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Abstract

Background: Simulation-based learning (SBL) has become standard practice in educating health care professionals to apply
their knowledge and skills in patient care. While SBL has demonstrated its value in education, many educators find the process
of developing new, unique scenarios to be time-intensive, creating limits to the variety of issues students may experience within
educational settings. Generative artificial intelligence (AI) platforms, such as ChatGPT (OpenAI), have emerged as a potential
tool for developing simulation case studies more efficiently, though little is known about the performance of AI in generating
high-quality case studies for interprofessional education.

Objective: This study aimed to generate geriatric case scenarios across 5 AI platforms by a transdisciplinary team and
systematically evaluate them for quality, accuracy, and bias.

Methods: Ten geriatric case studies were generated using the same prompt from 5 different generative AI platforms (N=50):
ChatGPT, Claude (Anthropic AI), Copilot (Microsoft), Gemini (Google), and Grok (xAI). An evaluation tool was developed to
collect evaluative data to assess the content and quality of each case, sociodemographic data of the featured patient, the
appropriateness of each case for interprofessional education, and potential bias. Case quality was evaluated using the Simulation
Scenario Evaluation Tool (SSET). Each case was evaluated by 3 team members who had experience in SBL education. Assessment
scores were averaged, and qualitative responses were extracted to triangulate patterns found in the quantitative data.

Results: While each AI platform was able to generate 10 unique case studies, the quality of studies varied within and across
platforms. Generally, evaluators felt that the content in the cases was accurate, though some cases were not realistic. Some patient
populations and common conditions among older adults were underrepresented or absent across the cases. All cases were set
within traditional health care settings (eg, hospitals and routine medical visits). No cases featured home-based care. Based on the
average SSET scores, reviewers assessed ChatGPT to be the highest overall performer (mean 3.27, SD 0.45, 95% CI 2.95-3.59)
while Grok received the lowest scores (mean 1.61, SD 1.26, 95% CI 0.71-2.51). Platforms performed best at generating learning
objectives (mean 3.35, SD 1.08, 95% CI 3.04-3.65) and lowest on their ability to describe supplies and materials that may be
available in hypothetical scenarios (mean 1.27, SD 0.84, 95% CI 1.03-1.51).
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Conclusions: This study is the first to systematically evaluate and compare multiple generative AI platforms for case study
generation using a validated assessment tool (SSET) and provides evidence-based guidance on selecting and using AI tools
effectively. The findings offer practical direction for educators navigating available generative AI tools to enhance training for
health care professionals, including specific strategies for prompt engineering that can improve the quality of SBL resources in
interprofessional education. These insights enable educators to leverage AI capabilities while maintaining pedagogical rigor.

(JMIR Med Educ 2026;12:e83085)   doi:10.2196/83085

KEYWORDS

chatbots; generative artificial intelligence; geriatric nursing; interprofessional education; patient simulations

Introduction

Simulation-Based Learning in Health Care
Professional Education
Simulation-based learning (SBL) is an integral component of
health care professional education, offering a safe and controlled
environment for students to develop clinical skills without
risking patient safety [1,2]. SBL is recognized as an effective
educational tool that has grown within higher education in many
disciplines and can be implemented using a number of
approaches, including role-playing, games, computer-assisted
virtual instruction, and specially designed skills laboratories
[3]. SBL often requires educators to develop highly detailed
case studies to guide student learning activities, though these
are often challenging to design. Recently, there has been
increasing interest in the use of artificial intelligence (AI)
platforms to support health care education [4]. While generative
AI tools have the potential to generate case studies for use in
SBL, little is known about the potential for AI platforms to
generate high-quality, effective cases suitable for
interprofessional health education. To address this, an
interdisciplinary team systematically generated and evaluated
geriatric case studies from 5 commercially available generative
AI platforms and evaluated their content. The findings have
implications for how AI platforms may be appropriately and
ethically integrated into SBL.

History of Simulation-Based Learning in
Interprofessional Education
The use of simulation in health care dates back decades, with
early examples involving standardized patients, who were
individuals trained to portray real patients [5]. This innovation
allowed medical trainees to practice patient interactions and
diagnostic skills in realistic scenarios. Advancements in
technology have enhanced the fidelity, effectiveness, and types
of simulation tools, leading to widespread adoption across
various health care disciplines [6]. For example, the introduction
of high-fidelity mannequins and virtual reality platforms has
enabled the replication of complex clinical scenarios, thereby
enhancing the realism and effectiveness of training sessions [7].
These technological innovations have expanded the scope of
SBL, allowing for the practice of rare or high-risk procedures
in a risk-free setting, which is crucial for developing competence
in various medical specialties. Recent literature underscores the
efficacy of SBL in improving clinical competencies among
health care professionals. A systematic review by Sawaya et al
[8] highlighted that SBL not only enhances immediate

knowledge and skill acquisition but also contributes to long-term
retention of clinical competencies. Furthermore, the integration
of SBL into medical curricula has been associated with improved
patient outcomes and a reduction in medical errors, emphasizing
its critical role in contemporary health care professional
education.

The Benefits and Drawbacks of Simulation-Based
Education
One of the primary advantages of SBL is its ability to create a
safe learning environment where learners can engage in
high-risk scenarios or practice clinical skills without the risks
associated with working with actual patients [9,10]. This
immersive learning experience is further enhanced using
high-fidelity simulators that mimic real patient responses,
thereby engaging students emotionally and cognitively and
improving the transfer of skills to clinical practice [9,11]. SBL
has also been shown to improve learners’ self-confidence and
satisfaction. For example, previous studies have found that
students who participated in SBL in emergency medicine
reported higher satisfaction and performed better on assessments
compared to those who received traditional instruction [12-14].
This suggests that SBL not only enhances knowledge acquisition
but also fosters a positive learning experience. Interprofessional
SBL may also emphasize the importance of teamwork in
geriatric care, which promotes better collaboration and
communication among health care professionals while providing
a protected environment where trainees can practice handling
complex clinical situations and learn from mistakes in a
supportive setting [15-17]. Group-based SBL also promotes
active engagement with equipment, simulated patients, and
peers, leading to a deeper understanding and increased
motivation to learn [18]. This interactive environment stimulates
intellectual curiosity, encouraging critical thinking, questioning,
and exploration of new knowledge, which aligns with curricula
goals to foster curiosity and critical thinking in students.

Despite its numerous benefits, SBL is not without its challenges.
One significant drawback is that SBL can be time- and
resource-intensive (when using a lab setting) and may also pose
challenges when integrated into an already crowded curriculum
[9]. Lin et al [19] have asserted that ignoring the implementation
and sustainability of SBL can result in higher costs, wasted
resources, and the potential failure of educational interventions
that are otherwise effective in achieving learning outcomes.
Finally, educators may have difficulty in developing scenarios
that are realistic and tailored to student learning needs. For
example, certain physical findings, such as skin color variations,
cannot be adequately represented in certain SBL approaches,
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which may hinder the comprehensive training of students [9].
Instructors may wish to tailor scenarios to the varying abilities
of students, but the standardized nature of many simulation
exercises can hinder this individualized approach. This limitation
may result in some learners not receiving the optimal level of
challenge or support needed for their development.

Use of AI in Health Professions Education
Over the past decade, there has been increasing interest in
identifying potential uses of large language model (LLM) AI
tools in education for health care professionals. While the
literature has identified opportunities for integrating AI into
SBL activities, other potential applications have also been
identified [20]. For example, Glauberman et al [20] posit that
AI may enhance activities where students explore the impact
of social determinants of health on patient care, support tutoring,
and provide students with real-time feedback on assignments.
However, they also identified potential challenges, such as AI
providing hallucinations or biased content, and the risk that
students may become over-reliant on AI, which could inhibit
critical thinking skills [20].

Given the rising interest, there has been an increase in studies
about integrating AI into health education settings. It should be
noted that although there are currently multiple commercially
available AI LLM platforms, much of the literature on using
AI in health education has focused on ChatGPT (OpenAI), due
to its rapid adoption among the public, reaching 1 million users
in its first 5 days alone [21,22]. In a systematic review of the
health education literature, Sallam [23] found that ChatGPT
had the potential for creating tailored educational content and
communication skill development for students that provides
immediate feedback. However, challenges cited in the review
included concerns regarding the potential bias and accuracy of
information in educational material generated through LLMs.

Rogers et al [24] explored ChatGPT’s capacity for generating
simulation scenarios for health care education by evaluating 2
patient simulation cases it generated. Rather than prompting
the platform to generate a complete case, in their study, they
used a series of prompts to create individual components of a
larger case (ie, develop a goal statement, create a corresponding
scenario, and add specific detail based on existing information).
There were several strengths the reviewers identified in the
scenarios, including providing clear learning objectives, creating
real-world scenarios, highlighting medication dosing guidelines,
and describing participants’ roles for each case [24]. They also
identified several weaknesses in the cases, including inaccurate
medication dosing, not providing treatment guidelines, missing
details on equipment and supplies that would be needed for the
case, objectives that would be too advanced for the learner
audience, and inaccurate references [24]. Overall, reviewers
reported that the main strengths were in the debriefing content,

while inaccuracy posed the greatest problem, citing the need
for users to fact-check the output of scenarios generated through
ChatGPT.

Rationale for the Study
Geriatric education (or geriatric care) is an increasingly
important area of health care professional training, given the
growing population of older adults with complex and chronic
health needs. As health care systems adapt to meet these
challenges, equipping students with the knowledge and skills
to provide competent, person-centered care to older adults is
essential across disciplines. Generative AI tools have the
potential to make some educational tasks more efficient, such
as developing scenarios for interprofessional health education
simulation exercises. However, the appropriateness of using AI
platforms for this task remains unclear. The study by Rodgers
et al [24] work evaluated the performance of ChatGPT in
creating scenarios; it only evaluated 2 cases and did not compare
ChatGPT with other AI platforms. To better understand how
generative AI may be used by health educators, this study aimed
to evaluate the performance of 5 generative AI platforms in
creating high-quality case studies that could be used for
interprofessional health education.

Methods

Overview
This study involved a systematic evaluation of geriatric case
studies that were generated through AI platforms. The methods
and results described below reflect the reporting standards for
the Generative Artificial Intelligence Tools in Medical Research
(GAMER) statement [25], which can be found through the
Enhancing the Quality and Transparency of Health Research
Network [26].

The cases were generated in December 2024 from 5 different
AI platforms: ChatGPT, Claude (Anthropic AI), Gemini
(Google), Grok (xAI), and Copilot (Microsoft). Copilot was
chosen because it was the platform recommended by the
research team’s institution for use in education and research.
The other 4 platforms were selected based on their rankings on
the LMArena leaderboard, an open-access database of AI
platforms developed at the University of California, Berkeley,
where users rank various AI platforms on their performance
[27]. Before evaluating cases, the team generated 2 cases on
each platform’s free version. However, it was discovered that
1 platform (Grok) did not have a free version available, and all
the platforms varied in what was offered through their free
versions (eg, accessing internet data in real time). Therefore,
the decision was made to evaluate cases generated through the
paid subscription versions of each platform to minimize bias.
Table 1 provides a description and comparison of the platforms.
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Table 1. Details of the 5 artificial intelligence (AI) platforms selected and their distinguishing qualities.

Description and distinguishing featuresLaunch dateDeveloperPlatform

Built on a generative pretrained transformer (GPT) architecture, the

LLMa is trained on conversational data to generate human-like respons-
es to queries.

November 2022

(Public launch)

OpenAIChatGPT [28]

LLM incorporating “Constitutional AI” principles based on the UN

Declaration of Human Rights and AIb research ethics; emphasizes
safety and neutrality through self-critiquing mechanisms.

March 2023Anthropic AIClaude [29,30]

Multimodal LLM that processes words, audio, and pictures; designed
for productivity and tasks including image generation.

2023 (originally as Bard)GoogleGemini [31,32]

LLM trained using systems such as Kubernetes, JAX, and Rust, de-
signed to create a more efficient AI platform than those previously de-
veloped; has access to information in real time through the platform X
(formerly Twitter); programmed to have a witty personality.

November 2023xAI (Elon Musk)Grok [33].

Integrates with Microsoft 365 applications; can access users’ personal
data to provide tailored responses within a larger productivity suite.

March 2023MicrosoftCopilot [34]

aLLM: large language model.
bAI: artificial intelligence.

Generation of Case Studies
To assess the performance of AI platforms in generating geriatric
case studies, each platform was asked to generate 10 unique
case studies, for a total of 50 cases. The decision was made to
submit 10 individual requests for cases on each platform rather
than a single request for all 10 after discovering that the
platforms created more detailed and robust cases when asked
to create them one at a time rather than all at once. The prompts
used to generate cases were as follows:

• Initial prompt: generate a geriatric case study that can be
used in simulation learning for students from various health
care professional disciplines, such as medical, nursing, and
social work students.

• Subsequent prompts: generate another unique geriatric case
study that can be used in simulation learning for students
from various health care professional disciplines, such as
medical, nursing, and social work students.

Team members uploaded the cases to a secure cloud storage
platform. Two team members (NR and Ava Brashear) blinded
the cases so that reviewers would not be able to link any
individual case to the platform that generated it.

Case Study Evaluation Tool
The team developed an evaluation questionnaire for case study
evaluators (ie, social work and nursing faculty) to use in
assessing the case studies. The following describes the variables
assessed.

Case Quality
Although there are several tools available to evaluate students’
performance on SBL activities and the quality of debriefing,
little work has been done to create assessment tools to evaluate
the quality of simulation case content. The research team used
the Simulation Scenario Evaluation Tool (SSET), developed
by Hernandez et al [35], to evaluate the quality of case studies.
The SSET is a standardized assessment tool that was developed
using a modified Delphi approach, a structured, iterative process
designed to build consensus among experts. The final version
of the SSET includes 20 items that are organized into 5
elements, described in Table 2. The SSET also allows the
reviewer to skip elements that are not available in the case study
description. For each item, evaluators assess cases using a
5-point Likert scale with 3 anchor points. The anchor points are
individualized for each item.
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Table 2. Description of the assessment elements included in the Simulation Scenario Evaluation Tool (SSET).

Number of itemsElement descriptionElement

7If learning objectives are included, the extent to which they are: a good fit for students’ skill and
knowledge levels, specific, measurable, action-oriented, relevant, and reflect different types of
knowledge or skills.

Learning objectives

2The amount and quality of information provided about the case facilitate learning outcomes.Clinical context and sce-
nario overview

3If the case study describes actions or decisions that the student should be able to demonstrate
after reading the case study, the extent to which the actions are observable, support the learning
objectives, and are attainable for the students’ skill level.

Critical actions

4The details and cues provided to learners can help them carry out the critical actions, including
the appropriateness of the case study progression, the ability of learners to take multiple pathways
to addressing the case, and how they may help facilitate learning objectives, and require students
to take critical actions about the case.

Patient states

2The identification of equipment, supplies, and resources that would normally be available and
needed to demonstrate outcomes in clinical skills.

Scenario materials and re-
sources

2The extent to which the case guides a postsimulation discussion where learners can receive
feedback on their performance.

Debriefing plan

Sociodemographic Data
Sociodemographic information (eg, race, gender, and
socioeconomic status) from each of the cases was extracted to
evaluate the diversity of patient populations presented across
cases.

Appropriate for Interprofessional Education
Reviewers were asked to rate the extent to which cases were
clinically accurate using a Likert scale of 1 (Completely
Inaccurate) to 4 (Highly Accurate), with the option of “Unsure.”
They were also asked to rate the extent to which the cases
adequately addressed ethical considerations using a Likert scale
of 1 (Completely Disagree) to 5 (Completely Agree). Reviewers
were asked to indicate whether they would use each case for
SBL (Yes, No, Unsure). Open-ended questions allowed
evaluators to provide feedback on the quality of cases.

Potential Bias
Open-ended questions were used to allow evaluators to identify
content in each case that they perceived as biased or
stereotypical of the patient populations.

Process for Evaluating Cases
All case studies were generated in November 2024 and were
evaluated between December 2024 and April 2025. Two
coauthors (SS and UN) extracted the sociodemographic data
from each case (eg, patient gender, race, ethnicity, and living
situation). Six coauthors (Amie Brunson, ELB, CVFS, HC, RM,
and HN) with expertise in interprofessional education in health
care settings applied the SSET to evaluate the quality of cases
generated. Each case was randomly assigned to 3 evaluators for
review. The evaluation tool was uploaded to Qualtrics (Qualtrics
International Inc), and each team member entered their
assessments remotely and securely into a single database.

