions

Opening and follow-up questions, in-
terruptions, yes or no answers, reas-
surance and transition statements;
–>scoring performances using a range
established by the CE

Appropriate use of transitioning statements such as
“yes,” “no,” “let me ask you a few questions,” and
“that’s normal”. The ideal number varies from en-
counter to encounter

Component (b): appropriate use of transitioning
statements

Number of times the student passes
from 1 category of questions (eg, GI)
to another (eg cardiac)–>scoring ac-
cording to acceptable numbers estab-
lished by the CE

Avoidance of jumping from 1 topic to the next
without apparent reason, or of leaving some areas
not fully explored before moving on to others

Component (c): appropriate flow

Binary scoring of success or failure
of events if encountered in any given
KIE

Combination of a number of events or instances
that require an understanding of implicit communi-
cation rules (clues, misunderstandings, tangential
answers, incomplete answer, vague answer, impre-
cise answer)

Component (d): successful handling of KIEc

aVP: virtual patient.
bCE: clinician-educator.
cKIE: key interview element.

The first 2 domains (ie, breadth and depth) concerned
completeness of data gathering. Are all the patient’s symptoms
obtained, and are they obtained in sufficient detail? During
bedside teaching, although CEs are unaware of all the patient’s
symptoms and the details thereof, they routinely make a
judgment of a student’s thoroughness. For the VP, we defined
breadth as the percentage of the VP’s symptoms (eg, dizziness,
pallor, fatigue, hematochezia) identified by the students and
depth as the percentage of programmed symptom details
identified (eg, dizziness for 3 weeks, worse upon standing, first
instance, without loss of consciousness).

The third domain, logical sequence of questions, reflected CEs’
judgment of students navigating through a differential diagnosis.
Although diagnostic reasoning cannot be assessed directly,
inferences are made about students’ reasoning through the
sequence of questioning about symptoms. For example, asking
about fever right after finding out about a cough is taken as
indirect evidence that the student entertained the possibility of

an infectious cause for cough. Without limiting the “right”
sequence exclusively to an expert path, the VP assessment was
made to attach different scores to various optional sequences
of exploring 2, 3, 4, or 5 symptoms to reflect this type of
assessment of diagnostic reasoning.

The fourth domain, interviewing technique, comprises 4
components. The first 3 components, use of a combination of
generic vs system-specific questions, transition statements, and
number of jumps between topics, are described in Table 1. These
3 components could be easily monitored by the VP. As to the
fourth component, colleagues who were consulted for the design
of the VP pointed out that specific interviewing pitfalls occurring
during medical history taking constituted a key component of
their assessment of the performance of students: Did they miss
a clue, were they thrown off by a tangential answer, or were
they able to stay on course and come back to explore the tangent
later? We operationalized these elements through key interview
elements (KIEs; see Table 1). These elements, based on the
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common challenges encountered in interviews, were
programmed in a sufficiently large number to ensure that each
student would encounter on average 3 or 4 instances.

Each of the 4 domains described earlier were implemented into
the VP to provide 4 different scores and a global score: virtual
patient–breadth score (VP–BS), virtual patient–depth score
(VP–DS), virtual patient–logical sequence score (VP–LSS),
and virtual patient–interviewing technique score (VP–ITS), as
well as a virtual patient–global score (VP–GS). Although the
VP was programmed to provide domain scores from its data,
the relative importance of score components and thresholds for
specific errors were left to be adapted to the educational context
of use.

Methods

Design of Study
In this exploratory descriptive study, we articulated and tested
a framework for assessing medical history–taking skills with a
VP. First, we implemented this framework into a specific VP
and then compared global and domain scores assigned by the
VP to those assigned by 10 experienced CE participants. The
study was approved by our institution’s ethics committee.

Participants
A total of 10 CEs, all general internists from a Canadian
Department of Medicine, were recruited by convenience
sampling. The sample consisted of 6 men and 4 women, with
a mean (SD) of 16.5 years (9.2) of medical specialty practice
and a mean (SD) of 14.3 years (8.3) of evaluating medical
students’ history taking. None of the participants had been
involved in the elaboration or consultation that had led to the
programming of the VP. All participants gave consent to
participate in the study.

Materials

Screen Recordings of Student Interviews or Stimuli
Screenshot videos of 3 third-year medical students’ interview
with the VP in a clinical case of colon cancer were used as
stimuli. Students were recruited through convenience sampling.
The screenshot videos were created using Camtasia Studio 7,
conserving the students’ anonymity. A total of 2 students were
in the first trimester and 1 in the last trimester of the clerkship
of a 4-year medical curriculum. Each student was met with
individually, and a consent form was signed that authorized the
use of recorded data in the research project.

Each student was first introduced to the software. Each part of
the screen interface, as well as the navigation boxes, was
explained. The student had 10 min to navigate freely and get
familiarized with the software. The student was then invited to
take a medical history from the VP just as he or she would do
with a real patient at the start of a hospital admission. Within a
time limit of 30 min, the student was asked to go at his or her
own rhythm, without “racing with the clock.” The students
readily used the software in all its components, without asking
for further explanations. Although the software allowed the
students to enter their most likely diagnosis at the end, the

screenshot recording was interrupted before they entered their
diagnosis, as this was not the focus of the CE’s assessment.

Rating Tool
A rating tool was developed for CE by 2 team members (JS and
CS). The rating scale mirrored the assessment scheme
implemented in the VP with a global performance score and
scores for each domain (breadth, depth, logical sequence, and
interviewing techniques). Each score was described by 1
question. The CE participants had to provide ratings on
descriptive 10-cm visual analog scales with 3 descriptors: 1 at
each end labeled “below average” and “above average” and 1
in the middle of the line labeled “average” (see Multimedia
Appendix 2), referring in this case to a third-year student’s
performance. A visual analog scale was decided upon over a
percent score to avoid assessors assigning a typical range of
marks between 60% and 100%.

Survey on Assessment Practice
A survey was developed by the authors to collect the CE
participants’ collective assessment practice. More specifically,
the survey documented (a) their relative domain weighting
(breadth, depth, logical sequence, interviewing technique) for
a global score, (b) their weighting of interviewing technique
elements (specific instances, use of statements, use of generic
questions, number of jumps between topics), and (c) their
acceptable and desirable ranges for the (1) use of statements,
(2) use of generic questions, and (3) number of jumps between
topics.

To help CE participants better understand some of the terms
used (eg, “specific instances”) and how to express the upper
and lower limits, the survey included definitions, examples, and
visual aids (see Multimedia Appendix 3).

The Virtual Patient Software
The VP has been developed to provide students with feedback
on diagnostic reasoning and interviewing skills during medical
history taking.

The software entailing three clinical cases including one of
colon cancer was developed by the author (JS), a CE who
provided the instructional design and content (eg,
questions/responses, components of the panels). Instructional
design and graphic design support as well as programming in
Java were provided by the Instructional Communications Centre,
McGill University, Montreal, between 2002 and 2006. The
software uses a set of predetermined questions to be used for
the interview. Video answers were created to have a set of
default responses, provided by an actress, for all the questions
available to the medical interviewer. Some reactions of
annoyance, irritation, or anxiety were also recorded to keep the
interview more realistic. Responses specific to each of the 3
clinical cases were recorded to be substituted to the default
questions depending on each clinical situation.

The screen interface consists of various panels (see Figure 1)
including the following: (1) a video of the patient, (2) a note
pad where the symptoms appear as they are revealed by the
patient’s answers that the student can then drag and drop
between an active and an inactive problem list, (3) three panels
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of questions (background questions, generic questions, and a
review of systems), (4) a responses-and-comments panel, (5) a
clock, (6) a box allowing the student to make the diagnosis at
the end, and (7) two buttons (“main menu” and “back”),
allowing the student to browse.

The questions available in the software (around 500) are divided
into the 3 main categories (illustrated by the different panels
shown earlier) and the responses-and-comments panel. The first
category (background) includes questions on medical history,
medications, allergies, immunizations, family history, habits,
recent travel, and social history. The second category lists
generic questions that can be applied to each symptom, ranging
from “What happened just before the symptom started?” to
“Have you seen a physician for that symptom?”. Each question
can be applied to each of the patient’s symptoms, and the
wording of the question changes as the student clicks on a

different item on the problem list (on the note pad). The third
category consists of a review of systems containing 350
questions. As the student clicks on a system, a list of questions
about the chosen system appears. In addition, the student may
click on responses or comments that include transition
statements, interruption statements, and reassurance statements.
A follow-up button is available once an answer has been
provided by the patient, and allows a choice of 4 follow-up
questions: “You need to tell me more about that,” “Let me ask
you once more,” “Pardon?,” and “Are you sure?”.

As the patient reveals her symptoms or items of her medical
history, they appear in the list of “active problems.” Items can
be moved (drag and drop) between the lists of “active problems”
and “inactive problems” at any time. When the student is ready,
he or she may click on “make a diagnosis” and choose one or
more items among a list of diagnoses.

Figure 1. Virtual patient screen interface.

Procedure
A research assistant met the CE participants for 2 hours. After
a brief introduction to the simulation and the project, CE
participants had 5 min to navigate for themselves the simulation
software, on a different case from the stimulus, to become
familiar with the interface and the choice of questions.

The CE participants were then given succinct and
nonquantitative definitions of breadth, depth, logical sequence,
and interviewing technique, without revealing the corresponding
VP operational definitions. After watching each student’s screen
recording, they were asked to score the student’s performance

using the rating tool. They did not see the student’s choice of
diagnosis, as the screenshot video was interrupted before, and
they were not familiar with the diagnosis of the VP. Afterward,
they had to complete the survey on assessment.

Analyses

Virtual Patient Scores
The data of the survey on assessment were subsequently used
to compute the VP-derived scores for these components. For
example, to compute the VP–GS, each VP domain score
(breadth, depth, logical sequence, and interviewing technique)
was multiplied by the mean weight that the CE participants
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attached to each domain. Furthermore, to compute the VP–ITS,
the CE participants’ mean suggested cutoffs were used for
acceptable and optimal ranges of generic vs specific questions,
transitioning statements, and number of jumps between topics.

Clinician-Educator Scores
The response on each participant’s visual analog scale was
converted to a score out of 100 by measuring with a ruler the
position of the respondent’s pen mark, with 10 cm representing
100%. For each student, the mean values for global performance,
breadth, depth, logical sequence, and interviewing technique
scores provided by the 10 CE participants on the assessment
grids constituted the CE scores (clinician-educator–global score
[CE–GS], clinician-educator–breadth score [CE–BS],
clinician-educator–depth score [CE–DS],
clinician-educator–logical sequence score [CE–LSS],
clinician-educator–interviewing technique score [CE–ITS],
respectively).

Results

Students’ scores, from VP and CE, are presented in Figure 2.
The single line represents the VP software assessment, and the
boxplot represents the range of assessment made by the CE
participants. There is a boxplot for each of the 3 students’
performance for each of the 5 scores. The goal of these
descriptive analyses is to explore how the assessment provided
by the VP using our framework compares with the gold standard,
that is, the assessment provided by the CE. The aim is having
a VP score that is within the range of scores that CE have
assigned to each student (see Multimedia Appendix 4).

Overall, the scores provided by the VP were slightly higher but
comparable with the ones assigned by the CE for the global
performance and for the domains of depth, logical sequence,
and interviewing technique. For breadth, the VP scores were
higher, and they did not fall within the range of the CE scores
for student A and C. On interviewing technique, which includes
4 components, only the score for student C from the VP was
not within the range of CE scores.

Figure 2. Boxplots displaying the virtual patient and clinician-educator scores for each student and for each score.

Discussion

Comparing Virtual Patient and Clinician-Educators’
Scores
We implemented within a specific VP a framework for assessing
medical history taking by breaking down broad skills into
bite-sized assessment points and then tested the framework

against the judgment of 10 CEs. Our findings suggest that
through such a framework, assessment by VP can produce scores
akin to those generated by a CE. We discuss our results and
reflect on the relevance of each domain in terms of the proposed
assessment scheme and on its implementation.

An advantage of using an assessment framework embedded in
a VP to assess medical history–taking skills is the reliability of
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the assessment [34]. When referring to reliability as “the
consistency of scores across replications of a testing procedure”
[34], it is clear that automated assessment can contribute to the
reliability of the assessment. Given that reliability is often
considered necessary to the validity of the assessment scores,
it stands to reason that we wanted to document if our framework
embedded in a VP yielded valid assessments. Thus, we
compared VP scores with “gold standards,” that is, CEs’
assessment of the history-taking skills of medical students.

The VP–GS was computed from the 4 domain scores, albeit
with relative weighting calibrated according to the survey of
CE participants (see Multimedia Appendix 4 for details).The
CE–GSs were an appraisal by CE of the students’ overall
performance and were not derived from the CE’s domain scores.
CE’s global appraisals typically have the gestalt quality of a
true expert assessment [35] and represent the gold standard for
the VP–GS. Overall, the global scores from the VP fell within
the range of the CE–GSs, suggesting that depth, breadth, logical
sequence, and interviewing technique are appropriate and
sufficient domains to approximate an expert’s gestalt
assessment, as otherwise VP– and CE–GSs might have differed.
Furthermore, when CEs were asked for additional domains that
they considered important, they named aspects of the medical
interview that could not be seen on a screen recording, such as
students’ empathy, body language, and tone; skills such as
picking up nonverbal clues; and the ability to organize the
interview between introduction and conclusion, which they felt,
rightly, that the VP did not allow. It bears to be pointed out that
some of these aspects of assessing medical history taking fall
outside the “gathering information” section of the
Calgary-Cambridge model, whereas others such as picking up
nonverbal clues are within that section and could have been
programmed into a VP (eg, video of the VP fidgeting) but were
not addressed by our framework.

The VP scores for breadth, that is, the identification of the full
range of the VP’s various symptoms, are higher than the breadth
scores given by CE for 2 of the 3 students. VP scores were
simply the percentage of symptoms identified by the student
out of the total number of symptoms programmed. Unlike the
VP, CE had no knowledge of the total number of symptoms
programmed and made a judgment as to what other symptoms
this type of patient might have. There could be two main reasons
for this difference between VP– and CE–BSs: (1) the VP may
not have been programmed with a sufficiently large number of
symptoms to be a realistic representation of this type of patient
or (2) CE may have expected a broader range of questions about
general symptoms, the so-called “review of systems.” We did
not identify missing details that should have been programmed
into the VP after repeated use of the case with students and
consultation with CE, suggesting that rather than the VP having
too few symptoms, CEs expect a review of systems as part of
any medical history taking. Of note, all 10 CE participants were
general internists, who likely incorporate such a generalist
approach in their own practice. The review of systems was not
taken into account in the VP–BS.

The VP scores for depth, that is, the level of detail about each
of the VP’s symptoms, are within the range of scores given by
CEs. Again, VP scores were simply the percentage of symptom

details identified by the student out of the total number of
symptom details programmed. The fact that the CE’s judgment
is aligned with this simple ratio suggests that CEs were able to
estimate the details about symptoms that were missed or not
missed by the students.

The VP scores for logical sequence, which reflects systematic
thinking through the relevant diagnostic possibilities, are well
aligned with the range of scores given by the CE.
Implementation in a VP was much more complex than that for
breadth or depth as it involved assigning different scores to a
number of potential sequences of questions relevant to the VP’s
symptoms. Indeed, this domain required a set of rules that
reflected the existence, as for all complex problem solving, of
not just one so-called expert path, but of several acceptable
paths to reaching the diagnosis. In addition, this domain score,
unlike the first 2, could not be improved by the students simply
clicking on as many questions as they could, as the scoring
depended on sequence of questioning rather than the sheer
number of questions asked.

The VP scores for interviewing technique, which is a
combination of 4 components (appropriate use of generic
questions, transition, flow, and handling of KIEs), are within
the ranges of scores by CE for students A and B and slightly
less for student C. This other complex measure, which has been
calibrated using the ranges suggested by CEs as to the ideal and
acceptable limits for the number of jumps between topics, the
use of transitioning statements, and the use of generic questions
and specific KIEs, seems to provide VP scores that are in the
lower range than the corresponding CE scores. The VP scores
were binary and may have been too restrictive in their
application of CE’s suggested ideal and acceptable ranges.

Survey on Assessment Practice
The responses of the 10 CEs to the study survey documented
their relative domain weighting (breadth, depth, logical
sequence, and interviewing technique) for a global score, their
weighting of interviewing technique elements (specific
instances, use of statements, use of generic questions, and the
number of jumps between topics), and their acceptable and
desirable ranges for the use of statements, the use of generic
questions, and the number of jumps between topics (see
Multimedia Appendix 4). These surveys allowed us to refine
the framework at the final step of computing scores from the
raw data of the VP. Such an iterative process ensured that an
automated assessment reflected the CE’s priorities and values
in judging student performance.

Reflection on Proposed Outcome Measures
Developing a framework for assessment of history-taking skills
to program into a VP and comparing VP scores with CEs’
judgment enables us to reflect both on the proposed framework
and on its implementation into a specific VP. For example, as
we reflect on how the breadth score is underestimated by the
VP, we know we are probably missing an element of breadth
as defined by CEs, likely a wider-ranging review of systems,
as described earlier. We are therefore considering the integration
of an additional component of the number of systems (eg,
cardiovascular, renal) the student explores through specific
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questions into the VP’s domain score. Similarly, when we are
reflecting on the implementation of our framework, we want to
review how the ranges of acceptable numbers of generic
questions or transition statements are calculated. Instead of
applying discrete cutoffs (eg, less than 26.4% is given zero,
based on the mean from the CE survey), we would possibly
need to try using an incremental cutoff to better reflect CEs’
judgment and resulting scores.

Numerous studies related to VPs have centered on their impact
on knowledge acquisition and skills [36]. This study focuses
on developing an assessment framework aligned with educators’
assessment practices. Inviting CEs’ perspective [1,37] allows
for the creation of VP aligned with CEs’educational objectives,
while in turn providing CE with an opportunity to understand
better their students’ skill development. After implementation,
using CEs’ judgment to validate and test the assessment
framework, as we have done here, further helps improve
implementation and alignment with objectives. The ultimate
goal is better VP integration into the formal curriculum, and a
smooth transition from VP to bedside teaching, as it is clear
that no VP could ever replace real interaction with patients.
Assessment provided by VP must make sense to all actors in
the learning environment, and reflect as faithfully as possible
current assessment practices, ultimately to promote genuine
improvement in performance.

Limitations
The study’s CE vs VP comparison results are preliminary, as
they include the use of a single case and limited number of
students’performances. Our results need to be tested with other
cases and a larger audience in a variety of settings. Medical
students at the clerkship level are the intended audience for this
specific VP software dealing with diagnostic reasoning and
interviewing skills, and the results may not hold true for different

levels of students and additional assessments such as
communication skills and body language. In addition to the
small number of students’ performances, their narrow spread
represents another limitation. The 3 students did not have
extremes of high- and low-quality performance. Using a larger
pool of students and selecting specific performances
purposefully for validating a broad range of performance would
enable us to test better for VP scores’ discriminative ability.
Also, this VP software is not intended to assess the nonverbal
communication skills inherent to the history-taking skills, the
focus being more on most of the other aspects of gathering
information as part of the medical interview.

Conclusions
We developed a framework for assessment of medical
history–taking skills and programmed it into a VP software that
aligned with assessment by CEs in our small observational
study. Through an iterative process, our study also provided
insight into how CEs assess specific domains of medical history
taking, allowing us to refine further the scheme programmed
into the VP. Our results suggest that some skills that are usually
assessed at the bedside can be assessed by software, provided
reasoning is judged with flexibility through a range of logical
sequences rather than an “expert path” and that broad descriptive
terms such as “picks up clues” can be translated into operational,
observable behaviors by the student and the VP is then
specifically programmed to include situations that call upon the
student to demonstrate these skills by engaging in specific
behaviors (such as clarification, following up on clues, asking
a logical sequence of questions, using open-ended questions)
Further steps in this direction, with more diverse VPs and
ongoing consultation and exchange with CEs can be expected
to result in producing a generation of VPs that are programmed
to provide feedback to learners and to assist teachers in their
assessment of performance.
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Abstract

Email has become a popular means of communication in the past 40 years, with more than 200 billion emails sent each day
worldwide. When used appropriately, email can be an effective and useful form of correspondence, although improper practices,
such as email incivility, can present challenges. Email is ubiquitous in education and health care, where it is used for
student-to-teacher, provider-to-provider, and patient-to-provider communications, but not all students, faculty members, and
health professionals are skilled in its use. This paper examines the challenges and opportunities posed by email communication
in health professions education and reveals important deficiencies in training, as well as steps that can be taken by health professions
educators to address them. Recommendations are offered to help health professions educators develop approaches for teaching
email professionalism.

(JMIR Med Educ 2020;6(1):e19300)   doi:10.2196/19300
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Introduction

Given the increasing complexity of the health care system,
health professions educators must ensure that future clinicians
are prepared to use effective communication intraprofessionally,
interprofessionally, and with patients and their caregivers within
and across health care settings. Communication skills are
foundational competencies in education and patient care [1,2],
and health care communication is occurring more frequently in
an electronic manner [3]. Although email is ubiquitous in
education and health care, its pervasiveness does not ensure that
students, faculty members, or health professionals are skillful
in its use. In fact, this review of email use within health care
and educational settings reveals important training deficiencies
and the need for specific steps to be taken by health professions
educators. It is imperative that health professionals have the
ability to use and select electronic technologies appropriately

[1] in order to foster communication and civility among teams
in the health care sector.

The birth of email can be traced back to the staff of the
Massachusetts Institute of Technology who used electronic
notes to communicate on multiuser computers in the 1960s [4].
In 1972, Ray Tomlinson, a computer engineer contracted by
the US Defense Department, sent the first electronic message
over the earliest form of the internet, the ARPAnet [4]. Ever
since email transitioned from technical exchanges among elite
programmers to mass communication, researchers have been
studying the use of email in higher education institutions [5].
Early studies from the late 1980s focused on the utilization of
email as a research tool, user perception and adoption of email
in instructional settings, and the effects of email communication
on users [5]. In 1997, it was estimated that 17.5 million adults
in the United States used the internet for medical information,
and by the late 1990s, physicians were beginning to use email
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for consulting, obtaining laboratory information, following up
on patient outcomes, reviewing and disseminating research, and
communicating with patients [6]. Today, there are an estimated
5.2 billion registered email accounts globally [7], and they send
an estimated 220 billion emails per day [8]. Additionally, 72%
of internet users now state that they search the internet for health
information [9], and 1%-10% of patients utilize email to
communicate with their physicians between appointments [10].

The private, corporate, health care, and higher education sectors
incorporate email as a foundational mode of modern
communication [11,12]. As such, email has become ubiquitous
in higher education and has greatly improved the networking
and collaborating capabilities of faculty, staff, and students
[13,14]. Email is the means of communication preferred by
students and faculty owing to its affordability, accessibility, and
ability to send accompanying files [15]. Although the benefits
of email include simplicity and speediness of communication,
its use can involve unwanted outcomes such as uncivil or
inconsiderate behavior. For example, hostile and antagonistic
email messages containing aggressive comments, insults, and
personal attacks have been frequently reported [16]. Students
often take for granted the instant access they have to faculty
and take up a considerable amount of faculty members’ work
time by asking for information that has been posted [14].

Cyberincivility is defined as communicative behavior against
social norms that is exhibited in computer-mediated interactions,
such as those involving email and text messages, or on online
social networking sites [17]. Because health professional
students who demonstrate cyberincivility in school appear to
continue the same behavior after they complete their education
[18-20], prelicensure education on email netiquette is especially
important. In spite of the need, training in email netiquette is
not occurring consistently and is not having consistent results
in interprofessional discipline training programs. De Gagne et
al [16] noted that only half of nursing students reported receiving
information on netiquette, with only 6% being aware of the
Nursing Council of State Boards of Nursing guidelines on social
media. In addition, Oakley et al [20] found that
computer-mediated communication guidelines and some training
for dental students did not result in adequate outcomes. A study
by Barnhart et al [21] reported that the inclusion of training
involving the professional use of email in the curriculum for
family medicine residents led to some improvements in
communication practices, but unwanted behaviors continued.

Given the increased dependence on email in health care and
health professions education, and the risk of undesirable
outcomes associated with ineffective email communication, it
is imperative that health professions educators prepare their
students to engage in appropriate and efficient email netiquette.
Our viewpoint paper considers the theoretical foundations of
netiquette and cybercivility, as well as relevant literature
reviews; its purpose is to promote a culture of cybercivility in
health professions education in order to foster responsible and
effective use of email in the academic and clinical settings.

Theoretical Foundations of Netiquette and
Cybercivility

Netiquette
Netiquette, or internet etiquette, encourages the use of good
manners when communicating in cyberspace [22], thereby
promoting users to become better cyber citizens. The core roles
of netiquette are to provide ethical and moral concepts of right
or wrong, as well as operational guidelines [22] for civil
behaviors in the online community. Several theoretical or
conceptual frameworks have been posited as the underpinning
mechanisms and dynamics behind these social phenomena.

Politeness Theory
The politeness theory attempts to explain why people do not
always express themselves clearly, directly, or efficiently [23].
According to this theory, people are motivated either by positive
faces (ie, a desire to be approved by or connected to others) or
negative faces (ie, a desire for disconnection with others or to
remain independent) [23]. In order to maintain one’s own
positive or negative face, an individual must be socially
supportive of others’ needs or faces. When a person feels
intimidated by factors, such as disagreement, criticism,
disapproval, and skepticism during social interactions, they can
respond with a face-threatening act; variations of this protective
mechanism include responding (1) without politeness, (2) with
positive politeness, (3) with negative politeness, or (4) indirectly
or off-record [23]. Although concern has been expressed that
the politeness theory may not account for cultural differences
in perception or expectations of politeness, it provides an overall
foundation for understanding acts of good manners and civility
in linguistic and social structures [23,24].

Social Information Processing Theory 
The social information processing (SIP) theory, which was
coined by Joseph Walther in 1992 [25], explains how people
connect and develop relationships in computer-mediated
environments without nonverbal signals [26]. Although it is
often believed that insufficient verbal cues make it difficult for
people to form inferences about others, SIP theorists posit that
people can effectively and intimately build a relationship in
cyberspace in the absence of face-to-face interactions [26]. In
computer-mediated environments where communication is
mainly text based (eg, emails, chat rooms, and instant
messaging), people can develop favorable impressions of others
by seeking out cues in the messages and by choosing words to
counteract the lack of nonverbal cues [26]. From SIP
perspectives, the characteristics and rate of information
exchanged in cyberspace differ from those in face-to-face
environments, which may explain why and how uncivil email
communications occur and are perceived. The main challenge
to the SIP theory is that people often engage in “hybrid”
relationships (neither strictly online or offline) [26]. An
understanding of how the dynamics of online and offline
communication complement each other could advance the
development of email civility strategies and other
communication techniques to address challenges in cyberspace.
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Awareness to Action Educational Framework 
In the current digital age, where there is no defining line between
public and private space, the private life of a professional can
impact their professional image [27]; similarly, an individual
cannot separate how they portray themselves in cyberspace from
how their character is perceived [27]. The Awareness to Action
(A2A) framework encompasses an assessment (proactive) and
a decision-making (reactive) tool to facilitate awareness of what
is acceptable or unacceptable and appropriate or inappropriate
in online communication, and to help individuals make informed
decisions regarding online behavior [28]. The three components
of the A2A framework (clarity, context, and confirmability, or
the three Cs) require an explicit guideline or policy for
application to incidents or events [28]. The three Cs should be
considered in sequence, and if clarity is not breached, context
and confirmability do not need to be assessed [28]. The main
question for clarity is as follows: “Does the behavior explicitly
breach policy or guidelines?” The question for context is as
follows: “Can you explain or describe the context of the situation
or when and where it occurred?” and the question for
confirmability is as follows: “Can you confirm the consequences
and the outcome?” [28]. The A2A framework can be useful for
self-efficacy in promoting email civility as it (1) facilitates the
reflection of online behaviors and (2) helps to set norms,
consensus, consistency, and evidence for decisions in regard to
cybercivility.

Email Use in an Academic Setting

Academic Cyberincivility
Email provides a number of benefits to faculty and students in
the academic setting. Although academics in the late 1980s
were reluctant to adopt this new method of communication [29],
email has now replaced other modes of communication in higher
education [14]. Email is used in traditional and web-based
learning environments to facilitate class activities, enable
mentoring and collaboration, and disseminate course information
and assignments [30-32]. Email is also incorporated into
educational environments to facilitate learning and engagement
[33]. When used as a pedagogical tool, it allows the instructor
to facilitate the dissemination of information and to support
conversations that would not normally take place during a class
session [13]. Moreover, emails sent by course instructors help
to motivate students toward successful learning outcomes [34].
The instantaneous and continuous nature of email permits
increased interaction between faculty and students, which is
crucial for increasing the quality of education and facilitating
an effective learning environment [30]. The asynchronous
feature of email supports the careful construction of questions
and responses by allowing each party to consider their message
before sending [34]. Such a delay can benefit shy or reluctant
students by (1) removing the competitive nature of classroom
discussions, (2) providing time to reflect on the topic, and (3)
allowing students to develop a response that demonstrates a
higher level of critical and reflective thinking [34], as well as
their communication skills and professionalism [13].

Although there are many positive benefits to email in an
academic setting, this form of communication can present

challenges related to workload and compromised relationships.
Both professionals and academics in higher education are
overwhelmed by the number of emails they receive and the
pressure to respond to the emails immediately [11]. One study
found that associate professors and full professors received an
average of 84 emails per working day [14]. When faculty receive
overly casual messages from students, they may view the
senders as less credible and their messages as poor in quality
[13]. Instructors may be less likely to comply with a student’s
request after receiving a causal message [13]. Additionally, the
relationships between faculty and students and the resulting
learning outcomes are at risk of degradation when inappropriate
and misinterpreted messages are exchanged [13]. Uncivil emails
from students can lead faculty members to have unpleasant
feelings toward them and a decreased willingness to collaborate
with them [13]; thus, the impact of incivility on relationships
is an important rationale for teaching civil behavior in an online
environment.

Email Use Policies in an Academic Setting
Cybercivility is an important component in our increasingly
prevalent online interactions and impacts learning in online
educational platforms; however, the scope and availability of
cybercivility guidelines in US schools of health professions are
limited. Email guidelines have been identified for selected
schools of health professionals, including a dental school [35]
and medical school [36]. A study by De Gagne et al [16]
explored the prevalence and composition of cybercivility
policies or guidelines regarding email correspondence in US
graduate nursing schools (n=230). Only 8% (n=19) of these
nursing schools had guidelines for email use. Additionally, best
practices for netiquette were found in 84% (n=16) of email
guidelines, and 63% (n=12) outlined behaviors to be avoided
or reduced. Protocols encouraged a “cooling off” period for
emotional and disruptive emails (n=4, 21%) and recommended
caution relative to privacy concerns and the potential for
miscommunication due to the nonverbal email format (n=9,
47%). Out of 19 guidelines, 9 (47%) specified the consequences
for violations. The most common themes found in the guidelines
were professionalism, confidentiality/privacy, and forbidden
behaviors [16]. These components were also endorsed in
previous studies [22,37]. The presence of guidelines for email
use can have an impact on the professional and ethical behaviors
that are essential for student-faculty relationships [16]; however,
guidelines must be accessible and embedded into the curriculum
to ensure both awareness and understanding by faculty and
students of the professional and ethical behaviors necessary
when using email communication [16].

Email Use in a Clinical Setting

Intra- and Interprofessional Collaboration
Since the 1990s, health professionals have used email to
communicate among colleagues and to schedule meetings [12].
Today, health professionals use email when collaborating and
obtaining consults from other professionals because it
conveniently enables the dissemination of information, enhances
effective communication, and may facilitate patient care [38].
A survey of oncology physicians found that all respondents had
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used email to communicate with colleagues, including 78%
(n=650) who had received results via email [39]. Furthermore,
email was found to facilitate communication between inpatient
and outpatient settings and was identified as the preferred
method of communication among primary care providers [40].
In 2012, a Cochrane systematic review was conducted to
determine the effect of email on clinical care. The systematic
review identified a single randomized controlled study showing
that emails to physicians positively impacted their osteoporosis
guideline adherence [41]. In 2015, the authors conducted another
systematic review on the same topic but did not identify any
new studies [12].

Email communication among providers has been shown to
increase the speed and reliability of communication within an
interdisciplinary intensive care team, resulting in improved
patient outcomes [42]. One study, which looked at the content
of emails exchanged between physicians and nurses, found that
the majority of emails were of a nonurgent information-sharing
nature and that more than 40% did not require any response
[43]. In a study of patients with advanced heart failure and
ventricular-assist devices, physicians and pharmacists with
established connections used email as an adjunct to face-to-face
communication for medication management, enabling the
initiation and titration of medication therapy [44]. Similarly, a
study of smartphone and email use in the clinical setting
revealed that the majority of participants felt that email improved
their ability to receive a direct and immediate response from
other health care providers [45]; however, the study also
reported a potential decrease in interprofessional relationships
and an increase in uncivil behaviors by trainees who frequently
attended to the device [45]. The use of email among professions
can entail similar risks. Information inappropriately or
incorrectly shared among health care professionals can result
in privacy and confidentiality breaches, as well as medical errors
[38]. Email incivility in the intraprofessional setting has not
been studied extensively, but Resendes et al [37] noted that
unprofessional email communication among health providers
can induce negative perceptions of the sender and a delay in
response time.

Patient Email Use
Email communication provides a valuable tool for
provider-patient interactions when used appropriately and in a
secure manner. In fact, many patients prefer communicating
with their health care provider via email [20] because it expands
opportunities for consultation, treatment, and patient care [38].
Email has been described as environmentally and economically
friendly, as well as efficient because it quickly connects the
individuals providing and receiving care [46]. In a previous
report, 80% of oncology physicians surveyed had communicated
with a patient via email [39]. The two most common topics of
emails identified by primary care physicians were answering
patient questions (82% of respondents; n=219) and changing
appointments (72% of respondents; n=192) [47]. Additionally,
the use of email can improve the management of chronic
diseases and continuity of care because it enables patients to
disclose sensitive or embarrassing issues that they might have
difficulty discussing face-to-face [48]. Research on the impact
of physician email communication has generally been positive

with both patients and providers noting convenience and
improved quality of care [49-51], although at least one study
[52] found that patients preferred telephone or direct
communication over email on their military health secure
messaging system. In 2018, Wagg et al [53] reviewed 31 studies
involving computer-mediated communication (eight of these
studies focused on email) and found that 81% (n=26)
demonstrated a positive impact on patients. The outcomes noted
in this review were increases in access to health care providers,
enhancements in communication between patients and providers,
improvements in meeting the informational needs of patients,
increases in patient empowerment, and improvements in blood
sugar control among diabetic patients who received supportive
emails. Although the benefits have been noted, physician use
of email communication with patients is low compared to both
patient and provider willingness (6%-19% vs 70%) [54].

The impact of email on patient-provider communication has
been generally positive, but there are concerns about its use.
Patients have expressed concerns about whether physicians
actually receive their emails, and if so, how quickly [49].
Additionally, socioeconomic indicators of patients have been
identified as barriers to email use [49,51]. Makarem and Antoun
[55] described much lower use of email communication between
patients and physicians in developing countries, as well as
differences in how patients and physicians view the use of email
and its importance. Physicians using email identified workload,
lack of reimbursement for time responding to emails, and
inappropriate use of email by some patients as barriers to its
effective role [49-51].

The ease and speed of email communication can result in
unprofessional and miscommunicated messages [46]. The
negligent construction of email messages (eg, no subject lines,
no proper salutations, excessive lingo usage, and slang) can
negatively impact the professional rapport physicians must
maintain with their patients [38]. Missing or inappropriate
information provided by patients may cause confusion or a delay
in treatment [48]. Furthermore, research demonstrates that the
content and tone of emails between patients and providers is
generally task-oriented and focuses on nonurgent health-related
issues, although some content relates to emotional needs and
relationship building [49,56]. While Hogan et al [56] found tone
and content to be generally positive, the need for
patient-centered improvements and proactive communication
by providers was noted. Patients and physicians have shared
concerns about confidentiality and security [49-51]; however,
Mold et al [51] found no harm or privacy violations in a
systematic review of 17 studies.

Organizational Use of Email
Email has the potential to impact several aspects of
organizations. First, health care organizations use email to
conduct routine business tasks and value it for its ability to
easily share documents, facilitate collaboration and workflow,
and hold workers accountable [57]. Second, email facilitates
organization information sharing both intraorganizationally and
extraorganizationally. Within the organization, email has been
used to disseminate evidence-based practice information [58].
A case study by Medland [59] demonstrated that email can be
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used as a leadership tool to promote connection, build
competency, and increase coworkers’ sense of being valued.
Outside the organization, the Veteran Administration conducted
a survey to better understand how veterans would like to receive
information in the event of a natural disaster, and veterans
ranked email messages as one of the top three helpful
communication modes for those less than 64 years old [60].
Third, email has been utilized by organizations as part of quality
improvement efforts. An organization embedded email
reminders in electronic health records to improve admission
medication reconciliation by resident physicians [61]. Email
consults based on a template have also been implemented for
professionals ranging from primary care providers to specialists
within a national health system, showing a decrease in wait
times and reduced cost [62]. Fourth, the use of email has been
studied as a means of improving processes from a research
perspective. Another hospital developed an automated system
to send emails to physicians for tests pending at patient
discharge to improve follow-up care [63].

Email Policies in Health Care
While professional standards have been established for
professional communication in the health care sector [46], as
well as behavioral health provider standards or guidelines [64],
lack of training or guidelines on electronic or email
communication for health care professionals has been clearly
documented [16,20,46]. It has been suggested that an
understanding of how to use email does not necessarily ensure
appropriate professional communication [20,65,66].
Accordingly, studies on email communication across health
care disciplines, including nursing [16,17], medicine
[27,37,38,46,67,68], and mental health [69], have called for the
development of policies and guidelines to enhance this form of
communication. Malka et al [38] and Railey et al [46] found a
lack of formal guidelines for email use by physicians. Guidelines
for patient-physician email and text message exchanges have
been recently published by the American Medical Association
[70] to address such issues, including (1) establishing a
turnaround time for messages, (2) retaining copies of email
communications with patients, and (3) refraining from sending
angry, sarcastic, harshly critical, and libelous references to third
parties [70]. In addition to professional organizations, some
health care systems have created policies to guide electronic
communication among their employees [71,72].

Recommendations

Evidence-Based Educational Strategies
We concur with the interventional strategies for integrating
cybercivility into the following areas of health professions
education proposed by De Gagne et al [73]: (1) ethical
knowledge and skills, (2) curriculum development and content
delivery, and (3) praxis. Their study demonstrated that students
in health professions lack knowledge on e-professionalism and
would benefit from online resources that facilitate reflective
discussions. They recommend the following: (1) integrating
cybercivility and digital communication into course curriculum
to facilitate formal assessment and evaluation of these learning
objectives; (2) evaluating content to ensure it is accessible,

feasible, and effective; (3) incorporating writing and reflective
exercises to help uncover and make visible any unwritten or
unintended “hidden curriculum;” (4) providing training at both
individual and organizational levels; and (5) promoting
partnerships and faculty development through cybercivility
training, including interprofessional training for currently
employed health care professionals [56].

Existing Models
Faculty can use models that have already been developed in
their teaching procedures. Railey et al [46] created the SURE
model with key questions for health care providers and students
to use when composing an email. In this model, S is related to
checking spelling and syntax, and including a subject and
signature; U is related to urgency and an unprofessional tone;
R is related to reviewing for content and confirming a recipient;
and E is related to emotions and ethical concerns [46]. The
previously described A2A framework by Ryan [28] is another
potential model. Regardless of the models or teaching
approaches employed, curriculum for both professional
development and health professions education should include
the content outlined in the next four subsections of this paper.

Basic Email Etiquette
Poorly constructed or uncivil email communications, including
those that leave out relevant information (eg, subject line or
name) [14], disregard spelling and grammar errors, insert
inappropriate abbreviations and slang, or use informal and
impolite tones [13,74], can damage the credibility of the sender
and cause the reader to underestimate the sender’s competency
[13]. While working to understand the unfavorability of selected
characteristics in professional emails, researchers identified
nonwhite background color, hard to read fonts, and lack of a
subheading as the top three unfavorable characteristics that
make recipients less likely to reply [37]. Using the “reply all”
button when it is not absolutely necessary can also create
frustration for those to whom the topic does not apply. Some
examples of statements that should never be sent as “reply all”
are as follows: (1) Congrats! (2) Thank you! (3) I agree, (4)
Please remove me from this mailing list, (5) LOL, and (6) Please
stop reply all to this thread [75].

Ethical, Legal, and Professional Implications
The importance of writing emails that reflect and communicate
professional and ethical values must be emphasized in
educational curriculum and practice guidelines. The effects of
inappropriate communication on student-faculty relationships,
patient-provider relationships, and the reputation of professional
sectors within the larger global community are far reaching.
Faculty, staff, and students should be aware of how email
communication is impacted by federal, state, and local laws; in
particular, students and clinicians should be aware of what types
of patient information must be excluded from emails in order
to comply with the Health Insurance Portability and
Accountability Act. Faculty should carefully consider any
potential violations of the Family Educational Rights and
Privacy Act when communicating with and about students via
email.
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Clear Guidelines for Expectations and Repercussions
for Infractions
Cain and Romanelli [27] recommended honor codes and
professional socialization as potential techniques to improve
professional email communication. Formal guidelines should
include clear direction on e-professionalism, cybercivility, and
cyberincivility, as well as specific behaviors to be avoided,
expectations for conduct, and consequences for inappropriate
communication [16]. It is important to define and address the
consequences of uncivil behaviors and to provide educational
resources for both those enacting uncivil behaviors and their
victims [73]. The development of a common set of guidelines
and standards across disciplines could be an important
collaborative opportunity pioneered by interprofessional health
educators.

Research
Additional research is needed to provide an increased
understanding of email incivility in the clinical and academic
settings. Current faculty and professional development
approaches for educating students and other professionals on
email netiquette should be evaluated in order to identify
strategies that enhance learning, encourage behavioral change,

and enforce guidelines. Further research is needed to explore
the use of email in interprofessional communication, as well as
the development of conceptual models, according to the theories
discussed in this paper, to support curriculum inclusion and
guideline development [23,25]. Finally, additional studies are
needed to (1) understand the effective use of email
communication between health care providers and patients and
(2) identify the types of information and interactions that are
most effective for specific populations.

Conclusions

There is agreement in the literature that email incivility has a
negative impact on student-faculty, faculty-faculty, and
patient-provider relationships; however, interventions to address
this problem in health professions education have not been well
documented. This paper discussed current knowledge from a
review of the literature on theoretical foundations of
cybercivility and made recommendations for strengthening
email netiquette. Fostering e-professionalism requires the
cultivation of not only knowledge and skill but also ethical and
moral reasoning. Given the importance of web-based learning
platforms and digital communication, the need for effective
strategies for educators is paramount.
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Abstract

Background: Every year, the life science field spends billions of dollars on educational activities worldwide. The continuing
professional development of employees, especially in this field, encompasses great challenges. Emerging technologies appear to
offer opportunity, but relatively little research has been done on the effectiveness of pedagogies and tools that have been used in
the life sciences, and even less research has been devoted to understanding the potential power of emerging options that might
determine the field’s future.

Objective: In collaboration with the Life Sciences Trainers & Educators Network (LTEN), this study investigated the current
state of the pedagogies and tools currently adopted by corporate training professionals in the life sciences as well as the
professionals’ perceptions of the impacts of emerging technologies on training.

Methods: This study adopted a mixed methods approach that included a survey and a follow-up interview. The survey consists
of 18 broad questions with 15 subquestions in each of the five specific sectors of the life sciences field. Interviews were conducted
by phone and lasted approximately 40 minutes, covering 18 questions designed to follow-up on findings from the survey items.

Results: Both survey and interview results indicated that the professionals were not satisfied with the status quo and that training
and education in this field need to change. Most of the techniques and tools currently used have been used for some time. The
professionals surveyed were not satisfied with the current techniques and tools and did not find them cost-effective. In addition,
the respondents pictured the future of training in this field to be more engaging and effective.

Conclusions: This is the first study in a series designed to better understand education and training in the life sciences on a
macro level, in order to build a foundation for progress and evolution of the future landscape. Next steps involve developing
strategies for how to extend this vision throughout individual organizations.

(JMIR Med Educ 2020;6(1):e15877)   doi:10.2196/15877

KEYWORDS

professional training; training with technologies; life sciences professionals; mixed methods

Introduction

Background
The life sciences have been evolving at a staggering rate in
every aspect. According to Kaufman [1], “Medicine has gone
through major changes over the last 50 years. Today it is
recognized that medical knowledge doubles every 6-8 years,

with new medical procedures emerging every day.” In gene
ontology, there are about 250 ontologies accessible to
professionals in the field [2]. In addition, new services,
technologies, and applications have emerged through the
evolution of life sciences education [3,4]. For instance, studies
have suggested the use of artificial intelligence in improving
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medical imaging [5,6] and automating medical diagnosis and
prediction [7,8].

Recent advances in technology have also drastically changed
how people teach and learn. As Bonk et al [9] mentioned,
“Recent technological developments have converged to
dramatically alter conception of teaching and learning process.”
These advancements offer innovative approaches to teaching
and learning professionals within the life sciences field. For
instance, Garcia-Pallares et al [10] and Tymcznska [11]
discussed approaches in which instructors incorporate a course
management system into life sciences professional training. In
addition, Mantovani [12], Stansfield et al [13], and Barsom et
al [14] addressed the potential to integrate virtual reality (VR)
into training to enhance and improve learning experiences. As
the rapid development and application of artificial intelligence
(AI) continues [15], opportunities for adopting AI into training
in the life sciences field will also become increasingly evident.

Although the fields of life sciences, teaching, and learning are
moving forward, professional development of people in the life
sciences field seems to fall behind. Gorman et al [2] pointed
out that current and even future health care professionals are
trained using the 100-year-old apprenticeship model, which is
“see one, do one, and teach one.” In addition to the
apprenticeship model, common strategies include lectures and
films as the basis of a life sciences professional’s training, even
though billions of dollars are dedicated to continuing educational
activities in the life sciences worldwide [16,17]. When it comes
to professional training in the life sciences, studies [18] indicate
the similarities of the constant need for learning new knowledge,
skills, and attitudes required due to the complexity of the field.

At presently, literature exploring the current state of teaching
and learning in the life sciences field is sparse, especially within
the professional training realm. Additionally, literature exploring
the cost-effectiveness of these emerging approaches for training
medical professionals is almost nonexistent. Although there is
an underlying assumption that there is a direct relationship
between continuing professional development and the
performance of recipients, only a few studies have attempted
to validate this assumption. According to Bloom et al, [19] and
Umble and Cervero [20], continuing professional development
can be effective, but its effectiveness varies.

In addition, a plethora of studies [21-24] have explored how
emerging technologies can change the learning landscape across
sectors. For instance, Dubey and Gunasekaran [25] investigated
how AI can impact the transportation sector, and Gavish et al
[26] explored how augmented reality (AR) and VR can
transform industrial training. However, few studies have
explored how emerging technologies can impact professional
training and education in the life sciences field.

Objectives
There is a limited amount of research into the educational tools
and approaches currently employed within the life sciences.
Furthermore, there is a lack of studies investigating how life
sciences training might evolve under the influence of emerging
technologies and the increasing emphasis on cost-effectiveness.
This study aims to understand the current state of teaching and

learning in the life sciences, and teaching professionals’
perceptions of the impact of new technologies and practices on
the field. Specifically, this study will investigate the following:

• What technologies and pedagogies are educational
professionals in Life Sciences Trainers & Educators
Network (LTEN) member organizations using now?

• Which currently used approaches are most cost-effective
and judged as most satisfactory by training and education
professionals in the life sciences?

• How do life science training and education professionals
think emerging technologies might change current practice
in the near future?

Methods

Overview
This study used a mixed methods approach [27] to better
understand the current state of teaching and learning in life
sciences and training professionals’ perceptions of the impacts
of emerging technologies. Mixed methods research requires
data triangulation from quantitative and qualitative approaches,
which strengthens the construct validity of the study [28]. In
addition, 57 members from a life sciences education
not-for-profit organization, LTEN, participated in the survey,
and 9 participants who responded to the survey were
interviewed. In compliance with the Pennsylvania State
University Institutional Review Board protocols, all participants
signed the informed consent release form.

Quantitative Method
The survey consists of 18 broad questions with 15 subquestions
in five specific sectors of the life sciences field (sales, clinical,
product-related, customer-related, and other). Questions included
demographic information along with detailed questions on the
use and perceptions of pedagogies and tools.

Qualitative Method
The primary data were collected through semistructured
interviews. Interviews were conducted by phone and lasted
approximately 40 minutes, covering 18 questions designed to
follow-up findings from the survey questions. The interview
protocol was designed based on the theoretical framework
proposed by Seidmen [29], which consists of three general
genres: personal experiences of emerging technology, attitudes
toward specific technologies, and future expectations of
emerging technologies. Researcher memos also served as a
secondary data source [30].

Results

Demographics
Survey respondents represented the diversity of the LTEN
membership. Founded in 1971, LTEN has grown to more than
1900 individual members who work in pharmaceuticals, biotech,
medical device, and diagnostic companies, and industry partners
who support the life sciences training departments. Additionally,
LTEN has members across noncommercial disciplines including
clinical, manufacturing, compliance, regulatory, quality, and
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general practice training roles [31]. This study invited 326 active
members who are directly involved in the training department
of member organizations, to participate in the survey through
email. A total of 57 participants completed the survey.

As shown in Table 1, of the 57 participants, 24 (42%) of the
respondents were education/training directors, 15 (27%) were

corporate executives, 11 (19%) were education/training
managers, and 7 (13%) were training developers. The
respondents also had diverse responsibilities within their
organizations (Table 2), with 23 (40%) working at US
commercial-only organizations and 15 (26%) working at an
entirely global organization.

Table 1. Respondents’ role.

Respondents, n (%)aRole

7 (13)Education/training developer

11 (19)Education/training manager

24 (42)Education/training director

15 (27)Corporate executive responsible for education and training

aPercentages may not add up to 100 due to rounding.

Table 2. Respondents’ responsibilities.

Respondents, n (%)Responsibility

23 (40)US commercial operations only

10 (18)An entire US organization

9 (16)Global organization, but commercial operations only

15 (26)An entire global organization

Quantitative Results

Current Pedagogies Identified
A set of survey questions asked what pedagogies respondents
currently use as their teaching strategies. Once they indicated
their pedagogies, the respondents were asked to rank their
selected pedagogies in order of importance. Fourteen pedagogies
were presented as choices in the survey, and a weighted vote
methodology was used to compare the pedagogies most
commonly used and those perceived to be most important. A
weighted ranking was produced by assigning a rank of 14 points
to the item identified as most important, a score of 13 to the

second most important, and so forth. The process was repeated
for each category of trainee and for each training topic category,
and a sum was calculated within each category of trainee and
topic. The number of all the ranked items in each topic was used
to produce a weighted percentage of the approaches used, which
was divided by the total of all scores.

As shown in Table 3, there were 4 pedagogies (instructor-led
training, virtual instructor-led training, online readings, and role
play activities) that captured about 55% of the weighted
importance rankings, with the other 10 pedagogies comprising
the other half.
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Table 3. Respondent-ranked importance of pedagogies.

Weighted percentagesaPedagogies

17Instructor-led training

10Virtual instructor-led training

10Role play activities

9Competency-based learning

9Case studies

8Simulations

8Field-based activities

8Online readings

7Collaborative learning

6Problem-based learning

4Games

2Online discussions

2Project-based learning

1Other (please indicate)

aPercentages may not add up to 100 due to rounding.

Additionally, we identified some relationships in the differences
between the pedagogies that respondents generally use and those
they judged as most important. Figure 1 shows the top 5 ranked
pedagogies in terms of use and importance (shown with numbers
representing their ranks in each category) in sales across 3
training topics (clinical, product, and skills). Across all 3 topics,

instructor-led training (ILT) is perceived to be the most used
and most important pedagogy for salespeople, and virtual
instructor-led training (VILT) methods are among the top 3 in
terms of use but are much lower in terms of importance in
product and skills topics.

Figure 1. Weighted comparison between pedagogy use and importance in sales. ILT: instructor-led training; VILT: virtual instructor-led training.

Cost-effectiveness of Current Pedagogies Used
To determine respondents’ perceptions of the pedagogies and
tools they use, we asked them to indicate a number between 0
and 100 that best indicated their satisfaction with each approach
as well as its cost-effectiveness. To minimize the work and time
required for respondents, we only asked them to do this for the
top 3 pedagogies they had selected. We then averaged these
satisfaction ratings and ranked approaches based on these
averages. As shown in Table 4, the order of the satisfaction list
indicates which approaches practitioners favor. There is a
notable discrepancy between their satisfaction with a given
approach and its cost-effectiveness.

In terms of satisfaction with the approaches, the most used
approaches (ILT and VILT) are not the ones with which
respondents are most satisfied. Project-based learning, the option
with which most respondents were satisfied, was not among the
most used.

In terms of cost-effectiveness, role-playing activities are most
highly ranked, but are among the least frequently used. This
may be due to the fact that role playing generally involves
several trainees and trainers simultaneously, which may present
logistical difficulties especially when conducted face-to-face.
Interestingly, project-based learning, ranked as the most
satisfying approach, is ranked as among the least cost-effective.
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Table 4. Comparison between the most satisfying and most cost-effective approaches.

Most cost-effective approachMost satisfying approachRank

Role-play activitiesProject-based learning1

Competency-based learningCase study2

Instructor-led trainingOnline discussion3

Field-based learningInstructor-led training4

Problem-based learningProblem-based learning5

SimulationsOther6

OtherCompetency-based learning7

Online-readingSimulation8

Project-based learningVirtual instructor9

Case studyField-based learning10

Virtual instructorCollaborative learning11

Collaborative learningRole-play activities12

GamesOnline reading13

Online discussionGames14

Now Versus the Future
We also asked respondents to consider a list of 8 technologies
and asked how important they felt these technologies are now
and how important respondents felt these technologies will be
in 5 years, on a scale of 1-10. Respondents predicted a decrease
in the importance of course or learning management systems

(LMS) and a large increase in the importance of AI (Table 5).
They also predicted that webinars and course development
systems will decrease slightly in importance, while predicting
that simulation creation tools will become the most important
approach. A rather significant decline in the use of online games
was also projected.

Table 5. Comparison between tools perceived to be most important now and in 5 years.

FutureNowRank

Simulation creation toolsLMSa1

Artificial intelligenceWebinars (live)2

Webinars (live)Course development systems3

Course development systemsSimulation creation tools4

Virtual realityOnline games5

LMSVirtual reality6

Augmented realityAugmented reality7

Online gamesArtificial intelligence8

aLMS: learning management systems.

Qualitative Results
Qualitative phone interviews consisted of 18 questions related
to contextual background and detailed information on both
current learning strategies and experiences with technology.
Participants’ perceptions of the future of training were also
queried. After using an open coding approach [30] and thematic
analysis [32] of 9 interview transcripts and researcher’s memos,
the results revealed the emergence of three themes.

The Status Quo
All 9 respondents recognized that current training and education
strategies in this field are at a clear risk of being abandoned in
favor of rapidly evolving technologies. Most of the current

techniques and tools have been used for some time, and the
respondents noted that they are not very satisfied with them and
that they do not perceive them to be very cost-effective. In
particular, 8 of 9 respondents mentioned that the dominant
learning tool, the LMS, is not conducive to learning, and the
purpose of it is largely for administrative record tracking. One
respondent said:

Most LMS have not developed with the user
experiences in mind. In a global organizational level,
LMS is just, “read the pdfs and do the quiz.” It’s
absolutely boring.
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Another respondent mentioned that LMS are generally not
“mobile friendly,” adding that his sales team cannot have access
to the learning material on-demand:

They are on the move all the time. It is unrealistic to
expect them to have time to sit in the office and go
through all the learning information.

Additionally, respondents raised concerns about measuring
learning. Two respondents confessed that they have no valid
understanding of whether learners are engaged with the tools
and solutions currently employed and whether they are devoting
the effort required to benefit in a meaningful way. One
respondent said:

We only have a self-assessed checklist for our folks
to fill out after the training session, but we do not
know their progress at all.

Another respondent raised concern about how to devise valid
evaluation metrics to assess his staff members. He provided an
example that there are some staff members who got perfect
scores on sales training assessments, yet have among the worst
sales performance, while other staff members might have poor
scores on sales training quizzes but have the highest sales
performance in their district.

Respondents acknowledged the reality that making any change
involving control and administration of the learning enterprise
is challenging. However, respondents also pointed out that if
properly leveraged, technologies offer vast opportunities for
learning and could demonstrably enhance business productivity,
even in the heavily regulated life science market where
disruptive change is difficult to enact.

Call for Change
All the respondents identified that there is a clear call to action
for change within both the life sciences learning professionals
and the companies in which they work. More specifically,
respondents indicated the need to provide new learning solutions
and leverage technologies for both employees and customers.
They reported the belief that this would help drive a successful
business and that organizations not taking this approach would
be at risk of being left behind. One respondent even joked that
she did not want to be “asleep at the wheel.”

Throughout the interviews, all the respondents were reflective
about their roles and performance as learning leaders and
practitioners, coupled with a strong desire to be strategic in their
decision-making concerning technology and to be open to
change. One participant mentioned:

We, as practitioners and leaders alike, face a
compelling need to improve in terms of competency,
speed, quality, cost and overall return on investment.

Incorporating new technologies is perceived by these
professionals as offering great promise, despite their awareness
of the challenges that they realize will inevitably arise as they
attempt to change the perceptions of those at the highest levels
of their organizations toward embracing new solutions that
leverage technology.

Additionally, respondents addressed the need for change to meet
the training requirements for different generations and different
ways of learning. One respondent said:

The old ways of teaching and training will not work
on the young generations. Millennials are on their
smartphones all the time; they are addicted to the
technologies.

Other respondents indicated that people come from different
backgrounds in learning and have different learning styles;
therefore, the traditional ways of learning will become obsolete.

The Future of Teaching and Learning
When asked about the future and the roles technology might
play in learning, all of the respondents described a future in
which training programs and processes are accelerated,
impactful, and engaging. One respondent said:

Our goal is to create learning experiences, so that
when people walk away, they are like, wow, that never
happened to me before, I am going to remember that.
We are now integrating technologies to involve all
the senses to create a new unique learning events to
improve impacts and effectiveness.

They also mentioned seeing solutions evolve in which learners
are given more control over the learning, and where learning
practitioners shift from content developers to content curators.
These predictions were based on observable trends,
encompassing where technologies seem to be heading as well
as the changing behaviors and product lines from the providers
of learning materials and training development tools.

Additionally, respondents identified the potential to increase
their impact through enhanced ability to develop social
connectivity during learning, and to make learning personally
relevant, interesting, engaging, easily accessible, self-driven,
and even fun. Expanding on the concept of social connectivity,
many commented on the growing nature of learner-centered
environments in which learners engage interactive resources to
meet their needs, working “on their terms” through learning
experiences increasingly embedded in the workflow rather than
as a separate formal learning event. One respondent said:

Learning is socio-cultural, if you limit the level of
interactivity, you limit learning. We always need to
look for opportunities for the learners to take control
of the ability to connect and learn from each other.
We need to look for ways to democratize data and
have learning occurs [sic] down to the peer to peer
level.

All respondents perceived AI, AR, and VR as having
transformative near-term potential. One respondent commented
that these emerging technologies are the ones “to take people’s
knowledge and skills to the next level.” At the same time, two
respondents indicated concern regarding how to adopt AI in
this heavily regulated field.
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Discussion

Principal Findings
This study explored the current state of training in the life
science professional field through a mixed methods approach.
Survey results indicated that instructor-led training is perceived
to be the most used and most important pedagogy, and virtual
instructor-led methods are among the top 3 in terms of use but
are much lower in importance. In terms of satisfaction with the
approaches, it is interesting to note that the most used
approaches (instructor-led training and virtual instructor-led
training) are not the approaches with which respondents were
most satisfied. Although they were most satisfied with
project-based learning, this approach was among the least
cost-effective ones.

From the cost-effectiveness perspective, role-playing activities
are most highly ranked, but are among the least frequently used.
This may be due to the fact that role-playing generally involves
several trainees and trainers simultaneously, which may present
logistical difficulties, especially when conducted face-to-face,
which may cause busy professionals to dislike the activity.

Looking into the future, both survey and interview results
indicated that respondents are not satisfied with the status quo
and that teaching and learning in this field need to change. Most
of the techniques and tools currently used have been used for a
long time, and the professionals are not very satisfied with them
and do not find them very cost-effective. Unfortunately, the
market and organizations in which these practitioners work are
very complex, making change difficult. The interview results
indicate that there is an evolution underway, but also highlight
the need to get better at incorporating new technologies. This
will require changing the perception that training and education
are large expenses incurred by the organization without much
evidence-based justification regarding effectiveness, and will
require design thinking [33] to consider both new approaches
and new ways to demonstrate the effectiveness of training efforts
based on the contributions training and education make to the
providing organizations. Interviewees described a future in
which training programs and processes are accelerated,
impactful, and engaging, and in which learners are given more
control. Emerging technologies such as AI and VR were seen
to have increasingly important roles to play, allowing learning
to become more interesting, engaging, and perhaps even fun.
The vision is of learner-centered environments in which learners

engage interactive resources to meet their needs, perhaps in
learning experiences that are increasingly embedded in the
workflow. These professionals see a bright, exciting future and
a challenging path to realize this vision.

Limitations
Two limitations should be considered when interpreting these
results. In the quantitative component of the study, 57
participants responded to the survey, which represents 17% of
the sample pool of 326 people. However, this result is consistent
with a typical noncompensated survey response rate (10%-15%)
[34]. Future studies should expand the survey to a larger
membership body to increase the number of respondents. In
addition, the participants were recruited through a single
organization (LTEN); future studies should expand recruitment
to encompass a broader spectrum of education and training
professionals in the life sciences.

Conclusions
This is the first study in a series designed to better understand
education and training in the life sciences on a macro level, in
order to build a foundation for progress and evolution of the
future landscape. All respondents in this study seemed very
aware that rapid and potentially beneficial change is underway,
fueled by emerging technologies. They acknowledge that while
the pace of its emergence is increasing in less complex contexts,
aspects of this particular industry seem likely to inhibit the pace
of change. In addition, respondents also acknowledge that the
adoption of emerging technologies is impeded by the absence
of data demonstrating a compelling return on investment, and
insufficient time and resources. As important as this perspective
is, understanding is a necessary but not sufficient first step. Next
steps involve developing strategies for how to extend this vision
throughout the individual organizations. Beyond this, we will
need to determine how to expose the existing dissatisfaction
with traditional, ineffective ways of operating, and create
realistic “first steps” in the desired direction. Then, leaders in
the field must gather data, make modifications, adjust, and
document the effects. The process is not unlike the development
of the organization’s core products, from research and design
to operational practices. The process will be challenging,
particularly in the highly regulated, relatively conservative life
sciences market. This set of challenges might become less
daunting through projects like this initial study, and the extended
conversations it may generate among those ready to act as
pioneers.
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Abstract

Background: At most institutions, internal medicine residents struggle with balancing clinical duties and learning opportunities,
particularly during busy cardiology ward rotations. To improve learning experiences for residents, we helped develop a cardiology
handbook app to supplement cardiology education.

Objective: The aim of this study was to report the development, implementation, and preliminary impact of the Krannert
Cardiology Handbook app on graduate medical education.

Methods: In June 2017, 122 residents at Indiana University were invited to download the digital handbook in the Krannert app.
The Krannert app featured a total of 13 chapters written by cardiology fellows and faculty at Indiana University. Residents were
surveyed on their self-reported improvement in cardiology knowledge and level of satisfaction after using the Krannert app.
Residents were also surveyed regarding their preference for a digital handbook app versus a paper handbook.

Results: Of the 122 residents, 38 trainees (31.1%) participated in survey evaluations. Among all respondents, 31 app users
(82%) reported that the app helped improve their cardiology knowledge base. The app had an overall favorable response.

Conclusions: The Krannert app shows promise in augmenting clinical education in cardiology with mobile learning. Future
work includes adding new topics, updating the content, and comparing the app to other learning modalities.

(JMIR Med Educ 2020;6(1):e14983)   doi:10.2196/14983

KEYWORDS

mobile learning; medical reference app; cardiology; internal medicine

Introduction

Clinical education is a complex process. The need to strengthen
the quality of medical education has led to educational
innovation and novel instructional strategies such as simulation
and mobile technology [1,2]. Medical reference apps are being
recognized as an increasingly important asset to improve
medical education. In a survey polling over 3000 residents,
fellows, and staff in Accreditation Council for Graduate Medical
Education (ACGME) programs, the most popular app types
requested were those on textbook and reference material,
in-training exam material, classification and treatment

algorithms, and general medical knowledge [3]. Respondents
in the survey also indicated a demand for higher-quality apps.

Despite the growing popularity of medical reference apps, there
is insufficient data on the use and effectiveness of smartphones
and mobile learning in graduate and undergraduate medical
education [4-9]. Currently, most reference apps cover general
medical knowledge, with some serving as a calculator. In
cardiology, there are limited specialty-specific reference apps
available [10].

A recent review demonstrates that published medical education
research in cardiology is lacking [11]. In general, there is a
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paucity of resident-level teaching tools available in
cardiovascular education. There are also limited publications
covering narrow cardiovascular topics, including the evaluation
of chest pain and myopericarditis [12,13], but no comprehensive
teaching tools to cover common cardiac diseases. An easily
accessible teaching tool in cardiology would be beneficial to
residents and supplement their existing cardiology curriculum.

At our institution, residents (of internal medicine,
medicine-pediatrics, and preliminary medicine) were polled
about their learning experiences during their inpatient cardiology
rotation. A review of their free-text responses indicated the need
for further learning opportunities. After reviewing the needs
assessment, our overarching goal was to modernize teaching in
cardiology and improve bedside learning by creating a digital
handbook as a practical reference for trainees. Learning
objectives were accomplished by residents going through the
digital handbook individually at their own pace during the
rotation. The aim was to provide trainees with an easily
accessible and reliable source to better understand cardiac
disease pathology, diagnostics, and management. This
intervention was not designed to replace didactics or traditional
bedside learning but rather to supplement them. In this paper,
we report the development, implementation, and preliminary
evaluation of the Krannert Cardiology Handbook app.

Methods

Overview
The Krannert app was piloted in 2017 as a cardiology reference
tool for residents beginning their inpatient cardiology months
at Indiana University, an urban academic medical center. A total
of 122 residents (categorical, medicine-pediatrics, and
preliminary) from 2017-2018 were invited to download the app
before and during their orientation for an inpatient cardiology
rotation. The study was deemed exempt from Institutional
Review Board (IRB) review by the Kuali Coeus IRB Office of
Research Compliance from Indiana University. Learners were
provided with informed consent and no personal information
was collected.

Needs Assessment
For curriculum development, we conducted a targeted needs
assessment at our own institution. We reviewed free-text
responses from an electronic survey, via MedHub, asking
residents to describe their learning experiences (ie, lectures,
conferences, case discussions, overall quality of faculty teaching,
bedside teaching, adequate time for reading and studying) during
their clinical rotation. The results of this assessment highlighted
difficulties in balancing service and educational duties on a
clinically demanding service as seen in other specialties [14].
The residents noted a lack of adequate learning opportunities

and specifically requested more teaching in electrocardiographic
interpretation and echocardiography. In response to these
comments, we created the Krannert app curriculum to help
improve educational experience.

Curricular Design
We arranged the digital handbook into 13 chapters, which were
written by cardiology faculty members and cardiology fellows
from the Krannert Institute of Cardiology at Indiana University.
All materials were peer-reviewed by faculty members (ie, senior
attendings) who work with medical trainees, including fellows,
residents, and medical students. All attendings are board
certified in cardiovascular disease and, depending on their
specific subspecialty, they may also be board certified in internal
medicine, interventional cardiology, electrophysiology,
echocardiography, and nuclear cardiology. The cardiology
fellows were board certified in internal medicine and in the
process of completing their 3-year training in general
cardiovascular disease in an ACGME accredited program at
Indiana University. The names of the authors were listed in each
chapter.

In the beginning, the reading content and specific topics were
selected by the authors, who also serve as key clinical educators
within the Cardiology Division. Specific topics were chosen
based on common diagnoses for patients admitted to the
cardiology care unit as well as for patients from the cardiology
consultation services (Figure 1). It was also based on findings
from our targeted needs assessment. The app content was written
in a succinct, outline format to maintain brevity and serve as a
quick reference along with basic classification and treatment
algorithms. The app as a resource was designed to provide
practical knowledge and not as a reference for in-training exam
material. We made a point to include a guide on hemodynamics
to review the fundamentals of right heart catheterization,
valvular and pericardial pathology, and intra-aortic balloon
pump because these are common topics that general medicine
residents may not commonly encounter on other hospital
rotations. Learning material involving ST-elevation myocardial
infarction, non–ST-elevation myocardial infarction, cardiogenic
shock, and arrhythmias, with potential complications and
management, were included to help trainees feel more
comfortable managing their acutely ill patients. Content
developed by fellows was written from a peer teaching
perspective, and many chapters included figures, tables, and
images as well as references for deeper understanding of basic
concepts (see Table 1 for app objectives and Multimedia
Appendix 1 for sample content). After the content was written,
app development by The Center for Physician Education at
Indiana University Health took approximately 100 hours. The
cost was US $10,000.
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Figure 1. Table of contents of the Krannert Cardiology Handbook app. Chapters not visualized in the figure are tachyarrhythmia, bradyarrhythmia,
syncope, pulmonary hypertension, cardiogenic pharmacology, and introduction to echocardiography.
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Table 1. Krannert Cardiology Handbook app objectives.

DescriptionObjective

Acute coronary syndrome • List features of unstable angina/non–ST elevation myocardial infarction from ST elevation myocardial infarction
• List indications and complications of heart catheterization and intra-aortic balloon pump placement. Recognize

appropriate pressure wave forms
• Identify complications postmyocardial infarction
• List common antianginal medications. List indications and contraindications for thrombolytics and anticoagulants
• List indications for ionotropic stimulation for stress testing

Miscellaneous • Identify workup for syncope
• List types of pulmonary hypertension

Cardiac arrhythmias • Identify electrocardiographic abnormalities and manage supraventricular and ventricular arrhythmias
• Recognize and manage bradyarrhythmias

Cardiac failure • Recognize and manage patients with acute decompensated heart failure including acute pulmonary edema and
hypotension; understand use of inotropic and afterload reducing agents

• Differentiate cardiogenic shock from other types of shock

Hemodynamics • Recognize and manage valvular heart disease, including emphasis of physical exam findings indicative of severe
valvular disease. Recognize need for surgical correction

• Identify basic views of 2D echocardiogram and examples of valvular regurgitation and stenosis
• Identify types of pericardial disease

The handbook was released as an app on Apple’s App Store
[15] in June 2017 and subsequently on Google Play [16] in
September 2017; both are available free of charge. The mobile
app was introduced to all medicine residents at Indiana
University as a single iteration, by an email sent from the
internal medicine department. The app could be utilized by
trainees on any rotation but was targeted toward residents on
the cardiology service. One week prior to starting the cardiology
service, residents received an email with orientation materials,
which included information regarding the app, advertised as a
reference tool.

Survey Design
To evaluate the Krannert app, we gathered data throughout the
2017-2018 academic year with an anonymous self-generated
survey. This was an open survey built into the app, completely
voluntary, and advertised by the internal medicine department
through email. No incentives were offered to fill in the survey.
The questions were not randomized, and the target population
was residents who used the app. The questionnaire had not been
tested before, as this was a pilot study. Respondents were able
to review and change answers before submission. We only
analyzed completed surveys, and we did not weigh survey items
or use propensity scores. We did not use IP (Internet Protocol)
checks to evaluate whether responses were unique because
learners were allowed to use the app on any device that they
wished to use, and we did not have respondents enter any
personal information.

Outcome Measures
We were interested in three outcomes: (1) self-reported
improvement in cardiology knowledge; (2) resident satisfaction
with the handbook; and (3) resident learning preference (ie, the
Krannert app versus a traditional paper handbook). Responses
were recorded using a 5-point Likert-type scale from
1=“strongly disagree” to 5=“strongly agree” (Multimedia

Appendix 2). We used descriptive statistics to summarize all
data in survey item responses. Responses like “agree” or
“strongly agree” to a statement were considered positive. We
used self-reported learning results to measure the effectiveness
of the app in achieving the stated educational objectives.

Results

Participants
Of the 122 residents invited to download the app, 38 (31%
completion rate) participated in the survey.

Medical Trainee–Perceived Learning
We used a single survey item from 38 respondents to assess
self-reported learning after using the app. The majority of
residents (n=31; 82%) reported that they agreed or strongly
agreed that the app helped them improve their cardiology
knowledge base (Multimedia Appendix 3, item 1).

Medical Trainee Satisfaction
Among all respondents, 90% (n=34) indicated the app was easy
to use and 87% (n=33) reported that the app content was
delivered in a user-friendly manner. Overall, trainees found the
app to be acceptable (n=33; 87%). From all respondents, 76%
(n=29) reported that the amount of app content was appropriate
and 71% (n=27) reported that the app met their educational
needs in cardiology (Multimedia Appendix 3, items 2-6).

Learning Preference
Of the 38 respondents, 74% of medical trainees (n=28) reported
a preference for the mobile app over a traditional paper
cardiology handbook. Nearly 24% (n=9) were neutral in their
response to this survey item (Multimedia Appendix 3, item 7).
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Discussion

Principal Findings
We introduced a novel educational app to improve learning
opportunities for our trainees on their cardiology rotation and
received favorable results. Easy access to the app as a teaching
tool appeared to play a key role in improving their learning
experience at our institution. Although 74% (28/38) of trainees
preferred learning through mobile resources over traditional
paper resources, other trainees did not have a strong inclination.
It is our opinion that the benefits of a digital handbook include
convenience and transportability to help answer clinical
questions at the point of need at a cost that is fairly lower than
printing a textbook. Learning resources should be readily
accessible, and use of a mobile app provides trainees with this
benefit. Mobile devices can also be used to customize
educational materials. The Krannert app curriculum can be used
by a variety of learners, including students in undergraduate
medical education, and can serve as a teaching aid for
institutions teaching adult cardiology. An educational handbook
app may also be beneficial to other medical specialties, in
general.

Our relatively positive experiences with a mobile app are
comparable to other studies that introduced mobile textbook
apps to trainees [17-19]. Hardyman et al [17] complied medical
textbooks into an app called iDoc. Using self-reported patient
encounters, the house staff in Wales reported an improvement
in their efficiency, effectiveness, and timeliness in patient care.
Therefore, we believe that the use of medical apps in education
will likely continue to be helpful and popular among medical
trainees. However, the need is great for high-quality medical
apps that are accurate and up-to-date. There is also a growing
need to learn more about how medical apps can impact and
improve medical education. This is a distinctively unique
learning platform in the ever-expanding digital world.

Strengths and Limitations
We had some limitations in our study. Because this is a pilot
feasibility study, the sample size is small. We did not design
the study to compare results between a control group and an
intervention group. We did not assess measurable gains in
learner’s knowledge with pre- and postknowledge assessments,
which may yield different results than self-reported outcomes.
Additionally, we did not compare the results of the app to other
learning experiences, such as bedside teaching, lectures, or case
conferences. Tracking the number of app downloads by our
own residents was limited due to privacy restrictions from Apple
and Google. We also did not assess whether there were certain
topics that learners felt were ineffective or had difficulties with
using the app interface.

Recommendations and Future Research
Further research should study larger populations of residents
across multiple institutions and include written practical
knowledge assessments. Future work will also include a
comparison of the app with other learning modalities or
experiences and assess whether learning from the app leads to
sustained learning. Future steps in improving our app include
adding new topics such as preventive cardiology, congenital
heart disease, and cardio-oncology, updating the content, and
making the app more interactive. We plan to review the app
content annually and use the survey link within the app to
directly incorporate resident feedback into the app content and
layout design.

Conclusions
The development of a digital handbook app improved medical
education for trainees in cardiology and appeared to play a key
role in improving their learning experience at our institution.
Future steps in improving our app include adding new topics,
updating the content, and making the app more interactive.
Trainees from other programs may also benefit from having an
educational handbook app in cardiology as well as other medical
specialties.
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Abstract

Background: Objective structured clinical examinations (OSCEs) are a useful method to evaluate medical students’performance
in the clerkship years. OSCEs are designed to assess skills and knowledge in a standardized clinical setting and through use of a
preset standard grading sheet, so that clinical knowledge can be evaluated at a high level and in a reproducible way.

Objective: This study aimed to present our OSCE assessment tool designed specifically for radiology clerkship medical students,
which we called the objective structured radiology examination (OSRE), with the intent to advance the assessment of clerkship
medical students by providing an objective, structured, reproducible, and low-cost method to evaluate medical students’ radiology
knowledge and the reproducibility of this assessment tool.

Methods: We designed 9 different OSRE cases for radiology clerkship classes with participating third- and fourth-year medical
students. Each examination comprises 1 to 3 images, a clinical scenario, and structured questions, along with a standardized
scoring sheet that allows for an objective and low-cost assessment. Each medical student completed 3 of 9 random examination
cases during their rotation. To evaluate for reproducibility of our scoring sheet assessment tool, we used 5 examiners to grade
the same students. Reproducibility for each case and consistency for each grader were assessed with a two-way mixed effects
intraclass correlation coefficient (ICC). An ICC below 0.4 was deemed poor to fair, an ICC of 0.41 to 0.60 was moderate, an ICC
of 0.6 to 0.8 was substantial, and an ICC greater than 0.8 was almost perfect. We also assessed the correlation of scores and the
students’ clinical experience with a linear regression model and compared mean grades between third- and fourth-year students.

Results: A total of 181 students (156 third- and 25 fourth-year students) were included in the study for a full academic year.
Moreover, 6 of 9 cases demonstrated average ICCs more than 0.6 (substantial correlation), and the average ICCs ranged from
0.36 to 0.80 (P<.001 for all the cases). The average ICC for each grader was more than 0.60 (substantial correlation). The average
grade among the third-year students was 11.9 (SD 4.9), compared with 12.8 (SD 5) among the fourth-year students (P=.005).
There was no correlation between clinical experience and OSRE grade (−0.02; P=.48), adjusting for the medical school year.