Data Analysis
All data were maintained in a Microsoft Excel spreadsheet for
analysis. Descriptive statistics were generated for all of the
sociodemographic data, including means, SDs, and CIs. The 3

reviewers’ scores on the SSET for each case were averaged.
Qualitative responses were extracted by 2 team members with
expertise in qualitative health-related research methodologies
(NR and HN) and used to triangulate patterns found in the
quantitative data.

Post Hoc Examination
After the initial evaluation of the 50 case studies generated by
AI for this project, a post hoc analysis was conducted to examine
how alternative prompt engineering strategies informed by the
study's findings could potentially improve the quality of
AI-generated case studies. A detailed prompt was developed
that addressed weaknesses and gaps observed in the original
analysis and was used to generate a single case study using
Claude (Anthropic AI). Details about this analysis and its
implications for prompt engineering are provided in the
“Discussion” section.

Ethical Considerations
This study did not involve human participants. All data were
generated by the AI platforms from information drawn from
the internet and other sources on which they had been trained
by their developers. No data about real patients were entered
into the platforms for this study.

Results

Overall Performance
All of the platforms demonstrated the ability to generate
comprehensive case studies, though the quality of the cases
varied within and across platforms. All cases were organized
into content sections, often including a patient profile and
demographics, primary presenting complaints of the patient,
lists of current medications, past medical history, social history,
and assessment results. Some cases generated learning objectives
for students without additional prompting. However, for cases
generated by Grok, several were incomplete, sometimes being
cut off midsentence. For example, one case study generated by
Grok featuring the fictitious patient, Mr Jack O’Connor,
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included, “Current Presentation: Mr O’Connor was referred
to...” (sic). In another example featuring Mrs Elena Rodriguez,
the case included, “Psychosocial Factors:-...” (sic).

Variety of Scenario Details
The cases featured fictitious patients who varied in social and
demographic backgrounds. There was some variation in the
presenting complaints and medical history, though cases tended
to emphasize the most common conditions impacting older
adults, such as dementia, diabetes, heart disease, and
hypertension. Interestingly, none of the 50 cases addressed
COVID-19.

Table 3 provides the breakdown of sociodemographic
information provided in the patient cases. There was about equal
representation of women (n=26) and men (n=24), as well as a

variety of races and ethnicities. It should be noted that none of
the cases identified the patient as being a member of the lesbian,
gay, bisexual, transgender, queer, intersex, asexual, and more
community, having undocumented immigration status, or
identifying as Native Hawaiian, Alaska Native, or American
Indian. There was also a lack of information regarding social
determinants of health, most notably income and insurance
information. Qualitative data provided by evaluators revealed
that the topics of patient finances, culture, and religion were
insufficiently addressed in most cases, which did not provide
students with adequate context for addressing patient concerns.
For example, patients’ decisions regarding treatment or
medication, as well as behaviors such as medication
noncompliance, may be influenced by their income, cultural
background, or religious beliefs.
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Table 3. Sociodemographic characteristics of the fictitious patients featured in the case studies generated by artificial intelligence (AI) platforms.

Value, n (%)Characteristic

Sex

24 (48)Cisgender male

26 (52)Cisgender female

Race and ethnicity

9 (18)Caucasian or White

8 (16)African American, Black, or Afro-Caribbean

5 (12)Latino or Latina

9 (18)Asian or Pacific Islander

0 (0)Native Hawaiian, Alaska Native, or American Indian

2 (4)Other

16 (32)Unknown

English proficiency

21 (42)Yes

3 (6)No (has a family member interpreting)

26 (52)Unknown

Sexual orientation

29 (58)Heterosexual

21 (42)Unknown

Marital status

17 (34)Married

5 (10)Divorced

26 (52)Widowed

1 (2)Committed partner

1 (2)Unknown

Employment

1 (2)Never worked

45 (90)Retired, not working

1 (2)Working full-time

3 (6)Other

Patient household income

3 (6)Identified as low-income

1 (2)Identified as moderate-income

0 (0)Identified as high-income

46 (92)Unknown or not provided

Source of payment for health services

11 (22)Medicare

5 (10)Medicare and Medicaid

2 (4)Medicare and VAa benefits

2 (4)Medicare with supplemental private insurance

30 (60)Unknown

Living situation

15 (30)Lives at home alone
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Value, n (%)Characteristic

17 (34)Lives with others in their own home

3 (6)Lives with others in another person’s home

4 (8)Lives in an independent living facility

6 (12)Lives in an assisted living facility

3 (6)Lives in a nursing home or a similar setting

2 (4)Unknown

Religious affiliation

1 (2)Christian (Catholic)

1 (2)Jewish

1 (2)Hindu

2 (4)Other

45 (90)Unknown

Immigration and citizenship

4 (8)Immigrant

46 (92)Unknown

aVA: Veterans Affairs.

Case Quality

Accuracy and Best Practices
For most cases, evaluators assessed the information provided
as being generally accurate and reflecting best practices.
However, they reported discrepancies with some case
information, most often due to insufficient detail. For example,
in reference to the SBL instructions for students, “Develop a
nursing care plan for hip fracture recovery, emphasizing
mobility, prevention of pressure ulcers, and patient education
on safety at home post” in the case of Agness Muller (Grok),
one evaluator provided qualitative feedback:

This instruction lacks detail and the usual patient
progression. For example, a patient living alone with
mild cognitive impairment (MCI)—based only on the
Montreal Cognitive Assessment, which is not
conclusive—and with a hip fracture would not be
discharged home.

However, in a few cases, the evaluators felt that the case
information was not realistic. For example, in another case of
George Hawkins (Claude), one evaluator commented: “I do not
feel like the patient would be coming in stating that he is
forgetting things. This information would be coming from the
caregiver.” Similarly, another evaluator commented on the same
case: “I think having the patient present with complaints of
confusion would be a little unrealistic. We would likely see the
caregiver reporting these findings to the health care provider.”

SSET Scores
For most cases, enough details were provided for reviewers to
evaluate the 6 elements represented in the SSET assessment.
Yet, a small number of cases lacked details on 1 or more
elements. Table 4 shows the average scores assigned by
reviewers along with their SDs and CIs for each element across
AI platforms.
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Table 4. Evaluators’ average scores, with SDs and 95% CIs, on the Simulation Scenario Evaluation Tool (SSET) and its 6 elements.

Overall, platform
mean, SD, 95% CI

E6, mean, SD,
95% CI

E5, mean, SD,
95% CI

E4, mean, SD,
95% CI

E3, mean, SD,
95% CI

E2, mean, SD,
95% CI

Ea1, mean, SD,
95% CI

Platform

3.27, 0.45, 2.95-3.592.74, 0.84, 2.14-
3.34

1.78, 1.05,
1.02-2.53

3.28, 0.95,
2.60-3.96

3.71, 0.63,
3.26-4.15

3.89, 0.82,

3.30-4.47

4.22, 0.29,
4.01-4.42

ChatGPT

2.91, 0.63,

2.46-3.36

1.70, 0.98,

1.00-2.40

1.58, 0.77,

1.03-2.13

3.50, 1.19,

2.65-4.35

3.34, 0.93,

2.68-4.00

3.59, 1.12,

2.79-4.39

3.74, 0.57,
3.33-4.15

Claude

2.23, 0.39,

1.95-2.51

1.26, 0.71,

0.75-1.77

0.99, 0.28,

0.78-1.19

2.10, 0.67,

1.62-2.58

2.75, 0.93,

2.08-3.42

2.96, 0.83,

2.36-3.55

3.32, 0.42,

3.02-3.63

Copilot

2.37, 0.49,

2.02-2.72

1.20, 0.66,

0.73-1.67

1.32, 0.84,

0.72-1.92

2.39, 0.73,

1.87-2.91

2.87, 0.66,

2.39-3.35

3.15, 0.77,

2.60-3.71

3.30, 0.49,

2.95-3.66

Gemini

1.61, 1.26,

0.71-2.51

0.84, 1.03,

0.11-1.58

0.70, 0.73,

0.18-1.22

1.53, 1.38,

0.53-2.52

1.90, 1.45,

0.87-2.94

2.52, 1.97,

1.10-.93

2.15, 1.69,

0.93-3.37

Grok

2.48, 0.90,

2.22-2.73

1.55, 1.05,

1.25-1.85

1.27, 0.84,

1.03-1.51

2.56, 1.23,

2.21-2.91

2.91, 1.11,

2.60-3.23

3.22, 1.24,

2.87-3.57

3.35, 1.08,

3.04-3.65
Overall, Ea,

aE: element.

Generally, the AI platforms performed best and most
consistently at providing details related to element 1 (E1:
learning objectives). While objectives varied in focus and scope,
the platforms generated learning objectives that were detailed.
Except for Grok, the mean scores for the platforms were
relatively good (range of 3.30-4.22). ChatGPT particularly
excelled at generating learning objectives with consistency,

given the narrow CIs (mean 4.22, SD 0.29, 95% CI 4.01-4.42).
While Grok received lower scores for E1, there was also
variability in their quality (mean 2.15, SD 1.69; CI 0.93-3.37).

In some cases, the AI generated a set of learning objectives
tailored to the various disciplines that may be involved in the
simulation learning activities. Textbox 1 provides an example
generated from Grok.

Textbox 1. Learning objectives generated by Grok for the case of Mrs Isabella Bianchi.

Medical students:

• Manage complex medication regimen for multiple chronic conditions, focusing on interactions and side effects.

• Investigate causes of weight loss in older adults, considering both medical and psychological factors.

Nursing students:

• Implement and teach strategies for medication adherence in patients with mild cognitive impairment.

• Develop a care plan for preventing falls and managing chronic constipation.

Social work students:

• Address the emotional impact of transitioning to assisted living, focusing on preserving dignity and a sense of purpose.

• Explore community resources or programs that could engage Mrs Bianchi’s interest in music, potentially improving her mental health.

Interdisciplinary goals:

• Enhance Mrs Bianchi’s quality of life by balancing her medical needs with her personal interests and psychological well-being.

• Coordinate a care plan that includes physical activity tailored to her condition, dietary adjustments for heart health and bone density, and social
engagement to combat isolation. 

The AI platforms also performed moderately well on element
2 (E2: clinical context and scenario overview), as evidenced by
mean scores ranging from 2.96 to 2.52. Claude (mean 3.59, SD
1.12) and Grok (mean 2.52, SD 1.97) demonstrated the greatest
variability in quality.

Evaluators generally felt that the platforms provided sufficient
detail for students to understand the presenting case and address

the learning objectives. However, they also noted that most
cases described clinical contexts occurring within a health care
facility (eg, hospital and primary care office), which may limit
applicability for students in professions that often interact with
patients in other settings (eg, home visits and pharmacies). There
were exceptions, such as the example generated by Gemini in
Textbox 2, where a home setting was used as the clinical
context.
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Textbox 2. Clinical context description for the case Mr Arthur Chen generated by Gemini.

Simulation activities:

• Home visit: students can conduct a simulated home visit to assess Mr Chen’s living environment and provide education on disease management
and self-care.

• Caregiver support group: students can role-play a caregiver support group to provide Mr Chen with an opportunity to share his experiences and
connect with others.

• Interprofessional case conference: students from different disciplines can participate in a case conference to discuss Mr Chen’s care plan and
coordinate services.

• Medication management simulation: students can practice medication reconciliation and develop strategies to improve adherence.

• Advance care planning role-play: students can role-play a conversation with Mr Chen and his family about advance care planning.

Element 3 (E3: critical actions) and element 4 (E4: patient states)
were rated more modestly by evaluators, with average scores
of 2.91 (SD 1.11) and 2.56 (SD 1.23), respectively. Evaluators
generally felt that the cases offered enough detail for students

to make decisions about patient care and carry out critical
actions to support patient care needs. In many cases, a
progression of the scenario was presented, as exemplified in
Textbox 3.

Textbox 3. Scenario progression for the case of Mr Walter Freemen, generated by Claude (UTI: urinary tract infection).

Simulation scenario progression:

• Initial assessment: each discipline conducts its respective assessments in the emergency department or upon admission.

• Team huddle: interdisciplinary team meets to discuss findings and develop an initial care plan.

• Acute management: simulate management of UTI and delirium, including nonpharmacological interventions.

• Medication review: team collaborates on medication reconciliation, considering potential cognitive effects and drug interactions.

• Family meeting: simulate a meeting with Mrs Evelyn Chen (when more lucid) and her husband to discuss diagnosis, treatment plan, and support
needs.

• Discharge planning: team develops a comprehensive plan for transition of care, including medication management, follow-up appointments, and
caregiver support.

• Follow-up: simulate a postdischarge follow-up appointment to assess resolution of acute issues and manage chronic conditions. 

Evaluators rated the cases the lowest for element 5 (E5: scenario
materials) and element 6 (E6: debriefing plan). All platforms
performed poorly on E5 (mean 1.27, SD 0.84, 95% CI
1.03-1.51) and E6 (mean 1.55, SD 1.05, 95% CI 1.25-1.85).
For E5, ChatGPT led with an average score of 1.78 (SD 1.05),
followed by Claude (mean 1.58, SD 0.77) and Gemini (mean
1.32, SD 0.84). Copilot (mean 0.99, SD 0.28) and Grok (mean
0.70, SD 0.73) had the lowest scores. Evaluators found it
difficult to evaluate the supplies and materials needed for
students to complete the simulation cases, as they had to make
assumptions about what would typically be available in the
specific setting (eg, emergency room). However, they
acknowledged that greater detail should be provided by most
of the platforms to facilitate learning for students who may be
less familiar with the setting. For E6, Grok had the lowest score
at 0.84 (SD 1.03), followed by Gemini (mean 1.20, SD 0.66),
Copilot (mean 1.26, SD 0.71), and Claude (mean 1.70, SD 0.98).
ChatGPT fared slightly better in this area with an average of
2.74 (SD 0.84), but still fell short of high performance.
Evaluators noted that many cases lacked a debriefing plan,
which would require that the educator create one to coincide
with the cases.

Comparison of Platform Performance
When asked whether they would use the presenting case for
simulation learning, evaluators most often stated that they would

use the cases generated by ChatGPT and were least likely to
use cases generated by Copilot. When evaluators were asked
to rate the extent to which they agreed that the case addressed
ethical issues that students may experience in health care
settings, ChatGPT and Gemini generally received the highest
scores (mean 3.50, SD 0.61 and mean 3.51, SD 0.83,
respectively), corresponding to “somewhat agree.” Although
evaluators thought many of the cases did not sufficiently address
issues of culture, they did not report observing examples of
gender or racial stereotypes.

Table 4 provides the summary scores for the SSET across
platforms. Overall, ChatGPT performed the best in generating
quality case studies, while Grok was rated the lowest, mostly
due to the incomplete content generated in many of its cases.
However, the platforms varied in their strengths and weaknesses.
Among all platforms, ChatGPT performed the best in element
1: learning objectives, with the highest average score of 4.22
(SD 0.29), followed by Claude at 3.74 (SD 0.57). Copilot and
Gemini had almost identical scores, with averages of 3.32 (SD
0.42) and 3.30 (SD 0.49), respectively, showing only a marginal
difference. Grok, however, had the lowest performance in this
element, with an average score of just 2.15 (SD 1.69). For
element 2, which focused on understanding the relevance and
alignment of the clinical context and scenario across case
studies, the average scores of ChatGPT (mean 3.89, SD 0.82),
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Claude (mean 3.59, SD 1.12), and Gemini (mean 3.15, SD 0.77)
were relatively close. In contrast, Copilot (mean 2.96, SD 0.83)
and Grok (mean 2.52, SD 1.97) had lower averages.