Conclusions: Our OSRE is a reproducible assessment tool with most of our OSRE cases showing substantial correlation, except
for 3 cases. No expertise in radiology is needed to grade these examinations using our scoring sheet. There was no correlation
between scores and the clinical experience of the medical students tested.

(JMIR Med Educ 2020;6(1):e15444)   doi:10.2196/15444
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Introduction

Background
At our institution, there are approximately 160 to 180 medical
students per graduating class, with 15 to 20 students in each
4-week radiology clerkship block, comprising predominantly
third- and a few fourth-year medical students. Students receive
1 to 2 hours of daily didactic-style teaching directed toward a
weekly rapid-fire quiz on topics including chest imaging,
abdominal imaging, musculoskeletal imaging, pediatric
radiology, neuroradiology, and nuclear medicine. Throughout
the rotation, the medical students also observe residents and
faculty in various reading rooms: general radiology,
neuroradiology, body imaging, musculoskeletal imaging,
pediatric radiology, breast imaging, and interventional radiology.

A variety of methods are used to assess medical students’
performance during clerkships at different institutions. As a
result, the final performance evaluation is often a combination
of subjective and objective grading techniques. The subjective
evaluation involves direct observation of the student performing
duties and written assessments or presentations, whereas the
objective evaluations include multiple-choice questions such
as in Radiology ExamWeb examinations [1] and patient logs.
Multiple-choice examinations are the most commonly used,
albeit with an only limited assessment of a higher level of
knowledge, which would require more complex questions [2,3],
while also placing heavy emphasis on recognition and recall.
Other limitations often found with multiple-choice examinations
include the lack of feedback that test takers receive as well as
poor validity [4]. In contradistinction, oral examinations may
allow for assessment of a higher level of knowledge and reason
but are limited by inconsistency in grading and potential bias
[5].

The objective structured clinical examination (OSCE) has been
proposed initially by Harden in 1975 as a standard for evaluating
medical students’ performance in the clerkship years [6]. The
OSCE is intended to evaluate skills and knowledge in a standard
clinical setting, and via a preset standard grading sheet, so that
clinical knowledge can be evaluated at a high level and in a
reproducible way. In a study by Morag et al [7], students’ scores
on an OSCE test were shown to increase with additional clinical
knowledge. For that reason, many fields of medicine have since
demonstrated the OSCE as a useful method to evaluate both
medical students and residents [8-11], including radiology
[7,12]. In the radiology setting, medical imaging requesting and
ordering, imaging interpretation, and the next step in
management can be tested for and graded in a single
examination.

Objective
We proposed an OSCE assessment tool designed as an
assessment tool for radiology clerkship students. Given the
imaging-centered aspect of radiology clerkship, we called it
objective structured radiology examination (OSRE). The goal
of our proposed tool was to evaluate skills and knowledge in a
structured manner, with reproducible results across different
examples and different graders. This resource will advance the
assessment of radiology clerkship medical students by providing

an objective, structured, reproducible, and low-cost method to
evaluate radiology clinical knowledge in an OSCE-like format.

Methods

Objective Structured Radiology Examination Design
We developed 9 radiology OSRE cases, each with a set of 5
questions for assessment. Initially, for 3 months, we gave these
OSRE cases to medical students for preliminary testing. We
then openly reviewed the student scorings and reformed the
grading sheets to include as many correct and incorrect scorings
as possible. For each OSRE case, we designed a scoring sheet
with a set of checkboxes corresponding to correct and incorrect
scorings. We assigned a point value to each correct or incorrect
scoring.

Each OSRE case comprises 1 to 3 radiology images that covered
basic radiology diagnoses, followed by a question sheet
containing a detailed clinical history and 5 examination
questions to be answered in the same sheet. We developed the
5 questions to simulate activities that nonradiology clinicians
might perform in a structured fashion: selection of pertinent
clinical history needed for filling out imaging requisitions,
recognition of clinically important findings, formulation of an
overall impression, as well as questions about recommendations
and follow-up. We displayed images associated with each OSRE
on a projector. The supervisor in the examination room, most
commonly a radiology resident, ensured that the image was
visible to all. All the case images consisted of radiographs except
for a head computed tomography image.

Objective Structured Radiology Examination Cases
Case 1 included a posterior-anterior (PA) and lateral chest
radiograph showing right upper lobe pneumonia. Case 2
included an upright and supine radiograph of the abdomen
showing a small bowel obstruction. Case 3 included 3 axial
noncontrast computed tomography images at different levels
of the brain through a subdural hemorrhage. Case 4 included
frontal and lateral radiographs of the wrist showing a distal
radial fracture. Case 5 included a portable frontal chest
radiograph showing a right pleural effusion. Case 6 included a
supine radiograph of the abdomen showing a feeding tube in
the right lower lobe bronchus. Case 7 included a single
cross-table radiograph of the knee with a fat fluid level in a
large suprapatellar effusion. Case 8 included a PA and lateral
radiograph of the chest showing right lower lobe pneumonia.
Finally, case 9 included an upright and supine radiograph of
the abdomen, showing a small bowel obstruction. All these
cases had been previously published at MedEdPORTAL as free
downloadable resources [13]. Multimedia Appendix 1 is a
template for an OSRE case.

Objective Structured Radiology Examination Grading
The OSRE scoring sheets comprised checklists with specific
point values for correct and incorrect scorings. Each question’s
score was worth between 1 and 4 points. Many of the individual
questions allowed for multiple scorings. For example, 1 question
in an OSRE asked students to describe the pertinent positive
and negative findings on the chest radiograph displayed on the
projector. Students were given positive points for defined correct
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scorings and negative points for defined incorrect scorings. The
highest possible score on the OSRE tests ranged from 24 to 26
points. However, we established that the lowest score possible
for any individual OSRE case was 0 even when the number of
points amassed was negative. Multimedia Appendix 2 is a
template for a scoring sheet.

Study Design
We obtained institutional review board approval to conduct
educational research using students enrolled in the radiology
clerkship during an entire academic year, and the need to acquire
consent from each medical student was waived. Our study was
designed and performed following the Declaration of Helsinki.
At the beginning of each block, we informed the students of the
research project and told them that their scores from the OSRE
cases would not count toward their final grade. The students in
each block were taught the standard curriculum throughout their
radiology rotation without any specific teaching toward the
newly designed OSRE.

There were 11 four-week clerkship blocks (ie, classes) of
students in total during the entire year, representing 11 months
across the year. At the end of each of the initial 3 weeks of their
4-week block, all the students from the same class were given
1 OSRE. Therefore, each student completed a total of 3 OSRE
cases during their rotation at the end of each of the first 3 weeks
of the course. The exception was block 11, when these students
had only 2 OSREs, instead of 3. All 9 OSREs were given in
order. Blocks 1, 4, 7, and 10 took cases 1, 2, and 3; blocks 2,
5, and 8 took cases 4, 5, and 6; and blocks 3, 6, and 9 took cases
7, 8, and 9. Again, as an exception, block 11 was given only
cases 4 and 6. We chose this design to spread out the 9 different
OSCEs across the entire year in a uniform fashion.

Five different examiners graded each of the OSREs
independently for every single medical student. Grader 1 and
grader 3 had 1 to 2 years of experience in medical student
education. Grader 2 had over 20 years of medical student
education experience. Grader 4 was a second-year radiology
resident, and grader 5 was a medical student. These graders
were selected with the aim of sampling graders at various stages
of medical education.

We graded a subset of the OSREs (3 random sets of OSRE tests)
a second time, approximately 2 months after completion of the
academic year, to assess internal consistency between the
graders and reproducibility of our assessment tool.

There was no specific training or instruction for graders, as we
designed the test and grading to be self-explanatory based on
the scoring sheets. Each examination took approximately 30
seconds to 1 min to grade. We gave students their scores and
individualized formative feedback on their OSRE performance
at the midclerkship review and final course feedback session
as part of the standard process at the radiology clerkship at our
institution. Any questions the medical students had regarding
the OSRE questions and scorings were answered.

Statistical Analysis
The reproducibility of our OSRE was assessed by performing
interrater reliability with a two-way mixed effects intraclass
correlation coefficient (ICC) to determine consistency between
the 5 graders. Reproducibility for each grader was also evaluated
with an ICC test 2 months later. Utilizing the classification
system for ICCs by Landis and Koch [14], an ICC below 0.4
was classified as poor to fair, an ICC of 0.41 to 0.60 was
considered moderate, an ICC of 0.6 to 0.8 was substantial, and
an ICC greater than 0.8 was almost perfect. An ICC of 0.6 or
more was considered a significant correlation.

We also sought to find if there was an association with a higher
OSRE score and clinical experience with block number and
with the medical school year. For this, we used a multivariate
linear regression model in which the mean OSRE score was the
outcome variable and the year block was the explanatory
variable, with the medical student year as a controlling covariate.
We then compared mean OSRE grades between the third- and
fourth-year medical students using a two-sided Student t test.

Results

Summary of Scores
A total of 181 medical students were included in this study, 156
third-year medical students and 25 fourth-year medical students.
OSRE score averages by blocks and cases are depicted in Tables
1 and 2, respectively.
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Table 1. Mean objective structured radiology examination scores for blocks.

Score, mean (SD)Block

13.0 (4.1)1

8.3 (3.60)2

12 9 (6.2)3

15.1 (3.6)4

11.5 (4.3)5

12.6 (5.1)6

13.3 (4.2)7

9.2 (3.8)8

12.2 (4.9)9

14 (4.2)10

9 (4.1)11

Table 2. Mean objective structured radiology examination scores for cases.

Score, mean (SD)Case

15.1 (4.1)1

12.8 (4.5)2

13.6 (3.5)3

8.6 (4.0)4

8.5 (3.2)5

11.4 (4.3)6

6.4 (3.2)7

15.9 (4.0)8

14.5 (3.0)9

Reproducibility
Interrater reliability was shown to be ranging from poor to
substantial average ICCs, with an average range of 0.36 to 0.80
(P<.001; Table 3). In most cases, 6 out of 9 showed correlation
values of at least 0.6 (substantial correlation). However, case 3
had a poor correlation, and cases 6 and 7 showed moderate
correlation.

Grader consistency on the 3 random OSRE cases (cases 1, 2,
and 3) after 2 months showed that 4 out of the 5 graders had an
ICC equal to or greater than 0.8 (substantial correlation),
whereas grader 3 had an ICC of 0.68. Comparing these regraded
exams, the range of mean raw score differences was −1 to 0.8
(Table 4). These data illustrate the reproducibility of the grading.
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Table 3. Interrater reliability among graders with intraclass correlation coefficients.

P value95% CICorrelationOSREa

OSRE 1

<.0010.64 to 0.920.80Block 1

<.0010.52 to 0.870.71Block 4

<.0010.53 to 0.880.72Block 7

<.0010.41 to 0.860.65Block 10

N/AN/Ab0.72Average

OSRE 2

<.0010.64 to 0.90.79Block 1

<.0010.63 to 0.910.79Block 4

<.0010.81 to 0.960.90Block 7

<.0010.54 to 0.880.73Block 10

N/AN/A0.80Average

OSRE 3

<.0010.08 to 0.560.28Block 1

<.0010.1 to 0.60.31Block 4

<.0010.31 to 0.760.53Block 7

<.0010.11 to 0.610.32Block 10

N/AN/A0.36Average

OSRE 4

<.0010.58 to 0.890.76Block 2

<.0010.66 to 0.920.81Block 5

<.0010.62 to 0.920.80Block 8

<.0010.46 to 0.850.67Block 11

N/AN/A0.76Average

OSRE 5

<.0010.58 to 0.890.76Block 2

<.0010.32 to 0.760.54Block 5

<.0010.29 to 0.780.53Block 8

N/AN/A0.61Average

OSRE 6

<.0010.27 to 0.740.50Block 2

<.0010.16 to 0.640.37Block 5

<.0010.26 to 0.770.51Block 8

<.0010.27 to 0.740.50Block 11

N/AN/A0.47Average

OSRE 7

<.0010.12 to 0.590.32Block 3

<.0010.35 to 0.770.56Block 6

<.0010.45 to 0.810.64Block 9

N/AN/A0.50Average

OSRE 8
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P value95% CICorrelationOSREa

<.0010.4 to 0.80.61Block 3

<.0010.34 to 0.750.54Block 6

<.0010.61 to 0.880.76Block 9

N/AN/A0.64Average

OSRE 9

<.0010.6 to 0.90.77Block 3

<.0010.41 to 0.80.61Block 6

<.0010.61 to 0.90.77Block 9

N/AN/A0.72Average

aOSRE: objective structured radiology examination.
bN/A: not applicable.

Table 4. Reproducibility by grader consistency after 2 months.

P valueaDifferenceCorrelationGrader

Grader 1

.300.500.88OSREb 1

.350.390.92OSRE 2

.190.500.85OSRE 3

N/Ac0.460.88Average

Grader 2

.02−1.340.89OSRE 1

<.001−2.060.85OSRE 2

.700.250.73OSRE 3

N/A−1.050.82Average

Grader 3

.43−0.840.35OSRE 1

.031.060.89OSRE 2

.11−0.690.79OSRE 3

N/A−0.160.68Average

Grader 4

.830.060.95OSRE 1

.370.500.82OSRE 2

.39−0.440.78OSRE 3

N/A0.040.85Average

Grader 5

.240.600.86OSRE 1

.031.060.88OSRE 2

.250.690.66OSRE 3

N/A0.780.80Average

aItalicized values were statistically significant.
bOSRE: objective structured radiology examination.
cN/A: not applicable.
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Scores and Clinical Experience
The average OSRE score among all students was 12 (SD 4.9).
The average grade among third-year students was 11.9 (SD 4.9),
compared with 12.8 (SD 5) among fourth-year students

(P=.005). There was no correlation between the block number
and OSRE score. On the multiple linear regression, the block
had an effect of −0.02 (95% CI −0.08 to 0.04; P=.48), adjusting
for the medical school year (Table 5).

Table 5. Multiple linear regression showing the association of block with the objective structured radiology examination score, adjusting for the medical
school year.

P valueaEstimate (95% CI)Variables

<.0019.3 (7.4 to 11.2)Intercept

.48−0.02 (−0.08 to 0.04)Block

.010.9 (0.3 to 1.5)Year

aItalicized values were statistically significant.

Discussion

Presentation of the Material
In summary, our OSRE assessment resource comprises a set of
9 cases that include 1 to 3 images each, a clinical scenario, and
structured questions, along with a standardized scoring sheet
that allows for an objective, structured, and low-cost assessment
of radiology clerkship medical students. The structured questions
aim to assess medical students’ ability to understand history
and indication, to describe imaging findings, to give an imaging
impression or diagnosis, and to come up with the next step in
management.

We found that our OSREs achieve their goal of being objective,
structured, reproducible, and low cost. Most cases demonstrated
a substantial interrater correlation (6 out of 10 showing an ICC
of 0.6 or more). However, the correlation varied from poor to
substantial, ranging from 0.36 to 0.80. The graders provided
reproducible scores, even after 2 months, with a substantial
interrater correlation (above 0.6). Finally, we did not find a
correlation between the OSRE scores and clerkship block, but
we did see that fourth-year medical students scored better than
third-year medical students.

What We Observed and Lessons Learned
In assessing the different OSRE cases, we found that OSRE
cases 3, 6, and 7 had a poor-to-moderate correlation. As all the
remaining OSRE cases had an ICC value of more than or equal
to 0.6, we still feel that our OSRE is a reproducible testing
resource. All graders were consistent, shown by the very small
variability in average scores (−1 to 0.8) when the graders
regraded the same subset of 3 cases 2 months apart. Our use of
various graders with differing medical education backgrounds
demonstrates that expertise in radiology is not necessary to
grade these examinations. If a consistent and clear grading sheet
is used, grading can be performed by anyone with knowledge
of medical terminology.

Regarding the association of grade and clinical experience,
scores are not supposed to improve with later blocks, as this
would mean that they either depend on the overall clinical
experience or that students could be sharing the cases or
questions with future students, thereby giving them a leg up by
providing examination information to their colleagues. We

found that scores did not vary with the block, adjusting for the
medical school year. However, the fourth-year students had a
slightly better average grade than the third-year students, which
makes intuitive sense.

Other studies have found the OSCE to provide valuable feedback
as well [4,7,15]. In a study of 122 medical students by Morag
et al [7], the authors concluded that the OSCE cases provided
an opportunity for feedback, by uncovering deficits in
individuals. Students were able to review their performance in
different clinical topics (chest pain, abdominal pain, etc) as well
as types of questions (selection of imaging modality and
anatomy) with ease. An unforeseen benefit of our OSRE
implementation was that having the OSRE results weekly
allowed the clerkship director and assistant to carefully examine
areas where students displayed deficiencies or gaps in
knowledge as well as to give each student more information on
areas of strength and weakness at both the midcourse feedback
session and the final course feedback session.

Agarwal et al [15] point out that radiology should incorporate
OSCEs as a part of its examination and explain how an ideal
radiology OSCE could look like. Specifically, they describe an
OSCE method with 10 to 20 stations, some manned and other
unmanned, each evaluating activities related to specific
radiology topics, for instance, a basic task such as loading a
radiograph (radiography OSCE station) or demonstrating an
examination technique, such as performing an ultrasound
examination of the abdomen in a patient. Completion of a 5-min
task within a single station would involve either demonstrating
a task to an examiner, providing verbal answers, or writing
specific objective answers in a response sheet [15]. Their
approach is different than the one we propose here, as our OSRE
is a much simpler proposal, albeit less expensive and difficult
to implement.

Limitations
Although this assessment tool has several advantages, it is not
devoid of limitations. For instance, our interrater correlation
was not substantial for all cases. This could have been
remediated with previous training of the graders. However, we
opted not to train graders, as training would artificially increase
the interrater correlation of the grading process. Although it
would be ideal to train graders before they score examinations,
graders in real-life settings (such as teachers) may not always
get the appropriate training to score the OSCEs.
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Another issue was that this evaluation occurred at a single
institution. Despite being low cost, the successful
implementation of this assessment model requires informatics
facilities to hold OSRE documents, including images, cases,
and scoring sheets, which need diligent organization. In our
institution, we have a clerkship coordinator and 2 volunteering
second-year radiology residents to help coordinate the evaluation
of medical students. Finally, we should be aware that medical
students can use a recall system to convey the OSRE case to
the medical students of future blocks. For this reason, there is
a need to constantly create new cases.

Our choices of cases and questions are also a limitation.
Although multiple modalities were selected, there were no
normal cases, and they were a very small selection of the
medical students’ radiology clerkship curriculum. In addition,
each case had only a few questions, and several other questions
could have been included. For example, we could ask students
about normal anatomy or imaging pitfalls or even ask them to
provide the appropriate history to order an imaging examination.
Different OSREs can be created to assess different skills in the
radiology specialty such as the use of clinical guideline
algorithms (eg, Breast Imaging-Reporting and Data System or
what to recommend for an incidental finding), dictation and
descriptive skills, differential diagnosis, or next step in
management, among others. However, these skills would be
most appropriate to radiology residents, not to medical students.

OSCEs are an excellent method to evaluate medical students,
but they work best when they aim to evaluate a clinical,

especially manual, skill. In contradistinction, the output of a
radiologist is usually a report, which can be written in subjective
ways. Structured radiology reports and modern template
standards are useful to make our reports more objective, but
they do not reduce the inherent subjectivity of the radiologist
evaluating an imaging examination. This means that the main
activity of a radiologist cannot be evaluated with the OSRE
described here. On the other hand, the goal of a radiology
clerkship is not to train a radiologist. Rather, it aims to teach
and evaluate concepts that underlie the foundations of radiology,
which should be assessed more objectively whenever possible.

The Next Steps
Given these limitations, there are many areas of improvement
and ways to refine this resource, for instance, by expanding our
questions and our cases, as described above. Furthermore, this
model can be enhanced by making it all computer based, with
a cloud-based storage software on the web. If we create a large
online database of hundreds of OSRE cases or more, a piece of
software could download a random case for each student. This
could lead to the expansion of this model to other institutions.
If multiple institutions are interested in this endeavor, it could
remain to be a low-cost model.

Finally, future studies are needed to assess the validity of this
tool compared with the standard means of assessing knowledge,
including multiple-choice questions. Additional research could
also assess the validity of OSRE-style examinations in radiology
clerkships with a larger number of institutions and medical
students.
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Abstract

Background: Visual Patient is an avatar-based alternative to standard patient monitor displays that significantly improves the
perception of vital signs. Implementation of this technology in larger organizations would require it to be teachable by brief class
instruction to large groups of professionals. Therefore, our study aimed to investigate the efficacy of such a large-scale introduction
to Visual Patient.

Objective: In this study, we aimed to compare 2 different educational methods, one-on-one instruction and class instruction,
for training anesthesia providers in avatar-based patient monitoring.

Methods: We presented 42 anesthesia providers with 30 minutes of class instruction on Visual Patient (class instruction group).
We further selected a historical sample of 16 participants from a previous study who each received individual instruction (individual
instruction group). After the instruction, the participants were shown monitors with either conventional displays or Visual Patient
displays and were asked to interpret vital signs. In the class instruction group, the participants were shown scenarios for either 3
or 10 seconds, and the numbers of correct perceptions with each technology were compared. Then, the teaching efficacy of the
class instruction was compared with that of the individual instruction in the historical sample by 2-way mixed analysis of variance
and mixed regression.

Results: In the class instruction group, when participants were presented with the 3-second scenario, there was a statistically
significant median increase in the number of perceived vital signs when the participants were shown the Visual Patient compared
to when they were shown the conventional display (3 vital signs, P<.001; effect size –0.55). No significant difference was found
for the 10-second scenarios. There was a statistically significant interaction between the teaching intervention and display

technology in the number of perceived vital signs (P=.04; partial η2=.076). The mixed logistic regression model for correct vital
sign perception yielded an odds ratio (OR) of 1.88 (95% CI 1.41-2.52; P<.001) for individual instruction compared to class
instruction as well as an OR of 3.03 (95% CI 2.50-3.70; P<.001) for the Visual Patient compared to conventional monitoring.

Conclusions: Although individual instruction on Visual Patient is slightly more effective, class instruction is a viable teaching
method; thus, large-scale introduction of health care providers to this novel technology is feasible.

(JMIR Med Educ 2020;6(1):e17922)   doi:10.2196/17922
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Introduction

Monitoring and continuous evaluation of vital signs by
anesthesia providers is central to perioperative patient safety
[1]. With 313 million surgeries performed worldwide every
year, patient monitors are ubiquitous in perioperative health
care [2]. However, there have been no recent substantial changes
to the industry standard of displaying vital signs as numbers
and curves, and some anesthesia providers report difficulties
regarding this form of presentation [3]. Considering the design
principles of situation awareness, Visual Patient was developed
as an additional way to present vital signs [4-6]. The Visual
Patient displays vital signs by modification of an animated
avatar (Figure 1, Multimedia Appendix 1). The avatar, which
corresponds to the patient, can display 11 vital signs; for
example, it pulsates with different intensities and frequencies,
breathes, and changes color on desaturation (Figure 2,
Multimedia Appendix 1). Tscholl and colleagues were able to
show that after briefly seeing a display of the Visual Patient,

anesthesia providers were able to recall more vital signs than
with conventional monitoring. They further reported improved
confidence and reduced cognitive effort [4,7]. This may help
healthcare providers gain situation awareness more efficiently
and may increase patient safety [8-11]. However, the
implementation of this technology may be difficult, as
conventional monitoring is well known and established.
Feasibility of Visual Patient training for widespread
implementation would require the training to be deliverable to
multiple participants at once, short in duration (eg, 30 minutes),
and suitable for large auditoriums.

We designed a simulation study where participants who had no
previous experience with Visual Patient underwent either
individual or classroom-based instruction and were then asked
to interpret conventional displays and avatar-based Visual
Patient displays. We hypothesized that the 2 instruction methods
would be comparable in efficacy as an introduction to
avatar-based monitoring with Visual Patient.

Figure 1. Screenshots of the presented scenarios showing conventional monitoring (A) and avatar-based monitoring with the Visual Patient (B).
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Figure 2. Vital sign parameters of the Visual Patient with a legend showing how each parameter is visualized. A: Visual Patient display when no vital
sign data are received. B: Desaturated, hypothermic patient with ST-segment deviation. C: Visual Patient with all vital signs in a safe state and high
brain activity (open eyes). D: Hypertensive, hyperthermic patient with high central line pressure.

Methods

Participants and Trial Design
On January 19, 2019, 42 nurse anesthetists were recruited to
the classroom instruction group. Since the study did not include
any real patient data or any human material, the research project
did not fall into the scope of the Human Research Act and did
not require ethics committee approval. However, we obtained
written consent from all participants to use the collected data
for scientific purposes.

We delivered a 30-minute plenary presentation to all participants
in the classroom instruction group. The presentation included
an introduction to the concept and technology of Visual Patient
as well as an educational video on how the system is used
(supplementary video 1 in Multimedia Appendix 1).
Subsequently, the participants were shown 4 scenarios in a
randomized order. In 2 scenarios, vital signs were presented
with the Visual Patient, and in the other 2 scenarios, the vital
signs were presented as in conventional monitoring. The display
scenarios were projected on a screen for either 3 or 10 seconds,
after which the screen was blacked out. After each scenario, the
participants were asked to rate every presented vital sign as
normal, abnormal, or not perceived. Data collection was
simultaneous for all participants, as each individual’s desk was
equipped with an iPad (Apple, Inc) containing a questionnaire
(iSURVEY, Harvest Your Data) for the participants to complete
[12].

The individual instruction group consisted of a selected sample
from a previously published study on Visual Patient [4]. We
selected 16 participants who were shown the same scenarios as
the class instruction group. The methodology of this study is
described in the previous publication. In brief, the data collection
was similar for these participants, except that each participant
was individually introduced to the Visual Patient followed by
presentation of the scenarios to the participant alone.

Outcomes
To assess the educational success of class instruction on the
Visual Patient technology, each rating of a vital sign was graded
as correct or incorrect. This enabled us to compare the correct
and incorrect perceptions of the vital signs displayed with both
technologies.

At the end of the study, participants rated their introduction to
the Visual Patient on a 5-point Likert scale (1=insufficient,
2=inadequate, 3=O.K., 4=good, and 5=very good).

Statistical Analysis
Data are provided as medians and interquartile ranges (IQR)
regardless of normality or estimated marginal means for linear
models. Normality was assessed with the Shapiro-Wilks test
and visual inspection of quantile-quantile plots of dependent
variables. Binary variables are presented as frequencies with
percentages. The Wilcoxon signed-rank test was conducted to
determine the effects of the Visual Patient display on the ability
to correctly perceive vital signs after seeing the display for either
3 or 10 seconds. The different scores were approximately
symmetrically distributed, as assessed by box plots. For both
scenarios, post hoc descriptive graphs were created detailing
whether each vital sign was perceived correctly, incorrectly, or
not at all.

To compare the effects of classroom instruction and individual
instruction, 2-way mixed analysis of variance (ANOVA) was
calculated with the factors of display technology (within-subject)
and instruction method (between-subject). There was a single
outlier, as assessed by inspection of a box plot for values greater
than 1.5 box lengths from the edge of the box. As the studentized
residual for this outlier was only 3.06, it was retained in the
analysis. Homogeneity was observed for variances (P>.05) and
covariances (P>.001), as assessed by the Levene test of
homogeneity of variances and the Box M test, respectively.

We fitted a mixed logistic regression model for the correct
perception of vital signs with a random intercept for each
participant. The model included the instruction variable, which
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denoted whether the participant received individual instruction
or classroom instruction. We additionally adjusted for the
display mode (Visual Patient vs conventional monitoring), the
duration of the task (3 seconds vs 10 seconds), and the previous
experience of the participants.

Analyses were conducted in SPSS 25 (IBM Corporation) and
R version 3.6.1 (R Foundation for Statistical Computing).
Figures were created using GraphPad Prism 8.1.1 (GraphPad
Software, Inc). As group differences were calculated separately
for both scenarios, a Bonferroni adjusted P value <.025 was
considered to indicate statistical significance.

Availability of Data and Material
The data sets used and analyzed during the current study are
available from the corresponding author on reasonable request.

Results

Participants
The 42 nurse anesthetists participating in the study reported a
median professional experience of 12 years (IQR 3-31). Of the
participants, 28/42 (67%) were female. As they were presented
in randomized order with 2 sets, each consisting of a Visual
Patient scenario and a matched conventional display scenario,
84 direct within-subject comparisons were performed. After the
study, most participants in the class instruction group rated the
introductory presentation as very good (20/42, 48%) or as good
(13/42, 31%), whereas 9 participants did not take part in the
follow-up survey.

The selected sample of 16 participants from a previous study,
who received individual instruction on the Visual Patient,
consisted of 8 (50%) physician anesthetists and 8 (50%) nurse
anesthetists, where 11 (69%) were female. Table 1 gives an
extended overview of the characteristics of the participants.

Table 1. Participant characteristics.

Individual instruction group

(n=16)

Class instruction group

(n=42)

Characteristic

Gender, n (%)

11 (69)28 (67)Female

5 (31)14 (33)Male

Profession, n (%)

8 (50)42 (100)Nurse anesthetist

8 (50)0 (0)Physician anesthetist

Experience, n (%)

1 (6)2 (5)<1 year

5 (31)9 (21)1-5 years

4 (25)3 (7)>10 years

6 (38)17 (40)5-10 years

0 (0)11 (26)Unknown

Perception of Vital Signs
After the classroom instruction, when presented with the
3-second scenarios, participants were able to correctly perceive
a median of 6 vital signs (IQR 4.8-8) with the Visual Patient
and a median of 3 vital signs (IQR 2-4) with the conventional

monitoring display. The Wilcoxon signed-rank test determined
a significant median increase in the perception of vital signs (3)
when participants were shown the Visual Patient compared to
when they were shown the conventional display (z=–5.0;
P<.001) with a large effect size of –0.55 (Figure 3).
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Figure 3. Box plots of the vital signs that were correctly perceived with both the Visual Patient and conventional monitoring. Participants were shown
scenarios for either 3 or 10 seconds. Group differences were assessed by Wilcoxon signed-rank test. The whiskers indicate the 5th and 95th percentiles.

When the 10-second scenarios were shown after the class
instruction, participants were able to correctly perceive a median
of 6 vital signs (IQR 5-8) with the Visual Patient and a median
of 6 vital signs (IQR 5-7) with the conventional monitoring
display. Thus, there was no statistically significant median
increase in the perception of vital signs (z=–1.2; P=.25) as
determined by Wilcoxon signed-rank test (Figure 3).

Vital sign–specific descriptive analysis in the class instruction
group showed that in the 3-second scenarios, nearly all

participants were able to correctly perceive the pulse rate and
oxygen saturation. Furthermore, most participants correctly
recalled the blood pressure. The overall group difference was
largest within the other parameters, as shown in Figure 4.
Moreover, with the Visual Patient, the correct perceptions
increased, but the incorrect perceptions also increased; therefore,
the number of unperceived vital signs decreased (Figure 4,
Multimedia Appendix 2). For the 10-second scenarios, vital
sign–specific descriptive analysis is available in Multimedia
Appendix 2.
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Figure 4. Stacked bar graph indicating the perception of presented vital signs after the 3-second scenario. Percentages were calculated from the 4
possible answers to each vital sign: too high, normal, too low, and did not perceive. Depending on the presented scenario, the answers were rated as
correct, incorrect, or not seen.

Effects of the Instruction Method
The 2-way mixed ANOVA indicated a statistically significant
interaction between the teaching intervention and display
technology for perceived vital signs (F1,56 4.61; P=.04; partial

η2=.076). Post-hoc univariate analysis yielded a statistically
significant difference between the 2 teaching interventions for

the Visual Patient (F1,56 14.42; P<.001; partial η2=.205) but not

for conventional monitoring (F1,56 3.06; P=.09; partial η2=.052).

In the classroom instruction group, the estimated marginal means
of the perceived vital signs increased from 3.3 (95% CI 2.9-3.8)
with conventional monitoring to 6.2 (95% CI 5.6-6.8) with the
Visual Patient. In the individual instruction group, the estimated
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marginal means of the perceived vital signs increased from 4.1
(95% CI 3.4-4.9) with conventional monitoring to 8.5 (95% CI
7.5-9.5) with the Visual Patient. As shown in Figure 5, this

resulted in a mean difference of 2.3 between the number of vital
signs perceived with the Visual Patient in the 2 instruction
groups (95% CI 1.1-3.5; P<.001).

Figure 5. Marginal means of the perceived vital signs by the 2 instruction groups estimated by 2-way mixed ANOVA.

Mixed Logistic Regression
The mixed logistic regression model showed evidence of a
difference between the teaching modes in favor of individual
instruction, yielding OR 1.88 (95% CI 1.41-2.52; P<.001) for

correct vital sign perception after individual instruction.
Moreover, the model displayed very strong evidence for the
superiority of Visual Patient, with OR 3.03 (95% CI 2.50-3.70;
P<.001) for correct vital sign perception with the Visual Patient
(Table 2).

Table 2. Mixed logistic regression for correct perception of vital signs with the random intercept for each participant.

P valueORa (95% CI)Variable

Teaching mode

N/AbReferenceClass

<.0011.88 (1.41-2.52)Individual

Display technology

N/AReferenceConventional

<.0013.03 (2.50-3.70)Visual Patient

Scenario duration

N/AReference3 seconds

<.0012.31 (1.91-2.80)10 seconds

Experience

N/AReference<1 year

.531.21 (0.67-2.16)1-5 years

.971.01 (0.55-1.88)5-10 years

.590.86 (0.49-1.50)>10 years

aOR: odds ratio.
bNot applicable.
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Discussion

Principal Findings
Avatar-based patient monitoring is an alternative way to display
vital signs. It can facilitate perception, reduce mental workload,
and increase situation awareness [4,13]. This technology is
generally well received by users and thought to be easy to learn;
however, to implement it in larger health care systems, it must
be trainable via class instruction [14].

In this study, we presented 42 anesthesia providers with 0.5
hours of class instruction on Visual Patient. Afterward, they
were shown monitors with either conventional displays or Visual
Patient displays and asked to interpret vital signs. If the
participants saw the scenarios for 3 seconds, they were able to
perceive significantly more vital signs with the Visual Patient.
Further, the calculated effect size of the Visual Patient on correct
perceptions was large (–0.55). No significant difference was
found for the 10-second scenarios. These results are similar to
those of a previous study by our research group on Visual
Patient, where more vital signs were perceived with the Visual
Patient after both 3 and 10 seconds [4]. However, in this study,
the median difference was also less for the 10-second scenarios
[4]. In the previous study, instruction was individual. To
compare the efficacy of both instruction methods, we therefore
compared the current sample with a selected historical sample
from the previous study. While both instruction methods were
successful, individual instruction yielded slightly better results.

In daily clinical practice, the superiority of the Visual Patient
when seeing a monitor for 3 seconds may already be very

relevant. It has been shown that anesthesia providers tend to
look at patient monitors in short glances [9]. These glances
become more frequent during critical situations, where vital
signs can change rapidly and many can change at once [9]. In
these cases, the median increase of 3 more vital signs perceived
with the Visual Patient may make a crucial difference.

Participants were introduced to the Visual Patient according to
our prespecified necessary criteria for general implementation.
The teaching was conducted with 30 minutes of plenary
classroom instruction (Figure 6), which was well received by
the participants. The replication of results from previous studies,
where each participant was introduced to the Visual Patient in
a one-on-one setting, shows the feasibility of large-scale
teaching. If avatar-based monitoring is implemented in health
care systems or single hospitals, one-on-one teaching of each
employee will not be practical. Employees will need to be
trained to use the technology in a setting similar to that in our
study [15]. Alternatively, e-learning may be considered or even
no instruction at all, as the Visual Patient technology is generally
perceived as intuitive to understand [14]. Animated avatars have
been used to provide visual support in the education of patients
with sensory impairment in the form of assistive computer vision
[16,17] as well as in the education of children with autism,
where an avatar can display emotions and support affective
learning [18,19]. As an avatar is a manifestation of self and
reflects already known images or movements in simplified ways,
the avatar itself can be used as an educational tool [20].
Therefore, implementation of avatars without instruction may
be a subject of future study.

Figure 6. The auditorium in which the introduction to the Visual Patient was conducted.

Post hoc analysis of perception of specific vital signs showed
that with both technologies, the pulse rate and oxygen saturation
were nearly always perceived correctly; also, the blood pressure
was perceived correctly in approximately 69% of cases. In
conventional monitoring displays, these figures are often the
largest displayed and are thus easily perceived. The vital signs

with more pronounced differences (expiratory carbon dioxide,
respiratory rate, ST segment, central venous pressure,
temperature, electroencephalography, neuromuscular blockade,
and tidal volume) may be displayed in smaller sizes or in less
prominent places. One advantage of the Visual Patient is that
all vital signs are displayed in close proximity to each other and
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sometimes repeatedly (eg, the respiratory rate can be deduced
from the lung movement or the expired “gas bubble”). This is
supported by an eye-tracking study on Visual Patient, which
showed that participants were able to visually fixate on more
vital signs with Visual Patient than with conventional monitoring
[21]. The close proximity further facilitates perception by
peripheral vision [22]. Another advantage of Visual Patient is
that due to the way the vital signs are displayed, parallel
acquisition of information is possible. For example, users can
recognize the pulsation frequency, color, and shape of an object
in a single glance. To do the same in conventional number-based
and waveform-based patient monitoring, users must read several
numbers in several glances. [23]

Although the introduction to Visual Patient seemed to be
sufficient and the monitoring capability improved, further
progress may be possible with more detailed teaching or
continued clinical use. The vital sign–based analysis showed
that while correct perception of vital signs increased with the
Visual Patient, incorrect perception increased as well. This may
be due either to the design of these parameters or to inexperience
with the Visual Patient. More detailed user perception studies
are required to evaluate this result; however, it is more likely
to be due to inexperience. The Visual Patient parameters and
their display were calibrated using a Delphi process and
generally show high interrater reliability, with a previously
reported Fleiss kappa >.94 [4]. Participants seemed to be able
to perceive these vital signs, as corroborated by the eye-tracking
study [21]; however, their knowledge of Visual Patient may
still have been insufficient to correctly interpret them. This

implies that with further clinical use and practice, Visual Patient
will yield even better situation awareness.

Strengths and Limitations
This study had some limitations. The study was simulation
based; thus, translational evidence for clinical practice may be
limited. Further studies in a high-fidelity simulation environment
or in clinical practice are required. However, it is plausible that
the effects would persist if used in a clinical setting, as the basic
physiological specifications of information intake do not change.
The results are in line with those of similar avatar-based
monitoring systems, such as the Visual Clot, an animated blood
clot that represents coagulation disorders [24]. This study also
had particular strengths. The examined group was somewhat
heterogenous, which increases the external validity. However,
more physicians should be included in further studies. The study
was not conducted in a sensory-sterile environment; both the
instruction and data collection were performed with a large
group, where the possible distractions are more similar to a real
clinical atmosphere.

Conclusions
Although individual instruction on the Visual Patient is slightly
more effective, class instruction is a viable teaching method;
this increases the feasibility of large-scale introduction of health
care providers to this novel technology. This study further
contributes to the growing evidence of the superiority of
avatar-based monitoring to conventional monitoring in certain
situations.
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Abstract

Background: In the last decade, 3D virtual models have been used for educational purposes in the health sciences, specifically
for teaching human anatomy and pathology. These models provide an opportunity to didactically visualize key spatial relations
that can be poorly understood when taught by traditional educational approaches. Caries lesion detection is a crucial process in
dentistry that has been reported to be difficult to learn. One especially difficult aspect is linking clinical characteristics of the
different severity stages with their histological features, which is fundamental for treatment decision-making.

Objective: This project was designed to develop a virtual 3D digital model of caries lesion formation and progression to aid
the detection of lesions at different severity stages as a potential complement to traditional lectures.

Methods: Pedagogical planning, including identification of objectives, exploration of the degree of difficulty of caries
diagnosis–associated topics perceived by dental students and lecturers, review of the literature regarding key concepts, and
consultation of experts, was performed prior to constructing the model. An educational script strategy was created based on the
topics to be addressed (dental tissues, biofilm stagnation areas, the demineralization process, caries lesion progression on occlusal
surfaces, clinical characteristics related to different stages of caries progression, and histological correlations). Virtual 3D models
were developed using the Virtual Man Project and refined using multiple 3D software applications. In the next phase, computer
graphic modelling and previsualization were executed. After that, the video was revised and edited based on suggestions. Finally,
explanatory subtitles were generated, the models were textured and rendered, and voiceovers in 3 languages were implemented.

Results: We developed a 6-minute virtual 3D dynamic video in 3 languages (English, Spanish, and Brazilian Portuguese)
intended for dentists and dental students to support teaching and learning of caries lesion detection. The videos were made available
on YouTube; to date, they have received more than 100,000 views.

Conclusions: Complementary pedagogical tools are valuable to support cariology education. This tool will be further tested in
terms of utility and usability as well as user satisfaction in achieving the proposed objectives in specific contexts.

(JMIR Med Educ 2020;6(1):e14140)   doi:10.2196/14140
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Introduction

Dental caries is one of the most prevalent chronic diseases
worldwide [1]. It is caused by the interaction of several factors
that culminate in dissolution of the localized chemical tooth
structure by metabolic events occurring in the oral biofilm [2].
This cumulative mineral loss is known as a caries lesion; these
lesions can vary from simple changes in enamel translucency
to extensive cavities involving the dentine and pulp [3].

Dental caries are detected by recognizing the signs and
symptoms involved in the abovementioned process [4]. The
importance of caries detection lies in the possibility of
confirming the presence or absence of disease, assessing its
prognosis, contributing to the decision-making process,
informing the patient, and monitoring the clinical course of the
disease [5]. In this sense, adequate caries detection is
fundamental for planning and implementing health policies
aimed to control the disease [6].

Several caries classification and detection methods have been
developed to assess different stages of caries lesions [7].
However, the many differences and lack of standardization of
these methods highlight the need to develop a defined,
standardized, and validated caries detection system based upon
current scientific evidence and the consensus of experts in the
field of cariology [8]. In this regard, the International Caries
Detection and Assessment System (ICDAS) [9] was designed
to detect 6 stages of the caries process according to the disease
severity, ranging from early visual changes in the enamel to
extensive cavitation. Although this system has been widely used
and has been shown to contribute to more accurate caries lesion
detection [10], developing teaching tools is important and

necessary to achieve and effectively disseminate new concepts
and paradigms to facilitate their understanding and use [11].
These tools will reduce the difficulties of applying such concepts
in a clinical scenario.

Based on this, the ICDAS Foundation designed an e-learning
program to universalize and spread the use of their system [12].
This free 90-minute tool can be accessed online in 4 different
languages to support training, provide dental examination
protocols, and review the scoring system. Although the ICDAS
e-learning program has been shown to improve the diagnostic
skills of dental students for the detection of occlusal caries
[13,14], specific clinical characteristics of different stages of
caries lesion progression could not be linked to their respective
histopathological features, which is important to understand the
prognosis and influence of these stages on clinical
decision-making.

3D animation models can show spatial and dynamical
relationships from almost any angle; this can provide
information that may be difficult to acquire using traditional
static learning resources [15]. In this sense, the Virtual Man
Project [16] developed at the Telemedicine Discipline of the
University of Sao Paulo creates 3D images and animations of
the human body that aid the comprehension of anatomy,
physiology, pathologies, drug interactions, and surgical
techniques in several areas (Figure 1).

Thus, the aim of the present project was to develop a digital,
dynamic, and virtual 3D model of the formation, progression,
and detection of caries lesions at different stages using the
ICDAS at the Virtual Man Project Laboratory to complement
traditional teaching resources.

Figure 1. The Virtual Man Project developed at the Telemedicine Discipline, School of Medicine, University of Sao Paulo, Brazil.

Methods

This descriptive study was developed in collaboration with the
Discipline of Telemedicine (School of Medicine), the
Teledentistry Centre, and the Department of Pediatric Dentistry

(School of Dentistry) at the University of Sao Paulo, Brazil.
The study was approved by the Ethics Committee of the Dental
School (protocol 206.345/2013).
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Pedagogic Planning
This phase comprised the initial steps to develop a learning
object oriented toward the detection of caries lesions based on
their developmental stages and the differences among their
clinical characteristics. In this phase, we discussed the
objectives, the topics to approach, and the best methodologies
for knowledge transmission. Firstly, a team of experienced
lecturers and researchers in the area of cariology was formed
to discuss the learning object purpose, key topics representing
the minimum skills a dental student should develop in this field
as a future dental practitioner, and the possibility of using
technology to achieve the proposed goals. Sources such as the
First Consensus Workshop on the Development of a European
Curriculum in Cariology [17] and a study on current cariology
education in dental schools in Spanish-speaking Latin American
countries [18] were considered at this point.

As a second step in the previous study, we assessed the degrees
of difficulty of caries detection–related learning topics perceived
by dental students and lecturers [19]. In this phase, we used a
conjoint analysis survey to determine the most difficult topics
to learn regarding the detection of caries lesions [20]. In this
survey, respondents were asked to rate the perceived degree of
difficulty not by individual subactions but in combinations
known as profiles. Conjoint analysis allows the identification
of subactions that are considered to be better or worse examples
of each research engagement action by calculating numerical
weights, which are called utilities. These utilities represent the
score to be assigned to each subaction. The topic considered to
be the most difficult by students and lecturers was the histology
of caries lesions (the correlation between the clinical
characteristics of a caries lesion and its histological depth).
Therefore, we based the construction of the present learning
object on this specific subject to address this difficulty
didactically.

Graphic Design and Video Production
First, images of clinical and histological caries lesions were
acquired to include them in the learning object as
complementary supports. To that end, an examiner trained in
the ICDAS criteria selected a sample of human teeth (N=12)
with different caries lesion severity stages on occlusal surfaces
(scores 0-6) from the Human Teeth Bank of the Dental School,
University of Sao Paulo. Clinical images of these lesions were
then obtained with a digital camera (DS126151 EOS Digital
Rebel XTi, Canon) with a macro lens (EF 100mm 1:2.8, Canon).
Then, the teeth were fixed with the crown exposed to Eppendorf
tubes using utility wax and transparent acrylic resin.
Longitudinal sections (100 micrometers) were made at the center
of each lesion using a cutting machine (IsoMet 1000 precision
sectioning saw, Buehler) with a diamond grinding disc (Extec
12205). The histological sections were analyzed under a
stereomicroscope (M80, Leica), and the images were captured
and processed with a digital camera (DFC 295, Leica) and QWin
Plus software (Leica). This material was saved in digital files
until its inclusion in the learning object.

A technological plan structure and interactive tele-education
strategies were developed in partnership with a multidisciplinary
team composed of cariology experts, digital designers,
journalists, and tele-education strategists. This phase was carried
out at the Virtual Man Project Laboratory using dual Pentium
4 graphic workstations (Xeon HT) with 4 gigabytes of RAM,
a professional video board, tablets, the 3D Studio Max program
(AutoDesk, Inc), and Photoshop and After Effects software
(Adobe, Inc).

Before graphical production, a descriptive lecture regarding the
caries process and the ICDAS criteria on occlusal surfaces was
given to the team members who were not familiar with
cariology. Concept descriptions as well as clinical and
histological images of caries lesions were shown. Then, an
educational script strategy was created to define the sequence
in which the topics would appear in the video, emphasizing the
most difficult topics (Textbox 1).

Textbox 1. Educational script showing the sequence of topics in the constructed video according to the pedagogical planning.

Sequence of topics

1. Presentation

2. Dental structures (enamel, dentin, pulp)

3. Dental enamel structure, microscopic view

4. Dentine structure, microscopic view

5. Plaque stagnation areas

6. Demineralization process

7. Caries lesion formation

8. ICDAS scores (clinical/histological)

9. ICDAS scores (histological correlation)

10. Credits

Graphical computer models (using the Virtual Man Project) of
the clinical and histological images and a preview video were

promptly generated. A group of experts in the field of cariology
who were not involved in the video production reviewed this
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first version of the video. After that, the video was edited to
correct some theoretical and technical inconsistencies. Then, a
new version was produced that incorporated all the suggestions;
after the team’s approval, this video was rendered and textured.
To achieve this, an image synthesis process was performed to

generate photorealistic images (geometry, viewpoint, texture,
lighting, shading, etc.) from the developed 3D models using
computer programs. By this process, a silent 6-minute video
was created using the Virtual Man Project (Figure 2).

Figure 2. Scenes of the video produced at the Virtual Man Laboratory. ICDAS: International Caries Detection and Assessment System.

Voiceover Recording
After the graphic design phase was complete, voiceovers were
recorded to be played over the video to narrate the dynamic
illustrations in an understandable way. Scripts in 3 languages
(English, Spanish, and Brazilian Portuguese) were written and
revised by native experts. After that, the scripts were adjusted
and synchronized with the times and sequences in the video.
We engaged a native-speaking narrator from the United
Kingdom, Mexico, and Brazil. Each of the 3 narrators received
a brief explanation about the video and its objectives together

with the script. They were then taken into a recording studio
and provided with instructions on how to record the voiceovers.
Voice volume and speed tests were performed. Later, the
narrator read the script while the voiceover was recorded. If the
narrator made mistakes, they were required to start over from
the previous paragraph. Repetitions were made when necessary.
Finally, the recordings of the scripts were edited and
incorporated into the body of the video. The final versions, a
6-minute video in each language, were sent to the scientific
board for revision. Minimal corrections and additions were
performed at this point (Figure 3).
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Figure 3. Frames from the final English version of the 6-minute video about the caries process and the International Caries Detection and Assessment
System.

Results

Using the process described in the Methods section, a 6-minute
dynamic video was produced in 3 languages (English, Spanish,
and Brazilian Portuguese) showing the dental structures, biofilm
stagnation areas, caries lesion formation, demineralization
process, caries lesion progression, and severity stages of caries
lesions on occlusal surfaces according to the ICDAS (Figure 2
and Figure 3). This process, from conception to the final product,
required approximately 2 years. The first 6 months were
dedicated to idealization of the project, formation of the team,
and design of the methodology to assess the topics to be included
in the learning object. In the following months, the
multidisciplinary team was formed and the audiovisual
production proceeded. Finalization of the audiovisual production
required approximately 1.5 years. This included product
conception, design, production, editing, rendering, and voiceover
incorporation. The project leader was exclusively dedicated to
the project, and the Virtual Man Project Laboratory staff worked
an average of 20 hours per week on the production of the
material. All 3 videos [21-23] were uploaded to YouTube in
2016; since then, they have received more than 130,000 views
(English version: 33,000, Spanish version: 28,000, and Brazilian
Portuguese version: 72,000). The 3 versions of the learning
object can be accessed on the YouTube platform using the
keywords “ICDAS” and “caries”.

Discussion

Principal Findings
Interest is increasing in developing educational resources using
information and communication technology to improve students’
understanding of human body processes [15]. The developed
tool is presented in an audiovisual media format that is
compatible with computers, tablets, and smartphones using the
Virtual Man Project as an innovative, dynamic, and directed
communication method. The tool implements 3D graphical
modeling and uses a visual classification system to transmit
knowledge associated with caries lesion formation and its
clinical manifestations based on the developmental stages of
caries, which may benefit the caries detection process [10].

This project represents an improvement in educational
infographics, as it may facilitate and accelerate understanding
related to a specific matter [20]. The Virtual Man Project
Laboratory at the University of Sao Paulo had previously
developed some dentistry-related content, such as tooth
extraction and mandibular nerve anesthesia [24] and atraumatic
restorative treatment [25]. This learning object represents the
continuous production of learning tools in the area of dentistry,
specifically cariology. When watching the video, viewers can
observe 3D animated anatomical structures that simulate the
demineralization process due to bacterial acid production, the
caries process, and the severity stages of lesions as well as their
histological correlations; these are difficult topics to assimilate
by conventional methods [15,26].
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Part of the pedagogical planning for the development of this
learning object was based on the findings of a previous study
[19]. Those findings were extremely important, as they guided
the development of the learning object based on students’ real
expectations to stimulate ideal achievement of the knowledge
and skills required to detect caries lesions in a clinical scenario.
However, the impact that this learning object will have on
students’ learning and competence acquisition is a matter of
future study.

We consider that this tool may have an impact on the theoretical
understanding of caries lesion formation and progression and
therefore may improve students´ knowledge and grades. This
is supported by a study in which students who accessed virtual
tools scored higher on assessments than students who did not
[27]. This tool is important because the implementation of
multimedia designs for anatomical teaching purposes reduces
students’ cognitive load [26] and permits dissemination of
information to more students, with significant effects on
improving their understanding of the relevant morphology [26].

As mentioned, the ICDAS e-learning program is an interactive
resource that supports training in the use of the ICDAS criteria
for dental education, examination protocols, and scoring systems
[13] using static images, text, and voiceover recordings. The
advantage of dynamically correlating the clinical process with
the histopathological features of disease in the presented learning
object may complement not only existing online resources but
also traditional lectures, helping educators improve their
teaching methodology [27].

One of our main goals is the dissemination of the produced tool.
Open access is an ideal aspect of this process, and the first

version of the video is already available on YouTube. However,
additional steps should be performed to test the characteristics
of the learning material as well as to address copyright issues;
these steps are currently in progress. In the phase described in
this paper, the authors created a learning object in 3 different
languages: English, Spanish, and Brazilian Portuguese. This
can be seen as an advantage in terms of dissemination, as these
3 languages have some of the largest populations of
first-language speakers in the world [28].

As a next step to fully address the efficacy of the current
learning object, the authors will test this tool in a student
population in different contexts and countries. This testing will
be conducted to validate and assess the potential benefits,
obstacles, and user acceptability of the learning object as a novel
pedagogical resource in the area of cariology. Therefore, we
will perform a multicenter randomized study involving dental
students from different countries with the aim of evaluating the
impact of the 3D virtual model as a learning object on the
training and teaching of undergraduate dental students to detect
caries lesions using the ICDAS; the results of this study will be
discussed in a future paper.

Conclusions
We produced a 6-minute virtual 3D video intended for dentists
and dental students to support teaching and learning of the caries
detection process. We suggest that complementary pedagogical
tools, such as the one described here, are valuable to
complement education in cariology. This learning object will
be further tested in terms of utility and usability as well as user
satisfaction in achieving the proposed objectives in specific
contexts.
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Abstract

Background: The use of artificial intelligence (AI) in medicine will generate numerous application possibilities to improve
patient care, provide real-time data analytics, and enable continuous patient monitoring. Clinicians and health informaticians
should become familiar with machine learning and deep learning. Additionally, they should have a strong background in data
analytics and data visualization to use, evaluate, and develop AI applications in clinical practice.

Objective: The main objective of this study was to evaluate the current state of AI training and the use of AI tools to enhance
the learning experience.

Methods: A comprehensive systematic review was conducted to analyze the use of AI in medical and health informatics
education, and to evaluate existing AI training practices. PRISMA-P (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols) guidelines were followed. The studies that focused on the use of AI tools to enhance medical education
and the studies that investigated teaching AI as a new competency were categorized separately to evaluate recent developments.

Results: This systematic review revealed that recent publications recommend the integration of AI training into medical and
health informatics curricula.

Conclusions: To the best of our knowledge, this is the first systematic review exploring the current state of AI education in
both medicine and health informatics. Since AI curricula have not been standardized and competencies have not been determined,
a framework for specialized AI training in medical and health informatics education is proposed.

(JMIR Med Educ 2020;6(1):e19285)   doi:10.2196/19285

KEYWORDS

artificial intelligence; education; machine learning; deep learning; medical education; health informatics; systematic review

Introduction

Overview
Artificial intelligence (AI) is one of the most disruptive
innovations in health care, and the topic has attracted the
attention of physicians, clinicians, researchers, and medical
device industry professionals. Recent advancements in machine
learning (ML) and deep learning (DL) algorithms and cloud
computing have increased the adoption of AI. Consequently,
applications that can handle a large number of unstructured data

sets and solve complex problems have become a part of daily
clinical practice.

Most AI applications process data and run self-learning
algorithms behind the scenes. Although some AI applications
provide data-driven recommendations to clinicians, others may
not offer an option to accept, reject, or modify the output. The
recommendations AI applications provide through statistical
correlations may not be the best option because human-made
AI algorithms may be flawed. To use and screen AI-based
decisions, clinicians and health informaticians who develop AI
applications should have an excellent understanding of the
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underlying AI concepts. This paper will focus on the emerging
need for formal AI education in medicine and health informatics.

Background
Intelligence requires the capacity to perceive contexts, associate
contexts to actions, and act. Even though the concept of
machines that imitate intelligent human behavior is not new,
AI has recently become a topic of interest [1]. As an academic
discipline, the Dartmouth College Artificial Intelligence
Conference that was organized by John McCarthy in 1956 was
considered the birth of this field [2].

AI, ML, and DL are closely related, and the absence of universal
definitions might be confusing; however, the difference between
AI, ML, and DL is simple. AI is defined as “the theory and
development of computer systems able to perform tasks
normally requiring human intelligence, such as visual
perception, speech recognition, decision-making, and translation
between languages” [3]. AI-based devices can perceive the
environment, simulate human intelligence, and solve problems.
Their ability to adapt through progressive learning algorithms
is what differentiates AI technologies from robotic and
hardware-driven automation. In other words, computers can
mimic human intelligence using AI techniques [4]. ML is the
subset of AI that allows systems to learn from data and develop
self-learning algorithms. ML applications can learn from data
without being explicitly programmed; make predictions and
recommendations using various tools; and enable computer
applications to improve their performance [5]. DL is a subfield
within ML that allows machines to use algorithms inspired by
the structure of neural networks. A computer can learn how to
classify images and how to assign labels to words in a sentence

(semantic labeling) by using DL algorithms [5]. DL
programming uses large quantities of unstructured data,
calculates complex statistical models, and predicts outcomes
without being explicitly programmed. Virtual assistants,
chatbots, and facial recognition algorithms are some other
practical examples of DL.

The main purpose of this study was to investigate peer-reviewed
publications focused on AI education and to determine objective
assessment methods for AI skills and competency training for
medical and health informatics professionals. The impact of AI
on the learning experience was evaluated to assess the need for
AI education. As medical education, clinical informatics
education, and health informatics education are closely related,
medical and health informatics education trends were analyzed
together. The American Medical Informatics Association has
been working closely with the Commission on Accreditation
for Health Informatics and Information Management Education
to determine health informatics competencies; clinical
informatics became a medical subspecialty in 2011 [6]. Although
clinical and health informatics programs are designed for
students who plan to pursue different career pathways, they use
similar competencies. The implementation of ML in health care
could result in unintended challenges and biased decisions,
depending on the algorithms, data sources, and methodologies
used [7]. Physicians who are not familiar with the evidence
standards for AI might not be able to use the right approaches
to integrate AI into clinical care. Even though there are several
studies that explored how AI algorithms were helping enhance
education [8-12], the number of peer-reviewed publications that
focused on artificial intelligence education in medicine is limited
(Figure 1).
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Figure 1. The number of citations that appear on PubMed by year for the following search terms: ("Medical Education" OR "Medical Training") AND
("Artificial Intelligence" OR "Machine Learning" OR "Deep Learning").

Methods

Using a replicable systematic search strategy, a full-text review
was performed between November 2019 and February 2020.
PRISMA-P (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocols) systematic review methodology
introduced by Moher et al [13] was used to identify and analyze
reliable literature. The PRISMA-P method uses a structured
procedure that consists of a 17-item checklist to facilitate
systematic review protocols.

The combination of five groups of keywords was used to search
PubMed, IEEE (Institute of Electrical and Electronics Engineers)

Xplore Digital Library, CINAHL (Cumulative Index to Nursing
and Allied Health Literature) Plus, and ScienceDirect databases:
(1) medical education, (2) medical training, (3) artificial
intelligence, (4) machine learning, and (5) deep learning (Figure
2 and Table 1). Overall, 2082 articles matched the search
criteria. After removing duplicate studies and performing an
abstract review, 76 full-text articles were selected for the review.
All search results were entered into EPPI-Reviewer 4 text
mining software (the EPPI-Centre, University of London), and
the studies that met the inclusion criteria were identified. Two
researchers performed the extraction independently and assessed
quality.

Figure 2. Venn diagram for the PubMed search. A total of 363 results were found with the following search terms: ("Medical Education" OR "Medical
Training") AND ("Artificial Intelligence" OR "Machine Learning" OR "Deep Learning").
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Table 1. Literature sources and keywords.

Return valueSearch inSearch query and literature sources

(“Medical Education” OR “Medical Training”) AND (“Artificial Intelligence” OR “Machine Learning” OR “Deep Learning”)

363All fieldsPubMed

60Full text and metadataIEEE (Institute of Electrical and Electronics Engineers) Xplore

6271Full text and peer reviewedProQuest Central

68All text (TX)CINAHL (Cumulative Index to Nursing and Allied Health Literature) Plus

1588Title, abstract, author-specified keywordsScienceDirect

Based on the following inclusion and exclusion criteria, the
selection process was applied. Peer-reviewed research articles,
review papers, conference papers, case reports, correspondences,
discussions, viewpoint papers, editorials, mini-reviews, and
short communications papers that focused on AI tools to enhance
the learning experience in medical and health informatics

education or teach AI as a new competency published after 1990
were included (Table 1). Book chapters, news, and extended
abstracts published before 1990 in languages other than English
were excluded. To establish validity, disagreements were
discussed until a consensus was reached. Overall, 26 articles
matched the inclusion criteria of this research (Figure 3).

Figure 3. Search methodology. CINAHL: Cumulative Index to Nursing and Allied Health Literature; IEEE: Institute of Electrical and Electronics
Engineers.
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Results

One of the goals of this systematic literature review was to
evaluate existing studies and determine the current state of AI
education. The selected papers were used to identify the answers
to three research questions.

The first research question is the following: what topics are
discussed in peer-reviewed publications that focus on medical
and health informatics education and AI? To answer this
question, the selected publications were classified based on their
education foci and the characteristics of included studies were

summarized in Table 2. The publications that focused on the
use of AI applications in medical and health informatics
education were categorized as Category 1. These studies used
various AI-based tools to enhance the learning experience.
Several case studies and new initiatives to teach specific AI
skills, such as ML programming languages and big data
analytics software, were also identified. The publications that
evaluated AI education were classified as Category 2. Category
1 studies discussed different AI applications to enhance
education and summarized the impact of AI on medical and
health informatics education, while Category 2 studies focused
on the teaching of AI concepts.
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Table 2. Characteristics of included studies.

Comments and knowledge gapStudy objective

Level of

evidencebCategorya
Title or objectiveCountry

Author(s), year,
and reference

The study provided a general
framework only. The authors

The authors developed a
checklist to assess surgical

IV1Artificial Intelligence in
Medical Education: Best

CanadaWinkler-
Schwartz et al,
2019 [14] emphasized the need to add

further elements.
expertise in virtual reality
simulation.

Practices Using Machine
Learning to Assess Surgical
Expertise in Virtual Reality
Simulation

The authors acknowledged that
a low number of studies were

This review evaluated current

applications of AIc in medical

IV1Applications and Challenges
of Implementing Artificial
Intelligence in Medical Edu-
cation: Integrative Review

Singa-
pore

Chan and Zary,
2019 [15]

reviewed and stated that conclu-
sions might be inconsequential.

education and highlighted the
main challenges.

This article was published be-
fore the discovery of high-per-

This comprehensive review
discussed the potential use of

IV1AI in medical education—an-
other grand challenge for
medical informatics

SwedenLillehaug and
Lajoie, 1998
[16] formance computing processors

and recent advancements in
data recording technology.

AI to enhance medical infor-
matics education.

This article discusses the poten-
tial use of decision support

This study evaluated the use
of intelligent tutoring systems
in medical education.

V1Decision-support and intelli-
gent tutoring systems in
medical education

CanadaFrize and Fras-
son, 2000 [17]

tools but emphasizes the need
for further research to validate
their usefulness.

This study evaluated the effect
of AI technology on traditional

This article analyzed the appli-
cation of AI in medical educa-
tion.

V1Research on Application of
Artificial Intelligence in
Medical Education

ChinaZhao et al, 2018
[18]

medical education with a focus
on personalized learning.

The authors investigated the
integration of NLP to medical

This study reviewed the appli-

cation of NLPd to medical

IV1A Review of Natural Lan-
guage Processing in Medical
Education

United
States

Chary et al,
2018 [19]

education resources using pub-
lished manuscripts and stated

education and identified con-
cepts from NLP used in those
applications. the potentially biased represen-

tation of the scope.

The study described an ongoing
project and did not provide any

The study investigated the
feasibility of using a real-time

IV1Virtual patient simulator for
distributed collaborative
medical education

United
States

Caudell et al,
2003 [20]

data about the difference be-
tween problem-based learning

AI simulation engine in medi-
cal school curricula.

using virtual patient simulators
and standard paper case tutori-
als.

The authors discussed the poten-
tial of AI in learning analytics-

This literature review evaluat-
ed the integration of comple-

IV1Rethinking Anatomy: How
to Overcome Challenges of

PortugalGuimarães et al,
2017 [21]

oriented systems to predict be-mentary technology-basedMedical Education's Evolu-
tion havior but did not make any

recommendations about new
research studies.

methodologies to medical in-
struction.

The paper described various
virtual reality environments

This study highlighted the
role of advanced virtual envi-

IV1Immersive Virtual Environ-
ments for Medical Training

United
States

Bowyer et al,
2008 [22]

where students can interact
with AI-based simulators.

ronments and surgical simula-
tors as a training platform for
medical training.

The sample size and pending
postintervention findings were

This research discussed the
preliminary pilot study data

IV1Using Artificial Intelligence
and Gaming to Improve
New Nurse Transition

United
States

Sitterding et al,
2019 [23]

stated as the limitations of the
preliminary findings.

from a virtual reality simula-
tion education intervention
that compared virtual reality,
augmented reality, serious
gaming, and gamification.
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Comments and knowledge gapStudy objective

Level of

evidencebCategorya
Title or objectiveCountry

Author(s), year,
and reference

The authors recommended de-
veloping new competency as-
sessment practices and high-
lighted the importance of the
application of AI. They did not
provide supporting evidence
about AI's potential to eliminate
the need for human ratings.

This paper focused on the va-
lidity of assessment scores
and discusses the application
of AI to automate the assess-
ment process.

V1What we measure … and
what we should measure in
medical education

United
States

Boulet and
Durning, 2019
[24]

The authors recommended the
development of AI applications
for patient simulation and the
integration of telehealth applica-
tions in health education, but
the paper did not provide any
evidence.

This discussion paper indicat-
ed the potential of telehealth
technologies for health educa-
tion and training.

V1Telehealth Innovations in
Health Education and
Training

United
States

Conde et al,
2009 [25]

The authors described the
specification of an intelligent
medical learning system for
atheromatosis that can interact
with students. The design was
based on the results of empiri-
cal data and the authors did not
compare the e-learning system
with traditional methods.

The objective of this empiri-
cal study was to incorporate
intelligent techniques in web-
based medical education.

IV1Specifying the personaliza-
tion reasoning mechanism
for an intelligent medical e-
learning system on Athero-
matosis: An empirical study

GreeceKabassi et al,
2008 [26]

This paper was published be-
fore AI impacted multiple
fields but the authors successful-
ly envisioned how AI would
transform decision making,
simulation, and medical educa-
tion.

This article provided a com-
prehensive discussion of
computer-assisted instruction
systems and discussed expert
systems' contribution to soft-
ware for medical learning.

IV1Computer-assisted teaching
and learning in medicine

GermanyKlar and Bayer,
1990 [27]

This study compared regular,
expert-led, and expert-led+AI
groups and found an increased
improvement in the expert-
led+AI tutoring group. Authors
recommended AI-assisted tutor-
ing for novice medical interns.

This paper examined the im-
pact of an AI system tutoring
course on clinical training.

IV1An expert-led and artificial
intelligence (AI) system-as-
sisted tutoring course in-
crease confidence of Chi-
nese medical interns on su-
turing and ligature skills:
prospective pilot study

TaiwanYang et al,
2019 [28]

The authors described the devel-
opment of a low-cost intelligent
simulator to improve laparo-
scopic skills and proposed the
training as a validated training
tool for surgical education pro-
grams.

This study evaluated the ef-
fect of a laparoscopic trainer
system that uses an AI algo-
rithm.

IV1Development of a Laparo-
scopic Box Trainer Based
on Open Source Hardware
and Artificial Intelligence
for Objective Assessment of
Surgical Psychomotor Skills

MexicoAlonso-Silverio
et al, 2018 [29]

This perspective paper only
provided an outline and did not
provide any evidence.

This perspective article dis-
cussed the lack of student ac-
cess to machine learning con-
tent and makes some sugges-
tions to instructors.

V2Machine learning and medi-
cal education

United
States

Kolachalama
and Garg, 2018
[30]

The review emphasized the
need to identify correct informa-
tion about AI.

This short review emphasized
the lack of direct access to
machine learning education
for clinicians and recommend-
ed the inclusion of focused
content.

IV2What should medical stu-
dents know about artificial
intelligence in medicine?

KoreaPark et al, 2019
[31]

This commentary article sum-
marized the authors' perspective
and did not provide supporting
evidence.

This article discussed the need
to develop new curricular
components to teach the use
of AI tools.

V2Medical Education Must
Move From the Information
Age to the Age of Artificial
Intelligence

United
States

Wartman and
Combs, 2018
[32]
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Comments and knowledge gapStudy objective

Level of

evidencebCategorya
Title or objectiveCountry

Author(s), year,
and reference

The authors proposed a new
curriculum that will include the
skill sets required to use AI ef-
fectively.

This paper indicated the need
for a more sophisticated
mathematical understanding
of analytics.

V2Reimagining Medical Educa-
tion in the Age of AI

United
States

Wartman and
Combs, 2019
[33]

This position paper summarized
AI principles, provided an up-
date on research in the area of
AI, and described radiologists'
role in providing education
about AI.

This review discussed current
applications of AI in medical
imaging and recommended AI
education for radiology resi-
dents.

IV2Artificial intelligence and
medical imaging 2018:
French Radiology Communi-
ty white paper

FranceBeregi, 2018
[34]

The AI working group recom-
mended the integration of
health informatics and comput-
er science courses to analyze
the opportunities and chal-
lenges associated with new AI
tools.

This paper assessed the educa-
tional needs of radiologists
and medical students, and
provided recommendations.

IV2Canadian Association of
Radiologists White Paper on
Artificial Intelligence in Ra-
diology

CanadaTang et al, 2018
[35]

The authors identified new AI
applications in medicine and
recommended changes to med-
ical curricula.

This review highlighted the
demand to learn how to work
with AI systems and empha-
sized the need for AI training.

V2Artificial intelligence in
medical education

OmanMasters, 2019
[36]

Authors indicated that data-
driven and AI-based applica-
tions move medicine away
from virtue-based approaches
to clinical reasoning and recom-
mended an integrative ap-
proach.

This article explored different
approaches to clinical judg-
ment.

IV2Clinical judgement in the era
of big data and predictive
analytics

CanadaChin-Yee and
Upshur, 2017
[37]

The authors designed a survey
to explore students' familiarity
with AI concepts in radiology
and concluded that they did not
have an understanding of the
basic technical principles under-
lying AI.

This study investigated under-
graduate medical students' at-
titudes toward AI.

IV2Medical students' attitude
toward artificial intelligence:
a multicenter survey

GermanySantos et al,
2019 [38]

This viewpoint paper suggested
different AI-related content for
different stages of medical edu-
cation.

This paper summarized the
state of medical education and
recommended a framework to
include AI education.

IV2Introducing Artificial Intelli-
gence Training in Medical
Education

Nether-
lands

Paranjape et al,
2019 [39]

aCategory 1: the use of AI applications in medical and health informatics education; Category 2: AI education.
bEvidence levels were as described by the Oxford Centre for Evidence-Based Medicine Levels of Evidence [40].
cAI: artificial intelligence.
dNLP: natural language processing.

Of 26 publications, 16 (61%) investigated the use of AI
applications in medical education (Category 1) and 10
publications (39%) evaluated AI education in medicine
(Category 2; Figure 4).

The first publications about the use of AI for medical
applications were published in the early 1990s, and the
capabilities of AI applications were restricted by technological
limitations at that time. Klar and Bayer's paper [27], published
in 1990, was one of the first publications about the application

of AI, and they discussed the integration of expert knowledge
into computer-assisted teaching in medicine. Lillehaug and
Lajoie [16] proposed greater integration of AI in their 1998
paper, and they were among the first researchers who advocated
for intelligent decision support systems and AI-based
applications for medical education. Frize and Frasson [17]
examined the role of decision support and intelligent tutoring
systems in medical education, and recommended
multidisciplinary studies in 2000.
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Figure 4. Classification of selected AI publications. AI: artificial intelligence; ML: machine learning.

Most Category 1 studies explored innovative applications
designed to improve the learning experience. For example, Chan
and Zary [15] evaluated existing AI applications in medicine,
determined that the primary reason to use AI in medical
education was to provide feedback, and identified that significant
challenges included the assessment of effectiveness and
management of technical difficulties. Another systematic review
conducted by Chary et al [19] identified 30 articles that assessed
the application of natural language processing (NLP) to medical
education. NLP is a subfield of AI and refers to intelligent
communication methods using natural languages. The study
revealed the benefits of NLP training in residency education
and recommended strategies for its application.

Simulation-based learning has evolved over the last decade,
and the virtual environment has become essential for education.
Our review identified multiple case studies about advanced
virtual environments. For instance, Winkler-Schwartz et al [14]
analyzed virtual reality simulators that use AI, and developed
a checklist to assess studies using ML algorithms to evaluate
technical skills. This study concluded that the checklist had the
potential to decrease the knowledge gaps in the use of AI in
surgical education. Similarly, Zhao et al [18] concluded that
virtual patient systems and other distance education systems
that used AI increased the efficiency of medical education.
Another case study that focused on virtual patient simulators
identified educational and technical challenges to enhancing
the learning process with AI virtual reality applications [20].

The case study published by Bowyer et al [22] described the
role of advanced virtual environments in surgical training.
Moreover, Conde et al [25] recommended the use of AI
applications for training and education when simulated human
patients were not an option.

Augmented reality is another form of virtual reality, and this
technology superimposes images on top of the video viewer.
Sitterding et al [23] described the differences between virtual
reality, augmented reality, serious gaming, and gamification,
and shared the preliminary findings of their pilot study, which
determined that the simulation experience was similar to a
real-life environment.

In our research, we noted different innovative AI applications
for special learning activities. In their 2017 article, Guimarães
et al [21] reviewed current education models for anatomy
education, and recommended the use of AI analytic tools to
personalize the learning process. Boulet and Durning [24]
discussed the application of AI to replace human ratings and
assess medical education competencies. Another study that used
augmented reality and AI algorithms evaluated a case study
about the development of a laparoscopic box trainer to assess
surgical psychomotor skills, and concluded the proposed system
had potential benefits [29].

Incorporating intelligent techniques into an adaptive e-learning
system was another research group's focus. Kabassi et al [26]
designed a web-based educational system for medical education,
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incorporated intelligent algorithms to individualize the learning
experience, and shared the findings. The authors recommended
further studies with more participants. Yang and Shulruf [28]
designed a pilot study to demonstrate the value of AI-assisted
tutoring, and determined that this additional tutoring
significantly enhanced the performance of medical students.

Our second research question involved determining the highest
level of evidence of current research. The articles were classified
according to the Oxford Centre for Evidence-Based Medicine
(OCEBM) Levels of Evidence ranking scheme [40]. Of 26
articles, 18 (69%) were classified as Level IV evidence (case
series), and 8 (31%) were classified as Level V evidence (expert
opinions). The majority of the publications had Level IV and
V evidence, which are considered poor reference standards.
Hence, these findings emphasize the need to design new research
studies.

Finally, our third research question was the following: what is
the status of AI education in medicine and health informatics?
In our study, 10 articles discussing AI education were identified.
Since this topic is a relatively new area in medical and health
informatics education, our findings were consistent with recent
developments.

In their review, Paranjape et al [39] summarized multiple
initiatives for AI in medical education, in which students worked
with data experts and solved health care problems. The authors
recommended familiarizing students with AI-based clinical
applications, and introducing linear algebra, calculus, and
probability during different stages of medical education.
Similarly, Chin-Yee and Upshur [37] discussed the random
error and biased data generated by AI and ML applications, and
emphasized the effect of medical education for appraising
clinical judgments.

A review conducted by Park et al [31] emphasized the
importance of understanding AI to be able to validate the clinical
accuracy of AI algorithms. Furthermore, multiple publications
stated the need to move beyond traditional medical education,
suggested a reform to align education with new practice
requirements, and emphasized the role of academics and teachers
in the development of appropriate AI application skills
[32,33,36].

As discussed earlier, ML is an AI technique to process massive
amounts of data and make predictions using computers.
Kolachalama and Garg [30] proposed the integration of
ML-related content in medical student, resident, and fellow
education. The authors recommended the integration of
real-world clinical examples into ML courses as well as practical
guidelines for choosing the right tools.

The radiology community embraced AI and ML long before
other medical specialties, and pioneered the usage of AI
algorithms in advanced imaging applications. A multicenter
survey of undergraduate medical students determined students'
optimistic views about the implications of AI applications for
radiology [38]. The French Radiology Community developed
principles to regulate the use of AI tools, and recommended
specific education to evaluate AI technologies [34]. Similarly,
the Canadian Association of Radiologists recommended the

integration of computer science, health informatics, and statistics
training during residency education [35].

Discussion

Overview
The technological advancements in computer and software
technologies; digitization of health care data; and
methodological developments in information science,
philosophy, mathematics, linguistics, and psychology disciplines
accelerated medical research programs that focus on ML and
commercialization. Maturation of AI technologies changed the
roles of clinicians, and novel decision-making processes in
medical settings and innovative AI-based protocols have the
potential to provide diagnostic and treatment decisions by
analyzing complex data sets [41].

Over the last decade, many AI researchers have concentrated
on developing a proof of concept system for clinicians and
patients. There is an increase in the number of studies that
evaluate the effectiveness of intelligent reasoning. Intelligent
monitoring technologies require new algorithms to detect
anomalies, predict patterns, and make decisions.