Discussion

Principal Findings
This study aimed to evaluate the performance of 5 commercially
available AI platforms in their ability to generate geriatric case
studies that could be used for simulation learning within
interprofessional education settings. Although there was
variation in their performance, all 5 platforms evaluated for this
study were able to generate comprehensive case studies that
generally included accurate information and a variety of patient
contexts. ChatGPT was found to be the most reliable of the AI
platforms, as demonstrated by consistently high scores and
narrower CIs. Grok performed unpredictably and consistently
received the lowest scores. It is not surprising that the AI
platforms varied in their performance, given that the content
generated would be specific to the data used to train each
platform and its algorithms. For example, Claude’s algorithm
emphasizes a Constitutional AI framework, which may result
in it integrating different content than other platforms.

Implications
A central benefit of using AI for SBL is that educators have the
ability to develop a large number of diverse case studies in a
short period of time. However, there were some notable
shortcomings of the platforms, including their
underrepresentation of some vulnerable patient populations,
limited attention to cultural sensitivity and religion in health
care, and restricted patient settings. The findings have
implications for educators who are interested in using AI tools
for SBL within interprofessional education settings.

One of the biggest implications is that educators who generate
SBL cases using generative AI must provide oversight of the
content produced [36]. Research has found that content
generated through AI platforms can, at times, be falsely
fabricated (ie, hallucinations) or can draw on content that is
outdated or biased [37]. This concern was demonstrated in this
study, where evaluators felt that some content provided in cases
did not adequately reflect real-world scenarios. Another example
is that some vulnerable patient populations and medical
conditions (such as COVID-19) were not represented in any of
the 50 cases. For example, there was a complete absence of any
mention of patients who identify as lesbian, gay, bisexual,
transgender, queer, intersex, and asexual in any of the selected
platforms. To address these shortcomings of generative AI,
educators should seek training in “prompt engineering,” which
refers to skills in generating prompts for AI tools that are more
effective in addressing the goals of the AI user [38]. Meskó [38]
indicates that prompt engineering is an important skill for health
educators and health care practitioners and requires them to
become knowledgeable about how individual AI platforms are
designed and function so that they can develop the most
effective prompts to meet their needs. In the case of health
educators, prompt engineering could support them in developing
AI-generated content (SBL case studies or otherwise) that better

aligns with the learning objectives they have established for
their students.

The Importance of Prompt Engineering
For this study, the same general prompt was used to develop
each case study. Prompt writing is recognized as a skill that can
support LLM generative AI tools in tailoring responses for the
user [39]. In a previous study by Rogers et al [24], the
researchers evaluated the performance of ChatGPT in generating
2 case studies. However, rather than using a general prompt to
generate a complete case, they used a series of prompts to guide
the platform for each section of the case study (eg, presenting
problem and social history). Based on findings from this study,
prompt engineering skills could allow educators to more
efficiently use generative AI tools that address gaps in content
(eg, patient populations and conditions addressed) as well as
the quality of the cases generated.

For example, in a post hoc examination, we generated an
additional case study using Claude that was more specific
regarding quality:

Generate a geriatric case study that can be used in
simulation learning for students from various health
professional disciplines, such as medical, nursing,
and social work students. The content should reflect
the five elements of case studies that are emphasized
in the Simulation Scenario Evaluation Tool (SSET),
developed by Hernandez et al [35]. For social work
students, the activity should address the Educational
Policy and Accreditation Standards developed by
CSWE.

The resulting case study organized the content into learning
objectives, clinical context, scenario overview, critical actions,
patient states and progression, and scenario materials and
resources. Thus, the prompt allowed Claude to build the case
with established standards in mind. The resulting case study
also linked content to specific Council on Social Work
Education accreditation standards, such as asking social work
students, “How did you address social justice issues like
financial barriers and access to care?(CSWE EPAS Competency
3)” and “What advocacy role did you take, and how did you
respect Mrs. Martinez's right to self-determination?(CSWE
EPAS Competency 2).”

This approach may help educators optimize the performance of
AI tools in generating case studies that meet specific learning
goals. Similarly, more tailored prompts could be used to generate
cases featuring underrepresented patient populations or specific
aspects of case studies that AI platforms may overlook (eg,
ethical dilemmas, specific health conditions, or cases in less
common health care settings).

Limitations
There were numerous strengths to the methodology used for
this study, including the use of paid subscriptions to the AI
platforms to generate cases and having 3 evaluators assess each
case using a standardized assessment tool. There were also
limitations. First, the case studies were all generated in
November 2024, and advancements in AI platforms since then
may affect current performance. Second, the team used the paid
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subscriptions of each AI platform to reduce potential bias from
varying access limitations across platforms. However, this may
limit generalizability, as most users are more likely to access
the free versions of these platforms. It is important to note that
both paid and free versions of these platforms have continued
to evolve since data collection, making it unclear how results
would differ if the study were replicated today with either paid
or free versions.

Also, some of the gaps in content that were identified by
reviewers across case studies may not have been present if more
specific prompts were used (eg, “Create a case study that
features a patient with COVID-19”). It is also important to
highlight that the only perspectives provided about the
AI-generated case studies were those of experts in
interprofessional health education. The study did not obtain
perspectives from students participating in SBL activities. It
also did not evaluate how the AI-generated case studies
compared to case studies created by professional educators.
While this analysis highlighted some of the weaknesses in the
AI-generated case studies, they may still be of comparable or
higher quality than those generated by humans. Future research
should address these gaps.

Conclusion
The functions and accessibility of generative AI have increased
dramatically over the past few years. Health care educators and
providers are increasingly using these tools to create efficiencies
in their work. In the case of interprofessional health education,
AI can support SBL by creating a large variety of case studies
in a short period of time. However, as with other applications
of AI, human oversight is needed to make sure that the output
from these platforms appropriately meets the learning needs of
students. Although previous studies have examined AI’s
potential role in SBL, this study is the first to systematically
evaluate and compare multiple generative AI platforms for case
study generation using a validated assessment tool (SSET). By
quantifying quality differences across platforms and identifying
systematic deficiencies, this research provides evidence-based
guidance for educators on selecting and using AI tools
effectively. The findings offer practical direction for educators
navigating available generative AI tools to enhance training for
health care professionals, including specific evidence-based
strategies for prompt engineering that can improve the quality
of SBL resources in interprofessional education. These insights
enable educators to leverage AI capabilities while maintaining
pedagogical rigor, ultimately supporting more efficient
development of high-quality simulation training materials.
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Abstract

Health care has widely adopted behavioral economics to influence clinical practice, with documented success using defaults and
social comparison feedback in electronic health records. However, online medical education, now the dominant modality for
continuing professional development, remains designed on assumptions of rational learning that behavioral science has disproven
in clinical contexts. This viewpoint examines the paradox of applying sophisticated behavioral insights to clinical work while
designing digital learning environments as if learners are immune to cognitive limitations. We propose digital choice architecture
for medical education: intentional integration of behavioral design principles into learning management systems and online
platforms. Drawing from clinical nudge units and implementation science, we demonstrate how defaults, social norms, and
commitment devices can be systematically applied to digital continuing education. As medical education becomes increasingly
technology-mediated, behavioral science provides the theoretical foundation and practical tools for designing online learning
environments that align with how clinicians actually make decisions.

(JMIR Med Educ 2026;12:e86497)   doi:10.2196/86497
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Introduction

Despite a global continuing medical education (CME) market
projected to reach US $13.52 billion by 2028, continuing
professional development (CPD) demonstrates remarkably
limited effectiveness. A Cochrane systematic review of 215
studies with over 28,000 health care professionals found that
educational meetings produce only a 6% median improvement
in practice compliance and 3% improvement in patient outcomes
[1]. Over 80% of CME activities rely on passive learning
methods despite evidence showing that didactic presentations
have little or no beneficial effect [2,3]. Health care organizations
invest billions in educational technology while accepting
single-digit effectiveness rates that would be unacceptable in
any other clinical intervention.

The failure stems from flawed design assumptions. Current
digital CPD platforms operate on an “information deficit
model”—the assumption that providing knowledge changes
behavior—which behavioral science has comprehensively
debunked [2]. New information follows the Ebbinghaus
forgetting curve, with 70% forgotten within 24 hours [3].
Physicians demonstrate poor self-assessment accuracy, with
systematic reviews finding no correlation between self-assessed
and measured competence in 65% of comparisons [4]. This

exposes the paradox: we design learning platforms as if
clinicians are perfectly rational decision-makers while deploying
behavioral interventions in clinical systems because we know
they are not.

Digital platforms now dominate CPD. In 2022, accredited
providers reported 230,000 total CME activities—a 13%
increase—with online modules representing the most common
format [5]. However, despite this technological transformation,
most digital medical education assumes that clinicians will
engage systematically, complete modules through intrinsic
motivation, and independently translate knowledge into practice
change.

Behavioral economics challenges this assumption. In clinical
settings, health care organizations have proven that physician
behavior responds predictably to choice architecture. When
Penn Medicine redesigned electronic health record (EHR)
defaults to favor generic medications, prescribing rates increased
from 75% to 98% without additional education [6]. Health care
nudge units have demonstrated that defaults, social comparison
feedback, and environmental cues systematically shape clinical
decisions [7]. These interventions succeed because clinicians,
despite extensive training, exhibit status quo bias, present bias,
decision fatigue, and susceptibility to social norms [8,9].
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Decision fatigue alone has measurable effects: physicians
prescribe antibiotics more frequently as the day progresses [10].

This paradox demands resolution. As medical education
investment accelerates toward digital delivery, designing
platforms on disproven assumptions wastes resources and
perpetuates the knowing-doing gap. The behavioral science
infrastructure that transformed clinical practice—nudge units,
implementation scientists, and A/B testing—remains largely
absent from educational technology development. Closing this
gap requires systematic integration of behavioral economics
into digital learning architecture.

This viewpoint argues that digital medical education should
evolve toward behaviorally informed design, creating online
learning architectures that work with human cognitive realities.
We propose comprehensive integration of behavioral economics
principles into digital CPD, offering both theoretical foundations
and practical implementation frameworks. It is important to
note that while these principles have demonstrated effectiveness
in clinical contexts, their educational applications remain
emerging and context-dependent, requiring systematic
evaluation across diverse learning environments.

Terminology and Conceptual Clarity

Because behavioral economics terminology varies across
disciplines, we establish the following definitions:

• Digital choice architecture refers to the systematic design
of decision environments in digital learning platforms,
encompassing defaults, interface structures, information
displays, and feedback mechanisms that influence learner
behavior while preserving choice. This term describes the
overall design philosophy.

• Choice architecture represents the broader concept from
behavioral economics, referring to how choices are
organized and presented across any context [11].

• Behavioral design describes the practical application of
behavioral economics and psychology principles to create
systems supporting desired behaviors. We use this term
when discussing the design process itself.

• Behavioral economics–informed design specifically
indicates design decisions drawn from behavioral economics
research, emphasizing the evidence-based grounding
recommendations.

• Nudges are specific interventions that alter behavior
predictably without forbidding options or significantly
changing incentives [11]. Examples include defaults, social
comparison feedback, and timely reminders.

These terms share conceptual overlap but maintain distinct
emphases. Throughout this paper, we apply them consistently,
distinguishing between broad design philosophy (choice
architecture), practical implementation (behavioral design),
specific interventions (nudges), and evidence-based approaches
(behavioral economics–informed design).

Theoretical Foundations: Core Behavioral
Economics Concepts

Behavioral economics integrates psychology and economics to
understand how people actually make decisions—often deviating
predictably from rational actor models. For digital medical
education, these insights may explain why well-designed
platforms achieve dramatically different learning outcomes than
behaviorally naive alternatives, though direct empirical evidence
in educational contexts remains limited.

Choice Architecture and Nudges
Choice architecture—defined by Thaler and Sunstein [11] as
“organizing the context in which people make
decisions”—recognizes that no choice presentation is neutral.
Every interface element, default setting, and information display
influences behavior. A comprehensive meta-analysis examining
over 200 studies with 440+ effect sizes (N=2,148,439) found
that choice architecture interventions promote behavior change
with Cohen d=0.43, a small-to-medium effect practically
significant for population-level interventions [8].

For digital learning platforms, choice architecture operates
through every design decision. Whether modules appear in
alphabetical order or by relevance to practice gaps shapes
engagement. Whether completion tracking displays absolute
progress (“3 of 10 modules”) or social comparison (“You’ve
completed fewer modules than 67% of peers”) influences
motivation through different behavioral mechanisms. The
question is whether design reflects evidence or intuition.

Defaults and status quo bias leverage the tendency to stick with
current states through multiple mechanisms: loss aversion,
cognitive effort minimization, and implied endorsement [11].
Johnson and Goldstein [12] found that the organ donation
consent rates were approximately twice as high in opt-out versus
opt-in countries. Platforms that auto-enroll clinicians in modules
addressing documented practice gaps leverage defaults while
preserving opt-out capability.

Present bias and temporal discounting explain persistent
procrastination. Clinicians understand CPD improves patient
care, but immediate opportunity costs outweigh psychologically
distant benefits. Laibson’s [13] quasi-hyperbolic discounting
model demonstrates that people systematically prefer smaller
immediate rewards over larger delayed rewards. On the basis
of these findings, we propose that digital platforms may
counteract this through temporal optimization—delivering
microlearning at the point of clinical relevance, which minimizes
the gap between learning effort and application reward.

Decision fatigue and cognitive depletion have measurable effects
on clinical judgment. As noted, physicians prescribe antibiotics
more frequently as the day progresses [10]. Judicial rulings
decline from 65% favorable at session start to near zero before
breaks, returning to baseline after rest [14]. For digital learning,
this suggests that platforms should minimize unnecessary
choices that deplete cognitive resources rather than exhausting
capacity on navigation decisions.
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Social norms and social comparison powerfully influence
behavior. Social comparison feedback showing how behavior
compares to peers consistently drives behavior change across
clinical contexts. Digital dashboards displaying peer prescribing
comparisons reduce inappropriate antibiotic use [15]. On the
basis of the available evidence, we propose that learning
dashboards could leverage similar mechanisms, though whether
clinical effects translate to educational outcomes requires
systematic investigation. Studies of collaborative learning
modules show that embedding social cues could enhance
motivation and learning clarity [16], suggesting that digital
platforms could achieve similar benefits through discussion
forums and peer-review features integrated into the learning
management systems (LMSs).

Integration With Complementary Theories
Behavioral economics does not operate in isolation. Cognitive
load theory (CLT) provides mechanistic insights into working
memory limitations—working memory can process only 4 to
7 information chunks simultaneously [17,18]. CLT distinguishes
between intrinsic (inherent task difficulty), extraneous (imposed
by suboptimal presentation), and germane (devoted to learning)
cognitive loads. Choice architecture principles directly reduce
extraneous cognitive load, freeing capacity for germane
processing. The AMEE (Association for Medical Education in
Europe) Guide No. 86 establishes CLT’s “particular relevance
to medical education because many professional activities
require simultaneous integration of multiple knowledge sets”
[19].

Self-determination theory identifies 3 psychological needs
essential for intrinsic motivation: autonomy, competence, and
relatedness [20]. Williams et al [21] demonstrated that
“autonomously motivated learning leads to better educational
outcomes.” This creates productive tension with nudging
approaches, as defaults can reduce perceived locus of causality.
However, autonomy-preserving designs can reconcile these
tensions through transparent nudges that explain rationale,
self-nudges where learners choose their own interventions, and
“boosts” that build competence rather than merely steering
behavior. Hertwig and Grüne-Yanoff [17] distinguish
boosting—which aims to “foster people’s competence to make
their own choices”—from nudging, arguing that boosts create
lasting cognitive “capital stock” and necessarily preserve
autonomy.

These complementary frameworks converge on similar design
principles. Behavioral economics explains why interventions
work (cognitive biases and heuristics), CLT specifies how much
information learners can process, and self-determination theory
identifies what motivates sustained engagement.

Digital Transformation and Clinical
Lessons

The shift from classroom to technology-mediated education has
fundamentally altered how clinicians access professional
development. LMSs track every interaction—login times,
completion rates, assessment attempts, and module abandonment
points. Mobile apps deliver microlearning during clinical

workflows. Artificial intelligence algorithms personalize content
sequences. This digital infrastructure generates unprecedented
behavioral data while creating new decision points where choice
architecture can be applied. Every interface element implicitly
shapes learning behavior. The question is not whether digital
platforms incorporate choice architecture, but whether they do
so intentionally and based on evidence.