A recent independent report prepared for the UK Secretary of
State for Health and Social Care explored how the health care
workforce could be prepared to use digital technology. The
report emphasized the skills gap in the workforce, and made
some recommendations about the integration of digital health
care technologies, AI, and data analytics in undergraduate
curricula [42,43].

Clinicians should have a realistic view of AI, and become
familiar with the right tasks for AI in health care. Formal
training for medical and health informatics students should
enable them to develop AI algorithms, use AI technologies in
a competent manner, and keep bias out of AI tools. Any new
AI technology might encounter something new for which it has
no experience, and therefore the physician should be able to
assess problematic decisions and take necessary precautions
when needed. Recent discussions about the need for medical
education reform emphasize the shortcomings of the current
model of education [44]. Overreliance on ML and AI
technologies might have unintended severe adverse
consequences, such as failure to recognize invalid test results
[45].

While machine learning and AI algorithms are able to handle
high-dimensional data classification problems and medical
image interpretation, their success rates in risk prediction and
diagnosis are lower. Consequently, there is a need to determine
the most appropriate application areas for AI in health care [46].

There are different ways to implement AI in clinical practice,
and clinicians and health informaticians need formal training
to use the right approaches. Health informaticians and physician
champions who design and develop AI-based protocols need
to have a good understanding of complex algorithms,
methodologies for data quality assessment, probabilistic
forecasting, and comparative model assessment to work with
engineers and develop reliable AI applications. Moreover,
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clinicians who use AI applications should become familiar with
potential challenges.

AI-based relational time pattern analysis replaced simple
threshold-based diagnostic rules. Current medical education
and health informatics curricula still do not provide the ability
to understand AI communications and necessary skill sets to
develop AI systems that can detect and analyze relational time
patterns [41].

The ability to interpret AI algorithms' mistakes and formulate
the best strategies to correct these applications requires
specialized training. Consequently, medical and health
informatics education must emphasize algorithm-based
platforms, and include relevant data analytics and AI topics in
their curricula. Moreover, computer science and health
informatics programs should consist of health care–focused
digital skills training.

To the best of our knowledge, no previous research has
investigated the use of AI tools to enhance the learning
experience and AI education of medical and health informatics
students. The main findings of this systematic review are as
follows: (1) Although there are several recommendations on
the integration of AI into medical and health informatics
curricula and some academic institutions implemented
experimental training programs, AI and ML education are not
a part of traditional medical and health informatics curricula
yet. (2) Current medical education and health informatics
accreditation standards do not require AI training, and AI
competencies have not been determined. (3) Using the OCEBM
Levels of Evidence classification table, the majority of studies
were classified as Level IV and V, which indicates poor
reference standards.

Limitations
Several efforts were made to design an optimal systematic
review process; however, there were still many limitations. It
is probable that some studies might not be listed in the

peer-reviewed academic literature databases or might be
published in a non-English language. Although this is a
systematic review of the field, AI is a new technical discipline,
particularly in medicine, and therefore the number of articles
that met the inclusion criteria was limited.

Future Directions
Overall, the selected publications did not provide specific details
about different jobs' requirements and curriculum needs. The
emergence of intelligent systems in health care requires new
learning modalities. Even though several organizations,
agencies, and work groups such as the International Medical
Informatics Association [47], the Commission on Accreditation
for Health Informatics and Information Management Education
[48,49], the Health Informatics Society of Australia [50], the
TIGER (Technology Informatics Guiding Education Reform)
Initiative [51], and the Association of American Medical
Colleges [52] published skill recommendations for health
informatics curricula, they have not determined specific skill
sets for AI education. Furthermore, a recent study evaluated
health informatics students' skills in developing AI apps and
emphasized the need to develop new competencies [53].

A specialized AI education framework for various professional
fields would be useful; using the results of this systematic
review, we propose a framework for specialized AI training for
different domains (Figure 5). Medical students need to become
familiar with clinical AI applications and predictive modeling
techniques to assess biased data and evaluate innovative AI
technologies. Health informatics students should become
familiar with the application of appropriate ML algorithms and
development of innovative clinical informatics systems.
Furthermore, they should gain the hands-on skills required to
extract data, manage large data sets to perform sophisticated
data analytics, and develop innovative AI systems. Computer
science students need specialized skill sets to work with data
scientists and should become familiar with Python, R, and SQL
programming languages, and data analytics tools (Figure 5).

Figure 5. Proposed framework for specialized AI training for different professional fields. AI: artificial intelligence; DL: deep learning; ML: machine
learning.
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Abstract

Background: Although several national organizations have declared the ability to work with electronic health records (EHRs)
as a core competency of medical education, EHR education and use among medical students vary widely. Previous studies have
reported EHR tasks performed by medical students, but students’ self-perceived readiness and comfort with EHRs are relatively
unknown.

Objective: This study aimed to better understand medical students’ self-perceived readiness to use EHRs to identify potential
curricular gaps and inform future training efforts based on students’ perspectives.

Methods: The authors deployed a survey investigating self-perceived comfort with EHRs at 2 institutions in the United States
in May 2019. Descriptive statistics were generated regarding demographics, comfort level with various EHR-related tasks, and
cross-institutional comparisons. We also assessed the impact of extracurricular EHR experience on comfort level.

Results: In total, 147 medical students responded, of which 80 (54.4%) were female, with equal distribution across all 4 years
of training. Overall confidence was generally higher for students with longer extracurricular EHR experience, even when adjusted
for age, gender, year of training, and institution. Students were most comfortable with tasks related to looking up information in
the EHR and felt less comfortable with tasks related to entering new information and managing medications. Fourth-year students
at both schools reported similar levels of comfort with EHR use, despite differences in preclinical EHR training. Open-ended
comments emphasized the value of experiential training over didactic formats.

Conclusions: Information entry and medication management in the EHR represent areas for future curricular development.
Experiential training via extracurricular activities and early clinical exposure may be high-yield approaches to help medical
students achieve critical EHR competencies.

(JMIR Med Educ 2020;6(1):e17585)   doi:10.2196/17585
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Introduction

Electronic health records (EHRs) have become widely adopted
across the United States [1-4]. EHR use has become an
increasingly prominent component of physician work time and
effort across multiple specialties, in some cases equaling or
surpassing time spent in face-to-face interactions with patients
[5-12]. This widespread integration of EHRs has generated a
national discussion regarding the role of EHR training in medical
school curricula. In response, several national organizations,
such as the Association of American Medical College (AAMC)
[13], the Alliance for Clinical Education [14], and the Liaison
Committee on Medical Education [15], have issued guidance
stating that the ability to work in an EHR is a core competency
for medical students before beginning residency. In fact, 2 of
the AAMC’s core entrustable professional activities for entering
residency relate to EHR use: (1) enter and discuss orders and
prescriptions and (2) document a clinical encounter in the
medical record [16]. The need for medical student preparation
and readiness in EHRs has also been echoed by professional
medical societies, such as the American Medical Association
[17], the American College of Surgeons [18], and the American
Academy of Family Physicians [19].

Despite the recognized need for directed EHR training during
medical school, EHR education and use among medical students
vary widely among different institutions and clerkships [20-24],
and a lack of focused initiatives to engage students in EHR
education may leave gaps in the competencies expected of
residents [25]. Previous studies have focused on the types of
tasks performed within the EHR by medical students during
their clinical rotations, such as accessing information, entering
information, entering notes, and entering orders. However,
knowledge about medical students’ self-perceptions of their
comfort and readiness in using EHRs as well as how this sense
of readiness may relate to varying curricular approaches is
lacking.

To fill this gap, we deployed a survey to medical students at 2
different institutions to gain an understanding about
self-perceptions of EHR readiness. We hypothesized that
perceived readiness would be higher among students with prior
extracurricular EHR experience as well as among students who
participated in an integrated EHR curriculum. The purpose of
this study was to better understand medical students’ perceived
readiness for EHR use and identify gaps in curriculum and
training that could be addressed to improve medical school
curricula and address this critical competency of EHR education.

Methods

Study Population
Eligible participants included all medical students from the
University of Nebraska Medical Center College of Medicine
(UNMC) and the University of California San Diego School of
Medicine (UCSD). Currently enrolled medical students at all
levels of training were eligible. Both medical schools are
affiliated with academic medical centers that use the same EHR
vendor. The institutional review boards of both UNMC and
UCSD approved this study.

Curricula and Electronic Health Record Training
UNMC is a 4-year Doctor of Medicine degree–granting
program, affiliated with Nebraska Medicine, which enrolls
approximately 135 students per year. Students acquire EHR
skills throughout the 4-year curriculum. Medical students begin
learning to use the EHR during the first week of school, and
formal training continues over the first 18 months before
entering clerkships. The UNMC preclinical phase consists of
10 organ systems–based blocks, each containing an EHR
exercise. These range from a scavenger hunt, in which students
learn where to locate information in the health record, to specific
cases designed to help them learn order entry or how to type
notes in the EHR. All preclinical exercises are performed in the
EHR training environment and are supervised by a faculty
member. Early sessions also have information technology staff
support to help troubleshoot issues with access or functionality.
The initial sessions are used to learn navigation skills—finding
specific patient information, laboratory and imaging results, or
searching encounter notes and discharge summaries. Once basic
skills are established, EHR-based cases are used to improve
students’ skills in the medical record to include documenting
clinical encounters; entering orders; documenting medical
history, allergies, and medications; reviewing pertinent medical
information from prior notes; and using alerts and reminders in
the EHR to complete health care maintenance tasks. Formal
preclinical EHR training was initiated in 2017. During the
preclinical phase, students also have the opportunity to practice
their skills at the student-run free clinic (SHARING Clinic).
Approximately 50% of the preclinical students volunteer for
this clinic, which uses the same EHR as the main medical
campus. Immediately before clerkships, students have a session
to learn shortcuts offered within the EHR—specifically, using
templates for note writing. These training exercises are designed
to increase competence and confidence with the use of EHR
and to promote active participation in the delivery of care during
clerkships.

UCSD is a 4-year Doctor of Medicine degree–granting program,
affiliated with the UC San Diego Health, which enrolls
approximately 134 students per year. EHR exposure is limited
in the preclinical years. There is no formal EHR training in the
preclinical curriculum, unless a student elects to participate in
the student-run free clinic. Approximately 80% of first- and
second-year students volunteer at the student-run free clinic,
where students use a clinic-specific EHR from the same vendor
as the academic medical center. Students who volunteer in the
free clinic undergo a 2-hour orientation session on EHR
functionality and clinic-specific workflows. All medical
students, irrespective of free clinic participation, receive formal
EHR education during a clinical transition week at the beginning
of the third year. Students review several web-based modules
provided by the vendor and participate in one 2-hour didactic
session that covers both inpatient and ambulatory clinic tools
and workflows. Examples of skills taught include finding
patients on a clinic schedule and navigating summary reports,
demographics, patients’ problem lists, notes, and labs.

At both institutions, third- and fourth-year medical students are
actively engaged in EHR use in their clinical clerkships and
elective rotations. Both institutions also require subinternships
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where students function as interns under the close supervision
of faculty physicians and senior residents. EHR tasks include
placing orders throughout the hospitalization; performing
medication reconciliation; and writing admission notes, progress
notes, and discharge summaries. However, the main contrast
in curricula is that UCSD has little formal EHR training during
the preclinical years, whereas UNMC has integrated EHR
training throughout the preclinical curriculum.

Survey
We modified EHR competency assessment tools provided by
the EHR vendor for formal training sessions to develop the
self-perceived readiness survey (full survey instrument available
in Multimedia Appendix 1). Instead of asking students to
perform specific tasks such as finding allergies, immunizations,
and others, we rephrased the questions to ask about
self-perceived comfort levels while performing each task.
Students rated the comfort level with using various EHR
components on a 5-point Likert scale, ranging from 1 (very
uncomfortable) to 5 (very comfortable). We also asked students
to provide their gender, age group, year of training, and content
and length of preclinical extracurricular EHR experience. The
survey concluded with an open-ended item asking students for
general comments about their EHR training and preparedness
to work in the EHR. In total, 3 School of Medicine faculty
members and 2 medical students from both institutions assessed
the survey for face validity, readability, and understanding.

The electronic survey was administered anonymously via email
to all current medical students in May 2019 at UCSD and in
July 2019 at UNMC, with 2 reminder emails at 7 and 14 days
after the initial invitation. Owing to the timing of the survey
administration at UNMC, preclinical students were students
between years 1 and 2 of the curriculum; no incoming first-year
students were surveyed, as they had not yet started the
curriculum. The survey remained open for a total of 30 days.
Survey completion required approximately 10 minutes and did
not affect students’ grades or evaluations. Survey data were
collected using Qualtrics (Qualtrics, Provo, UT, USA).

Statistical Analyses
Statistical analysis consisted of descriptive statistics using the
mean and SD or counts/frequencies where appropriate. To

compare categorical data between institutions, we used the
Pearson chi-square test for independence. We used the Student
t test to compare mean Likert scores for survey items. Although
Likert scale data are classically analyzed with nonparametric
testing such as the Mann-Whitney-Wilcoxon test, we chose to
compare mean Likert values using the Student t test [26] to
facilitate data interpretation. For any t test that generated a P
value of less than .10, we conducted the
Mann-Whitney-Wilcoxon test as a sensitivity analysis. For
clarity, only P values from t tests are reported. In all cases, we
reached the same conclusion regarding statistical significance,
regardless of whether we used a t test or a
Mann-Whitney-Wilcoxon test. For all hypothesis tests and
models, statistical significance was defined as a P value of less
than .05. Statistical analyses were conducted using Stata version
11 (StataCorp LLC, College Station, TX, USA) and R (RStudio
Inc, Boston, MA) [27].

Results

General Demographics
In total, 147 medical students responded to the survey on EHR
readiness at the 2 institutions. Of the 506 medical students who
received survey invitations at UCSD, 95 (19%) responded. The
response rate at UNMC was 13.4% (52/386). About half of the
respondents were female (80/147, 54.4%; Table 1). The majority
(27/52, 52%) of respondents at UNMC were aged <25 years,
whereas the most well-represented group among UCSD
respondents were those in the 25 to 27 years age range (P=.02).
The gender distribution of the survey respondents was generally
consistent with the overall enrollment at the 2 institutions—the
proportion of females in the overall UCSD student population
was 52.7% (369/700), whereas at UNMC, it was 45.0%
(175/389). The age distribution of the survey respondents at
UCSD corresponded with that of the overall student population
(188/700, 26.9% aged <25 years; 291/700, 41.6% aged 25-27
years; and 221/700, 31.6% aged ≥28 years). The survey
respondents at UNMC had a greater proportion of individuals
younger than 25 years (27/52, 52% of the survey respondents
compared with 104/389, 26.7% in the overall student
population).
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Table 1. Characteristics of medical students from the University of California San Diego School of Medicine and the University of Nebraska Medical
Center College of Medicine responding to a survey on self-perceived electronic health record readiness.

P valueaTotal (N=147), n (%)University of Nebraska Medical
Center (n=52), n (%)

University of California San Diego
(n=95), n (%)

Characteristics

Gender

.2580 (54)25 (48)55 (58)Female

<.001Year of training

47 (32)0 (0)26 (27)1

25 (14)30 (58)16 (17)2

40 (27)11 (21)29 (31)3

35 (24)11 (21)24 (25)4

.02Age (years)

52 (35)27 (52)25 (26)<25

61 (41)15 (29)46 (49)25-27

34 (23)10 (19)24 (25)≥28

Extracurricular EHRb experience (≥1 month)

<.00178 (53)14 (27)64 (67)Student-run free clinic

.4266 (45)21 (40)45 (47)Inpatient setting

<.00179 (54)17 (33)62 (65)Ambulatory clinic

aPearson chi-square test was used to evaluate differences between the UCSD School of Medicine and the University of Nebraska Medical Center College
of Medicine.
bEHR: electronic health record.

Impact of Extracurricular Electronic Health Record
Experience
Medical students at both UCSD and UNMC reported
engagement with EHRs via extracurricular activities (Table 1).
These activities were undertaken by medical students outside
of their formal medical school curricula (ie, not formal clinical
rotations). Examples included volunteering in student-run free
clinics for underserved populations as well as volunteering in
inpatient settings or ambulatory clinics. Significantly higher
proportions of UCSD medical students reported having 1 month
or more of EHR experience in the student-run free clinic and
in ambulatory settings compared with respondents at UNMC
(67% vs 53% and 65% vs 54%, respectively; P<.001 for both
comparisons). The proportion of respondents with 1 month or
more of extracurricular EHR experience in inpatient settings
was similar between the 2 institutions (47% vs 40%; P=.42).

We specifically investigated the impact of extracurricular EHR
experience on overall confidence using EHRs. Overall
confidence was a single Likert score to gauge the students’
overall self-perceived confidence in using EHRs. This overall
confidence score was compared between students who had less
than 1 month of extracurricular EHR experience and those who
had 1 month or more of extracurricular EHR experience (Table
2).

All settings (ie, free clinic, inpatient, and ambulatory) were
evaluated, for the cohort overall and individually at each
institution. As expected, the mean Likert scores for overall
confidence were generally higher for students with longer
extracurricular EHR experience at both institutions. Specifically,
medical students who had longer exposures to EHR interactions
in inpatient settings and ambulatory clinics reported significantly
higher overall confidence in using EHRs, with average Likert
scores of 3.5 or greater at both institutions. These differences
did not reach statistical significance for longer exposure to the
student-run free clinic. Those with less than a month of
extracurricular EHR experience in any of the settings had mean
Likert scores of less than 3 for overall confidence.

The effects of extracurricular activities were also evaluated in
a multivariable model. The extracurricular ambulatory clinic
EHR experience of 1 month or more was associated with
significantly higher overall confidence using the EHR after
adjusting for institution, year of training, age, and gender
(average increase in the Likert score of 0.57 compared with
those with <1 month of experience; P=.004). The effect of
inpatient experience, however, was borderline significant
(average increase in the Likert score of 0.38; P=.06). Similar
to the unadjusted analysis, students with ≥1 month EHR
experience in the student-run free clinic were not significantly
more confident in the multivariable model (P=.14).
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Table 2. Impact of extracurricular electronic health record experience on mean Likert scale score for overall confidence.

University of Nebraska Medical CenterUniversity of California San DiegoOverallExtracurricular electronic
health record experience

P valueAverage rating of overall

confidencea
P valueAverage rating of overall

confidencea
P valueAverage rating of overall

confidencea

≥1 month<1 month≥1 month<1 month≥1 month<1 month

.103.22.9.553.33.1.063.22.7Student-run free clinic

<.0013.72.6.0033.62.8<.0013.82.4Inpatient setting

<.0013.52.6.0083.62.9<.0013.52.3Ambulatory clinic

aAverage rating of overall confidence in using electronic health record among students with <1 month versus ≥1 months of experience.

Perceptions of Electronic Health Record Readiness
Across Various Domains
The survey included 15 items asking medical students to rate
their comfort level with various tasks in the EHR as well as an
item to rate their overall confidence in working with EHRs. We
grouped task-related items into 3 domains: (1) looking up
information, (2) entering new information, and (3) medication
management. We compared the mean Likert scores for
self-perceived comfort or readiness for each item between the
2 institutions (Table 3).

In the domain of looking up information, there were no
significant differences between UCSD and UNMC. Medical
students at both institutions reported high levels of comfort
(Likert scores >4) for looking up laboratory values and finding
progress notes. Students at both institutions felt less comfortable
with identifying clinical documentation errors in the EHR (mean
score of 2.3 at UCSD and 2.4 at UNMC).

Compared with looking up information, medical students at
both institutions felt less confident while entering new
information, as no mean Likert scores exceeded 4 in this domain
at either institution. Of the 8 EHR tasks included in this domain,
medical students at UNMC were significantly more comfortable
than medical students at UCSD with 4 of these tasks: entering
a new diagnosis, updating a patient’s problem list to include a

new problem, documenting immunizations in the EHR, and
documenting allergies in the EHR (Table 3). UCSD medical
students were significantly more comfortable with messaging
other providers within the EHR (2.7 vs 1.8 at UNMC; P<.001).
Medical students from both institutions had similar comfort
levels with documenting past medical history and past social
history; documenting clinical encounters using templates within
the EHR; and completing documentation of notes such as
progress notes, admission notes, and discharge summaries.

Medical students at both institutions reported lower comfort
levels with medication management in the EHR compared with
looking up information and entering new information, as no
mean scores exceeded 3.5 in this domain. Although UNMC
medical students had a significantly greater comfort level with
entering new medication orders (3.2 vs 2.5 at UCSD; P=.005),
there were no statistically significant differences in the
remaining items, such as verifying medication orders, reviewing
history and scheduled medications, and performing medication
reconciliation.

In response to the item “Overall, I feel prepared to use the
EHR,” medical students from both institutions endorsed a
midlevel comfort score, with UCSD students having a mean
score of 3.1 and UNMC students having a mean score of 3.2
(P=.65).
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Table 3. Average self-reported feeling of comfort with using various components of the electronic health record by institution.

P valueb
University of Nebraska Medical Center
(n=52)

University of California San Diego
(n=95)Electronic health record taska, mean (SD)

Looking up information

.194.2 (0.8)4.0 (1.3)Laboratory

.444.2 (0.9)4.1 (1.2)Progress note

.542.4 (1.2)2.3 (1.3)Clinical documentation errors

Entering new information

<.0013.5 (1.0)2.7 (1.3)Diagnosis

.0073.7 (1.1)3.1 (1.4)Problem reported by patient

.0452.9 (1.2)2.5 (1.3)Immunizations

.0083.5 (1.1)2.9 (1.4)Allergies

.063.8 (1.0)3.4 (1.3)Past medical/social history

.473.9 (1.1)3.8 (1.3)Clinical encounter documentation using templatec

.813.8 (1.3)3.7 (1.4)Notesd

<.0011.8 (1.2)2.7 (1.4)Message other providers

Medication management

.0053.2 (1.2)2.5 (1.4)Entering new medication orders

.122.7 (1.2)2.4 (1.3)Verifying medication orders

.353.4 (1.1)3.2 (1.4)Reviewing history and scheduled medications

.892.5 (1.1)2.4 (1.2)Reconciliation

.653.2 (1.0)3.1 (1.3)Overall, feeling prepared to work in EHRe

aAverage rating of comfort level using various EHR components on a scale from 1 (very uncomfortable) to 5 (very comfortable). The full survey
instrument is available in Multimedia Appendix 1.
bStudent t test was used to evaluate differences between UCSD and UNMC.
cDocumenting the clinical encounter using prespecified note templates in the EHR.
dDocumenting notes, including history and physical examination on admission, progress notes, and discharge summaries.
eEHR: electronic health record.

Comparisons of Electronic Health Record Readiness
Among Preclinical Students
The primary curricular difference between the 2 institutions
was that UCSD did not offer formal preclinical EHR training,
whereas UNMC did. Therefore, we aggregated data from first-
and second-year students to analyze perceptions of EHR
readiness among preclinical students (n=131, with 77 from
UCSD and 44 from UNMC). The mean Likert scores for comfort
and readiness to perform various EHR tasks were compared by
institution (Multimedia Appendix 2). There were no significant
differences in tasks related to looking up information. Tasks
where UNMC preclinical students reported significantly higher
levels of readiness included entering new information, such as
diagnoses (P<.001), problems (P=.002), immunizations
(P=.007), allergies (P<.001), prior medical/social history
(P=.003), and medication orders (P<.001). The only task where
UCSD preclinical students reported greater levels of comfort
than UNMC preclinical students was messaging other providers
(P=.002). Despite differences in comfort level with individual
tasks, preclinical students from the 2 institutions did not have

significantly different overall levels of comfort with the EHR
(P=.14).

Perceptions of Electronic Health Record Readiness
Among Fourth-Year Medical Students
To measure self-perceived readiness in performing EHR-related
tasks at the end of undergraduate medical training, we
specifically analyzed data from fourth-year medical students.
For nearly all survey items, there were no significant differences
between fourth-year medical students at the 2 institutions
(Multimedia Appendix 3). There were significant differences
for only 2 survey items: UCSD fourth-year students were
significantly more comfortable with messaging other providers
within the EHR (3.0 vs 1.5 at UNMC; P=.001) and exhibited
greater overall confidence (4.2 vs 3.5 at UNMC; P=.04). As
there were no differences in all other items and because of the
relatively small sample size, the data for fourth-year medical
students were combined from the 2 institutions to examine
general trends among the overall cohort.

Fourth-year medical students generally felt comfortable with
EHR-related tasks, reporting a mean Likert score of 3 or higher
for about three-fourths of the EHR-related tasks (11/15, 73%;
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Figure 1). Tasks for which the mean Likert scores for comfort
level were less than 3 for fourth-year medical students were as
follows: entering immunizations, messaging other providers,

verifying medication orders, and medication reconciliation
(Figure 1).

Figure 1. Mean Likert scores for comfort level with electronic health record–related tasks among senior fourth-year medical students from the University
of California San Diego School of Medicine and the University of Nebraska Medical Center College of Medicine, 2019. EHR: electronic health record.
Error bars indicate standard deviations.

Students’ Comments
Of the 147 respondents, 37 (25.1%) provided open-ended
comments (UCSD, n=23 and UNMC, n=14). Comments from
the preclinical UCSD students (15/23, 65% of all UCSD
commenters) reflected the lack of formal EHR training, for
example:

I have received no training.

We don’t get any training? Needs to change.

I only feel very comfortable because I have worked
at Epic...Otherwise I have received very little/no
training.

Overall, 2 UCSD students (9% of all UCSD commenters)
mentioned exposure to EHR in the student-run free clinic,
although some felt it was insufficient. For example, one
third-year student wrote:

Free Clinic was good exposure but I still feel like I
could have used more training on note writing before
MS3.

Similarly, a first-year student wrote:

I feel very unready to work in EHR. I have to struggle
through it every time I am at free clinic. Even the 4th
years at free clinic struggle to help me sometimes
because they are not as well-versed in EHR as they
could be.

Furthermore, 5 third- and fourth-year medical students (22%
of all UCSD commenters) stated that they had learned how to
use the EHR through prior experience as a scribe before medical

school, resident coaching while on rotations, or just “doing the
work.” Several students outlined specific areas that could be
addressed by training, where they felt relatively less well
prepared. These areas included placing orders, more emphasis
on inpatient training, and “training focused on common pitfalls
or more efficient use of the EHR.”

At UNMC, 14 students provided free-text comments, evenly
split between preclinical students in year 2 and clinical students
in years 3 and 4. There were no comments on the lack of formal
training, reflecting the structured preclinical EHR curriculum
at UNMC. Moreover, 2 students (14% of all UNMC
commenters) stated that this training was helpful, such as:

The allergy small group was really good.

There are so many tips and tricks that you don’t learn
unless someone shows you.

However, the remaining students emphasized the importance
of experiential learning over didactic training. For example, the
comments included:

The EHR is a learn by doing process. I’m in the first
three months of clinical rotations, and I have learned
more than any of the training sessions.

I think plain old practice has made the biggest
difference for me.

We can get all the “trainings” you want but if we
don't actually practice what we “learn,” it’s gone by
the following week.

I feel like a lot of what I know how to do is through
trial and error.
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Similar to UCSD medical students, several UNMC students
(4/14, 29%) cited prior work experience and the critical role of
residents in helping them feel comfortable with the EHR.

Furthermore, 11 students (30% of all commenters between both
institutions) provided suggestions for improving training, such
as the need for formal training at UCSD, interactive small group
sessions, request for shorter but more frequent sessions, desire
for “training focused on common pitfalls or more efficient use
of the EHR,” and “training to personalize EHR.”

Discussion

Principal Findings
The complexity of EHRs was reflected in students’
self-perceived comfort, which varied by the specific EHR
components. Across 4 years of medical school, students felt
more comfortable with lower-complexity tasks such as looking
up existing information and less comfortable with more complex
tasks such as entering new information and medication
management. Students at both institutions reported lower
comfort with looking up clinical documentation errors, entering
information on immunizations, reconciling medications, and
messaging other providers. This discrepancy persisted even
among graduating seniors, with an average comfort with looking
up progress notes of 4.9 (out of 5) compared with comfort with
reconciling medications of 2.8. Overall, students’ self-reported
comfort with working in the EHR was 3.1 at UCSD and 3.2 at
UNMC.

EHR training in medical school curricula could benefit from a
combination of lower- and higher-complexity tasks. If the
current training focuses primarily on navigation and data
acquisition from the chart, more emphasis on information entry
and medical decision making (ie, medication management) for
medical students may improve their comfort level with these
tasks. Case studies or simulated exercises, where students both
look up and enter information into a training EHR environment,
could be one strategy to increase comfort with
higher-complexity tasks.

For medical trainees, practical experience with EHRs continues
to be an important factor in becoming proficient, which has also
been highlighted by national guidelines [13-16]. Mean overall
confidence was generally higher among students with 1 month
or more experience of extracurricular EHR compared with those
with less than 1 month of experience. We asked about working
or volunteering in different settings because EHR tasks and
experience vary by location of usage. With the exception of a
student-run free clinic, a longer experience of working in both
inpatient and ambulatory settings was associated with higher
average comfort of working in the EHR (3.8 vs 2.4 and 3.5 vs
2.3, respectively). The results were similar for both institutions.
These effects persisted even after adjusting for other factors
such as age, gender, year of training, and institution.

Although both UCSD and UNMC are similar in class size and
general curriculum, there were several notable differences
among students. Across all stages of training, scores of UNMC
students were consistently higher than those of UCSD students
on individual items, although not all items were significant.

This could be because of the more structured EHR curriculum
at UNMC in the preclinical years. This was reinforced by a
subanalysis of preclinical students, where UNMC preclinical
students expressed significantly higher levels of comfort across
multiple tasks in the EHR than UCSD students. Comfort levels,
however, were similar among senior fourth-year students at
both UNMC and UCSD, suggesting that firsthand experience
during the clinical rotation years using the EHR in the context
of patient care closed this initial gap. In fact, overall, graduating
UCSD students felt more prepared to work with EHR compared
with UNMC students (4.2 vs 3.5; P=.04), despite not having
any formal preclinical EHR training.

For fourth-year medical students, it is possible that tasks with
mean comfort Likert scores of <3, such as for entering
immunizations, messaging other providers, verifying medication
orders, and medication reconciliation, were reflective of
difficulty performing the task itself rather than difficulty with
performing the task using the EHR. This could be because of
hesitation to make permanent changes in the EHR that impact
a patient’s medical record outside of the encounter under which
the medical student documents.

Students’ comments emphasized the importance of practical
experience, and UCSD respondents reported the lack of formal
training. Despite having had a formal preclinical EHR
curriculum, UNMC students still emphasized the importance
of experiential training. Although the value of didactic training
may not be as high as experiential training, it can still provide
the foundation and basic familiarity to help students feel more
comfortable and confident as they approach their clinical
rotations. Students can feel anxious about transitioning to the
clinical environment, as they continue to develop their medical
knowledge and skills, adjust to working in a clinical
environment, and learn to interact with new team members
[28-30]. Thus, greater familiarity with EHR could help mitigate
some anxiety inherent with this transition to clinical rotations.

As with clinical skills, mentors and, specifically, residents play
a large role in students’ learning of the EHR, which was also
highlighted in students’ comments. Although much of the
resident-led training happens organically, there could be high
variability in experience among students depending on the
residents’ own familiarity with the EHR. Graduate medical
education programs may consider providing formal evaluations
of residents’ EHR competencies and, if needed, training.

Limitations
Our study has several limitations, including relatively low survey
response rates at both institutions and a cross-sectional design.
As such, the results show associations only, and we could not
evaluate causality for factors such as the institution and, thus,
preclinical EHR curriculum or extracurricular experience. The
survey respondents at UNMC tended to be younger than the
overall student population, but the demographics of survey
respondents at both institutions were consistent with the overall
population. We believe that 1 month is generally sufficient to
learn basic workflows in 1 setting and decided to use that time
frame as a cutoff point for EHR experience. Given the
importance of experience in comfort using EHRs, future studies
may consider collecting detailed information on prior EHR
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experience. A longitudinal follow-up may help evaluate how
students’ responses change as they progress through the
curriculum and help determine the most impactful opportunities
for EHR training. In addition, in the survey instrument, we did
not collect data regarding absence from medical training, such
as that for extended research projects, additional degrees, health
issues, or parental leave.

Strengths
Our study strengths included multiple institutions and
participants in all 4 years of training. Both institutions had vastly
different preclinical EHR training curricula. Previous studies
that examined EHR use among medical students focused on the
types of EHR tasks performed by medical students during their
clinical clerkships [20-22,24,31]. We included medical students
across the training spectrum, examining the variations in
preclinical curricula. In addition, we measured medical students’
self-reported comfort rather than specific tasks they could
complete in the EHR. Similar to the movement toward
patient-reported outcomes rather than objective clinical

outcomes in the realm of clinical research, medical education
research should consider the subjective experience of medical
students.

Conclusions
Medical schools worldwide strive to continue improving the
education and well-being of their students. Considering the
impact of extracurricular experience on EHR readiness, we
should provide more practical opportunities embedded within
the preclinical curriculum rather than putting the onus on
students to seek out appropriate experiences. Even student-run
free clinics may be insufficient to allow all students ample
clinical exposure that involves EHR practice. Some medical
schools are introducing clinical exposure as formal longitudinal
clerkships and introducing clinical rotations earlier in their
curricula [32-36]. A combination of didactic and practical
experiences combined with structured mentorship and
personalization will help provide better EHR training for
medical students and address this critical competency in medical
education.
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Abstract

Background: Medical students commonly refer to Wikipedia as their preferred online resource for medical information. The
quality and readability of articles about common vascular disorders on Wikipedia has not been evaluated or compared against a
standard textbook of surgery.

Objective: The aims of this study were to (1) compare the quality of Wikipedia articles to that of equivalent chapters in a
standard undergraduate medical textbook of surgery, (2) identify any errors of omission in either resource, and (3) compare the
readability of both resources using validated ease-of-reading and grade-level tools.

Methods: Using the Medical Council of Canada Objectives for the Qualifying Examination, 8 fundamental topics of vascular
surgery were chosen. The articles were found on Wikipedia using Wikipedia’s native search engine. The equivalent chapters
were identified in Schwartz Principles of Surgery (ninth edition). Medical learners (n=2) assessed each of the texts on their original
platforms to independently evaluate readability, quality, and errors of omission. Readability was evaluated with Flesch Reading
Ease scores and 5 grade-level scores (Flesch-Kincaid Grade Level, Gunning Fog Index, Coleman-Liau Index, Simple Measure
of Gobbledygook Index, and Automated Readability Index), quality was evaluated using the DISCERN instrument, and errors
of omission were evaluated using a standardized scoring system that was designed by the authors.

Results: Flesch Reading Ease scores suggested that Wikipedia (mean 30.5; SD 8.4) was significantly easier to read (P=.03)
than Schwartz (mean 20.2; SD 9.0). The mean grade level (calculated using all grade-level indices) of the Wikipedia articles
(mean 14.2; SD 1.3) was significantly different (P=.02) than the mean grade level of Schwartz (mean 15.9; SD 1.4). The quality
of the text was also assessed using the DISCERN instrument and suggested that Schwartz (mean 71.4; SD 3.1) had a significantly
higher quality (P=.002) compared to that of Wikipedia (mean 52.9; SD 11.4). Finally, the Wikipedia error of omission rate (mean
12.5; SD 6.8) was higher than that of Schwartz (mean 21.3; SD 1.9) indicating that there were significantly fewer errors of
omission in the surgical textbook (P=.008).

Conclusions: Online resources are increasingly easier to access but can vary in quality. Based on this comparison, the authors
of this study recommend the use of vascular surgery textbooks as a primary source of learning material because the information
within is more consistent in quality and has fewer errors of omission. Wikipedia can be a useful resource for quick reference,
particularly because of its ease of reading, but its vascular surgery articles require further development.

(JMIR Med Educ 2020;6(1):e18076)   doi:10.2196/18076
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Introduction

Medical education has changed drastically with the increasing
use of technology. In particular, internet resources are used by
doctors, students, and patients alike to answer clinical questions.
Web 2.0 resources such as Wikipedia are rapidly evolving
because of their open-source editing community. Currently,
there are more than 6 million English articles that are actively
monitored and updated by a community of Wikipedia editors
[1]. This vast community attracts readers from all backgrounds,
from patients seeking medical information to medical
professionals needing a quick reference.

In 2009, a survey showed that 80% of physicians use Google,
70% of physicians routinely used Wikipedia, and 53% of
physician internet visits involved user-generated web 2.0
resources [2]. Medical students have similarly been observed
searching for information online and have identified Wikipedia
as a preferred learning resource because of Wikipedia’s ease of
access (98% of respondents) and ease of understanding (95%
of respondents) [3]. Another study [4] showed that, in addition
to university resources, first year medical students used Google
and Wikipedia most frequently and rarely accessed
recommended journal articles and online textbook chapters.

Generally, Wikipedia has been regarded for its readability,
although research [5] has identified a lack of consistency in
some subjects. Previous research [6] has found that neurosurgery
articles on Wikipedia have worse readability when compared
to that of national information articles, and that they do not meet
the Centers for Disease Control and Prevention clear
communication guidelines for patients. A study [7] observed
reading engagement in medical students by tracking their eye
movements while reading various online resources and found
better engagement with Wikipedia. Another study [8] reported
that preclerkship medical students showed improved short-term
knowledge acquisition after reading general medical topics on
Wikipedia compared to that shown when reading textbooks and
UpToDate (an online clinical decision support resource).

However, previous research [5] has also suggested that
Wikipedia articles across medical and scientific topics vary in
quality. While one study’s [9] findings supported the use of
Wikipedia in answering specific questions about
pharmacotherapy, another study [10] found gross inaccuracies
in articles on topics in otolaryngology when compared with the
same topic in a standard textbook of surgery. In recent years,
there has been increasing focus on whether it is appropriate for
medical students to use web 2.0 resources for learning in specific
subspecializations; assessments of cardiology, gastroenterology,
and respirology articles have determined that quality and errors
of omission are of significant concern when considering
Wikipedia as a medical education resource [11-13]. Similar
findings were reported when Wikipedia articles were compared
to Grant’s Atlas of Anatomy for musculoskeletal anatomy [14].

In this paper, we provide an analysis of the readability and
quality of Wikipedia vascular surgery articles by comparing
them to a standard surgery textbook. Through this analysis, we
hope to better understand whether Wikipedia is suitable as an

academic resource for medical students and for junior trainees
in the field of vascular surgery.

Methods

Identification and Assessment of Content
Common diagnoses in vascular surgery (8 different topics) were
identified from the Medical Council of Canada Objectives for
the Qualifying Examination [15]. These diagnoses were used
as default search terms in Wikipedia’s [16] native search engine;
corresponding chapters of the same title were identified from
the table of contents of Schwartz Principles of Surgery [17].
Any discrepancies in article identification were resolved by
discussion among authors.

Assessment of Readability
To evaluate the readability of each resource, validated
ease-of-reading tools were used. The Flesch Reading Ease score
was used to measure reading ease, and the grade levels of each
article were determined using 5 different scoring
systems—Flesch-Kincaid Grade Level, Gunning Fog Index,
Coleman-Liau Index, Simple Measure of Gobbledygook
(SMOG) Index, and Automated Readability Index.