Clinical decision support systems demonstrate what behaviorally
informed digital design can achieve. EHRs now routinely
incorporate default order sets favoring evidence-based practices.
Digital dashboards provide peer comparison feedback on
prescribing patterns. Predictive analytics trigger just-in-time
reminders when clinical decisions deviate from best practice.
A systematic review found robust evidence that digital defaults
and social proof could meaningfully change a physician’s
behavior across multiple domains [21]. Notably, these effects
persist among experienced practitioners—behavioral tendencies
are not eliminated by expertise. Digital choice architecture in
clinical systems represents the convergence of behavioral
science with technological capability, creating decision
environments that systematically support better choices at scale.

Behavioral Design Gap in Digital Medical
Education

Applications of behavioral economics to online medical
education exist but remain limited. Emerging evidence
demonstrates both promise and important limitations.

Gurley et al [22] found that email reminders increased residency
assessment completion rates, though the intervention required
repeated prompts and the effect sizes were modest. More
comprehensive interventions showed mixed results at scale.
Kizilcec et al’s [23] landmark study tested 5 behavioral
interventions across 269,169 students in 247 massive open
online courses. Interventions showing effectiveness at a small
scale (planning prompts: +29% completion for committed
students) demonstrated minimal impact when implemented
broadly. Only value-relevance interventions showed modest
improvements for disadvantaged students in courses with
existing achievement gaps. This large-scale evidence reveals
critical constraints: behavioral interventions may require
targeting and personalization, and what works in controlled
trials may not translate to population-level deployment.

More promising results emerge from targeted interventions. A
2023 study combining learning analytics with behavioral nudges
found personalized reminders significantly increased student
resource clicks (planning courses: 415 to 778 clicks, P<.001;
education courses: 304-446 clicks, P<.001) [24]. Research on
tailored digital nudges matched to students’ motivation profiles
showed improved engagement when interventions aligned with
learner characteristics [25].

Medical education–specific applications remain rare. Van
Gaalen et al’s [26] systematic review found that gamification
in health professional education showed no negative outcomes,
though most studies were descriptive with few using theory or
well-defined control groups. Kerfoot et al’s [27] high-quality
randomized controlled trial with 141 - medical students found
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that gamified and spaced learning improved hypertension
management knowledge and produced modest reductions in
days to reach target blood pressure—demonstrating transfer to
patient outcomes.

Recent evidence from anatomy education demonstrated how
behavioral principles could be successfully embedded.
Specialized study modules (SSMs) incorporating intentional
pathway design, collaborative learning structures, and clear
learning objectives produced significant improvements in
student motivation, teamwork, and clarity of learning goals
[16,28]. These findings parallel mechanisms that digital choice
architecture seeks to operationalize: both approaches rely on
well-designed pathways that make desired behaviors easier,
clearer, and more rewarding. Just as SSMs improved learning
through structured guidance, digital platforms can leverage
defaults, social nudges, and collaborative cues to streamline
learning decisions and reduce friction. The observed
heterogeneity in learning strategies across educational contexts
[16] reinforces the need for adaptive nudges and personalized
digital pathways accommodating diverse learner preferences.

Systematic reviews note that education-related studies represent
only 4% of choice architecture interventions tested across all
domains [29], with learning analytics in medical education “still
in infancy” with “systematic applications limited” [30].
Platforms rarely use predictive analytics to identify at-risk
learners or deploy targeted nudges. Research demonstrates that
only half of people who form intentions actually take action
[31], highlighting the critical intention-behavior gap. The
majority of accredited CPD activities do not target clinical
behavior change [32], with behavior change techniques
appearing in only a subset of CME [32].

Considering typical design patterns in online CPD platforms,
the default pathway after completing a module is returning to
the dashboard—no implementation planning, no commitment
to practice change, and no follow-up accountability. Courses
are structured as optional selections requiring active search
rather than defaults based on practice gaps. Progress tracking
emphasizes completion percentages without peer comparison.
Educational content is delivered months before clinical
application, despite evidence that temporal distance undermines
behavior change. The field that transformed clinical practice
through digital behavior change has barely touched the digital
systems used to educate clinicians.

A Framework for Digital Choice
Architecture in Online Medical Education

Digital choice architecture for medical education means
intentionally designing online learning environments using
behavioral principles proven effective in clinical contexts. We
propose a comprehensive framework integrating established
implementation science models with practical design principles.
It is critical to emphasize that educational applications of these
principles remain emerging, requiring context-specific
adaptation and rigorous evaluation.

Established Implementation Frameworks
Multiple frameworks can guide the systematic application of
behavioral insights to educational platforms. The UK Behavioral
Insights Team’s EAST (easy, attractive, social, and timely)
framework provides the following accessible design heuristics
[33] as : Make it Easy (reduce effort through defaults, simplified
messages, and minimal “hassle factors”), Make it Attractive
(use visual design, immediate rewards, and salient feedback),
Make it Social (leverage peer comparison, network effects, and
commitment to others), and Make it Timely (deliver prompts
when learners are most receptive).

The COM-B (capability, opportunity, motivation, and behavior)
model provides diagnostic capacity by conceptualizing behavior
as arising from the interaction of 3 core components: capability
(physical and psychological), opportunity (environmental and
social enablers), and motivation (reflective and automatic
processes) [34]. This diagnostic approach links to the behavior
change wheel’s 9 intervention functions, enabling systematic
selection of appropriate behavioral strategies based on identified
barriers. The theoretical domains framework extends analysis
across 14 granular domains, including knowledge, skills,
professional identity, and beliefs about capabilities [35]. The
Behavioral Insights Team’s 4-step method provides a cyclical
process: define the outcome, understand the context, build your
intervention, and test or learn or adapt [33].

Stepwise Design Principles for LMS Platforms
Translating frameworks into practice requires systematic steps.

Step 1: Audit Current Choice Architecture
Before implementing behavioral design, organizations must
document existing implicit architecture. This includes mapping
all default settings. For example, what happens when learners
complete a module? What enrollment pathways exist?
Organizations should identify every decision point where
learners make choices, catalog implicit assumptions embedded
in platform design, and establish baseline behavioral metrics
including completion rates, time-to-completion, drop-off points,
and peak engagement times. This audit reveals where behavioral
insights can add value while providing baseline data for
measuring improvement.

Step 2: Apply Behavioral Design Principles
Defaults leverage status quo bias. Auto-enrollment in required
modules based on practice type or documented knowledge gaps
preserves choice while making evidence-based learning the path
of least resistance. Research demonstrates that providing clear,
guided pathways—similar to defaults—improves motivation
and learning clarity while reducing cognitive burden [16,28].
Evidence-based pathway before selection prioritizes high-impact
content. Postmodule defaults should route learners to
implementation planning tools rather than simply returning to
catalogs. Assessment scheduling can prepopulate optimal
spacing intervals. Each default preserves learner autonomy
through transparent opt-out.

Friction reduction addresses that every additional click creates
abandonment opportunity. One-click enrollment minimizes
barriers. Single sign-on eliminates authentication friction.
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Streamlined navigation reduces unnecessary steps. Form
simplification eliminates nonessential fields. These
micro-optimizations cumulatively reduce extraneous cognitive
load.

Social comparison and peer feedback leverage descriptive norms
without public shaming. Learning dashboards can display “You
have completed 60% of required CPD; 80% of peers in your
specialty have completed more.” Anonymized leaderboards
show rankings for voluntary activities. Specialty-specific
benchmarks compare engagement to relevant peer groups.
Completion milestones highlight social norms: “Join the 73%
of cardiologists who completed this module.” Peer-supported
learning structures enhance motivation and learning clarity [16],
suggesting that platforms can achieve benefits through
discussion forums, peer-review features, and collaborative
assignments integrated into LMSs.

Timely prompts and momentum nudges address present bias.
Deadline reminders sent 3 days before, 1 day before, and on the
day counteract procrastination. Momentum messages like
“You’re 80% through this module—finish now?” capitalize on
progress. Peak engagement timing delivers notifications at
moments when individual users are most likely to engage, based
on their historical behavior. Calendar integration schedules
protected learning time directly into clinicians’ calendars.

Personalization based on behavioral data increases relevance
while reducing cognitive load. Role-based recommendations
curate content by specialty. Practice-gap-informed suggestions
link learning to quality metrics. Adaptive difficulty adjusts
complexity based on assessment performance. Temporal
optimization delivers notifications when individual learners
historically show the highest engagement.

Step 3: Implement With Transparency
Ethical behavioral design requires disclosure and opt-out
mechanisms. Platform documentation should clearly explain
that the system uses behavioral design principles. Opt-out
mechanisms must allow users to disable social comparison
features, modify notification frequency, or change default
pathways. Transparent nudges make intent reconstructable—for
example, “This module was recommended based on your
practice gaps in diabetes management.” All behavioral design
choices should be documented and reviewed through appropriate
oversight mechanisms. Research shows transparent nudges
remain effective [36,37].

Step 4: Measure and Iterate
Continuous measurement enables data-driven improvement.
Organizations should track engagement metrics (logins,
completion rates, time-on-platform, and drop-off points),
learning outcomes (assessment scores and knowledge retention),
and practice change where feasible (quality metrics and chart
audits). A/B testing allows systematic comparison of behavioral
interventions. User feedback through surveys and qualitative
interviews provides insight into learner experience. On the basis
of these data, organizations should refine interventions quarterly,
abandoning approaches that do not work and scaling those that
do.

Digital Commitment Devices and Implementation
Intentions
The intention-behavior gap represents a critical barrier. Research
demonstrates that only half of the people who form intentions
actually take action [31]. Digital platforms can incorporate
commitment mechanisms grounded in implementation intention
research, which shows medium-to-large effect sizes (Cohen
d=0.65) when individuals create specific if-then plans [38].
Practical applications include implementation planning prompts
after module completion requiring learners to specify “When
will you apply this? In what clinical situation?” Calendar
commitments directly schedule follow-up learning or application
time blocks. Automated accountability check-ins follow up,
asking “Did you apply what you learned? What barriers did you
encounter?”

Implementation Roadmap for Health Care
Organizations

Health care organizations can follow these phased approaches.

Phase 1: Assessment and Planning (Months 1-3)
Phase 1 includes the following:

1. Learning analytics specialists conduct comprehensive choice
architecture audits documenting all platform defaults,
decision points, and implicit assumptions.

2. Learner surveys identify motivation barriers and preferences
while behavioral analytics reveal completion patterns and
peak engagement times.

3. Deliverables include current state reports, priority
intervention lists ranked by impact-effort ratio, baseline
metrics dashboards, and stakeholder engagement plans.
This requires a learning analytics specialist, behavioral
scientist consultant (0.2‐0.5 full-time equivalents),
platform administrator, end-user clinicians, and an
instructional designer.

Phase 2: Pilot Interventions (Months 4-9)
Phase 2 consists of the following:

1. Implement 3 to 5 behavioral design changes in a limited
scope, typically targeting a single department.

2. Conduct A/B testing where feasible. Measurement includes
quantitative metrics (completion rates, time-to-completion,
and assessment performance) and qualitative methods (user
feedback and focus groups). Example pilots: changing
default postmodule action to “create implementation plan,”
adding peer comparison feedback to learner dashboards,
implementing smart reminders based on individual
engagement patterns, testing auto-enrollment versus opt-in,
or adding commitment devices.

3. Track completion rates, time-to-completion, assessment
performance, user satisfaction, opt-out rates, and qualitative
feedback themes.

Phase 3: Scale and Sustain (Months 10+)
Phase 3 consists of the following:

1. Roll out successful interventions system-wide.
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2. Build ongoing A/B testing infrastructure.
3. Train staff in behavioral design principles.
4. Establish governance structures for ethical oversight.
5. Integrate behavioral metrics into routine quality

improvement cycles.
6. Share results through publications and presentations.
7. Sustainability requires behavioral science expertise

(0.5‐1.0 FTE), learning analytics infrastructure, regular
review cycles, ethical oversight committees, and continuous
professional development.

Resource Requirements and Common Pitfalls
Resource requirements scale with organizational size. Small
organizations serving fewer than 5000 learners typically invest
US $50,000 to US $100,000 annually, including part-time
behavioral science consultation, analytics platform subscriptions,
and platform customization. Medium organizations serving
5000 to 50,000 learners typically invest US $200,000 to US
$400,000 annually, including full-time behavioral science
expertise, dedicated analytics platforms, testing infrastructure,
and platform development. Large organizations serving over
50,000 learners typically invest US $500,000 to US $1 million
or more annually, including behavioral science teams, advanced
analytics platforms, dedicated nudge unit infrastructure, and
platform development teams. These figures represent ongoing
investments necessary for effective educational delivery in the
digital age.

Organizations should avoid common implementation pitfalls.
Overcomplication from starting with too many simultaneous
interventions makes isolating effects impossible; organizations
should begin with 2 to 3 high-priority changes, demonstrate
value, and then expand. Metrics myopia from optimizing purely
for completion rates without monitoring quality or satisfaction
can lead to gaming behaviors; use balanced scorecards instead.
Transparency failures from implementing behavioral
interventions without disclosure violate ethical principles and
risk backlash; always explain design rationale up front. Ethical
shortcuts from rushing implementation without ethical review
create institutional risks; establish oversight early. Siloed work
with behavioral science operating independently from
instructional design creates a fragmented user experience;
integrate from the start. Technology determinism assumes that
building features automatically change behavior without
attention to psychology; focus on behavioral science first and
technology second. Insufficient testing by scaling interventions
before demonstrating effectiveness wastes resources; pilot
rigorously before scaling. Ignoring heterogeneity by assuming
all learners respond identically misses personalization
opportunities; conduct segment analyses and adapt interventions
accordingly.

Research Agenda

Translating behavioral economics from clinical to educational
digital systems requires systematic investigation. Key priorities
include conducting comprehensive audits of existing online
CPD platforms to document current choice architecture,
cataloging defaults and behavioral assumptions. Randomized
controlled trials should compare traditional digital learning

designs with behaviorally optimized alternatives, measuring
not just completion but practice change outcomes.
Implementation frameworks need development to provide
practical guidance for educational institutions.

The key research questions are as follows:

1. Do behavioral interventions remain effective in clinical
EHRs transfer to educational LMS contexts with similar
effect sizes?

2. How does professional identity moderate responses to
digital educational nudges?

3. What is the optimal balance between algorithmic
personalization and learner autonomy?

4. How do clinicians respond to transparent disclosure that
platforms incorporate behavioral design?

Technical implementation requires interdisciplinary
collaboration [39]. Educational technologists must partner with
behavioral scientists to translate abstract principles into specific
interface elements. Data scientists need frameworks for
analyzing learning analytics through a behavioral lens. Software
developers require training in ethical behavioral design to avoid
dark patterns that maximize compliance at the expense of
learning quality or user autonomy.

Ethical Implications of Behavioral Design
in Digital Learning

Applying behavioral economics to digital education raises
legitimate concerns about manipulation and autonomy.
Well-designed nudges can preserve freedom of choice while
supporting goal achievement [40]. The distinction between
facilitation and manipulation lies in transparency, alignment
with learner objectives, and preservation of autonomy.

The Hansen and Jespersen Framework
Hansen and Jespersen [36] provide essential ethical distinctions
through a 2D typology. Nudges vary along cognitive processing
(type 1 automatic vs type 2 reflective) and transparency
(transparent vs nontransparent intent and mechanism).
Transparent type 2 nudges engage reflective processing while
making intent and mechanism clear—these “do not comprise
the unethical aspect of manipulating or secretly influencing
individuals’behavior” and represent the gold standard [37]. For
example, “This module was recommended based on your
documented practice gaps in diabetes management. View criteria
and opt out if not relevant.” Transparent type 1 nudges operate
through automatic processing but are disclosed. For example,
“We’ve pre-selected the most commonly chosen learning path
for your specialty. You can customize at any time.”
Nontransparent nudges raise manipulation concerns and are
generally impermissible in educational contexts.

Supportive Versus Coercive Design
Supportive nudges preserve choice through easy, clear opt-out
mechanisms. They maintain transparent intent, align with
learners’ stated goals, build capability alongside behavioral
steering, and respect autonomy. In contrast, coercive
manipulation obscures alternatives or makes opt-out difficult.
It uses hidden intent, optimizes for platform engagement metrics
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rather than learner welfare, and uses dark patterns such as fake
urgency, hidden costs, forced continuity, or obstruction.