The Flesch Reading Ease score [17], represented as a number
from 0 to 100, determines the degree of textual difficulty and
is calculated as Flesch Reading Ease score = 206.835 – (1.015
ASL) – (84.5 ASW), where ASL is the average sentence length
and ASW is the average number of syllables per word. Scores
from 90 to 100 suggest the content is easily understood at a fifth
grade level, scores from 80 to 90 suggest the content is easily
understood at a sixth grade level, scores from 70 to 80 suggest
the content is easily understood at a seventh grade level, scores
from 60 to70 suggest the content is easily understood at eighth
to ninth grade levels, scores from 50 to 60 suggest the content
is easily understood at 10th to 12th grade levels, scores from
30 to 50 suggest the content is easily understood at a college
(or university) level, and scores from 0 to 30 suggest the content
is at the level of university graduates [6].

Using the Flesch Reading Ease score as a baseline, the other
scoring systems were used to determine the education level that
the average reader should have in order to understand the text
presented. Similarly based on average sentence length and
average number of syllables per word, the Flesch-Kincaid Grade
Level system [18] calculates a resultant age level that
corresponds with respective United States academic grade levels
using the equation Flesch-Kincaid Grade Level = (0.39 ASL) +
(11.8 ASW) – 15.59. The Gunning-Fog Index calculates grade
level using the equation Gunning-Fog Index = 0.4 (ASL + PHW)
that considers the average number of words per sentence, ASL,
and the percentage of hard words, PHW. Hard words were
considered to be those with 3 or more syllables that were not
proper nouns, combinations of easy words, hyphenated words,
or two-syllable verbs with -es or -ed endings [6,18]. The
Coleman-Liau Index [19] uses the equation Coleman-Liau Index
= 0.0588 (average number of letters per 100 words) – 0.296
(average number of sentences per 100 words) – 15.8 that
considers the average number of letters and sentences per 100
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words. The SMOG Index grade level equation [20] uses the
number of polysyllabic words and the total number of sentences:

Gunning-Fog Index, Coleman-Liau Index, and SMOG Index
scores correspond with American grade levels with scores
greater than 13 indicating college (or university) level and
above. The Automated Readability Index [18] is calculated
using the total number of characters, words, and sentences in
the equation Automated Readability Index = 4.71
(characters/words) + 0.5 (words/sentence) – 21.43 and provides
a score from 1 to 14 that corresponds to grade level, where 13
is equivalent to college (or university) level and 14 is at the
level of a college (or university) graduate.

These calculations were performed using Office Word software
(version 2010; Microsoft Inc) by copying the full text of each
article into the word processor and removing all formatting,
images, and tables.

Assessment of Quality
Overall quality and completeness of the resources were assessed
with the DISCERN instrument [21] and by identifying errors
of omission. To determine the quality of information within,
articles were rated on each of the DISCERN instrument’s 16
questions with 5-point responses. DISCERN questions address
two key domains and the instrument is typically used to help
consumers of health information assess the quality of published
information regarding treatment choices. DISCERN questions
focus on the reliability of the publication source and whether
the information is complete [22]. The final question of the
DISCERN instrument considers the reader’s overall impression
of quality. For each question, a score of 1 indicated that the
resource had serious or extensive shortcomings, a score of 3
indicated some potentially important but not serious
shortcomings, and a score of 5 indicated minimal shortcomings.
The total score could range from 16 to 80, where 63 to 80
suggested excellent quality, 51 to 62 was good quality, 39 to
50 was fair quality, and 16 to 38 was poor quality [22].

Assessment of Errors of Omission
Errors of omission were assessed by considering the
completeness of the information under categories of
epidemiology, pathogenesis, natural history, presenting
symptoms, signs on physical examination, noninvasive
investigations, invasive investigations, conservative
management, medical management, surgical management,
endovascular management, and references. Each category, with
the exception of references, was assigned a score of 0 if not
present, 1 if present but incomplete, or 2 if complete. References
were assigned 0 if they were absent or incomplete, or 1 if they
were complete. A maximum score of 23 could be assigned to
each passage (indicating no errors of omission in any of the
aforementioned categories). Errors in each category were
counted and totaled per article. To compare between articles,
an error of omission rate was calculated by dividing the number
of errors by the total word count per article. There was an
inverse relationship between the score and the number of errors
of omission (or error of omission rate).

Statistical Analysis
Readability scores were analyzed by taking the mean of the
grade level or grade-level equivalent obtained from the Flesch
Reading Ease score, Flesch-Kincaid Grade Level, Gunning-Fog
Index, Coleman-Liau Index, SMOG Index, and Automated
Readability Index. Overall readability of each source (Wikipedia
or Schwartz) was calculated by taking the mean of all article
scores from that source.

Each passage from Wikipedia and Schwartz Principles of
Surgery was independently read and assessed for quality and
errors of omission by two junior medical trainees with similar
levels of education at the time of the study. The articles were
read in their native formats to simulate typical reading
circumstances. Mean DISCERN score and mean error of
omission rate were calculated for each article by averaging
between the two readers prior to further analysis. To ensure the
quality of these scores, interobserver concordances (kappa value,
κ) were calculated, and any concordance values less than 0.8
were discussed by the research team to clarify the discrepancy.
The quality and error of omission rate of each source was
determined by taking the mean of all articles from that source.

Readability scores, DISCERN scores, and error of omission
rates were compared between corresponding Wikipedia and
Schwartz articles using two-tailed independent t tests with
unequal variances. Statistical significance was defined as P<.05.
All statistical analyses were performed in Excel (version 2020;
Microsoft Inc) using the statistical package add-on.

Results

Content Characteristics
Articles on 8 vascular surgery topics were analyzed—carotid
artery disease, critical limb ischemia, claudication, acute limb
ischemia, aortic dissection, abdominal aortic aneurysm, venous
insufficiency, and mesenteric ischemia. At the time of the initial
Wikipedia search in July 2013, a search for “carotid artery
disease” redirected to an article titled Carotid Artery Stenosis,
a search for “critical limb ischemia” redirected to an article
titled Peripheral Vascular Disease, and a search for
“claudication” redirected to an article titled Intermittent
Claudication. The other search terms produced eponymous
articles.

An updated search in March 2020, showed that the article titled
Peripheral Vascular Disease redirected to an article titled
Peripheral Artery Disease, while a search for “critical limb
ischemia” redirected to an article titled Chronic Limb
Threatening Ischemia. Interestingly, a search for “claudication”
resulted in 2 articles—1 entitled Claudication and the other
entitled Intermittent Claudication. All other searches resulted
in the same pages.

The aforementioned search terms were used to identify
subchapters in three vascular surgery–specific chapters of
Schwartz Principles of Surgery (ninth edition). The subchapter
titled Lower Extremity Arterial Occlusive Disease included
Critical Limb Ischemia, Claudication, and Acute Limb Ischemia
subheadings. Chronic Venous Insufficiency and Mesenteric
Artery Disease subheadings contained the information pertaining
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to venous insufficiency and mesenteric ischemia, respectively.
A comparison with the 11th edition of Schwartz Principles of
Surgery yielded no changes.

Readability Scores
Wikipedia had a mean Flesch Reading Ease score of 30.5 (SD
8.4) across all the articles, while Schwartz had a mean score of
20.2 (SD 9.0) which suggested that Wikipedia articles can be
understood by readers at a college (or university) level, while
Schwartz content was at the level of a college (or university)
graduate.

Using 5 different indices to determine approximate grade level,
Wikipedia had a mean grade level of 14.2 (SD 1.3), while the
Schwartz had a mean grade level of 15.9 (SD 1.4). These were

in agreement with the Flesch Reading Ease scores and placed
the Wikipedia articles at a lower grade level than the Schwartz
Principles of Surgery text. Both Wikipedia and Schwartz content
was for readers at the postsecondary level.

The differences between Wikipedia and Schwartz readability
scores (Table 1) were statistically significant for Flesch Reading
Ease score (P=.03), Gunning Fog Index (P=.02), Coleman-Liau
Index (P=.02), SMOG Index (P=.04), and Automated
Readability Index (P=.04), but not for the Flesch-Kincaid Grade
Level (P=.06). This suggests that the Wikipedia articles were
consistently easier to read, and that Schwartz Principles of
Surgery was written for a more advanced audience. These
relationships are further illustrated in Figures 1 and 2.

Table 1. Comparison between Wikipedia and Schwartz Principles of Surgery readability.

P valuet test (df)Schwartz, mean (SD)Wikipedia, mean (SD)Readability assessment

.032.14 (14)20.2 (9.0)30.5 (8.4)Flesch Reading Ease

.062.14 (14)15.5 (1.7)13.8 (1.6)Flesch-Kincaid Grade Level

.022.14 (14)19.1 (2.0)16.6 (1.6)Gunning Fog Index

.022.16 (13)16.5 (1.0)15.0 (1.4)Coleman-Liau Index

.042.14 (14)13.9 (1.3)12.5 (1.2)SMOG Index

.042.14 (14)14.7 (1.4)12.9 (1.6)Automated Readability Index

.022.14 (14)15.9 (1.4)14.2 (1.3)Mean grade level

Figure 1. Comparison of Wikipedia and Schwartz average Flesch Reading Ease scores.
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Figure 2. Comparison of mean grade level using Flesch-Kincaid Grade Level, Gunning Fog Index, Coleman-Liau Index, SMOG Index, and Automated
Readability Index scores.

Quality Assessment
DISCERN scores are shown in Table 2. All of the Schwartz
subchapters had scores between 65.0 and 74.5 (ie, all were
classified as excellent by DISCERN criteria). In contrast, only
the Wikipedia article entitled Peripheral Vascular Disease
received a score that was classified as excellent. Of the 8 topics,
4 Wikipedia articles were classified as good, 2 were classified
as fair, and 1 was classified as poor according to their DISCERN
score. On the whole, Schwartz Principles of Surgery subchapters
(mean 71.4; SD 3.1) performed significantly better than

Wikipedia (mean 52.9; SD 11.4) on the DISCERN scoring
criteria (P=.002). This suggests that the content of the text from
Schwartz Principles of Surgery is superior in quality to that of
the text from Wikipedia.

Interobserver concordance ranged from κ=0.68 to κ=0.96 for
Wikipedia and from κ=0.64 to κ=1.00 for Schwartz.
Interobserver concordance values less than 0.8 were observed
for the Wikipedia article on aortic dissection and the Schwartz
subchapters on acute limb ischemia and aortic dissection;
however, the overall final scores were similar and were thus
deemed acceptable.

Table 2. Comparison of Wikipedia and Schwartz Principles of Surgery DISCERN scores indicating content quality.

DISCERN, mean of both readersArticle topics

SchwartzWikipedia

74.062.0Carotid artery disease

73.064.5Critical limb ischemia

73.545.0Claudication

71.056.5Acute limb ischemia

70.057.5Aortic dissection

74.561.0Abdominal aortic aneurysm

70.531.0Venous insufficiency

65.045.5Mesenteric ischemia
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Errors of Omission
The total number of errors of omission for each article are
demonstrated in Table 3. Overall, Wikipedia articles contained
a significantly greater number of errors of omission (P=.008)
compared to Schwartz Principles of Surgery. Notably, the
Wikipedia article on critical limb ischemia (Peripheral Vascular
Disease) was extremely incomplete with a score of 1 out of a
maximum of 23. The mean errors of omission scores for
Wikipedia was 12.5 (SD 6.8)).The highest scoring article on
Wikipedia was on the topic of abdominal aortic aneurysm with
a score of 21.5 points. In contrast, most articles for Schwartz
Principles of Surgery scored high with a mean of 21.3 (SD 1.9)
points, and the subchapter on chronic venous insufficiency
scored the lowest at 17 points. From these results, we can

reasonably infer that Schwartz Principles of Surgery is a more
complete resource compared to Wikipedia for vascular surgery
topics.

Interobserver concordance for the Wikipedia assessments ranged
from κ=0.77 to κ=1.00, while interobserver concordance for
Schwartz Principles of Surgery ranged from κ=0.08 to κ=1.00
(Table 4). The subchapter of Venous Insufficiency from
Schwartz had an interobserver concordance of κ=0.08 which
reflected a number of incomplete sections in the text; however,
the final errors of omission scores were ultimately similar
between raters, so the mean score was nevertheless used in the
statistical analysis. Further scoring breakdowns are available
in Multimedia Appendix 1.

Table 3. Comparison of Wikipedia and Schwartz Principles of Surgery errors of omission.

Errors of omission, mean of both readersArticle topics

SchwartzWikipedia

22.012.0Carotid artery disease

23.01.0Critical limb ischemia

22.09.0Claudication

23.014.5Acute limb ischemia

21.019.5Aortic dissection

20.521.5Abdominal aortic aneurysm

17.06.5Venous insufficiency

21.516.0Mesenteric ischemia

Table 4. Interobserver concordance values for DISCERN and error of omission assessments.

Errors of omission interobserver concordanceDISCERN interobserver concordanceArticle topics

SchwartzWikipediaSchwartzWikipedia

1.000.921.000.90Carotid artery disease

1.001.001.000.94Critical limb ischemia

1.000.820.860.84Claudication

1.000.900.640.84Acute limb ischemia

0.360.810.660.68Aortic dissection

0.670.770.820.82Abdominal aortic aneurysm

0.080.971.000.96Venous insufficiency

0.770.901.000.96Mesenteric ischemia

Discussion

Common vascular surgery topics (8 topics) were selected from
the Medical Council of Canada Objectives for the Qualifying
Examination, and their equivalent articles were identified on
Wikipedia and in subchapters in Schwartz Principles of Surgery.
Through analysis of the readability and quality of the content
of these sources, we investigated the suitability of Wikipedia
as a vascular surgery resource for medical students.

We found that the quality of Wikipedia articles was mostly
classified as good or fair by DISCERN criteria (Table 2), and
that Wikipedia articles were written at the college (or university)

level (Figure 1). There were numerous errors of omission in
many of the Wikipedia articles, and some articles did not contain
fundamental subsections (Table 3). Schwartz Principles of
Surgery was found to contain consistently higher quality content
(classified as excellent by DISCERN criteria) and contained
fewer errors of omission (Tables 2 and 3) but was also found
to have lower readability (Figure 1). This was attributed to the
length explanations of concepts in the text which contained
additional supporting figures and tables and likely contributes
to the higher grade level that was associated with the text.

While the Wikipedia articles were found to have a lower grade
level and higher reading ease compared to that of Schwartz
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(Table 1 and Figure 2), both sources still required that the reader
be comfortable with reading at the college (or university) level.
The difference in reading level required for Wikipedia articles
compared to that required of textbook passages, as well as
Wikipedia’s ease of access likely is the reason it and other online
resources are appealing to users [2-4].

Existing research [7] suggested that preclerkship medical
students performed better on short-term knowledge acquisition
tests after studying from Wikipedia compared to when they
studied from a textbook. This could be as a result of the presence
of superfluous background information in the textbook, and the
fact that Wikipedia is written for the general population. Because
of their general target audience, Wikipedia can be written in
such a way that key points are summarized simply without the
need for extensive explanation which allows for faster
knowledge acquisition, especially for newer medical students.

It is important to consider that Scaffidi et al’s study [7] on
Wikipedia content and quality focused on general medical
topics, whereas other studies [11-13] have focused on
specialized medical fields such as cardiology, respirology, and
gastroenterology and have found findings contradictory to those
of Scaffidi et al. Another study [14] focusing on musculoskeletal
anatomy content on Wikipedia discovered inaccuracies and
errors of omission as well as reporting that many references
were not appropriate. In fact, these studies [11-14] do not
recommend Wikipedia as a learning resource for medical
students because of the significant errors of omission and
low-quality content.

In vascular surgery topics, many Wikipedia articles were
incomplete, and the many inconsistencies that were noted on
the website that continue to be unresolved at the time this paper
was written. An example of an inconsistency observed on
Wikipedia is the presence of two separate articles titled
Claudication and Intermittent Claudication, both describing the
condition associated with vascular claudication in peripheral
artery disease [23,24]. In addition, there are a number of
statements that lack appropriate references (for example, in the
article titled Claudication, numerous statements are note-cited).
Citations on Wikipedia are recommended to be from reliable
secondary or tertiary resources, and this is not true in a number
of the vascular surgery articles [25].

The open-source nature of Wikipedia and other web 2.0
resources is one of its greatest strengths, but it can also be one
of its greatest weaknesses. Wikipedia is a vast resource with

over 100,000 actively contributing editors from around the
world [26]. It is moderated by these editors who also strive to
maintain the quality of the resource; however, in a specialized
field such as vascular surgery there may be difficulty in
validating content accuracy due a dearth of available or
knowledgeable editors. In this era of rapid information turnover,
it could be argued that textbooks cannot be updated as quickly
as an open-source website such as Wikipedia. This ability to be
kept up-to-date in combination with its ease of access makes
Wikipedia a valuable resource for medical information and is
the reason it is widely used by the general population and
medical professionals alike [2-4].

In this study, we critically examined the quality, completeness,
and readability of Wikipedia articles on common vascular
surgery topics and compared them to corresponding excerpts
from Schwartz Principles of Surgery. This study used validated
tools, such as the Flesch Reading Ease scoring system and the
DISCERN instrument. Five readability indices were used to
minimize bias when calculating grade level and similar results
were obtained which supports their validity. The DISCERN
instrument and error of omission assessment introduce some
subjectivity into the study as a result of individual interpretation.
In addition, the items on the errors of omission rating scale were
developed based on standard presentation in medical education
and requires further assessment to demonstrate its validity.
Presentation of information in textbooks and Wikipedia may
vary between the sources for better readability in that particular
source. For example, information regarding epidemiology may
be combined with natural history to aid the reader in connecting
these concepts. These variations were often the reason for the
low interobserver concordance values in Table 4.

Ultimately, the use of Wikipedia in medical education should
not be disregarded. It has the potential to serve as a powerful
reference for all users, but medical professionals and students
should be aware that articles on Wikipedia are written with the
general population in mind. This study demonstrates that further
development is required for vascular surgery topics on
Wikipedia before it can be reliably recommended as a resource
for medical trainees. Currently, surgical textbooks are more
likely to reflect the depth and breadth of knowledge required
for medical learners in the field of vascular surgery. Further
research could examine how web 2.0 resources are utilized
depending on the level of the trainee, and the motivations for
choosing a particular resource at a particular stage of clinical
knowledge acquisition.
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Abstract

Background: Finding readily accessible, high-quality medical references can be a challenging task. HeadToToe is a mobile
platform designed to allow easy and quick access to sound, up-to-date, and validated medical knowledge and guidance. It provides
easy access to essential clinical medical content in the form of documents, videos, clinical scores, and other formats for the
day-to-day access and use by medical students and physicians during their pre- and postgraduate education.

Objective: The aim of this paper is to describe the architecture, user interface, and potential strengths and limitations of an
innovative knowledge dissemination platform developed at the University of Geneva, Switzerland. We also report preliminary
results from a user-experience survey and usage statistics over a selected period.

Methods: The dissemination platform consists of a smartphone app. Through an administration interface, content is managed
by senior university and hospital staff. The app includes the following sections: (1) main section of medical guidance, organized
by clinical field; (2) checklists for history-taking and clinical examination, organized by body systems; (3) laboratory section
with frequently used lab values; and (4) favorites section. Each content item is programmed to be available for a given duration
as defined by the content’s author. Automatic notifications signal the author when the content is about to expire, hence, promoting
its timely updating and reducing the risk of using obsolete content. In the background, a third-party statistical collecting tool
records anonymous utilization statistics.

Results: We launched the final version of the platform in March 2019, both at the Faculty of Medicine at the University of
Geneva and at the University Hospital of Geneva in Switzerland. A total of 622 students at the university and 613 health
professionals at the hospital downloaded the app. Two-thirds of users at both institutions had an iOS device. During the practical
examination period (ie, May 2019) there was a significant increase in the number of active users (P=.003), user activity (P<.001),
and daily usage time (P<.001) among medical students. In addition, there were 1086 clinical skills video views during this period
compared to a total of 484 in the preceding months (ie, a 108% increase). On a 10-point Likert scale, students and physicians
rated the app with mean scores of 8.2 (SD 1.9) for user experience, 8.1 (SD 2.0) for usefulness, and 8.5 (SD 1.8) for relevance
of content. In parallel, postgraduate trainees viewed more than 6000 documents during the first 3 months after the implementation
in the Division of Neurology at our institution.
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Conclusions: HeadToToe is an educator-driven, mobile dissemination platform, which provides rapid and user-friendly access
to up-to-date medical content and guidance. The platform was given high ratings for user experience, usefulness, and content
quality and was used more often during the exam period. This suggests that the platform could be used as tool for exam preparation.

(JMIR Med Educ 2020;6(1):e17729)   doi:10.2196/17729

KEYWORDS

clinical skills; clinical competence; clinical practice guidelines; medical education; smartphone; innovation; medical guidance;
mobile phone

Introduction

The teaching of clinical skills and choice of management plans
are important cornerstones in medical schools’ curricula [1].
Skills like medical and personal history taking, physical
examination, and procedural skills are taught in parallel to more
theoretical aspects and prepare the medical student for his or
her clinical years. A medical student is expected to be able to
examine patients displaying a large variety of complaints, as
well as to perform many different medical procedures.
Throughout medical school, students’ clinical skills are
evaluated and in the Switzerland medical federal licensing
examination, passing an Objective Structured Clinical
Examination [2] test is mandatory in order to become a fully
certified physician. Like any skill, clinical skills improve with
experience, repetition, and constructive feedback provided by
supervisors. Nevertheless, students rely on references (ie,
documents and videos) to prepare themselves for the clinical
environment [3,4]. Even though a multitude of references do
exist for clinical skills, the information is vast and scattered
between a large number of sources, and finding high-quality
and validated references can be a time-consuming and frustrating
process [5,6].

In the clinical environment, students and residents rely on
clinical practice guidelines and recommendations to choose a
treatment plan for a patient, which are, as mentioned, not always
readily available [6]. Finding optimal guidance regarding clinical
skills, procedural skills, or patient management is challenging
for all clinicians. It is even more so for students and postgraduate
trainees, who seek not only sound and trustworthy guidance
[7,8] but also perhaps the most didactic and one that fits the
expectations of their educators and senior clinical staff. Thus,
learners can benefit from a dissemination platform whose
content is authored or endorsed by their local faculty, educators,
and senior hospital staff.

Moreover, the use of smartphones and other mobile devices in
the medical environment, commonly termed mobile health
(mHealth) [9], has increased rapidly throughout the last several
years [10-12]. mHealth can offer not only patient-centered
solutions for chronic illness management, behavioral change,

or self-monitoring [13-22] but also learning opportunities for
pre- and postgraduate medical education [23]. The online
environment plays an important role as well in continuous
education, and health professionals rely on easy-to-access and
high-quality medical content to improve patient care [24-27].
Furthermore, it was shown that health professionals favor
significantly well-known targeted medical resources to more
general web browsing in their search for what they perceive as
validated medical content [28].

This increasing use of online resources and smartphones and
the need for easy-to-access, validated, and high-quality medical
information urged the development of HeadToToe, a mobile
platform intended for the dissemination of medical knowledge
and tailored guidance for pre- and postgraduate health
professionals.

The purpose of this article is to describe the architecture of the
tool and its potential strengths and limitations compared to
existing tools, as well as to present preliminary evaluation of
usage statistics and user experience. Our hypothesis at this stage
of development is that users would perceive our platform as a
rapid and user-friendly way to access up-to-date medical content
and guidance, and that its content, being validated by local
senior educators, would be therefore perceived as trustworthy
and useful, both for education and practice.

Methods

Platform Description
The HeadToToe [29] platform consists of an iOS and Android
front end that is compatible with iPhones, iPads, Android
phones, and tablets. Both front ends connect to the same
back-end server, which includes server-side code and a database
allowing the centralization of all content and easy updating of
the platform. The platform is managed through an administration
interface (see Figure 1), which is hosted on the same server as
the database. A blank version (ie, content-free version) of the
platform can be made available to other institutions for the
purpose of academic collaborations. The current operational
platform is in French, but the platform does support a
multilingual environment.
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Figure 1. The administration interface of the HeadToToe platform. Educational content managers can use the interface to insert, update, and delete
new content. Through the interface, administrators can also create the admission checklist for the admission checklist section as well as the laboratory
values section.

Back End: Database and Administration Interface

Basic Architecture
The server is hosted on Heroku and contains the database, the
code, and the application programming interface (API) for its
administration. The API and the administration interface were
written with Ruby on Rails, version 2.5.3 (MIT). The
administration interface provides a user-friendly interface for
adding, deleting, and editing content. Access to the
administration interface is made through a weblink, restricted
by a username and a password for educational content managers
(ECMs) (ie, faculty educators and senior hospital staff managing
content in HeadToToe).

Content Management
The cornerstone of the platform is that the ECMs are responsible
for identification, endorsement, and updating of the content for
the medical field under their responsibility. This provides the
validation that learners need to be able to trust that the content
provided by the platform meets their educational needs. The
users themselves do not have access to the management interface
and cannot upload their own content. Each time the app is
launched or refreshed by the users, new or updated content is
highlighted with a specific icon.

Content Metadata
Each content item has several attributes, including title, subtitle,
search keywords, link, thumbnail, update date, and expiration
date. An item can be a link to a file, a video, or a website. In
addition, each item’s metadata includes the full name and
contact details of the ECM, providing the users the possibility
to communicate with content managers.

Content Item Responsibility
The content item responsibility can be defined by clinical field,
subfield, or by individual content items. For example, the head
of neurology could be the ECM for the whole neurology section
or could delegate the responsibility for certain subfields or items
to other senior medical staff or educators.

Duration of Validated Content and Updating Mechanism
Medical knowledge and guidance, whether international,
regional, or local, is always evolving. For each item, the ECM
selects an expiration date, thus defining the duration over which
the content will be accessible to users. Automatic notifications
signal the author when the content is about to expire, thus
promoting its timely updating and reducing the risk of using
obsolete content. Namely, 2 weeks and 24 hours before a content
item reaches its expiration date an automatic email will be sent
to the ECM to remind him or her about the expiration of the
specific content item. The ECM will then be able to decide if
the item is still valid, thus prolonging its availability on the
platform. If the item is considered not valid, the ECM may
update it with a newer version or delete it. Eventually, expired
items will be deleted automatically after a predefined period if
no action confirms the validity of the resource.

Front End: User Interface

The Front End of the iOS and Android App Includes
Several Sections

The Knowledge Base

The knowledge base is the heart of the app (see Figure 2) and
contains the medical content and guidance organized by clinical
specialty with folder hierarchy defined through the
administration interface by the ECM of each section. Folder
hierarchy is flexible and can differ between clinical fields. This
section allows the user to navigate through each medical field’s
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sections and find the needed content. After navigating to the
desired section, the user can access files or media (ie, videos or
website links). An information button is available for each
document and media item. A click on the button will open a
pop-up view containing the item’s metadata: contact details for
the ECM, last update date, and expiration date. The expiration

date will show in green within the duration of its availability
and in red when it is expired; it will stay red until it is either
updated, manually deleted by the ECM, or automatically deleted
after a predefined period. For documents, a download button is
present and allows download and offline use.

Figure 2. The knowledge base of the HeadToToe platform (in French). Users can navigate through different medical specialties organized as folders.

Admission

In this section (see Figure 3), users can find an extensive
checklist with questions to be asked during history-taking of a

patient and actions to perform during clinical examination. Items
can be checked, comments can be added to each item, and the
user can generate a PDF containing checked items and
comments.
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Figure 3. History-taking and clinical examination checklist section in the HeadToToe plaform (in French). Users can consult the list, add comments,
and create a PDF with all checked items and added information.

Laboratory Values

This section (see Figure 4) contains local reference values for
frequently used laboratory values, such as complete blood count,
chemistry, basic metabolic panel, arterial blood gas, and more.

Figure 4. Laboratory values in the HeadToToe platform (in French). Users can consult basic laboratory values validated for local reference values.

Favorites

Documents in the knowledge base can be marked as favorites.
This section shows the list of favorites and allows users to

unmark them (see Figure 5). Favorite documents can also be
found on the side menu of the app (see Figure 6).
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Figure 5. Favorites screen in the HeadToToe platform (in French). Through this screen, users can quickly access marked content.

Figure 6. Side menu in the HeadToToe platform (in French). Through this menu, users can quickly access their favorite content and the About menu.
Users may also access the Feedback screen and send feedback and questions concerning app use and content.

Search Screen

The search screen (see Figure 7) is accessible throughout the
app and allows a transversal search through all content (ie,

documents, media, and lab values) for quick access to needed
content. A search is made by the item’s title, subtitle, and
keywords defined in the administration interface to improve
search accuracy.
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Figure 7. The search screen of the HeadToToe platform (in French). Users can search through all types of content from this screen and quickly access
needed information.

Implementation and Dissemination of the App in the
Institution
Target users of the platform are medical students in the Faculty
of Medicine at the University of Geneva and postgraduate
residents from the University Hospital of Geneva, Switzerland.
The app is currently available for download exclusively through
a private website in order to preserve the content’s copy and
the authors’ rights of local protocols as well as content imported
from external sources. The iOS app is distributed through
Apple’s Enterprise distribution methods. The Android app is
distributed through the same private website with an APK
(Android Package Kit) file. Students and physicians have
separate versions for distinct statistical analysis. A student does
not have the credentials to download the physicians’ version,
and vice versa, to ensure statistical separation.

In the pregraduate level, the app was implemented at the
University of Geneva in 2015 as a beta version and the final
version was released in March 2019. The medical curriculum
consists of a fully integrated bachelor’s, master’s, and medical
degree 6-year program. The teaching of clinical skills starts
from as early as the second year onward; clinical skills are taught

in parallel and with relation to basic sciences studies until the
end of the sixth year [30]. Therefore, the target population was
medical students from the second to the sixth year of medical
school, which includes roughly 750 students at a given time.
Since the launch of the final version of the app in March 2019,
to date, the app was downloaded 622 times, counting multiple
user devices.

At the postgraduate level, we first performed a pilot test from
November 2018 to February 2019 and disseminated the app
primarily in the Division of Neurology at the University Hospital
of Geneva, Switzerland. In March 2019, we launched the final
version of the app and made it progressively available to the
Divisions of General Pediatrics, Pediatric Emergency,
Neonatology, Neurosurgery, Pre-Hospital Emergency Care,
Anesthesiology, Urology, Nephrology, Hematology,
Diabetology, and Primary Care. Our roadmap includes the
implementation of HeadToToe in more divisions, and eventually
the whole institution, in coordination with all relevant medical
leadership. So far, the app was downloaded 613 times by a total
of approximately 1900 doctors from the above-mentioned
divisions in our institution (see Table 1).
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Table 1. User distribution between university students and hospital medical personnel since the launch of the final version of the HeadToToe platform
in March 2019.

Potential yearly renewalsc, nPotential usersb, nApp downloadsa, n (%)Users and devices

University of Geneva students

150750622 (100)Total

N/AN/Ad430 (69.1)Users with Apple devices

N/AN/A192 (30.9)Users with Android devices

University Hospital of Geneva health professionals

3001900613 (100)Total

N/AN/A409 (66.7)Users with Apple devices

N/AN/A204 (33.3)Users with Android devices

aIncludes multiple-device downloads by the same user.
bRepresents an estimated number of members of the target audience in the mentioned institutions.
cAn estimate of new institutional students or employees, based on mean number of new medical students per year as well as mean number of new
medical staff in our institution.
dN/A: Not applicable.

Educational Content Managers: Authoring or
Endorsing Content
To ensure validated and high-quality content to the best of our
abilities, we contacted senior physicians in different medical
fields in our institution. Pregraduate content was chosen by head
faculty members responsible for clinical skills teaching, and
postgraduate content was selected by either heads of divisions
and units or by other physicians from the respective divisions
or units to whom the mission was delegated. Each of these
specialists was responsible and contributed to his or her field’s
section in the platform with international and local content that
he or she deemed updated, validated, and useful for his or her
fellow colleagues. Each department, division, and unit in the
institution can have its own section in the app without any
content-type or size restriction. The goal of combining pre- and
postgraduate content was to allow continuous usage of the
platform from the student level, through residency, and the rest
of medical training.

Platform Development Process
The platform’s concept emerged from an urgent need and
difficulties mentioned above by some of the authors to find
high-quality and locally validated information concerning
clinical skills during their medical university years. Several
members of our team have dual training in computer science
and medicine, which puts them in a position to be both code
and architecture developers, as well as end users of the platform.
This position made the design of the app and its architecture
user-centered from its basic core, as we were not only
developing a product but a tool that we ourselves use in our
daily practice.

To ensure an even more user-centered development process,
before launching the final version, we held several trial periods
for pre- and postgraduate users in order to try and understand
each group’s specific needs and to receive feedback. In addition
to the postgraduate trial period described earlier, a beta version
was launched in 2015 and used by 93 fifth-year medical students

in the University of Geneva before distributing the app to the
rest of the faculty. In addition, both users and ECMs have the
possibility to send us feedback and ideas directly from the app
and from the administration interface. Automatic utilization
statistics allow us to identify the most-used type of content and,
thus, to add similar content as well as to eliminate unused
content. Lastly, as discussed further in the Platform Assessment
section, satisfaction surveys were sent to platform users with
the possibility to write free-form text feedback.

These measures allowed us to improve user experience, fix
bugs, and add requested features and content as suggested by
medical students and health professionals during each step of
the development.

Platform Assessment
Evaluation of the platform utilization and usage was made in
two different ways. First, a factual analysis was conducted with
data obtained from statistical collection by Yahoo’s Flurry
Analytics to allow quantitative analysis of the utilization of the
tool. Four different Flurry API keys were created to distinguish
between iOS and Android apps and between medical students
and physicians. Collection was made continuously,
anonymously, and automatically.

Events sent to Flurry by the iOS and Android apps were the
title of the item, the medical field it belongs to, and whether it
was accessed by search or directly through the main knowledge
base. Statistics are separate for medical students and doctors.
This allows us to record summary statistics about how many
times each item was used. Flurry automatically collects
information about the usage of the app, including the number
of active devices per day, number of sessions per day, number
of sessions per device per day, time of usage per device per day,
median session length, and more. The user’s journeys are also
recorded, which means we are able to follow each user’s session
and actions made in order the find needed information as well
as the amount of time spent to retrieve it.
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A second assessment focused on user satisfaction, and
qualitative utility was conducted through a survey. One survey
was addressed to all medical students, from the second to the
sixth year of medical school, and another one was addressed to
hospital physicians and nurses from the Division of Neurology,
as they were the first to use the app during a trial run. The
surveys focused on user experience, general usefulness of the
app, and the relevance of the content (see Multimedia Appendix
1 for survey questions). Surveys sent to both students and
physicians were identical.

Statistical Analysis
P values were calculated using unpaired t tests for continuous
quantitative variables. Calculations were made using Stata
statistical software, version 16 (StataCorp). P<.05 was
considered statistically significant.

Results

User Demographics
As automatic statistics collection was anonymous, we do not
have exact demographic knowledge regarding age and sex of
users. We can estimate that the mean age for university medical
students is between 20 and 30 years and that for medical doctors
is between 25 and 65 years. All users live in Geneva,
Switzerland, or its surroundings, and are either medical students
at the University of Geneva or health professionals (ie, doctors
or nurses) at the University Hospital of Geneva. Distribution

of downloads between the university and the hospital, as well
as between iOS and Android devices, is summarized in Table
1.

Pregraduate Analysis

Assessment of Utilization
In the pregraduate level, during the period from March to June
2019, a total of 251 students downloaded the app (iOS and
Android combined). There was a significant rise in daily users
and usage time with an average of 24.5 (SE 1.8) students per
day during the exam period, compared to 16.5 (SE 1.9) from
March to April 2019 (P=.003) (see Table 2). This resulted in
an average of 8.2 (SE 0.8) minutes per day during the exam
period compared to 5.1 (SE 0.5) during the control period
(P<.001) (see Table 2), and almost double the total number of
sessions during the exam period as compared to the months
before (see Figure 8). Number of sessions per day increased
significantly as well, with a mean of 89.5 (SE 8.3) sessions per
day during the exam period, compared to 56.7 (SE 5.4) sessions
per day during the control period (P<.001) (see Table 2). The
median session length, which may reflect the time each user
needs to find the requested content, was 35 seconds. This fact
can be cross-referenced with user journeys gathered by Yahoo’s
Flurry Analytics for each user’s session, which shows the exact
navigation path each user made through the app and time spent.
During this period, 3756 documents and 1570 videos were
consulted (see Table 2).

Table 2. Pregraduate assessment of utilization during the control period compared to the exam period within 251 HeadToToe app downloads among
medical students at the University of Geneva, Switzerland.

P valuebDifferenceControl period

(March and April 2019)

Exam period

(May 2019)
Assessment measurea

Daily activity, mean (SE)

.0038.0 (2.8)16.5 (1.9)24.5 (1.8)Active devices

<.0013.1 (0.95)5.1 (0.5)8.2 (0.8)Minutes per user per day

<.00132.8 (9.5)56.7 (5.4)89.5 (8.3)Total sessions per day

Content usage, n

N/AcN/A23051451Documents consulted

N/AN/A4841086Videos consulted

aData were from automatic statistics collection with Yahoo’s Flurry Analytics.
bCalculated with an unpaired t test for continuous quantitative variables.
cN/A: Not applicable.
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Figure 8. Exam period usage patterns from 2016 to 2019. The exam period is usually at the end of the spring semester, either at the beginning or end
of May each year.

Assessment of Utility
In the pregraduate level, 138 students answered the survey. Out
of a top score of 10, students rated the app with a mean score
of 8.2 (SD 1.9) for user experience, 8.1 (SD 2.0) for usefulness,
and 8.5 (SD 1.8) for the relevance of content (see Table 3). A

total of 39.1% (54/138) of students considered the video section
as the most useful and 42.0% (58/138) considered the document
section as the most useful. A total of 48.6% (67/138) of students
said they would like to see more procedural skills videos and
30.4% (42/138) said they would like to see more clinical scores.

Table 3. Pre- and postgraduate assessment of utility.

Relevance of content, mean (SD)aUsefulness, mean (SD)aUser experience, mean (SD)aNInstitution and users

8.5 (1.8)8.1 (2.0)8.2 (1.9)138University of Geneva medical students

8.5 (1.5)8.6 (1.7)7.8 (2.2)28Division of Neurology, University Hospital of
Geneva physicians

aValues represent weighted mean scores on a 10-point Likert scale survey answered by users at both institutions.

Postgraduate Analysis

Assessment of Utilization
At the postgraduate level, the app was downloaded 98 times,
counting multiple devices per health professional, during the
trial period of 3 months (ie, between November 2018 and

February 2019). Regarding usage, there was an average of 10.1
(SD 5.1) users per day for an average of 8.1 (SD 8.6) minutes
per user per day with a mean of 55 (SD 35) sessions per day
(see Table 3). Median session length was 29 seconds. During
this period, 6494 files and 144 videos were consulted (see Table
4). Documents viewed were mainly local guidance for acute
stroke management.
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Table 4. Postgraduate assessment of utilization during a trial period among health professionals in the Division of Neurology at the University Hospital
of Geneva, Switzerland.

Mean per month (SD)Total, nRangebMean (SD)Assessment measurea

Daily activity

N/AN/Ac2-2610.1 (5.1)Active devices per day

N/AN/A0.8-668.1 (8.6)Minutes per user per day

N/AN/A6-16255.0 (35.5)Total sessions per day

Content usage

2134 (480.5)6494N/AN/ADocuments viewed

48 (12.2)144N/AN/AVideos viewed

aData were from automatic statistics collection with Yahoo’s Flurry Analytics between November 2018 and February 2019.
bRepresents minimum and maximum values for reported parameters.
cN/A: Not applicable.

Assessment of Utility
A total of 28 health professionals answered the survey (see
Table 3). Out of a top score of 10, user-friendliness was rated
with a mean score of 7.8 (SD 2.2), usefulness had a mean score
of 8.6 (SD 1.7), and content relevance had a mean score of 8.5
(SD 1.5). When asked for the most useful section of the app,
documents were elected at 100%, compared to admission,
videos, and laboratory values. When asked for further content
addition, 71% (20/28) wanted to have additional protocols, 21%
(6/28) asked for clinical scores, and 7% (2/28) elected additional
clinical skills videos as the most useful.

Discussion

Principal Findings
Finding easy-to-access, high-quality, and validated
evidence-based medical content is a challenging task. The use
of the online and mobile environment is increasingly growing
and becoming a relevant tool for pre- and postgraduate medical
education and clinical practice. Health professionals tend to
favor the use of targeted medical online and mobile resources
as compared to nonspecific web browsing. In order to address
these difficulties and to adapt to modern medical
content–consuming habits, we have developed the HeadToToe
platform.

Medical students and doctors using the app found our platform
to be user-friendly and generally useful, and they perceived the
content as practical and relevant for daily clinical practice. For
example, during a pilot implementation phase in the Division
of Neurology, 6500 documents were consulted in 3 months (ie,
about 72 per day).

Continuous and automatic user-based statistics, as gathered in
our platform, can provide understanding of the students’ learning
process and helps identify the most frequently used content
items. During an evaluation period of 3 months since the
distribution of the final version through March and June 2019,
as well as statistics collection from the beta version since 2015,
we noted daily constant use of the app with increased activity
during exam periods with the same activity patterns for the last
4 years (see Figure 8). Usage in 2017 is not shown as no

statistics were gathered due to further development of the
platform. We noticed a progressive increase in use during the
month preceding the exam period and were able to identify
frequently used content during this period. These findings can
allow future focus on students’ needs and studying habits, as
frequently used content can be further developed. These findings
might also suggest that the platform may be used as a tool for
exam preparation, specifically in the clinical skills field.

Numerous online and mobile platforms exist and provide highly
validated and high-quality medical information. Geeky Medics
[31] and Bates’ Guide to Clinical Examination and History
Taking [32] are examples of highly used and validated online
and mobile platforms that provide access to clinical skills
material. The MDCalc website and app is an example of a useful
tool for clinical scores calculation [33]. UpToDate and PubMed
are other tools used for retrieving evidence-based medical
knowledge and treatment plans [34]. These sources are just a
few among others, and their use and trustworthiness is widely
recognized. Each of these tools provides quality information
about a specific aspect of medical knowledge and they are
complementary with regard to a specific clinical question [35].

However, local institutions often lack dissemination for
clinically relevant content endorsed by local medical educators.
Different file managers, such as Dropbox and Google Drive,
can be used [36,37] but have obvious limitations. For example,
they lack specific medical-relevant structure and user experience
and do not provide specific solutions for obsolete content
management.

In contrast, our platform has several potential strengths.
HeadToToe provides an easy solution for the dissemination of
selected medical references within an institution. Content
selection is educator driven, which means that ECMs from each
medical field in a given institution can be responsible for content
management and endorsement, thus ensuring content validation
and quality. Information can be retrieved from several validated
knowledge bases and is not restricted to a single source. Users
can then easily access information from a variety of medical
fields through a mobile app, and frequently used content can
be tagged and downloaded for offline use. Through the
administration interface, adding and updating content is simple,
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and users will only have access to the most recent version of
an item and are automatically notified of the arrival of new
content. Moreover, HeadToToe contains a programmatically
determined expiration date for each item, which ensures
up-to-date content by automatically notifying the ECM when
content is about to expire and requires new validation or
updating of the item. When no action is taken, expired items
will be automatically deleted. This is particularly important in
the medical environment where evidence is evolving constantly,
and this feature provides a continuously updated platform
avoiding the dissemination of obsolete medical content. This
feature would be harder to achieve with a simple file manager,
as obsolete content is difficult to identify, manage, and suppress
and would require a manual updating system. Furthermore, the
platform provides metadata for each item, displaying
information and contact details of the ECM as well as visibility
of the updated date and expiration date.

The centralization of institutional information within a single
tool may help with the integration of new medical staff at any
stage of their medical career by providing quick and easy access
to local practice guidance and practical information, such as
important phone numbers, call schedule, and more. For example,
we observed that including both pre- and postgraduate material
seems to facilitate implementation of the platform, as medical
students are exposed to the platform early in their curriculum
and continue to use it during clinical rounds and after graduation.
This can help them transfer and apply knowledge and skills in
the clinical environment and promote continuous education.

From an educational and academic point of view, the tool
provides automatic monitoring of content usage and user activity
and can provide information to ECMs about content relevance
and learners’needs. Usage data gathered may provide interesting
insights for research in the field of medical education. Another
advantage of the platform’s unified architecture is that it also
offers a simple way to disseminate local medical knowledge to
other academic or private partners. Indeed, we are developing
targeted versions of the app, which can be customized for
specific medical content intended for external use.

Data collected using the platform could help in presenting more
evidence for the utility of mHealth solutions in clinical practice.
In fact, while many mobile solutions targeted to health
professionals are being used on a daily basis, evidence is still
lacking concerning their impact on clinicians’ adherence to
validated guidance and on the clinical impact on reducing
unwarranted variation in practice. By monitoring user activity
and content usage patterns, and linking it with clinical indicators,
we might be able to present more concrete, real-world data
supporting the use of mobile platforms in clinical settings.

The platform might present a cost-effective and ecological
solution [38,39] for knowledge dissemination, as it may make
obsolete the need for printing medical and practical information
for new and current staff members, even more so for information
that is updated frequently. In addition, the platforms’ use might
present as time-efficient and, therefore, cost-saving for health
professionals, as knowledge is centralized and rapidly accessible
within a mobile app, thus eliminating the need to find an
available computer and to browse the web. The economic and

ecological impact of this type of intervention was not yet studied
and would be of better value when the platform is fully deployed
within the institution.

The platform presents several limitations. The first and main
limitation is that it requires the validation and triage of a large
amount of medical content as well as the coordination between
several educators. The platform also requires content-quality
check, which could become time-consuming, as more content
accumulates on the platform. The designation of an ECM is a
crucial part of the process and does require active participation
in the creation of the platform. Nevertheless, institutions are
often required to locally adapt or endorse the use of international
guidance and to translate it into local practice due to differences
in populations and local resources. Thus, triage and
centralization of medical content can be useful for identifying
existing content and promoting it, as well as identifying fields
where content and evidence is lacking and need to be addressed
in a given institution. Our experience and the uptake in our
institution has so far been very positive but remains to be further
assessed. Implementation and evaluation would also need to be
assessed in other clinical environments and institutions.

To date, we did not include patients in our platform development
and design process, as they were not the target users of the
mobile app. Nevertheless, as there is growing evidence for the
importance of patients’ input in mHealth interventions,
especially for patient-centered resources [19,40-42], inclusion
of patients in future developments could be of interest,
specifically concerning their perception of the utilization of
mobile devices by health professionals in daily practice.

The quality of the content can also be criticized as subjective
and be a matter of debate. Indeed, we do not offer a
technological solution for the measurement of the content’s
quality. However, ECMs, as mentioned, are senior medical staff
and specialists who are, by definition, responsible for local
strategies, medical education, and treatment plans. Thus, content
quality and relevance are guaranteed by the ECMs’ institutional
roles. Moreover, the app has the merit of making validated
content transparent to all partners and, thus, helps identify either
information needs or conflicting guidance on similar topics.
Institutions and local ECMs would still need to use sound
methods for critical appraisal of content to include. For content
that amounts to recommendations for clinical practice, ECMs
should use trustworthiness criteria, such as the ones published
by the Institute of Medicine [8,43] or by leading experts, such
as the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) Working Group [44]. Finally,
all online content needs to meet copyright regulations, both for
published content as well as for locally created content.

Conclusions
The HeadToToe platform allows medical educators to create a
validated, high-quality, and up-to-date reference platform for
simplified pre- and postgraduate medical education knowledge
dissemination, to the benefit of their students and medical staff.
It is built for easy and quick access. Users found the app to be
user-friendly, relevant, and useful for clinical
practice. Implementation in different universities and clinical
settings would be the next natural step for assessing its relevance
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in broader settings and scalability. Utilization patterns should
be further examined in light of students’ and residents’
information needs and learning habits, both as a tool for exam
preparation and for daily clinical activity. The potential impact

on the reduction of unwarranted variations in practice, quality
of care, and economic outcomes should be further studied, and
randomized trials could compare the use of such integrated
dissemination platform to current available tools.
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Abstract

Background: Novel methods to boost interest in scientific research careers among minority youth are largely unexplored. Social
media offers a unique avenue toward influencing teen behavior and attitudes, and can therefore be utilized to stimulate interest
in clinical research.

Objective: The aim of this study was to engage high-achieving minority youth enrolled in a science pipeline program to develop
a targeted social media marketing campaign for boosting interest in clinical research careers among their peers.

Methods: Students enrolled in the Training Early Achievers for Careers in Health program conducted focus groups in their
communities to inform themes that best promote clinical research. They then scripted, storyboarded, and filmed a short video to
share on social media with a campaign hashtag. Additionally, each student enrolled peers from their social circle to be subjects
of the study. Subjects were sent a Career Orientation Survey at baseline to assess preliminary interest in clinical research careers
and again after the campaign to assess how they saw the video, their perceptions of the video, and interest in clinical research
careers after watching the video. Subjects who did not see the video through the online campaign were invited to watch the video
via a link on the postsurvey. Interest change scores were calculated using differences in Likert-scale responses to the question
“how interested are you in a career in clinical research?” An ordinal logistic regression model was used to test the association
between watching a peer-shared video, perception of entertainment, and interest change score controlling for underrepresented
minorities in medicine status (Black, American Indian/Alaska Native, Native Hawaiian, or Pacific Islander), gender, and baseline
interest in medical or clinical research careers.

Results: From 2014 to 2017, 325 subjects were enrolled as part of 4 distinct campaigns: #WhereScienceMeetsReality,
#RedefiningResearch, #DoYourResearch, and #LifeWithoutResearch. Over half (n=180) of the subjects watched the video via
the campaign, 227/295 (76.9%) found the video entertaining, and 92/325 (28.3%) demonstrated baseline interest in clinical
research. The ordinal logistic regression model showed that subjects who viewed the video from a peer (odds ratio [OR] 1.56,
95% CI 1.00-2.44, P=.05) or found the video entertaining (OR 1.36, 95% CI 1.01-1.82, P=.04) had greater odds of increasing
interest in a clinical research career. Subjects with a higher baseline interest in medicine (OR 1.55, 95% CI 1.28-1.87, P<.001)
also had greater odds of increasing their interest in clinical research.

Conclusions: The spread of authentic and relevant peer-created messages via social media can increase interest in clinical
research careers among diverse teens. Peer-driven social media campaigns should be explored as a way to effectively recruit
minority youth into scientific research careers.

(JMIR Med Educ 2020;6(1):e16392)   doi:10.2196/16392
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Introduction

Despite significant shifts in the demographic landscape of the
United States over the past 50 years, minorities remain
disproportionally underrepresented in medical practice and
research [1]. As researchers often rely on personal experience
and background to formulate questions, inadequate
representation of underrepresented minority leaders in clinical
research is an impediment to the adequate study of health
conditions relevant to minority groups [2]. Attempts to alleviate
this inequity typically focus on pipeline programs that directly
target youth and adolescents. However, few studies have
explored how to initially reach and recruit teens with low
baseline interest or knowledge about science, technology,
engineering, and mathematics (STEM) careers.

Enhanced interest in research careers has been previously
described as a strong predictor of the “attitude” component of
the theory of aligned ambition [3]. Conceptualized by Barbara
Schneider, aligned ambition is a framework used to predict an
adolescent’s future success in a desired career based upon their
knowledge, behavior, and aforementioned attitude about said
career path [4]. Because pipeline programs target recruitment
at such an early stage, these programs influence all three aspects
of aligned ambition, giving teens a more holistic picture of
STEM fields. This type of pointed exposure aims to improve
both the retention and persistence of minorities through scientific
career paths [5].

In considering how to encourage interest in a scientific research
career, the growing use of social media among adolescents
offers new avenues toward influencing minority teens [6]. Both
descriptive and experimental studies have supported targeted
social marketing disseminated on the internet as an effective
way to influence the health behaviors of teens. A 2014
systematic review found that 9 out of 10 online interventions
reported significant improvements in some aspect of health
behavior change [7]. From smoking cessation to health and sex
education, peer-created social media campaigns are a powerful
tool in engaging adolescents not only in the United States but
also in international spheres [8-11]. However, no study has
explored social media as a means to impact attitudes and
behaviors regarding career interest.

Accordingly, the aim of this study was to engage high-achieving
minority youth enrolled in a pipeline program with the Spreading
Teen Research Inspired Videos to Engage Schoolmates
(STRIVES) intervention. The purpose of STRIVES was to
facilitate the creation of a video and peer-led social media
campaign aimed at promoting interest in clinical research careers
among their friends. We hypothesized that (1) a peer-shared
video, compared to the same video shared by the investigative
team, would be more effective in increasing interest in pursuing
a career in research among peers of high-achieving minority
youth enrolled in a pipeline program; and (2) videos that were
perceived as entertaining would also be more effective in
increasing interest in a clinical research career.

Methods

Study Design

Ethics
This study (IRB13-0848) was approved by the University of
Chicago Biological Sciences Division Institutional Review
Board (Chicago, IL, USA).

Setting
Training Early Achievers for Careers in Health (TEACH) is a
pipeline initiative for rising high school juniors under the
Collegiate Scholars Program, a partnership between the
University of Chicago and Chicago Public Schools (CPS). The
Collegiate Scholars Program is an intensive 3-year enrichment
program designed to prepare talented high school students for
academic success at the best colleges and universities. Starting
in the summer after ninth grade, collegiate scholars select classes
in literature, math, science, social sciences, and writing taught
by University of Chicago faculty. Selection into this program
is highly competitive, targeting students from ethnically and
demographically underrepresented groups. Over 50% of
collegiate scholars are underrepresented minorities (41% African
American and 24% Latino/Hispanic), and 47.4% qualify to
receive free or reduced lunch. Moreover, 41.56% of collegiate
scholars will be first-generation college students [3].

Approximately 60 Collegiate Scholars Program students who
expressed interest were selected as TEACH participants each
year. These students were randomly assigned to one of two
research groups: the clinical research group involving an
immersive clinical research experience, or the field research
group involving a more traditional basic science research
program [3]. The 5-week clinical research summer program
provided participants with several major experiences, including
an introduction to the basics of clinical research through a
classroom experience with faculty, an opportunity to work in a
multitiered research team, and a hands-on research experience
in a clinical environment performing patient interviews and
physician surveys. The field research intervention consisted of
science and nonscience lectures, a hands-on lab component led
by PhD students, and field trips to local museums with
high-quality science immersion.

Participant Recruitment
Each student enrolled in either the field or clinical research
group recruited and provided contact information for
approximately 10 “friends,” defined as peers from their general
community. Peers were recruited though emails and postcards.
The student that ultimately recruited the most peers was given
50 CPS learning hours and an Amazon gift card. We obtained
written informed consent from each friend and a parent/guardian
before dissemination of baseline assessments.
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Spreading Teen Research Inspired Video to Engage
Schoolmates
The STRIVES intervention within the clinical research program
engaged students with the creation of a short video and the
subsequent social media campaign aimed at promoting clinical
research as a viable career among peers. To accomplish this,
students had weekly STRIVES meetings with project managers,
medical faculty and students, technology experts, and research
assistants to guide them through the campaign process.

Focus Groups
We coached each cohort of students in the clinical research
group to conduct one or two focus groups with 5-6 peers from
the Collegiate Scholars Program to identify themes related to
careers in clinical research as highlighted by the Appreciative
Inquiry 4D Model. This model encompasses (1) Discovery, or
identifying the best way to achieve the goal; (2) Dream, or
imagining new means of achieving the goal; (3) Design, or how
to operationalize a change to reach the goal; and (4) Destiny,
or anticipating the best practice [12]. Focus groups were
conducted at University of Chicago, which were moderated by
the teens and transcribed by research assistants. Deductive
analysis was utilized to identify themes as they related to the
4D model.

Video Creation
Using themes that emerged in focus groups about the perception
of research careers and how to best engage peers, students
discussed, storyboarded, and scripted preliminary video ideas
for the STRIVES campaign. The investigative team reviewed
the scripts for relevance and accuracy. Technology experts
presented lectures to the students on video recording and editing
tactics. Students recorded the videos on the University of
Chicago Pritzker School of Medicine campus. Video editing,
with assistance from project managers, was completed using
Apple Final Cut Pro X (Cupertino, CA, USA).

Social Media Campaign
The investigative team trained the students in viral marketing
techniques based on the usage of already established social
networks to spread information. We taught the Activation
Theory of Information Exposure [13], a social media marketing
concept that highlights that the most effective messages are not
only informative but also captivating [14]. Using the 5M Model
[15] consisting of mission, market, money, message, and
methodology, the students organized a strategy aimed at
maximizing the influence and effectiveness of their social media
campaign. We had the students complete a worksheet that
related to the 5M model to craft a social media campaign. For
example, each individual campaign had a message that
correlated to the content of the video.

Data Collection
Study subjects or “friends” completed an abbreviated online
Career Orientation Survey following study enrollment to assess
baseline knowledge, interest, and intent to pursue a variety of
careers, including clinical research (see Multimedia Appendix
1). The Career Orientation Survey was originally developed
and used in the Sloan Study of Youth and Social Development,

a nationally representative longitudinal sample of American
youth [16]. Adapted for the TEACH project, the screening
instrument used in this study included standard and modified
occupation survey items [3]. After the campaign, subjects once
again completed the survey. Subjects who had not yet viewed
the video through a peer-shared source by the time they received
the postcampaign survey were given the opportunity to watch
the video via the postsurvey. Of note, subjects who completed
the postcampaign Career Orientation Survey in 2014 were not
given the option to view the video via postsurvey; thus, all
recorded responses were from subjects who viewed the video
from a peer-disseminated source. We electronically sent friends
who successfully submitted surveys an Amazon gift card and
5 CPS service learning hours. Study data were collected and
managed using a Research Electronic Data Capture (REDCap)
tool hosted at the University of Chicago [17].

The primary outcomes of interest were (1) perceptions of the
video and (2) change in interest in pursuing a career in clinical
research. Perceptions of the video were assessed by response
on a 5-item Likert-type scale from “strongly disagree” to
“strongly agree” in response to the statements “I found the video
entertaining” and “I think this video is a good way to educate
peers.” Career interest was assessed using the question “how
interested are you in pursuing a career in clinical research?”
with 5 Likert-type responses ranging from “definitely not
interested” to “definitely interested.”

Data Analysis
Descriptive and comparative statistics were used to analyze
subjects’ demographic information and social media usage by
year. An interest change score variable was calculated for each
subject by taking the difference of Likert scores for researcher
interest responses between the postcampaign and baseline Career
Orientation Surveys.

An ordinal logistic regression was used to test the association
between interest change score, a peer-shared vs survey-shared
video, and perception of entertainment [18]. Model 1 controlled
for (1) whether the subject was an underrepresented minority
in medicine (ie, Black, Pacific Islander, Native American), (2)
gender, (3) baseline interest in clinical research, (4) baseline
interest in a medical career, and (5) whether the recruiting friend
was in the clinical or field research group. Model 2 controlled
for the same covariates listed above in addition to campaign
year.

Results

Participant Characteristics
A total of 325 student-recruited subjects completed the pre and
postcampaign Career Orientation Survey between 2014 and
2017. Of these subjects, 91.7% (n=298) watched the STRIVES
video created by their respective year’s cohort from any source
before completing the postcampaign Career Orientation Survey.
Demographic characteristics (Table 1) varied by year. Among
all subjects, the majority were female and 23.1% (75/325) were
underrepresented minorities in the medical field (Black,
American Indian/Alaska Native, Native Hawaiian or Pacific
Islander).
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Perceptions About the Videos
A summary of STRIVES video topics by year, inspired by
themes that arose in focus groups, are provided in Figure 1.
Across all four cohorts, 55.4% (180/325) of the subjects watched
a peer-shared video and 44.6% (145/325) watched a
study-shared video. The majority of subjects from all cohorts
had positive perceptions of their respective videos. For example,
76.9% (227/295) found the video entertaining and 81.1%

(236/291) thought the video was a good way to educate peers.
Among the subjects who watched a peer-shared video and
completed the survey item, 80.9% (131/162) reported the video
as entertaining, which was significantly higher (P=.04) than
those that watched the video through the study (72.2%, 96/133).
There was no difference in perception of whether videos were
a good way to educate peers about careers based on the source
of the video (study-shared 82% vs peer-shared 80%, P=.60).

Figure 1. Spreading Teen Research Inspired Videos to Engage Schoolmates (STRIVES) video topics and summaries by year [19-22], including the
percentage of subjects who watched the video through peer-disseminated sources during the social media campaign rather than through a link on the
post-campaign Career Orientation Survey and the percentage of subjects who responded “agree” or “strongly agree” to the Likert-style question “I
found the video entertaining” in the postcampaign Career Orientation Survey. P values were generated through Chi square analysis in STATA software.
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Table 1. Demographic information of recruited friends by year.

P valuea2017 (N=94)2016 (N=147)2015 (N=38)2014 (N=46)Total (N=325)Variable

.03Gender, n (%)

26 (27.7)52 (35.4)10 (26.3)12 (26.1)100 (30.8)Male

68 (72.3)85 (57.8)28 (73.7)33 (71.7)214 (65.8)Female

0 (0)10 (6.8)0 (0)1 (2.2)11 (3.4)No Answer

<.001Race, n (%)

0 (0)3 (2.1)0 (0)0 (0)3 (1.0)American Indian/Alaska Native

29 (30.8)24 (16.3)10 (26.3)15 (32.6)78 (24.0)Asian

0 (0)0 (0)0 (0)3 (6.5)3 (1.0)Native Hawaiian or Other Pacific Islander

23 (24.5)29 (19.7)2 (5.3)14 (30.4)68 (20.9)Black or African American

17 (18.1)36 (24.5)14 (36.8)10 (21.8)77 (23.6)White

11 (11.7)16 (10.9)2 (5.3)0 (0)29 (8.9)More than 1 race

14 (14.9)39 (26.5)10 (26.3)4 (8.7)67 (20.6)Unknown/Prefer Not to Answer

.03Ethnicity, n (%)

25 (26.6)52 (35.4)17 (44.7)7 (15.2)101 (31.1)Hispanic

68 (72.3)91 (61.9)21 (55.3)39 (84.8)219 (67.4)Non-Hispanic

1 (1.1)4 (2.7)0 (0)0 (0)5 (1.5)No Answer

aP values were generated through Chi square analysis in STATA (College Station, TX, USA) software.

Interest in Clinical Research
Before being exposed to the STRIVES campaign, 28.3%
(92/325) of the subjects showed interest in a clinical research
career compared to 25.8% (84/325) after the STRIVES
campaign. Change scores were approximately normally
distributed (Figure 2). Of the study subjects, 45.4% (144/317)

did not change their interest in a clinical research career after
watching the STRIVES video, 28.1% (89/317) expressed less
interest, and 26.5% (84/317) showed greater interest. A
significantly higher percentage of subjects who watched a
peer-shared video showed postcampaign interest than those who
watched a study-shared video (58/180, 32.2% and 30/145,
20.7%, respectively; P=.04).

Figure 2. Change in career interest over time (2014-2017). Career interest was assessed using the Likert-type question, “how interested are you in
pursuing a career in clinical research?” with responses ranging from “definitely not interested” to “definitely interested.” Positive interest was indicated
by a response of “definitely interested” or “very interested.” The change score variable was calculated by taking the difference of Likert scores for
researcher interest responses between the postcampaign and baseline Career Orientation Surveys.

In the multivariate ordinal logistic regression (Table 2), watching
a peer-shared video vs a study-shared video was significantly
associated with increased odds of higher interest in a clinical
research career. Those who found the video to be entertaining

also had greater odds of increased interest in clinical research.
In addition, subjects who had higher baseline interest in
medicine were associated with greater odds of increased interest
in clinical research, whereas higher baseline interest in clinical
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research was associated with lower odds of showing increased
interest. Gender, underrepresented minority in medicine status,
and whether the recruiting friend was in the clinical research
program were not significantly associated with an increasing
interest in a clinical research career.

In model 2 of the multivariate ordinal logistic regression,
controlling for campaign year, those who found the video to be
entertaining had greater odds of increased interest in clinical
research, whereas there was no association based on whether

the video was peer-shared or study-shared. Similar to model 1,
subjects who had higher baseline interest in medicine were
associated with greater odds of increased interest in clinical
research, whereas a higher baseline interest in clinical research
was associated with lower odds of showing increased interest
after watching the video. Watching a peer-shared video, gender,
campaign year, underrepresented minority in medicine status,
and whether the recruiting friend was in the clinical research
program were not significantly associated with a change in
clinical research interest.

Table 2. Ordinal logistic regression testing the association between predictors and change in clinical research interest.

Model 2aModel 1Variable (N=287)

P value95% CIOdds ratio (SE)P value95% CIOdds ratio (SE)

.090.94-2.411.50 (0.36).051.00-2.441.56 (0.36)Peer-shared videob

.041.00-1.821.35 (0.20).041.01-1.821.36 (0.20)Perceived video as entertaining

<.0010.25-0.410.32 (0.04)<.0010.25-0.410.32 (0.04)Baseline interest in clinical research

<.0011.29-1.871.55 (0.15)<.0011.28-1.871.55 (0.15)Baseline interest in medicine

.700.70-1.711.09 (0.25).730.69-1.691.08 (0.25)Recruited by clinical research studentc

.670.51-1.550.89 (0.25).650.50-1.530.88 (0.25)Underrepresented minority in medicined

.820.59-1.520.95 (0.23).820.59-1.520.95 (0.23)Male gender

aModel 2 controlled for campaign year in addition the listed variables.
bSubjects watched the video from a peer-shared source vs a survey-shared source (ie, through a link provided on the postcampaign Career Orientation
Survey).
cSubjects were recruited by friends participating in the clinical research program vs friends participating in the field research program.
dUnderrepresented minority in medicine characterized as Hispanic, Black, Pacific Islander, or Native American.

Discussion

The results of this study suggest that peer-led social media
campaigns paired with short, entertaining videos are an effective
way to increase interest in clinical research careers among peers.
Specifically, we found that videos shared via peers on social
media were more effective in improving interest in clinical
research compared to the same video watched through a link
provided by the investigative team. Videos that subjects
perceived as entertaining were also more likely to be associated
with an increase in interest in clinical research careers among
subjects.

Approximately half (55.4%, 180/325) of our study subjects
viewed a STRIVES video through an online social media source
as shared by a peer in the TEACH program. It is likely that
these subjects who came across the videos on social media were
already well-embedded within the social network of the students
who not only created the videos but played an acting role within
them. This results in a sense of perceived familiarity with the
content, which in turn allowed the subjects to be more positively
influenced by the videos [6]. These findings are consistent with
other works showing how peer-to-peer interactions among
adolescents are key to influencing teen cognition and behavior
[23]. In fact, this strategy is often evoked by corporate marketing
campaigns in the age of digital media, particularly when utilizing
celebrity sponsorships or social media influencers with whom
the targeted audiences feel more connected to [24]. Information

received from peers is deemed to be not only credible but also
relatable, particularly when paired with the interactivity of social
media [25]. This influential effect of peer communication on
adolescents has been shown to be even stronger among both
female and underrepresented minority teens, thereby
strengthening the efficacy of social media campaigns in
engaging minority teens [26].

Subjects who watched a peer-shared video were significantly
more likely to find the video entertaining and were also more
likely to report increased interest in clinical research. This
correlation can be explained within the context of entertainment
value being crucial to how messages are perceived and
processed. Content that is deemed to be amusing becomes more
compelling to the viewer, resulting in increased internalization
of the message and more engagement with the post [27]. Social
media algorithms function in such a way that posts with the
most interactions become more visible to those outside of the
intended network [28]. This increase in visibility then gives
way to a larger spread of the post and eventually its influence.
In essence, entertaining videos are more likely to be shared,
subsequently increasing the visibility and engagement, leading
to a larger effect size.

Future considerations for interventions such as STRIVES require
exploration of how these efforts translate into pipeline program
enrollment. Campaigns and other social marketing endeavors
act to change attitudes (ie, interest in scientific research careers),
whereas more immersive counterparts such as pipeline programs
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are needed to influence the action of pursuing clinical research
as a career. Essentially, social media campaigns are an important
step toward “priming the pump.” Forthcoming efforts to recruit
teens to clinical research pipeline programs should leverage
these findings in an attempt to bolster the number of interested
applicants. Similar efforts are worth testing among college
students and medical students given concerns of the
physician-scientist pipeline.

The primary limitation of this study was the inability to
randomize subjects into peer-shared vs study-shared video
groups. This led to significant variability in the number of
subjects exposed to peer-shared videos across the campaign
years. For example, in 2014, 100% of subjects who completed
the postsurvey viewed the STRIVES campaign from a
peer-shared source. This inherently conflated associations

between the two groups as there was no comparison available
for peer-shared viewers that year. This likely attributed to the
video source no longer being a significant predictor of changing
interest in research when controlling for campaign year as seen
in model 2 of the ordinal logistic regression.

Overall, this study demonstrated that peer-shared videos that
are perceived as entertaining are significantly associated with
increasing interest in a clinical research career among peers of
high-achieving minority youth in a scientific research pipeline
program. Authentic and relevant peer-driven messages have the
potential to engage and activate minority youth, thus “priming
the pump” into clinical research pipeline programs. The ultimate
hope is that early exposure will translate into fruitful careers
that will help diversify the scientific research workforce.
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Multimedia Appendix 1
The Career Orientation Survey (COS) was originally developed and used in the Sloan Study of Youth and Social Development,
a nationally representative longitudinal sample of American youth. This survey was sent to study subjects at baseline and again
after the social media campaign to gain insight on social media usage and career alignment.
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Abstract

Background: Staying up to date and answering clinical questions with current best evidence from health research is challenging.
Evidence-based clinical texts, databases, and tools can help, but clinicians first need to translate their clinical questions into
searchable queries. MacPLUS FS (McMaster Premium LiteratUre Service Federated Search) is an online search engine that
allows clinicians to explore multiple resources simultaneously and retrieves one single output that includes the following: (1)
evidence from summaries (eg, UpToDate and DynaMed), (2) preappraised research (eg, EvidenceAlerts), and (3) non-preappraised
research (eg, PubMed), with and without validated bibliographic search filters. MacPLUS FS can also be used as a laboratory to
explore clinical questions and evidence retrieval.

Objective: Our primary objective was to examine how clinicians formulate their queries on a federated search engine, according
to the population, intervention, comparison, and outcome (PICO) framework. Our secondary objective was to assess which
resources were accessed by clinicians to answer their questions.

Methods: We performed an analytical survey among 908 clinicians who used MacPLUS FS in the context of a randomized
controlled trial on search retrieval. Recording account log-ins and usage, we extracted all 1085 queries performed during a 6-month
period and classified each search term according to the PICO framework. We further categorized queries into background (eg,
“What is porphyria?”) and foreground questions (eg, “Does treatment A work better than B?”). We then analyzed the type of
resources that clinicians accessed.

Results: There were 695 structured queries, after exclusion of meaningless queries and iterations of similar searches. We
classified 56.5% (393/695) of these queries as background questions and 43.5% (302/695) as foreground questions, the majority
of which were related to questions about therapy (213/695, 30.6%), followed by diagnosis (48/695, 6.9%), etiology (24/695,
3.5%), and prognosis (17/695, 2.5%). This distribution did not significantly differ between postgraduate residents and medical
faculty physicians (P=.51). Queries included a median of 3 search terms (IQR 2-4), most often related to the population and
intervention or test, rarely related to the outcome, and never related to the comparator. About half of the resources accessed
(314/610, 51.5%) were summaries, 24.4% (149/610) were preappraised research, and 24.1% were (147/610) non-preappraised
research.

Conclusions: Our results, from a large sample of real-life queries, could guide the development of educational interventions to
improve clinicians’ retrieval skills, as well as inform the design of more useful evidence-based resources for clinical practice.

Trial Registration: ClinicalTrials.gov NCT02038439; https://www.clinicaltrials.gov/ct2/show/NCT02038439

(JMIR Med Educ 2020;6(1):e16777)   doi:10.2196/16777
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Introduction

Web-based searches have become the norm when looking for
information and answers to most of our questions in daily life.
This has also become true in the practice of medicine; online
medical resources to access evidence are increasingly considered
“as essential as the stethoscope” [1]. While famous search
engines, such as Google, or information sources, such as
Wikipedia, are used in both medical and nonmedical worlds,
answering clinical questions to inform point-of-care decisions
has additional challenges and implications [2]. Triggered by
more than 20 years of evidence-based medicine (EBM) [3,4],
the unit of information in medicine comes mostly in the form
of research evidence, published across thousands of medical
journals and indexed in numerous databases (eg, MEDLINE,
Embase, and the Cumulative Index to Nursing and Allied Health
Literature [CINAHL]). The volume of this new evidence through
all these channels is rapidly increasing at the pace of 3000-4000
new publications per day, compiled or processed in hundreds
of EBM summaries and resources [5-7].

Physicians are typically familiar with only a few of these
resources, likely those to which they have been exposed in
training or by peers, and often ignore most of the ecosystem
and architecture of published evidence. Yet, their daily practice
triggers, on average, five to eight questions every 10 patients
[8-10]. Clinical questions can be classified as background and
foreground questions (see Figure 1). Background questions (eg,
“What is porphyria?”) are typically about the nature of a
disorder, a measure, a treatment, or a test. They are easily
answered through online textbooks. Foreground questions are
more directly related to the diagnosis, prognosis, and treatment
of a given patient population (eg, “How effective would
levonorgestrel be as emergency contraception for an obese
patient?”) [11]. The teaching of EBM recommends that
foreground questions be formulated according to the population,
intervention, comparison, and outcome (PICO) framework, or
the population, exposure, comparison, and outcome (PECO)
framework, and answered by research evidence [12].

Figure 1. The path from a clinical question to a query using the population (P), intervention (I), comparison (C), and outcome (O) (PICO) framework.
Examples are shown for (a) a background question, (b) a foreground therapy question, and (c) a foreground prognosis question.

How physicians translate their clinical questions into searchable
queries remains poorly known. How many search terms do they
use? How often do their queries fit the PICO framework [12,13]?
Do experienced and fully trained clinicians differ from residents
in training? Do queries differ according to the medical specialty?
We aimed to examine these questions in a large sample of
practicing clinicians of various levels of training and specialty
type.

The type of search engine or evidence resource may also
influence the way we conduct queries. Google and Wikipedia
tend to retrieve relevant answers, albeit selective, with intuitive,
less-structured search strategies [14-16]. Some EBM online
textbooks and evidence summaries may provide a similar user
experience to clinicians. By contrast, searching PubMed or other
databases requires more training and structure, is less intuitive,
and tends to produce large and diluted outputs for similar clinical
questions [12].
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We, therefore, explored how clinicians formulate their queries
in a federated online search engine, namely MacPLUS FS
(McMaster Premium LiteratUre Service Federated Search).
MacPLUS FS allows clinicians to explore multiple resources
simultaneously, retrieving one single output that includes the
following: (1) evidence from evidence-based summaries (eg,
UpToDate and DynaMed), (2) preappraised research (eg,
EvidenceAlerts), and (3) non-preappraised research (eg,
PubMed), with and without validated search filters (see Figure

2). In this study, we will outline how we used MacPLUS FS,
which functions as a laboratory, to explore clinical questions,
the taxonomy of queries, and evidence retrieval (ie, what
resources clinicians access to answer their questions when
provided with a wide array of EBM resources) (see Multimedia
Appendix 1) [5]. While MacPLUS FS functions as a laboratory
for evidence retrieval research, its exact twin—ACCESSSS
search engine—is freely available online [17].

Figure 2. Synopses, systematic reviews, and select studies of evidence-based medicine resources provided in the federated search engine MacPLUS
FS (McMaster Premium LiteratUre Service Federated Search); adapted from Agoritsas et al, 2014. ACP: American College of Physicians.

Methods

Study Design and Clinician Sample
We conducted an analytical survey of clinical search queries
among 431 postgraduate medical trainees and 477 medical
faculty members registered to a federated search engine,
MacPLUS FS. The service was freely available to registered
users from any computer with an internet browser throughout
the clinical setting or elsewhere.

Participating clinicians consented to be enrolled in 6-month,
MacPLUS FS, randomized controlled trials [5], which tested
three interventions to enhance the quantity and quality of
searching for current best evidence in order to answer clinical
questions in a factorial design. As described with more detail
in the published protocol of the trials [5], we tested the following
three interventions embedded in MacPLUS FS: (1) a Web-based
clinical question recorder, (2) an evidence retrieval coach
composed of eight short educational videos, and (3) an audit,
feedback, and gamification approach to evidence retrieval, based
on the allocation of badges and reputation scores. Participating
clinicians were randomized to each of the three interventions
in a factorial design (A × B × C).

For each clinician, utilization of MacPLUS FS was recorded
through accounts tracking log-ins and usage, including their
detailed search queries. Registration to the service was free, and
access to each evidence resource was through clinicians’
academic institutions, mostly McMaster University, Hamilton,
Canada. Clinicians were categorized according to their baseline
search levels and specialty types [5].

Sample of Search Queries
We extracted all 1085 search queries performed by clinicians
during the conduct of the MacPLUS FS trials. Two authors (AS
and TA) assessed each query individually, counting the number
of search terms—counting all words (eg, the query “porphyria”
contains 1 term)—and documenting all abbreviations and
Boolean terms (ie, logical operators such as “AND,” “OR,” or
“NOT”). Search queries were then classified into (1) structured
searches, (2) searches for specific articles (eg, when clinicians
typed in the title of a given study), (3) iteration of structured
searches, namely a group of related structured queries with a
similar PICO question within the same log-in session, and (4)
undetermined searches (eg, “Scimitar”).

Assessment of Search Queries and Evidence Resources
Access
The same two authors (AS and TA) classified structured queries
into background or foreground questions (see Figure 1),
according to the PICO framework, and blinded the participants’
characteristics, except the log-in session. Queries that included
only terms related to population or intervention were classified
as background questions. Those including several terms related
to population and intervention and/or outcome and/or
comparator were categorized as foreground, and further
categorized into therapy, diagnosis, etiology, and prognosis.
For each query, we examined the distribution of access to each
evidence resource from the federated search: summaries,
preappraised research, and non-preappraised research (see
Figure 2).
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Statistical Analysis
We examined types of questions (ie, background, foreground,
and type of foreground) according to the level of training as
well as clinicians’ specialties and baseline frequencies of search
(ie, in the prior months since their registration to MacPLUS
FS). We then examined the number and type of search terms
across each type of question. We compared distributions using
chi-square parametric tests when relevant and Kruskall-Wallis
tests for nonnormal distributions. Data abstraction was done
using Microsoft Excel 2016, version 15.29, and data analysis
was performed using SPSS Statistics for Windows, version 23.0
(IBM Corp).