Research decisively shows that transparent nudges are not less
effective than nontransparent alternatives [36,37]. This evidence
suggests that transparency serves as an “ethical filter” without
sacrificing outcomes, meaning platforms can—and
should—openly explain their behavioral design principles while
maintaining effectiveness.

Ethical Decision Framework: 5-Step Process
Organizations implementing digital choice architecture should
apply the following framework before deploying any
intervention:

1. Is the nudge transparent? Can learners reconstruct the
intent?

2. Does it engage reflective processing (type 2)? Prefer
interventions that prompt conscious consideration.

3. Is opt-out easy and clear? Can learners disable the
intervention in 3 clicks or fewer?

4. Does it align with learner objectives? Is the intervention
designed to help learners achieve their stated goals?

5. Does it build competence alongside behavior change? Does
the intervention include educational components explaining
why the behavior is beneficial?

If an intervention fails any criteria, it should be redesigned or
rejected.

Dark Patterns: Explicitly Prohibited
Educational platforms must avoid deceptive design practices
including fake scarcity (“Only 3 spots left!” when capacity is
unlimited), hidden costs, forced continuity, obstruction (making
cancelation unreasonably difficult), misdirection, nagging
(excessive notifications), and sneaking (adding items without
consent). These practices violate trust, undermine autonomy,
and have no place in professional education.

The Future of Behaviorally Informed
Digital Medical Education

The integration of behavioral economics into digital medical
education represents a paradigm shift from information-deficit
models to evidence-based decision support. As artificial
intelligence and adaptive learning technologies mature,
behavioral design principles will become increasingly critical.
Machine learning algorithms can personalize nudges based on
individual response patterns, learning analytics can identify
optimal timing for interventions, and natural language
processing can generate personalized feedback. However,
technological sophistication must be matched by ethical
sophistication. The more powerful these tools become, the more
important transparency and oversight become.

Looking forward, digital choice architecture may extend beyond
traditional CPD to include just-in-time clinical decision support
that simultaneously educates and guides practice,
simulation-based training environments that use defaults and
social comparison to accelerate skill acquisition, and
longitudinal professional development pathways that adapt to

career stages and practice evolution. The convergence of
behavioral science, educational technology, and implementation
science offers unprecedented opportunity to close the
knowing-doing gap that has plagued medical education for
decades.

Limitations and Future Research

This viewpoint has important limitations. First, we extrapolate
from clinical behavioral interventions to educational contexts
without comprehensive evidence that effect sizes transfer.
Educational effects of behavioral design principles are inferred
from clinical contexts and remain context-dependent, requiring
systematic empirical validation across diverse learning
environments before widespread adoption. The Kizilcec et al’s
[23] study demonstrates that small-scale educational successes
may not replicate at the population level, suggesting caution in
assuming that clinical behavioral economics directly translates
to educational platforms. Second, we focus primarily on CPD
rather than undergraduate or postgraduate training, where
different considerations may apply. Third, ethical frameworks
proposed require empirical validation—we need evidence on
how transparent nudges affect trust, engagement, and learning
outcomes specifically in medical education contexts.

Fourth, there exists a risk of overoptimization or technocratic
control, where excessive focus on measurable behavioral metrics
(completion rates and click-through rates) may overshadow
harder-to-quantify educational outcomes such as critical
thinking, professional identity formation, or intrinsic motivation.
Behavioral design could inadvertently create systems that
optimize for compliance rather than meaningful learning.

Fifth, resistance from clinicians who value professional
autonomy represents a significant implementation barrier.
Physicians may perceive behavioral interventions—even
transparent ones—as patronizing or as threats to professional
independence. This resistance may be particularly strong among
senior clinicians with established practice patterns who view
educational decisions as matters of professional judgment rather
than targets for behavioral modification.

Sixth, institutional constraints pose substantial challenges. These
include cost barriers (significant upfront investment in
behavioral science expertise, analytics infrastructure, and
platform redesign), governance complexities (establishing
ethical oversight, determining acceptable intervention
boundaries, and managing stakeholder concerns), and legacy
system limitations (many organizations operate on established
LMS platforms with limited customization capabilities, vendor
dependencies, and lengthy procurement cycles that impede rapid
iteration). Health care organizations must navigate these
practical constraints while attempting implementation.

Future research should prioritize large-scale randomized trials
comparing behaviorally optimized platforms to traditional
designs across multiple outcomes (completion, learning,
satisfaction, and practice change). Studies should examine
heterogeneity in treatment effects—Which clinician subgroups
respond most strongly to which interventions? Implementation
science research should document barriers and facilitators to
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adopting behavioral design in health care organizations. Ethical
research should examine learner perceptions of nudges, optimal
disclosure methods, and long-term effects on professional
development autonomy.

Conclusions

The question facing medical education is not whether to design
learning environments but whether to design them well or badly.
Every digital interface embodies choice architecture—defaults,
menu structures, notification timing, and progress displays—that
shapes learning behavior. Currently, most platforms incorporate
architecture based on intuition rather than evidence. This
represents a missed opportunity of staggering proportions.

Health care organizations should conduct choice architecture
audits of existing CPD platforms, identifying defaults and
decision points; pilot behavioral interventions with rigorous

measurement before scaling; and partner with behavioral
scientists during platform design, not as an afterthought.
Academic medical centers should deploy implementation
science frameworks to systematically translate behavioral
insights into educational practice. Accreditation bodies should
incentivize behavioral design through quality metrics that reward
practice change, not just completion rates. Vendors should
partner with behavioral scientists from the design stage, building
behavioral principles into product architecture. Professional
societies should develop best practice guidelines for ethical
behavioral design in medical education, facilitate sharing
through communities of practice, and advocate for research
funding.

The evidence base exists. The tools are available. The imperative
is urgent. The path is clear. The question is whether we will
take it.
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Abstract

This paper proposes a framework for leveraging large language models (LLMs) to generate misconceptions as a tool for collaborative
learning in health care education. While misconceptions—particularly those generated by AI—are often viewed as detrimental
to learning, we present an alternative perspective: that LLM-generated misconceptions, when addressed through structured peer
discussion, can promote conceptual change and critical thinking. The paper outlines use cases across health care disciplines,
including both clinical and basic science contexts, and a practical 10-step guidance for educators to implement the framework.
It also highlights the need for medium- to long-term research to evaluate the impact of LLM-supported learning on student
outcomes. This framework may support health care educators globally in integrating emerging AI technologies into their teaching,
regardless of the disciplinary focus.

(JMIR Med Educ 2026;12:e81875)   doi:10.2196/81875
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Introduction

In an age where the availability of information is the norm and
not the exception, misinformation from a range of information
sources—including social media—can dominate the information
landscape. Potential misinformation exists in the medical world,
given the increasing rates of knowledge dissemination and the
presence of potentially misleading information sources.

Medical practitioners and health professionals are not exempt
from its effects, with the consequences having wide-reaching
implications. An example of a high-profile case where
physicians generated harm due to misinformation includes the
physician-authored Great Barrington Declaration during the
COVID-19 pandemic, which may have potentially increased
resistance to lockdown policies in the United States and Europe
[1]. Other examples include a Houston-based physician tweeting
in 2022 to her account of more than 50,000 followers that there
were no medically valid reasons for vaccination at the time [2],
or physician-promoted anti-diet movements supporting the
consumption of discretionary foods [3]. Medical training must
therefore explicitly cultivate the capacity to detect and dismantle
misinformation.

To address misconceptions stemming from misinformation,
examples of current approaches by medical educators include
manual assessment of student answers in examinations [4] and
in-class polling [5] to identify misconceptions for use in
misconception-based learning. However, these methods assume
that (1) various student cohorts over time share similar
misconceptions, without potential idiosyncratic variability in
thought patterns; (2) educators have a breadth of experience
with multiple cohorts; and (3) educators have the time capacity
to generate multiple misconceptions in-depth. These assumptions
may not hold true in practice, ultimately limiting the scalability
of traditional misconception-based learning to educator
experience.

The advent of ChatGPT and other large language models
(LLMs) fueled by artificial intelligence (AI) presents
opportunities to augment misconception-based learning. LLMs
have demonstrated potential to personalize learning experiences,
offer instant feedback and enhance student engagement [6].
Within misconception-based learning, LLMs offer the potential
to both assist educators in generating misconceptions and
students in identifying inaccurate thought patterns through
feedback. However, limited research exists on LLM-assisted
misconception-based learning in health care education.
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Therefore, key questions arise: (1) how do LLMs fit within the
process of misconception-based learning; and (2) how can LLMs
be applied in the context of misconception-based learning in
health care education? To address the research gap, this paper
serves as a theoretical foundation and a conceptual framework
with potential cases to apply LLMs in health care education.

Theoretical Premise of
Misconception-Based Learning

Misinformation, and later entrenched misconceptions, can result
from cognitive biases [7] and the lack of critical thinking [8].
It is important to note that scholarly debate exists on the use of
the word misconception, particularly surrounding its definition
and appropriateness of use [9]. Here misconceptions are referred
to in the lens of the Piagetian constructivist theory, which sees
misconceptions as a part of active constructions of students’
mental models [10]. Misconceptions, in this context, are not
deficiencies in knowledge but rather a gap between the student’s
perceptions and scientifically accurate information. To be more
effective, educators could elucidate and challenge
misconceptions early in the process of knowledge acquisition.

One of the foundations of health care professions education lies
in conceptual acquisition. Conceptual acquisition could range
from logic-derived processes (ie, mechanics of inspiration and
breathing in physiology) to memory-based internalization (ie,
eukaryotic transcription factors in molecular biology).
Misconceptions would thus be the students’ prior beliefs and
constructed mental models that contradict accepted scientific
concepts [11]. In health care professions, not addressing
misconceptions originating from education may have
ramifications on clinical reasoning and patient safety [12].

Figure 1 presents a simplified model of the process surrounding
scientific conceptual acquisition. The assumed educational goal
is the possession of student-learned knowledge supported by
factual accuracy (output). The student is first given an input of
target knowledge either through didactic or autodidactic
methods. Given that the target knowledge input in health
sciences can be highly conceptual, which has little to no
attribution to sensorimotor information [13], the student is likely
to begin the process of mental abstraction that includes

simplification and consolidation of knowledge (labeled (A) in
Figure 1). Conceptual acquisition could occur in a mechanistic
process, with the assembly of smaller and cognitively plausible
concepts as a bootstrap for developing larger concepts [14].

Ideally, the iterative process of conceptual acquisition is
factually accurate, with the student utilizing prior learned
knowledge to acquire new concepts, a core component of critical
thinking (labeled (B) in Figure 1). However, a student is likely
to develop misconceptions due to a continuously evolving,
plausible intuitive interpretation of the concept according to
lived experiences (denoted by the dotted arrow labeled (C) in
Figure 1) [15]. Misconceptions can interfere or inhibit with the
further process of mental abstraction, given that the student is
likely to form a false belief that the concept learned is accurate,
resulting in a persistent misconception.

One of the ways to manage misconceptions arising from the
process of scientific conceptual acquisition is to pre-emptively
expose students to misconceptions in the classroom and
systematically debunk such misconceptions. A method to which
misconception-based learning can be applied in practice is using
refutation text. Refutation text is a misconception-centric
pedagogical method first rooted in theories of conceptual
accommodation in science [16]. Conceptual accommodation is
the internalization of new concepts upon facing limitations in
utilizing their existing conceptions to solve problems [17].
Conceptual accommodation, therefore, is the goal of refutation
text and misconception-based learning.

Three components work together to form the refutation text
pedagogical method: (1) stating common but inaccurate
knowledge held by the student; (2) explicit indication of the
incorrect aspects of said knowledge; and (3) stating factually
correct information with supporting explanation and applications
[18]. The advantages of refutation text over traditional text or
didactic instruction include explicit mention of assumed prior
incorrect beliefs, and increased propensity for conceptual
acquisition even for students with low prior topic knowledge
[19]. Given that students may find it challenging to state their
own misconceptions held, the educator would be the primary
source of providing the refutation text. Misconception exposure
and the scientific method have already been in practice within
the National University of Singapore common curriculum [20].
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Figure 1. A framework for LLM-augmented misconception-based collaborative learning. LLM: large language model.

Integrating LLMs: An LLM-Augmented
Misconception-Based Collaborative
Learning Approach

There are two potential areas for LLM augmentation:
educator-led or student-derived inputs of misconceptions into
LLMs (denoted by the parts labeled (D) and (E), respectively,
in Figure 1). In the educator-led case, LLMs can be used to
simulate common student misconceptions. Educators can input
a defined set of assessment-relevant concepts and prompt the
model to generate plausible errors, providing a basis for targeted
instruction. Techniques in prompt engineering include few-shot
prompting [21], which is the provision of additional examples
of desired tasks by the user in follow-up prompts. Given that
LLMs predict appropriate outputs based on patterns in training
data, providing structured follow-up prompts such as through
few-shot prompting can help refine the scope and relevance of
these generated misconceptions. For more complex cognitive
processes, such as clinical reasoning, advanced strategies like
chain-of-thought prompting—which simulates step-by-step
heuristic thinking—can be employed to trace and identify
potential misconceptions within the reasoning pathways of
clinicians-in-training [21].

In the student-derived case, LLMs can drive deeper engagement
between students and the course material. Prior student
examination answers, or reference texts for the concepts, could
be supplied to an LLM along with a pre-defined prompt to
role-play as a junior trainee. The students could then begin a
Socratic-style conversation with the LLM, identifying
misconceptions based on the LLM’s questions. Afterwards, the
students could collaboratively correct the misconception and
explain the correct understanding to the LLM. Such dialogic
engagement could encourage metacognitive awareness, sustain
curiosity due to the personalized nature of responses, and foster
deeper conceptual understanding.

LLM-generated misconceptions complement student
misconceptions revealed through assessment responses.
Importantly, however, LLM-generated misconceptions may not
be universally applicable across all student populations or
educational contexts. As such, the lecturer’s role includes
adapting LLM-generated content to suit specific curricular
needs, positioning the LLM as a quasi-teaching assistant in the
generation of discussion prompts.

Overall, this framework in Figure 1 outlines the approach of
LLM-augmented, misconception-based collaborative learning
(CL). In addition to saving educator time, reducing reliance on
educator experience, and identifying idiosyncratic student
misconceptions, LLMs can also drive deeper engagement
between students and the learning material. Educators could
then shift their focus toward fostering higher order thinking
skills aligned with the upper levels of Bloom’s Taxonomy,
though the extent of this shift will depend on the course’s
learning objectives and institutional priorities. Additionally,
student-led presentation on evaluating misconceptions generated
by AI can integrate into existing pedagogical approaches on the
flipped classroom, encouraging student autonomy. Ultimately,
the flexibility in this framework’s extent of implementation
potentially allows for a variety of use cases.

The Utility of CL in LLM-Assisted
Misconception-Based Learning

Refuting misconceptions generated by LLMs could be achieved
in CL settings, such as tutorials or workshops. CL emphasizes
consensus building and collective problem-solving within a
peer group, in contrast to individualistic or competitive
approaches. By shifting learners from passive to active modes
of engagement, CL promotes critical thinking, deeper conceptual
understanding, and the development of social support networks
[22].
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In the context of addressing misconceptions, CL provides a
structured environment for students to identify, articulate, and
refute conceptual errors. A three-step approach can be used to
scaffold this process: (1) students first work individually to
pinpoint and justify any conceptual flaws within a statement;
(2) small groups are then allocated time to discuss and contrast
these ideas with factually accurate knowledge, refining their
reasoning through peer interaction; and (3) groups present their
consensus and rationale to the larger class, facilitating the
synthesis and reinforcement of accurate understanding. After
the group presentation, educators could identify strengths and
weaknesses in the student groups’ arguments. Additionally,
LLMs could provide supplemental feedback alongside
educators’ comments on the group’s quality of arguments. CL
can thus have positive feedback on student-learned knowledge
and conceptual retention (denoted by the part labeled (F) in
Figure 1).

CL can present a risk of unmoderated reinforcement of
misconceptions in LLM-supported environments through
distractor information. Distractor information generated by
LLMs adds unnecessary extraneous cognitive load to a student’s
working memory. This generates a quasi-redundancy effect that
involves processing unnecessary or misleading information,
possibly reducing learning efficiency [23].

However, the presence of CL here can be a crucial first line
“guardrail” to the accuracy of knowledge. Through peer
discussion, learners can identify and correct hallucination errors,
making CL an essential rather than peripheral component of
the learning process. CL has shown to be resource efficient in
digitally enabled classroom settings when addressing
misconceptions [24]. Educators could then review the
understanding of the student group, acting as a second
“guardrail” to address problematic misconceptions. Educators
could further explore initiatives to scaffold understanding
through diagnosis of student understanding and reinforcing
understanding within CL groups with learning checkpoints [25].

Operational Considerations and
Obstacles for Implementation

A key challenge in applying LLMs to misconception-based CL
lies in data quality. LLMs learn from data patterns, and their
performance depends critically on the quality and reliability of
training materials [26]. Low-quality or inappropriate data can
result in hallucinations or the generation of misconceptions that
misrepresent core concepts. To mitigate this, domain-specific
LLM architectures could be trained to draw exclusively from
vetted, purpose-built educational resources such as notes,
textbooks, or slides. A cost-efficient alternative for developing
domain-specific LLMs is to input relevant educational resources
into general-purpose models, such as GPT-4o, prior to prompt
generation—though this approach may yield less
domain-specific or contextually relevant outputs.

Providing high-quality data for LLM training is especially vital
in health care education, where complex competencies such as
clinical reasoning and clinical history taking have significant
patient safety implications. In these contexts, custom LLM

pipelines that utilize high-quality data—including pre-existing
manual diagnostic frameworks currently in use by
clinicians—are required. However, given present concerns on
data security and ethical use, such data must be rigorously vetted
for content, suitability, and compliance with privacy regulations
before it is used to support learning and assessment. Privacy
breaches in AI-assisted learning environments could
compromise patient confidentiality and institutional trust in
patient data security. Any adoption of LLMs in medical curricula
must therefore follow the same rigor as clinical data governance.

Additionally, given that there is an absence of gold standards
for clinical reasoning pipelines, it may be challenging in practice
to develop an AI model specifically for clinical reasoning. Such
pipelines of reasoning could be obtained from experienced
clinicians for database construction, which would lead to greater
quality of input data for LLMs to generate misconceptions for
use in education.

While LLMs can generate customized feedback, pitfalls of
LLMs in education include its potential to mislead students with
false answers under the pretense of conversational and
easy-to-understand responses [27]. However, a learning
opportunity exists amidst the discourse, that is, how might we,
as educators (1) utilize such misconceptions as a teaching
opportunity, and (2) demonstrate the value of critical thinking
and source evaluation in the process? A shift in the paradigm
of conceptual acquisition can be achieved by seeing LLMs not
as a source of harm, but as a pedagogical opportunity. This is
pertinent in the health care education context, as hallucinated
misinformation generated by LLMs may reinforce clinically
unsafe assumptions if students are not trained to critically verify
references.

Recent advances in ChatGPT-4o functionality include a deep
research mode, which attempts to provide source references for
the content it generates. However, because many publications
remain behind paywalls and inaccessible to LLMs, the tool may
still produce inaccurate citations or “hallucinated” references
despite this feature. This limitation presents an opportunity for
educators to help students critically evaluate the credibility of
retrieved materials, distinguishing peer-reviewed from
non-peer-reviewed sources and identifying instances of
fabricated references.

Use Cases for LLM-Assisted
Misconception Generation

Educators seeking to use LLMs such as ChatGPT for generating
misconceptions can employ role-play within a single prompt,
followed by targeted clarification prompts to leverage the
few-shot learning capabilities of LLMs. Table 1 illustrates
example use cases across disciplines including pharmacy,
nursing, medicine, molecular biology, and microbiology,
highlighting the potential application of this approach to both
the practice-oriented and basic science domains of health care
education. Table 1 only displays the initial prompt and excludes
any subsequent prompts for elaboration based on the individual
educator’s expertise and use needs.
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Table . Example use cases generated by GPT-4o for large language model (LLM)–assisted misconception-based collaborative learning.

ChatGPT-4o outputLearning goalPromptConcept(s)Discipline

I am an educator within the
pharmacy department of my

Hepatic extraction ratioPharmacy • Misconception about
hepatic extraction ratio:

• Differentiate between
pharmacokinetic param-

“The hepatic extractioneters of hepatic extrac-university. I would like to
ratio is the same astion ratio and hepaticteach the concept of hepatic
hepatic clearance.”clearance.extraction ratio. Come up

with likely misconceptions
that students may possess.

• Why it’s wrong:
Hepatic clearance
depends on both
hepatic blood
flow and extrac-
tion ratio, while
the hepatic extrac-
tion ratio (HER)
is only the frac-
tion of drug re-
moved from the
blood during a
single pass
through the liver.
So, clearance can
vary even if HER
is constant, and
vice versa.
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ChatGPT-4o outputLearning goalPromptConcept(s)Discipline

• Common misconcep-
tion about high-flow
oxygen therapy: “All
patients with low

SpO2
a need high-flow

oxygen.”
• Why it’s wrong:

Not all hypoxic
patients benefit
from aggressive
oxygen therapy
(eg, patients with

COPDb at risk for
hypercapnia). Re-
inforce under-
standing by high-
lighting clinical
scenarios where
high-flow oxygen
is beneficial (eg,
severe hypoxia or

ARDSc) versus
when it can be
detrimental (eg,
certain COPD ex-
acerbations).

• Common misconcep-
tion about fluid intake
in post-operation pa-
tients: “Patients should

remain NPOd for as
long as possible post-
surgery.”
• Why it’s wrong:

Prolonged NPO
status can in-
crease the risk of
ileus, dehydra-
tion, and delays in
recovery. Early
feeding (as tolerat-
ed) is now recom-
mended in many
ERAS (enhanced
recovery after
surgery) proto-
cols.

• Apply clinical reason-
ing to determine when
high-flow oxygen is
indicated or contraindi-
cated.

• Explain the effects of
the lack of fluid intake
post-surgery.

I am a nurse educator in my
university’s school of
medicine. I am trying to
convey that not all patients
benefit from high-flow oxy-
gen therapy, and that post-
operation patients should be
given fluid intake. Come up
with likely misconceptions
that students may have about
this concept.

High-flow oxygen therapyNursing

• Explain serotype-specif-
ic immunity and the ef-
fect of waning anti-
body titres in dengue
reinfection.

I am a clinician educator in
my university hospital. I am
delivering a lecture to a
group of medical students. I
would like to convey the
concept of waning immunity
and the fact that having
dengue once does not guar-
antee long-term immunity.
Provide some common stu-
dent misconceptions.

Dengue immunity and wan-
ing antibody titres

Medicine
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ChatGPT-4o outputLearning goalPromptConcept(s)Discipline

• Common misconcep-
tion on dengue immuni-
ty: “Having dengue
once guarantees long-
term immunity against
it.”
• Why it’s wrong:

Dengue is caused
by four distinct
serotypes
(DENV1,
DENV2, DENV3,
and DENV4). In-
fection with one
serotype only pro-
vides long-term
immunity to that
specific serotype.
It does not confer
complete protec-
tion against the
others. Vaccines
must balance im-
munity across all
four serotypes.

• Common misconcep-
tion on dengue immuni-
ty: “Once infected,
dengue antibodies stay
strong forever.”
• Why it’s wrong:

Antibody levels
wane over time,
reducing neutral-
ization and poten-
tially allowing
more severe dis-
ease upon reinfec-
tion.

• Explain that DNA
replication begins at
multiple points.

• Explain how dNTPs
provide energy for
phosphodiester bond
formation during DNA
synthesis.

I am teaching an introducto-
ry biology class to freshmen
in Pharmacy. I am trying to
convey the concept that
DNA replication begins at
multiple points of origin and
DNA Polymerase uses

dNTPse for DNA replica-
tion. Come up with likely
misconceptions that students
may have about these two
concepts.

DNA replicationMolecular Biology
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ChatGPT-4o outputLearning goalPromptConcept(s)Discipline

• Common misconcep-
tion about DNA replica-
tion at multiple points
(in eukaryotes):
“Replication starts at
only one point, like in
bacteria.”
• Why it’s wrong:

Students often
generalize what
they learn from
prokaryotic repli-
cation (which
starts at a single
origin) to eukary-
otic systems.

• Common misconcep-
tion about dNTPs in
DNA replication: “The
dNTPs are added in
their final form directly
into DNA.”
• Why it’s wrong:

Students may not
understand that
the energy for
bond formation
comes from the
triphosphate tail
of the dNTP,
which is hy-
drolyzed during
incorporation.

• Common misconcep-
tion about SARS-CoV-
2 spillover: “Viruses
always evolve to be-
come weaker over
time.”
• Why it’s wrong:

Evolution is not
directional; some
variants evolve
for higher trans-
missibility, some
for immune es-
cape, and others
may evolve in-
creased or de-
creased virulence.

• Common misconcep-
tion about viral evolu-
tion: “Viruses evolve
intentionally to bypass
immunity or treat-
ments.”
• Why it’s wrong:

Evolution is a
process of random
mutations and
natural selection
— there’s no ‘in-
tent’ behind it.

• Explain how evolution-
ary pressures might
shape viral transmissi-
bility without assuming
linear directionality.

• Describe viral mutation
as a process of random
mutation.

I am an educator within my
university’s microbiology
and immunology depart-
ment. I am delivering a lec-
ture on SARS-CoV-2
spillover effects and viral
evolution. Generate a list of
plausible student misconcep-
tions that I can debunk and
explain.

Viral spillover effects in hu-
mans, and viral evolution

Microbiology
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aSpO2: oxygen saturation.
bCOPD: chronic obstructive pulmonary disease.
cARDS: acute respiratory distress syndrome.
dNPO: nil per os (nothing by mouth).
edNTP: deoxynucleotide triphosphate.

Of interest are the inherent assumptions made by ChatGPT
about a student’s prior knowledge in the subject. For example,
in the molecular biology misconception on DNA replication
(Table 1), ChatGPT assumes that students in an introductory
molecular biology class can contrast DNA replication between
prokaryotes and eukaryotes, despite the prompt only indicating
misconceptions on multiple points of DNA replication. Such
an assumption may not hold true in an average cohort. This may
indicate a form of metacognitive hindsight bias intrinsic within
GPT-related architectures. Educators could then include
clarification prompts on the existing knowledge base of the
target audience and modify AI-generated misconceptions to suit
teaching needs.

In addition, educators can draw students’ attention to instances
of hasty generalization within LLM-generated misconceptions
such as in Table 1. For example, absolute qualifiers such as
“all” (nursing prompt), “guarantees” (medical prompt), or
“always” (microbiology prompt) imply universal causation with
no exceptions. By explicitly highlighting these terms, educators
can introduce counterexamples that challenge such
overgeneralizations, providing a method for debunking
misconceptions.

Finally, educators with prior experience of running past editions
of the course in previous years could provide students’
examination answers as an input for LLM analysis, after
anonymizing student answer scripts. This could clarify the scope
and customize the misconceptions generated to a specific
educator’s need. However, given excess specific input, the LLM
runs a risk of factoring in irrelevant information, potentially
leading to erroneous outputs. Educators could potentially
mitigate this by limiting excessive irrelevant information and
vetting the input contents to prevent overloading of the LLM’s
context window.

A 10-Step Guide for Implementing
LLM-Augmented Misconception-Based
CL

For educators who intend on implementing the framework in
Figure 1 in practice, the following is a suggested 10-step guide
with the concept of serotype-specific immunity in Table 1 used
as an example.

Educator-Led Steps

Step 1: Setup
Input lecture slides and/or reference textbook chapters into the
LLM. Include specifics of your role (eg, clinician educator) and
audience (eg, medical students) in the prompt.

In this step, educators should input lecture slides and/or
reference textbook chapters into the LLM. Include specifics of

your role (eg, clinician educator) and audience (eg, medical
students) in the prompt.

Step 2: Review
Educators review the misconceptions provided. LLMs such as
ChatGPT-4o may occasionally provide misconceptions based
on content outside the scope of coverage.

Step 3: Tailor
Educators tailor the subsequent prompts to vary the length of
misconceptions provided by the LLM. For example, if the
concepts covered pertain to the nature of serotype-specific
immunity and its relationship to long-term immunity such as
antibody-dependent enhancement, a prompt instructing the LLM
to integrate these concepts into a single misconception statement
may be necessary. The integration of multiple related concepts
into one misconception can test students’ attention to detail.

Student-Derived Steps

Step 4: Setup
Upload anonymized student examination answers and lecture
notes into an institutional pre-trained LLM chatbot.

Step 5: Role-play
Prompt the chatbot to: (1) assume the role of a junior medical
student, (2) engage in a Socratic-style conversational dialogue,
(3) ask questions individually and reply to responses with a
follow-up question, and (4) provide some misconceptions within
its train of thought based on the uploaded student examination
answers.

Alternatively, if institutional chatbots are not available,
ChatGPT-4o may be used. Only input lecture notes and/or
reference textbook chapters and not student examination answers
would be used in this case, as sending past student examination
answers to current students may potentially infringe upon data
privacy.

Step 6: Group
Depending on the cohort size and availability of educators, split
the students into groups of 3‐5 to discuss the generated
misconceptions for CL purposes. CL should preferably be
implemented after students have gone through the content at
least once, either through pre-reading or classroom instruction.

Step 7: Present
Student groups should conduct short presentations to identify
and explain the LLM-generated misconceptions.

Step 8: Converse
Instruct the students to access the prompted institutional chatbot
or ChatGPT-4o and initiate the conversation.
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Step 9: Collaborate
Allow the students to work collaboratively in groups to address
the questions posed by the LLM and “teach” it the concepts.
Students could download the chat history or transcripts after
the conclusion of the “lesson.”

Step 10: Assess
Students’ misconceptions could be assessed afterwards by
reviewing their responses within the downloaded chat
transcripts.

Limitations and Directions for AI-Assisted
Pedagogy in Health Care Education
Studies

It should be noted that only 2 quantitative studies [28,29] have
been conducted on misconception-based reasoning and the wider
misconception-based learning literature within the context of
health care education. More than half of these studies are
focused on the fields of Newtonian physics, genetically modified
organisms, and evolution [30]. While misconception-based
learning was determined to be robust across disciplines
independent of specific text design [31], generalizing
misconception-based learning’s efficacy from other fields to
health care education may not be fully applicable. More studies
are required to examine the impact of this pedagogical method
on student outcomes in health care education.

A common methodological critique of this pedagogical approach
is its vulnerability to pre-test priming effects. In typical designs,
students complete a pre-test before exposure to the instructional
intervention and a post-test afterward. However, evidence
suggests that notifying students about an impending test may
activate prior knowledge and trigger conceptual change, making
it challenging to distinguish between the effects of pre-test
priming and those of LLM-assisted, misconception-based CL.
To address this, researchers could track individual student
responses and apply statistical controls—such as paired t tests
or ANCOVA analyses—to adjust for pretest influences and
better isolate the intervention’s true impact.

CL applied in LLM-generated misconception generation
assumes that there is a form of homogeneity in conceptual
understanding within and between groups. In a group comprised
only of weaker students, false explanations of the
LLM-generated misconceptions may be negatively reinforced
instead. While ensuring the distribution of students with varying
backgrounds and degrees of conceptual understanding within
groups may be ideal to fully capitalize on the benefits of CL,
such methods are difficult to implement in practice and are a
key limitation of this pedagogical method.

Given the limited number of studies present to examine
AI-assisted pedagogy in health care education, multiple avenues
for follow-up research studies exist. Few studies have assessed
cognitive attitudes and student perspectives on CL using AI
[32]. Importantly, the critical nature of such studies stems from
the increasingly interconnected working environment. Studying
cognitive attitudes on CL using AI from students’ perspectives

could better associate AI technology implementation in the
classroom with student outcomes.

Additionally, there has been a lack of medium- to long-term
research on student outcomes using AI [33]. The prevalence of
AI technologies and its impact on the educational setting have
far-reaching implications for changing pedagogy and student
learning. However, since the rise of LLMs to prominence in
2023, studies have largely been cross-sectional, capturing only
a snapshot of AI’s influence at a specific point in its rapid
development.