Results

Clinicians
Participants were postgraduate residents and medical faculty
members who had registered in MacPLUS FS prior to the trial.
Of the 678 postgraduate residents and 753 medical faculty
members, 431 (63.6%) and 477 (63.3%), respectively, were
deemed eligible after the exclusion of 247 postgraduate residents
and 266 medical faculty members, who either never logged in
to MacPLUS FS during the year prior to the study or quit the

institutions served by MacPLUS FS [5]. Searchers were further
classified, depending on their baseline average search
frequencies during the 6 months prior to the trial [5], as regular
searchers (≥1 search per month), occasional searchers (<1
search per month), or alert-only users (no searches).

From Clinicians to Queries
The 908 clinicians made 1085 search queries, of which 235
(21.66%) were subsequent iterations of the same search, 124
(11.43%) were a search for a specific article, and 31 (2.86%)
could not be classified and remained undetermined. A total of
695 out of 1085 queries (64.06%) were structured queries
following the PICO format, with 480 out of 695 (69.1%) single
queries, whereas 215 (30.9%) included a group of related
queries. This corresponds to an average of 2.1 attempts per
group query.

Table 1 summarizes the distributions of the 695 structured
queries. We classified 56.5% (393/695) as background and
43.5% (302/695) as foreground questions, the majority of which
were related to therapy (213/695, 30.6%), followed by diagnosis
(48/695, 6.9%), etiology (24/695, 3.5%), and prognosis (17/695,
2.4%). Distributions did not differ according to level of training
(P=.51) (see Table 1).

Table 1. Type of structured queries according to level of training.

Level of training, n (%)Query type

Total (n=695)aMedical faculty members (n=286)Postgraduate residents (n=409) 

393 (56.5)154 (53.8)239 (58.4)Background

302 (43.5)132 (46.2)170 (41.6)Foreground

213 (30.6)101 (35.3)112 (27.4)Therapy

48 (6.9)14 (4.9)34 (8.3)Diagnosis

24 (3.5)9 (3.1)15 (3.7)Etiology

17 (2.4)8 (2.8)9 (2.2)Prognosis

695 (100)286/695 (41.2)409/695 (58.8)Total

aThere were 695 structured queries among 1085 queries, the remaining being 235 iterations of the same search, 124 specific article searches, and 31
undetermined searches.

Table 2 shows the distributions of queries related to background
and foreground clinical questions, with respect to the clinicians’
levels of training, specialty types (ie, family medicine, internal
medicine, internal medicine specialties, pediatrics, psychiatry,
surgery, anesthesiology, and others detailed in Multimedia
Appendix 2), and categories of search frequency. Internal and

family medicine physicians made 48.5% (337/695) of structured
queries, 55.2% (186/337) of which were related to background
content (see Table 2). However, there were differences regarding
the frequencies of searches with regular searchers looking for
significantly more background questions (P=.009). There were
no differences between specialty types (P=.67).
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Table 2. Background versus foreground queries with respect to characteristics of clinicians.

Question type, n (%) Characteristic

TotalForegroundBackground

   Training

409 (100)170 (41.6)239 (58.4)Postgraduate residents

286 (100)132 (46.2)154 (53.8)Medical faculty members

   Specialty type  

211 (100)97 (46.0)114 (54.0)Family medicine

126 (100)54 (42.9)72 (57.1)Internal medicine

358 (100)151 (42.2)207 (57.8)Other specialtiesa 

   Categories of search frequency

261 (100)97 (37.2)164 (62.8)≥1 (regular searchers)

170 (100)82 (48.2)88 (51.8)<1 (occasional searchers)

264 (100)123 (46.6)141 (53.4)0 (alert-only users) 

695 (100)302 (43.5)393 (56.5)Total

aOther specialties includes internal medicine specialties, pediatrics, psychiatry, surgery, anesthesiology, and others detailed in Multimedia Appendix
2.

Table 3 details the components of the queries. Queries included
a median number of 3 search terms (IQR 2-4). There were
significantly more terms with foreground questions compared
to background questions (P<.001). Indeed, there were 70.2%
(276/393) of background questions with 2 or fewer terms versus
18.2% (55/302) of the foreground questions, and 81.8%
(247/302) of foreground questions with 3 or more terms versus
29.8% (117/393) of the background questions.

Overall, 72.5% (504/695) of structured queries (see Table 3)
contained at least 1 term related to population, and 45.9%
(319/695) contained at least 1 term related to an intervention.
Few queries contained terms about etiology, diagnostic tests,

or outcome. No query included the comparator. Background
queries included a median of 2 search terms (IQR 1-3). Of these
queries, 71.2% (280/393) included a population term, 24.7%
(97/393) included an intervention term, 1.0% (4/393) included
an etiology term, 6.1% (24/393) included a diagnostic term, and
2.5% (10/393) included an outcome term. Foreground queries
included a median of 4 search terms (IQR 3-5). Of these queries,
74.2% (224/302) included a population term, 73.5% (222/302)
included an intervention term, 21.5% (65/302) included an
outcome term, 16.2% (49/302) included a diagnostic term, and
7.6% (23/302) included an etiology term. Clinicians made no
use of explicit Boolean search terms to link various PICO
elements.

Table 3. Number of terms with respect to type of structured queries.

Distribution of termsa within each type of query, n (%)Number of terms,
median (IQR)

Type of query

≥1 outcome
term

≥1 diagnostic
term

≥1 etiology
term

≥1 intervention
term

≥1 population
term

10 (2.5)24 (6.1)4 (1.0)97 (24.7)280 (71.2)2 (1-3)Background (n=393)

Foreground

65 (21.5)49 (16.2)23 (7.6)222 (73.5)224 (74.2)4 (3-5)All foreground (n=302)

43 (20.2)2 (0.9)1 (0.5)210 (98.6)173 (81.2)3 (3-5)Intervention (n=213)

0 (0)46 (96)0 (0)6 (13)24 (50)4 (2-5)Diagnostic (n=48)

17 (71)0 (0)22 (92)2 (8)12 (50)4 (3-5)Etiology (n=24)

5 (29)1 (6)0 (0)4 (24)15 (88)5 (4-5)Prognostic (n=17)

75 (10.8)73 (10.5)27 (3.9)319 (45.9)504 (72.5)3 (2-4)Total structured queries (n=695)

aThe distribution of terms is significantly different between background and foreground queries (P<.001). No query included the comparator search
term in either type of query, so we did not include a column for the comparator term.

The number of evidence-based resources that clinicians accessed
for each type of query (ie, by clicking the available links in the
search output) are displayed in Table 4. The distribution of

accessed resources is significantly different across categories
(P<.001). Although 35.7% (248/695) of structured queries did
not result in any resource access, 39.9% (277/695) led to one
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resource accessed, 11.8% (82/695) led to two, and 12.7%
(88/695) led to three or more resources. Across all 1085 queries,
the average number of resources accessed was 0.88 (SD 1.42).
When users attempted a second search on the same clinical
question (ie, similar PICO concepts but revised search terms),

7.2% (17/235) resulted in one or more resources accessed, while
92.8% (218/235) led to an end of their search query with no
additional resource accessed. When searching for a specific
article, 37.9% (47/124) led to one resource accessed and 12.9%
(16/124) led to two or more resources accessed.

Table 4. Number of accessed sites across 1085 queries.

Query type, n (%)Accessed site

Total (N=1085)Undetermined
search (n=31)

Specific article
search (n=124)

Iteration of a structured searcha (n=235)Structured search (n=695)

549 (50.60)22 (71)61 (49.2)218 (92.8)248 (35.7)0

341 (31.43)5 (16)47 (37.9)12 (5.1)277 (39.9)1

99 (9.12)1 (3)13 (10.5)3 (1.3)82 (11.8)2

49 (4.52)2 (6)1 (0.8)1 (0.4)45 (6.5)3

18 (1.66)1 (3)1 (0.8)1 (0.4)15 (2.2)4

29 (2.67)0 (0)1 (0.8)0 (0)28 (4.0)≥5

1085 (100)31 (100)124 (100)235 (100)695 (100)Total

aA group of related structured queries with similar population, intervention, comparison, and outcome (PICO) concepts, but revised search terms within
the same log-in session.

Table 5 shows types of accessed resources with respect to level
of training, type of query, and specialty. Across the 695
structured queries, there were 610 accessed resources, with half
of them (314/610, 51.5%) being summaries, 24.4% (149/610)
being preappraised research, and 24.1% (147/610) being
non-preappraised research. When comparing the distribution

of resources that were accessed across the federated search
output, medical faculty members looked at significantly more
summaries than did postgraduate trainees (P<.001), and family
physicians looked at significantly more resources than did
internists and specialized physicians (P<.001).

Table 5. Resources accessed across structured queries that led to at least one evidence resource.

P valueResources accesseda, n (%)Training and specialty

TotalNon-preappraised re-
search

Preappraised re-
search

Summaries

<.001Training

345 (100)110 (31.9)85 (24.6)150 (43.5)Postgraduate residents

265 (100)37 (14.0)64 (24.2)164 (61.9)Medical faculty members

.001Specialty

161 (100)27 (16.8)31 (19.3)103 (64.0)Family medicine

130 (100)29 (22.3)41 (31.5)60 (46.2)Internal medicine

319 (100)91 (28.5)77 (24.1)151 (47.3)Other specialty

610 (100)147 (24.1)149 (24.4)314 (51.5)Total

aA total of 610 resources were accessed by 695 structured queries. Access was recorded through the number of links accessed from MacPLUS (McMaster
Premium LiteratUre Service) search output.

Discussion

Principal Findings
Among 1085 queries made by 908 clinicians, 695 were
structured queries. A small majority were related to background
questions, and most foreground questions were questions about
therapy, rather than diagnostic or prognostic questions.
Structured queries included a median of 3 terms, most often
related to the population and intervention or test, rarely related
to the outcome, and never related to the comparator. Explicit

Boolean terms were rarely used; of note, the search engine
assumed by default a Boolean “AND” between search terms.
About half of the resources accessed were summaries, while
the rest were equally divided between preappraised and
non-preappraised resources.

We found no difference between searches made by postgraduate
resident trainees and medical faculty members. As they are in
training, one could have expected postgraduate residents to have
more background questions, whereas faculty members were
expected to have more foreground questions, for example, in
comparing the effectiveness or risks of management strategies.
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Our results did not confirm this assumption, as faculty members
had more than half of their searches on background questions
as well. This may be due to the complexity of patient care. A
given faculty member may be an expert in a given field but
adopt a learning strategy to rapidly get the big picture, to
understand uncommon situations. Their high level of access for
summary resources, such as UpToDate or DynaMed, likely
supports this explanation. Similarly, family doctors also accessed
more summary resources, not only because of their need for
quick clear answers to questions arising within short
appointments with patients, but also, perhaps, because they
provide care for patients across an entire age spectrum.

Another issue relates to the frequency of searches clinicians are
able to perform in daily life. In our study, 908 clinicians
performed only 1085 queries in 6 months. Other studies have
shown that clinicians tend not to search in order to answer the
questions that arise in their daily clinical practice [10,18-20].
In our study, a third of the structured searches led to no resource
access through the platform, for which we have no explanation.
More than 20 years ago, Ely et al [19,20] already showed that
clinicians spend less than 2 minutes looking to answer a
question—a finding probably even more accurate nowadays
with increased access to information online—and suggested
that searching for evidence may not fit with clinicians’ multiple
tasks and training [21]. It is also possible that clinicians have
looked for answers in other resources (eg, PubMed or
UpToDate), or even in Google, Google Scholar, or Wikipedia.
Alternatively, clinicians may often not conduct searches online
but, rather, directly ask their peers or use local guidelines
[22-26]. Reasons include convenience and time constraints to
access ready-to-care information that conforms with local
knowledge rather than challenging it. Although looking for
answers on a general search engine or via colleagues or
guidelines is easier, it does not guarantee or promote a fully
EBM approach to health care [27,28]. Clinicians could,
therefore, benefit from information specialists available to help
at the point of care [29] and from the design of more intuitive
tools to navigate the complexity of the evidence ecosystem.

Another observation from our study is that clinicians’ queries
tend to remain relatively simple: few search terms, often
covering few PICO concepts, mostly population and
intervention. While simple strategies work well for high-level
summaries, they are much less efficient with large databases
like PubMed. Our daily habits for searching on the Web may
explain clinicians’ tendencies for simple queries. Strictly from
a user’s perspective, we have all become very efficient in
searching for information mostly through Google and Wikipedia,
just by typing a few intuitive keywords in the free-text bar at
the top of a webpage. Medical search engines may misguide
the user in having them assume the engine will work similarly
to Google [30].

One area for improvement of search engines could be to invite
users to structure their queries according to the PICO
framework. Schardt et al [31] have found that searchers using
the PICO format had more precise results than users searching
with the standard interface on PubMed; in that study, precision
scores were defined as the number of relevant or gold-standard
articles retrieved in a result set compared to the total number

of articles retrieved in that set. Unfortunately, and possibly due
to the small sample, the difference between the search groups
was not statistically significant [31]. An alternative could be to
improve search engine functionalities, with the remaining
challenge, however, of avoiding any cherry picking of the
evidence and, thus, potentially biased conclusions for clinical
practice. A potential solution lies with federated search engines
like MacPLUS FS, which complement summary-level evidence
with other preappraised and non-preappraised research. Indeed,
we have shown that physicians access all types of resources
translating an interest into different layers of the EBM when
these layers are displayed together on one page (see Figure 2).
The use of a federated search engine may thus help clinicians
navigate across EBM resources, allowing them to look at and
compare different resources simultaneously and to identify the
current best evidence that is most adapted to their information
needs.

Limitations and Strengths of the Study
The main limitation of our study was that clinicians likely used
other means than MacPLUS FS to answer some of their daily
questions. Our design also did not assess the clinical impact of
the answers retrieved. This would have required mixed methods
approaches to estimate the number of patients needed to benefit
from information (ie, number needed to benefit from information
[NNBI]), as described by Pluye et al [32].

Finally, our sample of searches was recorded in the context
MacPLUS FS randomized controlled trials [5], and it remains
unclear how search queries may have differed without the
possible influence of the interventions tested. The second
intervention— the evidence retrieval coach—included eight
short educational videos, of which only one was providing
advice on the PICO formulation of clinical queries. However,
only a small group of participants would have been exposed to
that short video, and none of the other interventions were
specifically aimed at improving the formulation of queries.

Strengths include the direct record of queries in one of the
largest samples of physicians from different specialties and
levels of practice. It is also the first study on a federated search
engine, which allowed us to show that clinicians access all
resources and not only summary-level evidence.

Conclusions
A constant flow of new articles overwhelms clinicians who are
continuously exposed to them. To keep up and to answer our
clinical questions, it is essential to clarify and translate clinical
questions into searchable queries. Our results could lead to the
development of educational and clinical interventions on how
to increase searching skills [2]. These could include workshops
and tools to translate clinical questions into queries and to better
structure and adapt them to each type of resource.

Our findings also highlight the potential role of federated search
engines over the use of single resources to meet clinicians’needs
[23]. A federated search engine retrieves evidence and may help
clinicians get answers to their questions with current best
evidence, even with short time frames and limited experience
and skills for searching.
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Other avenues of research include the improvement of search
functionalities and clinical interventions to meet users’
expectations in navigating through the evidence, in order to

rapidly find the most relevant and least-biased answers for better
clinical practice and patient care.
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Abstract

Background: The reach of internet and mobile phone coverage has grown rapidly in low- and middle-income countries (LMICs).
The potential for sharing knowledge with health care workers in low-resource settings to improve working practice is real, but
barriers exist that limit access to online information. Burns affect more than 11 million people each year, but health care workers
in low-resource settings receive little or no training in treating burn patients. Interburns' training programs are tailor-made to
improve the quality of burn care in Asia, Africa, and the Middle East; the challenge is to understand the best way of delivering
these resources digitally toward improved treatment and care of burn patients.

Objective: The aim of the study, funded by the National Institute for Health Research (NIHR), was to understand issues and
barriers that affect health care worker access to online learning in low-resource settings in order to broaden access to Interburns'
training materials and improve burn-patient care.

Methods: A total of 546 participants of Interburns' Essential Burn Care (EBC) course held in Bangladesh, Nepal, Ethiopia, and
the West Bank, the occupied Palestinian Territories, between January 2016 and June 2018 were sent an online survey. EBC
participants represent the wide range of health care professionals involved with the burn-injured patient. A literature review was
carried out as well as research into online platforms.

Results: A total of 207 of 546 (37.9%) participants of the EBC course did not provide an email address. Of the 339 email
addresses provided, 81 (23.9%) “bounced” back. Surgeons and doctors were more likely to provide an email address than nurses,
intern doctors, or auxiliary health care workers. A total of 258 participants received the survey and 70 responded, giving a response
rate of 27.1%. Poor internet connection, lack of time, and limited access to computers were the main reasons for not engaging
with online learning, along with lack of relevant materials. Computers were seen as more useful for holding information, while
mobile phones were better for communicating and sharing knowledge. Health care workers in LMICs use mobile phones
professionally on a daily basis. A total of 80% (56/70) felt that educational content on burns should be available through mobile
apps.

Conclusions: Health care workers in low-resource settings face a variety of barriers to accessing educational content online.
The reliance on email for sign-up to learning management systems is a significant barrier. Materials need to be relevant, localized,
and easy to consume offline if necessary, to avoid costs of mobile phone data. Smartphones are increasingly used professionally
every day for communication and searching for information, pointing toward the need for tailored educational content to be more
available through mobile- and web-based apps.

(JMIR Med Educ 2020;6(1):e16946)   doi:10.2196/16946
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Introduction

The reach and proliferation of the internet and mobile phones
has expanded rapidly across low- and middle-income countries
(LMICs), enabling broader access to educational opportunities
and an attitude shift in how content can be successfully
delivered. However, reaching specific audiences such as health
care workers in low-resource settings to influence working
practice is a multilayered challenge. Materials need to be
contextually appropriate, interesting, and formatted to engage
the user on their chosen device, but they must also be easy to
access with minimal barriers.

Since 2012 when Massive Open Online Courses (MOOCs) were
launched, there has been huge growth in online educational
content and providers, but course completion rates for industrial
or mass media-type e-learning models have been low, and
dropout rates high, particularly in developing countries. Reasons
range from socioeconomic, cultural, and administrative factors
to contextual barriers, such as content that is inappropriate, or
different pedagogical approaches. A study in 2018 states that
while “the primary factors of adoption are perceived usefulness
and perceived ease of use...there are several other factors which
work along with these two factors to explain technology
adoption” [1].

Health care workers in low-resource settings face particular
challenges and often feel professionally isolated. There is little
time, incentive, or, in many cases, connectivity, to go online to
study, which means that materials need to be especially
meaningful and accessible if they are to impact working practice.
In the case of LMICs, the small-scale model is encouraged.
Professor Deidre Carabine of the Virtual University of Uganda
has coined the term “global knowledge for local action,” which
encourages the contextualization and local creation of content
in which quality and adaptability of educational programs are
the key to success: “A major challenge...is to make online
learning first-class, that’s: relevant, interesting, engaging, and
more exciting than the traditional classroom...” [2].

Understanding how health care workers in resource-poor settings
can access online content has been the focus of a study by
Interburns, a UK charity working closely with the Centre for
Global Burn Injury and Policy Research (CGBIPR) at Swansea
University and funded by the National Institute for Health
Research (NIHR). Interburns works with partners in Asia,
Africa, and the Middle East to develop and deliver
contextualized face-to-face training programs to tackle the global
burden of burn injuries through capacity development and
quality improvement. Burns affect more than 11 million people
annually, with 95% occurring in poor countries, and the majority
of those affected are children. Interburns’ tailored training
programs focus on the reality of burn care services on the ground
in low-resource settings and emphasize the need for knowledge
turned into action.

The challenge is how to expand the reach of Interburns’
face-to-face training materials in an easily acceptable online
format. This research focused on understanding barriers that
health care workers involved with burn-injured patients faced
when accessing online content in Bangladesh, Ethiopia, Nepal,

and the West Bank, the occupied Palestinian Territories. The
information gathered has been used to reformat the Essential
Burn Care (EBC) Training Manual as an online resource and
to inform a digital strategy for all of Interburns’ training
resources.

Methods

An online survey was carried out between July and September
2018 to understand the way in which health care workers in
low-resource settings engage with digital content and to
understand common barriers to access. Questions focused on
previous experiences with online education, reasons why online
education had been seen to be successful or not, attitudes and
access issues around computers and mobile phones, and
suggestions of ways in which information on burns could best
be delivered.

A total of 546 participants of Interburns’ face-to-face course in
EBC from Bangladesh, Nepal, Ethiopia, and the Palestinian
West Bank between January 2016 and June 2018 were selected
to participate in the survey. These health care workers represent
the wide range of professions involved with the burn-injured
patient; they are also the intended target of the digital version
of the EBC Training Manual. Consent was given at the time of
the training course and in the survey.

Following a review of survey results in December 2018 and a
literature review, the EBC Training Manual was reformatted
for an identified online platform and trialed with health care
workers in 2019.

Results

A total of 207 of the 546 participants (37.9%) of Interburns’
EBC training courses did not provide an email address when
asked to leave contact details at the end of those courses. Out
of 546 participants, 339 (62.1%) gave an email address, but 81
of those 339 emails (23.9%) with the survey link “bounced”
back. This suggests that the email address given was incorrectly
remembered or no longer in use. This is likely to show that a
substantial number of health care workers in these settings do
not regularly use email. Surgeons and doctors were more likely
to give an email address than nurses, intern doctors, auxiliary
health care workers, or medical officers. Out of 220 participants
from Bangladesh, 118 (53.6%) did not give an email address;
of these, 88 (74.6%) were nurses. Out of 281 health care workers
from Nepal, 74 (26.3%) did not give an email address; 31 of
these (41.8%) were nurses.

Learning management systems (LMSs) require an email address
for sign-up and verification of individual users. If online
educational content is held on an LMS, a large proportion of
health care workers in these settings will be unable to sign up
for a course unless they have an email address. This is an
immediate, though hidden, barrier to access.

Of 258 participants who received the survey 70 responded,
giving a response rate of 27.1%. Responses were balanced
between male and female health care workers from Bangladesh
(13/70, 19%), Nepal (42/70, 60%), Ethiopia (6/70, 9%), and
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the Palestinian West Bank (3/70, 4%). A total of 6 respondents
(9%) selected other. See Table 1 for details of the professions
represented by the survey.

A total of 74% (52/70) of respondents said they had used
computers for online learning, but poor internet connection,
lack of time, and limited access to computers were cited as
reasons for not engaging well or regularly with online learning.
With the rise in mobile phone ownership, better connectivity,
and the increasing use of smartphones, participants expressed
the view that computers were useful for holding information,
while mobile phones were better for communicating and sharing
knowledge, as expressed in the following quotes:

Because of the development of mobile phones, people
rarely need access to use computers. In contrast,
mobile phones nowadays are an essential accessory.
[Medical student, Chittagong, Bangladesh]

Information is safely stored in computer, and
information of mobile phone is portable. [Nurse,
Central Development Region, Nepal]

I prefer mobile phone because we always carry mobile
phone everywhere, so we can get information easily
anywhere. [Nurse, Kirtipur, Nepal]

This was backed up by the data, which showed that mobile
phones are increasingly used professionally by health care
workers in low-resource settings.

A total of 83% (58/70) of participants use mobile phones to find
information for personal use at least two or three times each
week, and 30% (21/70) also use their phones to look for
professional information. A total of 80% (56/70) felt that mobile
apps could be used to convey information and education on
burns. This suggests that content created for mobile phones and
apps would have a strong chance of uptake. However, 33%
(23/70) of respondents worried about the high costs of data that
can be incurred when accessing content. Representative quotes
are given below:

Messenger systems are used by almost everyone that
has a smartphone; short messages and information
can effectively be transferred and accessed. [Auxiliary
health care worker, Oromia Region, Ethiopia]

It will be more helpful to use messenger systems for
burn care. It will be quick and immediate and also
recent. [Health care manager, Bangladesh]

Cost-benefit ratio is not satisfactory. [Surgeon,
Comilla, Bangladesh]

It may cause financial problem. [Physiotherapist,
Tigray Region, Ethiopia]

[There is a cost] when using mobile data for seeing
informative videos. [Nurse, Kathmandu, Nepal]

Table 1. Participant professions.

Value (N=70), n (%)Profession

25 (36)Nurse

19 (27)Doctor

1 (1)Intern doctor

6 (9)Therapist

14 (20)Surgeon

1 (1)Registrar

1 (1)Auxiliary health care

3 (4)Other

70 (100)Total

Discussion

Principal Findings
The online survey showed that a significant number of health
care workers in low-resource settings do not use email. This is
a major barrier to accessing educational materials, which are
hosted on LMSs that rely on email for sign-up and verification.
The survey also found that mobile phones are increasingly used
for professional purposes, although the high cost of data is a
potential barrier for users.

Creating meaningful and contextualized educational content is
the vital first step, and content needs to be formatted to be easily
accessible in the online environment; Depover and Orivel stated,
“The quality, relevance, and adaptability of educational
programmes are becoming more important than ever” [3]. Lack

of time, poor connectivity, irrelevant content, and limited access
to computers are common reasons for low uptake of online
courses, but each microsetting can throw up its own barriers in
LMICs.

A study in Bangladesh applied a critical realist approach, in
which entity, agency, and causality were used to explain the
layers of context influencing online learning in the workplace.
The study found that factors such as no desks, no internet
connection, background noise, and no technical support hindered
success. Other demotivating factors included low salary, too
much work, lack of monitoring, and lack of support from family
members [4]. Veletsianos stated, “...technology and certain
practices associated with it are often expected to revolutionize
the way individuals learn and teach. Yet scholars and
practitioners alike are wise to maintain some skepticism about
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promises of transformation that ignore the environmental factors
that surround innovations” [5].

In LMICs, there are a variety of barriers to accessing online
content and reaching a specific population within a particular
setting; in this case, the health care worker treating burn patients
is a special challenge. Material must be formatted for the screen
of choice and delivered with as few barriers as possible. Internet
access and cost of data are high on the list of barriers. Mobile
phone coverage is still far from uniform even within localities,
though this is improving. In Bangladesh, the number of internet
subscribers has risen year on year by approximately 10 million,
reaching 83 million in 2018. Penetration by mobile broadband
has seen similarly rapid growth. However, internet use in Nepal
is low by international standards at 55% penetration in 2017,
although the mobile phone market has grown quickly.

With greater connectivity, mobile devices can be used to
communicate educational health messages, including at the
community or rural level. Mobile phone penetration has risen
considerably among community health care workers (CHWs)
in low-resource settings, where multiple studies use smartphone
apps to monitor and record patient details. A study into HIV
data-gathering across five districts in Malawi found that mobile
phone ownership was 100%, with smartphone ownership at
80% among decision makers and 50% among CHWs [6].

There have been experiments linking traditional LMSs, designed
for computer-first online learning, with mobile messenger apps.
A study in China piloted an online LMS linked to the WeChat
messenger system as the training platform. Course completion
rates rose from over 60% to 100%, and 63% of participating
nurses wanted to receive push notifications through their phones
for upcoming training courses [7].

Malhotra states, “Mobile phones are among the most coveted
items among youth” [8], which increases the potential for greater
acceptance of educational content delivered on a handset.
Potential drawbacks, however, can be out-of-date devices, the
potential for distraction, and the blurring of barriers between
personal and professional use. However, benefits of using a

mobile-first approach include the potential for greater access,
more situated and contextualized learning, convenience,
communication, and interaction. While learners will increasingly
expect all online learning to work seamlessly on a mobile phone,
there are challenges to scaling up approaches, not least of which
is sustainable financing for the large-scale use of mobile phone
technology in resource-limited settings [9].

This online survey showed a common but potentially hidden
barrier, which is that sign-up processes for LMSs require email
links and passwords to verify user information. Email is less
used in many LMICs, meaning that registering for an online
course is instantly challenging. Furthermore, where training is
focused on the acquisition of knowledge-based technical skills,
such as those required in burn treatment and care, online
achievements may not reflect actual ability in the workplace
[10]. Blended programs of regular face-to-face support are
necessary to translate online learning into daily practice and
will also encourage sustained use of digital materials.

Conclusions
Technological improvements have expanded the ways in which
health care workers in low-resource settings can access
knowledge to improve working practice, but each local setting
can throw up barriers. It is vital to understand the context within
which the individual accesses digital information so that
materials can be tailored to the setting and screen of choice.
LMSs use email for sign-up and verification, and passwords
for course access. This is a significant barrier for health care
workers in low-resource settings who are not used to using email
in their daily lives.

Health care workers in LMICs increasingly use mobile
messaging professionally, and the majority of those surveyed
felt that educational information on burns should be made
available on both computers and mobile devices. Digital content
needs to be contextually appropriate, formatted to be interesting,
and accessible by computer, but with a mobile-first approach
to developing content. Blended programs of face-to-face and
online training will encourage greater use of online resources.
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Abstract

Voice-activated smart speakers, with their ease of setup, low cost, and versatility, could be an affordable and accessible way to
improve health and mental health outcomes. In 2018, there were a total of 320 comments generated from verified purchases of
a voice-activated smart speaker. These comments revealed there could be potential benefits of reducing loneliness and social
isolation for adult users, especially for the older population. However, further research is warranted to determine whether using
such devices would be harmful to children’s physical or mental development.

(JMIR Med Educ 2020;6(1):e17336)   doi:10.2196/17336
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Introduction

Voice-activated speaker devices have recently gained popularity
with the release of commercial products such as Amazon Echo
and Google Home. In the United States, Amazon Echo and
Google Home were released in 2014 and 2016, respectively. In
China, Xiaomi launched a Chinese-language, voice-activated
smart speaker, XiaoAI, in July 2017. XiaoAI has functionalities
such as checking the weather, controlling smart home devices,
playing music, and translating foreign languages [1]. In the
second quarter of 2018, 2 million units of XiaoAI Speaker Mini
were sold [2]. As voice-activated smart speakers are easy to set
up, low-cost, and versatile, they could be an affordable and
accessible way of improving health and mental health outcomes.
At the same time, it should be noted that recent studies have
documented the deficits of various artificial
intelligence-powered voice assistants in responding to questions
about interpersonal violence, mental health, and physical health
[3,4].

Customer reviews from verified buyers on electronic commerce
websites such as Amazon.com (United States) and Taobao.com
(China) could help potential buyers learn more about a product.
These customer reviews could also assist medical students and
health professionals in understanding how technology could

impact the mental health of device users. Therefore, we
evaluated Taobao customer reviews, written in simplified
Chinese, of a Xiaomi XiaoAI voice-activated smart speaker to
gain a better understanding of the users of this type of
technology.

Methods

Leveraging user-generated textual data in the form of
Taobao.com verified purchase reviews of a Xiaomi XiaoAI
Speaker Mini in 2018, a retrospective review was performed.
The recorded parameters included the number of verified
purchase reviewer comments and the number of likes and
dislikes. Among a total of 320 comments from verified buyers
in 2018, there were 299 likes and 19 dislikes. The content of
the positive and critical comments was also analyzed
qualitatively. Negative comments regarding the weaknesses
and defects of the device were excluded from this analysis.

Results

Four comments indicated how the voice-activated speaker device
could potentially impact mental health for adult users. For
example, one reviewer wrote:
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Having her [Xiaomi XiaoAI], I am no longer lonely.
But sometimes she ignores me, and I don’t know
why...But having her, I am no longer lonely.

Five comments suggested that the smart speaker may decrease
loneliness and social isolation for older users. For example, an
elderly user wrote:

My son came back home to install [Xiaomi XiaoAI]
for me...Now my grandson wants to come to my house
all the time, and he will sing with me and XiaoAI.

Moreover, there were an overwhelming 34 comments that
highlighted the benefits of the voice-activated speaker device
for children. For example, one parent wrote:

Xiaomi XiaoAI can speak to my child all day!

Another parent remarked:

My child loves it, and they need to create one for
outdoor use.

Nevertheless, there was one parent who warned against its use:

Please do not buy for your child. Why do you want
your child to talk to a dead object every minute, every
second?

Discussion

Principal Findings
This preliminary qualitative research into consumer comments
provides insight into consumers’ perception of voice-activated
smart speakers for Chinese-language users. Our analysis
revealed that there could be potential benefits including the
reduction of loneliness and social isolation for Chinese-speaking
adult users, especially for the older population. Although
Chinese parents seem to acknowledge the benefits of having

voice-activated speaker devices at home, further research is
warranted to determine whether using such devices is harmful
to children’s physical or mental development. Nevertheless, no
matter the age group, users of smart speakers should practice
moderation. Previous research studies have highlighted the
advantages and disadvantages of social media and technology
for Chinese-speaking participants [5-8]. Future studies could
explicitly focus on the advantages and disadvantages of using
voice-activated smart speakers among Chinese-speaking
individuals of different age groups.

Limitations and Future Directions
A few limitations should be considered when interpreting the
results of this viewpoint. As noted, this viewpoint was
preliminary and exploratory in nature. It only indicated the
feasibility of using customer reviews to further understand a
voice-activated smart speaker. In addition, some of the consumer
comments were not from the direct users. As such, the comments
from parents could be biased. Another limitation of this
viewpoint was the exclusion of negative comments for the
analysis. This preliminary viewpoint excluded negative
comments because they mainly focused on the weaknesses and
mechanical defects of the device. Further research is needed to
determine the potential downsides of voice-activated smart
speakers on mental health and mental health care. The use of
focus groups in future studies could provide insights into the
negative health and mental effects of such devices. Finally,
future research could focus on how the presence of
voice-activated speaker devices may enhance student learning.
Medical students and trainees need to have a deeper
understanding of how technology will change the future of
health care, and understanding consumer perceptions of such
products could be a way to supplement medical education for
future physicians and health care professionals.
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Abstract

Amid the coronavirus disease (COVID-19) crisis, we have witnessed true physicianship as our frontline doctors apply clinical
problem-solving to an illness without a textbook algorithm. Yet, for over a century, medical education in the United States has
plowed ahead with a system that prioritizes content delivery over problem-solving. As resident trainees, we are acutely aware
that memorizing content is not enough. We need a preclinical system designed to steer early learners from “know” to “know
how.” Education leaders have long advocated for such changes to the medical school structure. For what may be the first time,
we have a real chance to effect change. In response to the COVID-19 pandemic, medical educators have scrambled to conform
curricula to social distancing mandates. The resulting online infrastructures are a rare chance for risk-averse medical institutions
to modernize how we train our future physicians—starting by eliminating the traditional classroom lecture. Institutions should
capitalize on new digital infrastructures and curricular flexibility to facilitate the eventual rollout of flipped classrooms—a system
designed to cultivate not only knowledge acquisition but problem-solving skills and creativity. These skills are more vital than
ever for modern physicians.

(JMIR Med Educ 2020;6(1):e19725)   doi:10.2196/19725
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Amid the coronavirus disease (COVID-19) crisis, we have
witnessed true physicianship as our frontline doctors apply
clinical problem-solving to an illness without a textbook
algorithm. Yet, for over a century, medical education in the
United States has plowed ahead with a system that prioritizes
content delivery over problem-solving and passive learning
over active learning. Trainees develop problem-solving skills
despite our preclinical education system, not because of it. A
smattering of institutions has begun to reinvent, but for what
may be the first time, we have a chance to push through
necessary change on a broader scale. In response to the
pandemic, medical educators have scrambled to conform
curricula to social distancing mandates. The resulting online
infrastructures could enable us to achieve what education leaders
have long advocated [1]—eliminate the traditional classroom
lecture in favor of active learning.

According to the Association of American Medical Colleges,
lectures comprise half of medical school teaching, with 86
percent occurring in the first 2 years [2]. Despite their ubiquity,
in-person lectures are increasingly rejected by students. In 2019,
49% of preclinical students reported “never” or “only
occasionally” attending lectures, up from 41% 2 years prior [3].
Instead, they are turning to online material.

And why not? Online lecture videos allow students to peruse
content at their own pace, as well as pause, review, and adjust
playback speed. Research supports what students implicitly
understand: online lectures are noninferior for learning, and
often actually better [4].

For disheartened faculty teaching to half-filled auditoriums, the
instinct may be to incentivize attendance. But it is time to teach
the way modern physicians learn rather than how traditional
educators teach. Class time should be used for active learning
and learner-educator interaction—not content delivery. Many
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students feel their lecture-based, preclinical education poorly
prepares them for clinical rotations [5]. As resident trainees, we
are acutely aware that knowing content is not enough. The path
from “know” to “know how” can be treacherous.

This is where educators can provide value beyond lecturing—by
engaging learners, guiding their clinical problem-solving,
integrating preclinical material into the clinical context, and
providing corrective feedback. Traditional lectures are inherently
unable to catch and address these individual reasoning deficits
in real time. When we commit class time to lectures, we waste
faculty expertise and eschew evidence-based learning.

In “flipped classrooms,” students consume content online before
working with educators to apply knowledge in group sessions
(eg, through problem-based learning). Compared to traditional
medical lectures, flipped classrooms produce better learning
outcomes [6], especially in higher-order thinking [7]. Perks
include greater class attendance [7] and teacher-student
satisfaction [8]. Meta-analyses are limited because
implementations vary, but research suggests that as the
methodology matures, outcomes will further improve [7].

As problem- and case-based learning sessions become more
prevalent, we will undoubtedly witness them evolve in their
effectiveness, with space to explore other educational
approaches (eg, patient simulators, augmented reality) as well.
In addition, with the right analytics, flipped classrooms can
exploit big data in ways traditional curricula cannot. Educators
can track progress and target active learning sessions to actual
knowledge gaps identified by frequent no-stakes tests.

Instructor time and cost-effectiveness are perhaps the leading
critiques of flipped classrooms. The pandemic, however, is an

inescapable impetus to transition content online. With
infrastructure in place and costs already sunk, the barriers to
enacting flipped classrooms (once social distancing guidelines
relax) will be the lowest they have ever been. A key remaining
concern—that more faculty are needed to coordinate group
sessions—may be addressed in several ways. With content
online, faculty can afford to meet with students less frequently.
They might also enlist more teaching assistants: upper-level
medical students, residents, fellows, and clinical faculty, all of
whom spend disappointingly little time interacting with early
learners.

Flipped classrooms are not new, and medical schools have been
moving in their direction, but slowly. Change is difficult in
storied institutions. In the setting of a crisis, however, change
is the new normal. The Liaison Committee on Medical
Education, the accrediting body for US and Canadian Medical
Schools, has acknowledged that broad changes to the
mechanisms of learning need to occur [9]. As such, they are
granting institutions significant curricular flexibility, which can
be harnessed to implement novel pedagogy.

In 1913, Dr William Osler said, “The lecture has its value, but
its day has gone, and it should give place to other methods better
adapted to modern conditions” [10]. We should not emerge
from the pandemic only to revert to a preclinical education
system even Dr Osler found outdated. We must make the most
of our new digital infrastructures and curricular flexibility to
facilitate the eventual rollout of flipped classrooms—a system
deliberately designed to cultivate not only knowledge acquisition
but problem-solving skills and creativity. These skills are more
vital than ever for modern physicians.
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