Cross-sectional studies are likely only able to capture a snapshot
of AI’s impact on student learning at a specific point of time in
AI’s development. Such studies often overlook how a student’s
learning trajectory evolves alongside advances in AI itself. For
example, an educational experience supported by GPT-3 would
likely differ substantially from one shaped by GPT-4o, which
introduced capabilities such as image generation. Longitudinal,
mixed-methods studies are needed to track these evolving
dynamics, providing deeper insights into both shifts in student
perceptions and longer-term learning outcomes as AI
technologies continue to evolve. Such an approach could also
assist to identify key factors that support or hinder the long-term
implementation of AI in teaching practice.

Yet, it should be noted that the fast-evolving nature of
LLMs—which at the time of writing include Gemini 2.5 and
the upcoming GPT-5 by OpenAI—could impact the
reproducibility of generated misconceptions. With larger token
sizes and greater architecture complexity, prompts provided to
newer models may not produce the same outputs. Future
educational research involving LLMs could ensure the reporting
of the specific model version used, sampling conditions, and
prompts used for an effort towards greater reproducibility. While
the stochastic nature of LLMs carries a risk of low
reproducibility of outputs with the same prompt, the role of
educators to mitigate such a risk could be to verify and vet the
LLM-generated outputs. Thus, LLM-generated misconceptions
should serve to complement curriculum design, and the educator
should not be removed from the process.

Additionally, greater data privacy risk comes with the evolving
dynamics of new LLM models. The extent to which newer
models retain data inputs by users through larger context
windows are not well understood. Therefore, such risks could
be mitigated by educators through anonymization and the
removal of original file metadata. On the end of educational
technology developers, methods to protect data security such
as adversarial attack testing or encryption specific to LLM
modalities could be explored [34].

Finally, explicit indications of the misconception and subsequent
explanations by educators may not always work if the
misconception is entrenched in the students’ mental models.
Greater emphasis needs to be placed on understanding the root
of the falsehood, perhaps through analysis of past lived
experiences of students that led to this network of beliefs, to
facilitate effective conceptual change. Addressing
misconceptions in education would therefore likely not be a
one-size-fits-all solution. Supplementing refutation-based
learning with other educational approaches such as concept
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maps and audiovisual representation may improve coherence
of concept representation [29].

Conclusion – LLM’s Potential for
Augmenting Misconception-Based
Learning in Health Care Education

Misconceptions, which could stem from naive misinformation,
have implications on critical thinking and student learning. Yet,
when leveraged intentionally—for example, through
LLM-augmented, misconception-based CL—they can catalyze
transformative shifts in teaching practice. This approach not
only deepens students’ understanding of subject matter but also
provides a valuable teaching opportunity for exploring both the
benefits and limitations of LLMs.

Additionally, the framework serves as a springboard for future
empirical research, generating several potentially testable

hypotheses. For example, does pre-bunking with LLM-generated
misconceptions elicit stronger propensity for conceptual
accommodation as compared to educator-generated refutation
text? Does CL around LLM-generated misconceptions improve
reasoning accuracy and quality compared to individual learning?
Does LLM-generated misconceptions change classroom
dynamics for CL? These are important questions for identifying
and testing the value of LLMs in misconception-based CL.

However, the true value of LLMs in misconception-based
learning exists not to replace educator involvement and
expertise. Rather, its purpose is to augment student learning
with personalized feedback, synthesize “edge-case” concepts
across topics, and reduce the time taken for educators by
supplementing misconceptions. The educator’s role is still
important in context-setting, the facilitation of CL, and critical
review of the AI output. Ultimately, the proposed framework
positions LLMs not as an endpoint for teaching and learning,
but to foster self-directed, critical, and reflective thinking.
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Abstract

Background: The European Society for Paediatric Endocrinology (ESPE) e-Learning wesite is a free, globally accessible online
resource to enhance learning in pediatric endocrinology and pediatric diabetes. The content is created by world-leading experts
in pediatric endocrinology and pediatric diabetes and is closely aligned with published international consensus guidelines. In
August 2022, 30 hours of e-learning courses received accreditation from the European Accreditation Council for Continuing
Medical Education (CME). These CME courses cover three categories: (1) pediatric endocrinology, (2) pediatric diabetes, and
(3) pediatric endocrinology in resource-limited settings.

Objective: This study aimed to assess learners’ demographics and feedback from mandatory surveys after completion of CME
e-learning courses and to identify areas for improvement.

Methods: The ESPE e-learning committee created a mandatory survey for each CME e-learning module. The survey includes
baseline demographics and feedback on the quality of the learning content, assessed using a 5-point Likert scale. Data were
extracted from the start of the CME modules in August 2022 until September 2025.

Results: A total of 567 surveys were completed: 286 (50.4%) in the category pediatric endocrinology, 225 (39.7%) in the
category pediatric diabetes based on the International Society for Pediatric and Adolescent Diabetes guidelines, and 56 (9.9%)
in the category pediatric endocrinology in resource-limited settings. There was global participation, with most learners practicing
in Europe (n=333, 59%), followed by Asia (n=124, 22%), Africa (n=53, 9%), the Americas (North America, n=45, 8%; and South
America, n=11, 2%), and Oceania (n=1, 0%). Most of the users indicated that they were medical experts (n=210, 37%), followed
by fellows or residents (n=223, 39%), and medical students and nurses (n=29, 5% and n=32, 6%, respectively); overall, 10%
(n=56) of learners practice in resource-limited countries. Overall, the learning content was well received for all modules regarding
accessibility, organization, level of interest, improvement of learners’ clinical practice, appropriateness of content, and provision
of feedback (median Likert score 4, IQR 4-5). Learners’ free-text feedback identified some areas for improvement, including
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reducing text-heavy content and providing more graphical content and more interactive case reports. Most learners’ free-text
feedback consisted of encouraging and thankful comments.

Conclusions: The ESPE CME–accredited e-learning modules are well received, providing globally free CME education in
pediatric endocrinology and pediatric diabetes. These findings support the continued development and promotion of open-access
CME platforms, with the aim of improving global equity in specialist medical education and focusing on educational impact.

(JMIR Med Educ 2026;12:e67332)   doi:10.2196/67332

KEYWORDS

e-learning; continuing medical education; endocrinology; European Society for Paediatric Endocrinology; ESPE; International
Society for Pediatric and Adolescent Diabetes; ISPAD; pediatric endocrinology; pediatrics; diabetes; eHealth; digital health;
medical education

Introduction

The European Society for Paediatric Endocrinology (ESPE)
e-Learning website [1] is a free, globally accessible online tool
to enhance learning in pediatric endocrinology (PE) and
pediatric diabetes (PD) worldwide [2-4].

The ESPE e-Learning website was first published online in
2012. Since then, the content and use have expanded with
courses available in PE and PE in resource-limited settings
(RLSs). The e-learning committee of ESPE and the International
Society for Pediatric and Adolescent Diabetes (ISPAD) are
collaboratively responsible for establishing and maintaining the
e-learning platform, as well as ensuring the development and
quality of its content. This freely accessible online portal allows
medical students, fellows, specialists, nurses, and tutors from
around the world to share, contribute to, and expand their
knowledge through interactive chapters and case-based learning,
covering both core- and advanced-level modules [5,6]. During
the COVID-19 pandemic, e-learning became an essential
resource for continuous professional development, and online
learning demonstrated that the effects of e-learning are
equivalent to traditional learning [7-9]. e-Learning has now
become a solution for overcoming training barriers posed by
social distancing rules, offering education and learning
opportunities to students, trainees, and physicians to help them
maintain essential competencies and continue professional
development. It is especially beneficial for individuals working
residential shifts with work hour restrictions, which frequently
conflict with in-person attendance at didactic lectures, and for
those living in remote areas.

The ESPE e-learning website contains 80 chapters and more
than 130 cases covering core and advanced learning courses on
the most common endocrine disorders, including diabetes; of
these, 16 chapters and 25 cases target health care professionals
based in RLSs. The content includes normal physiology,
pathophysiological mechanisms underlying endocrine diseases,
diagnostic approaches or algorithms, and management based
on international expert consensus and published guidelines.
Direct feedback on questions from users is encouraged.
Recently, two video masterclasses delivered by internationally
recognized experts in the field have been added. Steering,
conceptual, and content oversight is provided by the
ESPE-ISPAD e-learning committee, which is responsible for
creating and maintaining the e-learning website, ensuring
up-to-date information and high-quality standards.

All courses are available in English, and all courses in the
category health care in resource-limited settings, which is
specifically intended for practitioners working in primary,
secondary, and tertiary health care centers in resource-limited
countries, are available in four additional languages (ie, French,
Spanish, Swahili, and Chinese) [10].

Since August 2022, 30 credit hours of ESPE-ISPAD continuing
medical education (CME) e-learning courses created by
world-leading experts in PE and PD have received accreditation
from the European Accreditation Council for CME (EACCME).
These CME courses are typically based on consensus guidelines.
They are organized in three categories with 10 courses each in
the categories pediatric endocrinology, pediatric diabetes, and
health care in resource-limited settings. The latter module is
available in five different languages (ie, English, French,
Spanish, Swahili, and Chinese). Each CME course takes
approximately 1 to 1.5 hours of educational time, and
completion of a course provides one European CME credit.

To promote global awareness and uptake of the CME-accredited
modules, the ESPE e-learning platform was actively
disseminated through multiple channels. These included
presentations at international society meetings, such as ESPE
and ISPAD, regular features in quarterly ESPE newsletters and
bimonthly ISPAD newsletters, and targeted outreach via social
media platforms, including Facebook and X. These efforts aimed
to ensure broad visibility and accessibility of the platform across
diverse geographic and professional audiences.

To date, little is known about how these accredited modules are
used and perceived by health care professionals globally. Herein,
we aimed to evaluate the geographical reach, user demographics,
and learner feedback on the accredited CME modules,
specifically examining how health care professionals from
diverse regions and professional backgrounds engage with and
evaluate the CME-accredited modules. Therefore, we conducted
a descriptive cross-sectional analysis of the mandatory
postcourse survey data collected between August 2022 and
September 2025. We hypothesized that the modules would be
positively received across user groups and that learners would
identify specific areas for improvement. The findings may help
inform educators, module developers, and professional societies
in improving their approach to expand equitable access to
high-quality, guideline-based CME in PE and PD.
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Methods

Ethical Considerations
Participation in the feedback survey was entirely voluntary, and
informed consent was implied by completion of the survey.
Respondents were clearly informed that they could opt out at
any time by not submitting the survey. No additional consent
was required because this was a secondary analysis of
anonymized data collected under the original consent process
for CME module participation, which included agreement to
provide feedback for service evaluation purposes.

Ethical approval was not deemed necessary as the analysis of
the survey was conducted as an evaluation and quality
improvement exercise to evaluate the educational offering. Data
were collected anonymously from adults/professionals (no
vulnerable population); no identifiable information was
collected; there was no intervention, randomization, or direct
implications on patient care; and the participation was entirely
voluntary.

No financial or material compensation was provided to
participants for completing the survey.

Survey Design and Setting
The reporting of this study adhered to the CHERRIES (Checklist
for Reporting Results of Internet E-Surveys) to ensure
methodological transparency and reproducibility [11]. The
checklist was applied to all stages of the online evaluation
process, including survey design, delivery, and data handling.
The evaluation questionnaire was developed by the ESPE
e-learning team and pretested with a small group of users to
assess clarity, face validity, and technical functionality. The
final version was implemented within the online education
platform, which automatically invited participants to complete
the anonymous feedback survey upon module completion (items
5‐8). Participation was mandatory upon completion of the
course; no personal data, as per General Data Protection
Regulation requirements, were collected. No incentives were
offered. Measures to prevent multiple submissions included
limiting one response per user account and restricting survey
access to registered participants only. Data completeness checks
were built into the survey logic, and incomplete responses were
excluded from the main analysis but retained for sensitivity
assessment. All data were collected through a secure institutional
server with encrypted transmission and stored in accordance
with international data governance standards.

The survey was created by the ESPE e-learning committee to
obtain information on learners’ demographics and to evaluate
the use and quality of the courses. The content, in accordance
with Kirkpatrick’s evaluation type level 1 (reaction) [12,13],
included questions about learners’ professional backgrounds
and countries of residence. Feedback on the quality of the
learning content, presentation, accessibility, and the anticipated
impact on clinical practice was assessed using a 5-point Likert
scale, ranging from strongly agree (Likert scale=1), agree (Likert
scale=2), neutral (Likert scale=3), disagree (Likert scale=4),
and strongly disagree (Likert scale=5). We used a different
Likert scale for one specific question asking for the degree of

difficulty of quiz questions provided in the modules (Likert
scale 1=too easy, 2=easy, 3=appropriate, 4=difficult, and 5=too
difficult). Likert scales were chosen to allow nuanced assessment
of attitudes and perceptions, are well understood by respondents,
and facilitate both descriptive and inferential statistical analyses.
Additional feedback on content, user interface, or other issues
was encouraged through an open free-text question. The detailed
survey is provided in Multimedia Appendix 1. Data were
analyzed from the launch of the CME module in August 2022
until September 2025. The professional background was
categorized based on professional training and experience in
PE and grouped as (1) medical expert or consultant, (2) fellow,
(3) resident, (4) medical student, (5) nurse, and (6) other (free
text). Health care officers from research-limited countries were
asked if they were based in primary, secondary, or tertiary level
settings to understand resources and facilities available (primary
level: basic or rural with very limited laboratory and imaging
facilities; secondary level: district or regional hospitals with
limited laboratory and imaging facilities; and tertiary level:
main or national referral hospitals with most but not all
laboratory and imaging facilities [10]).

Visualization of Global Participation
Geographical distribution of participants completing the online
CME modules was visualized using Plotly (version 5.24.0;
Plotly Technologies Inc). Country names from the registration
dataset were matched to International Organization for
Standardization–recognized country centroids, and each country
was represented by a proportional bubble plotted on a world
map in a natural-earth projection.

Statistical Analysis
Descriptive statistics were applied. When analyzing the 5-point
Likert scale, we used the median (IQR) as appropriate for an
ordinal scale; however, we have also provided the mean and
SD to describe the level of dispersion. As Likert responses are
ordinal and nonnormally distributed, comparisons across the
three modules were performed using the Kruskal-Wallis H test.
Where relevant, P values <.05 were considered statistically
significant. A stacked Likert plot was generated to visualize the
proportional distribution of responses across all survey
questions. Free-text feedback was independently coded into
four categories by two authors. Discrepancies were discussed,
and final classifications were reached by consensus. We have
used Microsoft Excel and GraphPad Prism for descriptive
statistics and graphical illustration of the data.

Results

From August 2022 to September 2025, a total of 567 surveys
were completed. Of those, 286 (50.4%) were in the category
pediatric endocrinology, 225 (39.7%) were in the category
pediatric diabetes, and 56 (9.9%) were in the category pediatric
endocrinology in RLS.

Learner’s Background
There was global participation, but most learners were practicing
in Europe (n=333, 59%), followed by Asia (n=124, 22%), Africa
(n=53, 9%), the Americas (North America, n=45, 8%; and South
America, n=11, 2%), and Oceania (n=1, 0%; Figure 1 and

JMIR Med Educ 2026 | vol. 12 | e67332 | p.43https://mededu.jmir.org/2026/1/e67332
(page number not for citation purposes)

van der Zwan et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Multimedia Appendix 2). Although the RLS courses are available in Mandarin, there was no participation from China.

Figure 1. Global distribution of participants completing online continuing medical education modules. Each bubble represents a country, with bubble
size proportional to the number of completed modules. Red semitransparent bubbles are projected onto a natural-earth world map, with representative
bubble sizes (n=5, 10, and 100) shown for scale.

Most users indicated that they were medical experts (210/567,
37%), followed by fellows or residents (223/567, 39%). Medical
students and nurses formed 5% and 6%, respectively, of the
total group, and 13% were categorized under other (Figure 2).
Relevant specifications given in the category other include

lecturer, psychologist, patient advocate, diabetes educator,
nutritionist, and education support worker.

Twelve percent (n=70/567) of learners practice in RLS countries,
of which 20 work as health care officers in primary health care
centers, 14 work in secondary health care centers, and 13 work
in tertiary health care centers [14].
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Figure 2. Representation of learners according to training background. CME: continuing medical education; HC: health care; HCC: health care center;
ISPAD: International Society for Pediatric and Adolescent Diabetes; RLS: resource-limited setting.

Feedback on CME Modules
Across all survey items, overall learner satisfaction was high,
with most responses falling within the agree or strongly agree
categories (Table 1, Figure 3). The median scores for the
majority of questions were 4.0, with means consistently above
4.0 for questions relating to content quality, clarity, motivation,
competence, and perceived educational value. The feedback on
the questions’difficulty level was also narrow, with the majority
of responses falling into the appropriate category. The PE
module generally received the highest mean ratings across items,
whereas the RLS and PD modules showed similar, though
slightly lower, response patterns. IQRs were narrow for most

questions, indicating highly compressed distributions with
limited variability. Kruskal-Wallis testing revealed statistically
significant differences between modules for most survey items
(P<.05), primarily due to a higher proportion of strongly positive
responses in the PE module. Exceptions included the question
on perceived improvement in performance, where module
differences were not statistically significant. Items relating to
preferences for additional open-ended questions (eg, bullet list
and teacher feedback formats) received comparatively lower
mean scores and showed greater variability. Overall, the findings
indicate strong learner engagement and perceived educational
value, with some variation in response patterns across modules
(Table 1, Figure 3).
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Table . Descriptive and comparative statistics for all Likert-scale survey questions across the three modules (pediatric endocrinology [PE], n=283; PE
in resource-limited settings [RLS], n=56; and pediatric diabetes [PD], n=228).

Comparative statisticsLikert score responses, nSurvey ques-

tiona and mod-
ules

P valueMean (SD)Median (IQR)54321

<.001The online format was appropriate for the subject matter and I was able to access all components of the activity without difficulty.b

4.40 (0.64)4.0 (4.0-5.0)132137950    PE

4.21 (0.59)4.0 (4.0-5.0)1734500    RLS

4.21 (0.58)4.0 (4.0-5.0)651461610    PD

<.001The material was organized clearly for learning to occur.b

4.41 (0.63)4.0 (4.0-5.0)132138940    PE

4.16 (0.57)4.0 (4.0-4.2)1437500    RLS

4.20 (0.60)4.0 (4.0-5.0)661431720    PD

<.001The content of this chapter or case is interesting to me.b

4.43 (0.63)5.0 (4.0-5.0)1421221810    PE

4.14 (0.65)4.0 (4.0-5.0)1535510    RLS

4.25 (0.58)4.0 (4.0-5.0)741391410    PD

<.001After studying this chapter or case, I feel motivated to learn more on the subject.b

4.41 (0.68)5.0 (4.0-5.0)1431181840    PE

4.21 (0.59)4.0 (4.0-5.0)1734500    RLS

4.21 (0.59)4.0 (4.0-5.0)681411810    PD

.02This activity will assist in the improvement of my competence.b

4.41 (0.58)4.0 (4.0-5.0)1301401300    PE

4.25 (0.51)4.0 (4.0-5.0)1638200    RLS

4.30 (0.58)4.0 (4.0-5.0)821341110    PD

.12This activity will assist in the improvement of my performance.b

4.37 (0.61)4.0 (4.0-5.0)1241392000    PE

4.25 (0.51)4.0 (4.0-5.0)1638200    RLS

4.29 (0.58)4.0 (4.0-5.0)801351210    PD

<.001This activity will assist in the improvement of my patient outcomes.b

4.36 (0.65)4.0 (4.0-5.0)1291282600    PE

4.25 (0.51)4.0 (4.0-5.0)1638200    RLS

4.26 (0.64)4.0 (4.0-5.0)821251920    PD

<.001The content and questions align with my knowledge level.b

4.09 (0.72)4.0 (4.0-5.0)721762582    PE

4.02 (0.45)4.0 (4.0-4.0)645500    RLS

4.10 (0.60)4.0 (4.0-4.0)491561940    PD

.02I like self-assessment with multiple choice questions.b

4.31 (0.67)4.0 (4.0-5.0)1161451750    PE

4.02 (0.70)4.0 (4.0-4.0)1138430    RLS

4.13 (0.61)4.0 (4.0-5.0)581422710    PD

<.001The feedback that is given after answering the questions is appropriate.b
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Comparative statisticsLikert score responses, nSurvey ques-

tiona and mod-
ules

P valueMean (SD)Median (IQR)54321

4.26 (0.66)4.0 (4.0-5.0)1021581931    PE

4.16 (0.57)4.0 (4.0-4.2)1437500    RLS

4.15 (0.58)4.0 (4.0-4.0)561521820    PD

<.001I would like a few (more) open questions where answers are provided as a bullet list with relevant items.b

3.73 (1.00)4.0 (3.0-4.0)6312362278    PE

3.54 (0.89)4.0 (3.0-4.0)8212070    RLS

3.63 (0.88)4.0 (3.0-4.0)398780220    PD

.02I would like a few (more) open questions for classroom/teacher feedback.b

3.66 (1.00)4.0 (3.0-4.0)5811770317    PE

3.41 (0.78)3.0 (3.0-4.0)4212560    RLS

3.51 (0.94)3.0 (3.0-4.0)377681340    PD

<.001The content and questions are:c

2.94 (0.59)3.0 (3.0-3.0)622207462    PE

3.07 (0.42)3.0 (3.0-3.0)074630    RLS

3.12 (0.50)3.0 (3.0-3.0)72219090    PD

aFor each question, response frequencies on a 5-point Likert scale were expanded into individual-level datasets to compute descriptive statistics, including
total responses, median, mean, IQR, and SD. Differences in score distributions across modules were assessed using the Kruskal-Wallis H test, appropriate
for ordinal, nonnormally distributed data. P values <.05 were considered statistically significant and are indicated by italics. Higher scores reflect more
favorable evaluations.
bLikert scale responses: 1=strongly disagree; 2=disagree; 3=neutral; 4=agree; and 5=strongly agree.
cLikert scale responses: 1=too easy; 2=easy; 3=appropriate; 4=difficult; and 5=too difficult.
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Figure 3. Stacked Likert distribution of responses across all survey questions. This figure displays the proportional distribution of Likert-scale responses,
separate for each module (pediatric endocrinology, pediatric endocrinology in resource-limited settings, and pediatric diabetes). Each horizontal bar
represents one survey question, subdivided into gray-shaded coded segments corresponding to the five Likert response categories. Segment widths
reflect the proportion of total responses in each category. The plot illustrates the overall positive skew of responses across the curriculum, with most
items demonstrating high levels of agreement (Likert 4‐5), while specific questions show greater dispersion, indicating more heterogeneous participant
views.

Not all participants provided free-text feedback. Table 2
illustrates the distribution of free-text feedback received,
categorized into four main categories, with the largest being
various forms of appraisal. Improvement suggestions, such as
requesting more interactive cases and algorithms, are
encouraging. Layout issues are helpful to guide improvements,

and similarly, critical comments about the difficulty of the
content and excessive text are incentives to indicate more clearly
the level of the course (core vs advanced), and replacing
text-heavy chapters with bullet styles using artificial intelligence
diligently.
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Table . Free-text feedback from completed continuing medical education modules.

Example commentsPDc (n=161), n (%)RLSb (N=26), n (%)PEa (n=197), n (%)Overall (N=384), n (%)Domains

Content is appropriate,
good, excellent, per-
fect, helpful, informa-
tive, useful, adds
knowledge and scientif-
ic thinking

108 (67.1)21 (80.8)145 (73.6)274 (71.3)Praise or approval

Needs more interactive
cases, more algorithms,
more detailed informa-
tion, better explana-
tions of multiple-
choice answers, and
more video content

17 (10.6)3 (11.5)27 (13.7)47 (12.2)Content suggestions

Buttons need to be big-
ger, multiple replies in
multiple-choice ques-
tions unclear, minimize
menu left side of
screen, and typos and
missing sentences

13 (8.1)2 (7.7)13 (6.6)28 (7.3)Layout suggestions

Slightly dry, too diffi-
cult, too much text, too
many references, and
inappropriate for my
work setting

23 (14.2)012 (6.1)35 (9.1)Criticism or disap-
proval

aPE: pediatric endocrinology.
bRLS: PE in resource-limited setting.
cPD: pediatric diabetes.

Discussion

In an era where equitable access to CME is increasingly
important, this study highlights the global uptake and positive
reception of the ESPE CME–accredited e-learning modules
made freely available in PE and PD, particularly among
professionals in both high-resource and RLSs.

Principal Findings
Over a 3-year period, 567 learners from five continents
completed postcourse surveys. The majority of participants
were medical experts or trainees. Encouragingly, there were
also learners practicing in RLSs. Feedback was overall very
positive, with the majority of responses scoring 4 or 5 on a
5-point Likert scale. Free-text feedback suggested areas for
improvement, including reducing text-heavy content and
increasing interactivity and visual elements.

Implications of Findings
These findings support the value of free, guideline-based CME
resources in PE and PD, particularly in expanding access to
continuing education globally. The content is not only in line
with the training requirements in PE and PD [15] but is also
complementary to the requirements of the neonatology training
curriculum [16]. Moreover, it is relevant for internists dealing
with former pediatric patients with chronic congenital or
acquired pediatric disorders [17].

A prerequisite of self-directed learning is that learners are
internally motivated to take responsibility for their learning
through a process in which they identify their own learning
needs, use a variety of resources to meet these needs, and
evaluate their learning to ensure that their learning needs have
been met [18].

The high satisfaction ratings suggest that the ESPE platform
meets these self-directed learning needs of a diverse professional
audience. The engagement of health professionals, such as
nurses and dietitians, also reflects the growing multidisciplinary
nature of pediatric endocrine care. The feedback received
provides actionable insights to improve the user experience and
tailor content to different learning styles and clinical contexts.

Learners’ free-text feedback has provided actionable insights
for improving the ESPE e-learning modules. Common
suggestions, such as adding more interactive cases, in particular
when content is text-heavy; simplifying algorithms; and reducing
text density, have informed content updates. The ESPE
e-Learning website is moving to a new online platform, which
allows for more visually engaging content and the use of
artificial intelligence, which we anticipate will enhance learners’
experience, engagement, and accessibility across varying levels
of training. Categorizing feedback into themes also enables the
committee to track trends and evaluate the impact of changes
over time, ensuring the platform evolves in response to user
needs.
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Comparison With Prior Work
The EACCME implemented criteria for the accreditation of
e-learning materials in 2009 and conducted an audit of
CME–-Continuous Professional Development (events between
2017 and 2019), which included 385 e-learning materials [19].
However, no details on the assessment of these e-learning
materials are provided, and studies focusing on accreditation
of self-directed interactive asynchronous online learning designs
are scarce [20,21]. Blomberg et al [22] highlighted a
post-COVID-19 pandemic shift toward hybrid and digital CME
formats, emphasizing accessibility and learner-centered design.
Curran et al [20] concluded that an accredited, asynchronous
e-learning module provides flexibility, accessibility, and
scalability, particularly for geographically dispersed health
professionals and described a structured approach to developing
accredited e-learning modules, underscoring the importance of
stakeholder engagement and iterative content development.
Additionally, Tudor Car et al [23] demonstrated that digital
problem–based learning is as effective as traditional methods
for knowledge acquisition and may be superior for skill
development.

Our results are consistent with earlier evaluations of the ESPE
platform. Ng et al [4] reported sustained global engagement
with the nonaccredited modules over a 10-year period.
Kalaitzoglou et al [10] demonstrated the effectiveness of
multilingual modules in improving access in RLSs, which aligns
with our finding that 9% of users came from such contexts.
Prior studies by Drop et al [5] and Kranenburg-van Koppen et
al [6] emphasized the importance of interactive, case-based
learning, a preference echoed in our learners’ feedback. Our
study adds to this literature by focusing specifically on the
CME-accredited modules and providing structured postcourse
feedback data.

This supports the notion that digital CME platforms, such as
the ESPE e-learning portal, are well positioned to meet evolving
global educational needs in PE and PD.

Strengths and Limitations
A key strength of this study is its global scope and inclusion of
diverse professional roles, offering a comprehensive view of
how the CME modules are used and perceived. The survey’s
mandatory nature ensured a high response rate. However, the
study has limitations. It relies on self-reported data, which may
be subject to response bias. The absence of pre- and post-module
assessments limits our ability to measure learning outcomes
objectively. Additionally, participation from certain regions
(eg, China, Brazil, and Scandinavia) was lacking. Several factors
may explain the lack of participation from certain regions. First,
national CME accreditation policies vary widely; some countries
may not recognize EACCME credits or may not require CME
for specialist revalidation, reducing the incentive to engage with
external platforms. Second, language barriers may persist despite
the facilitating multilingual content, particularly if promotional
materials or user interfaces are not localized. Third, awareness
and visibility of the platform may be limited in regions where
ESPE or ISPAD has fewer members. Fourth, cultural
preferences for in-person or locally developed educational
resources may influence uptake. Finally, technological access

and digital literacy may still pose challenges in some areas,
particularly in rural or underserved settings [24]. These insights
underscore the need for targeted outreach strategies, local
ambassadors, and region-specific promotional campaigns to
improve awareness and adoption. Several authors emphasize
the importance of partnerships with international societies, such
as ESPE and ISPAD, and the support by their organizational
infrastructure as of critical importance [4,22,25,26].

The accreditation credit points (European CME credit) are based
on educational time spent and not on educational impact. In
several papers, transitioning CME crediting from being time
based to impact based is advocated with a plea for more rigorous
quantitative or qualitative assessments. The assessment in the
format of surveys should be appropriate to the intended goals
or outcomes of the accredited education, measuring
improvements in learner knowledge, skills, and competencies,
professional performance, and ultimately in changes in patient
health status [19,27,28]. The International Academy for
Continuing Professional Development Accreditation created a
shared set of international standards for accrediting CME [28].
De Leeuw et al [27] constructed a validated 7-step Medical
E-Learning Evaluation Survey. The authors conclude that the
Medical E-Learning Evaluation Survey is useful and
understandable, adding value for e-learning creators. However,
it is impossible to predict how motivated users will be to provide
useful feedback. Therefore, a survey should always be
accompanied by an in-depth focus group evaluation with the
users. The adoption of international standards would establish
a global framework, and substantive equivalency would enable
international collaboration, reciprocity of credits, and broader
access to high-quality education for health care professionals
[28].

To enhance the platform’s impact, future efforts should focus
on developing pre- and postmodule assessments to evaluate
knowledge gain, increasing interactivity through multimedia
content and case simulations, strengthening outreach in
underrepresented regions by partnering with local societies and
ambassadors, and exploring the long-term impact of the modules
on clinical practice and patient outcomes. The ESPE-ISPAD
e-Learning platform has the potential to serve as a model for
other specialties seeking to deliver equitable, high-quality CME
globally.

Conclusions
The ESPE-ISPAD CME–accredited e-learning modules are
widely accessed and well received by health care professionals
globally, offering free, high-quality education in PE and PD.
Moreover, the asynchronous self-paced designs afford greater
convenience and flexibility for providers in accessing the CME
courses at times that are best for them [26].

Learners reported high satisfaction with the content and delivery,
and feedback highlighted opportunities to further enhance
interactivity and accessibility.

These findings support the continued development and
promotion of open-access CME platforms to improve global
equity in specialist medical education. Ongoing efforts are
needed to expand outreach, refine content based on user
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feedback, and make accreditation more dynamic, evidence-based, and focused on educational impact.
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Abstract

Background: Physician maldistribution remains a global challenge, with Japan’s rural regions facing critical health care
shortages. Regional quota programs aim to attract medical students to underserved areas; however, their effectiveness in fostering
long-term commitment is uncertain. Community-oriented medical education (COME) programs aim to address this issue by
developing students’ understanding and dedication to rural health care.

Objective: This study investigated the impact of an enhanced COME program, featuring increased early clinical exposure and
faculty development, on first-year regional quota medical students’ perception of community health care at Chiba University.

Methods: We conducted a cross-sectional qualitative study comparing 2 cohorts, 20 students enrolled from the existing COME
course (April-December 2021) and 20 from the revised course (April-December 2022). The revised course included an additional
day of community-based clinical exposure supervised by COME-trained attending physicians. Students’ written reflections were
analyzed using qualitative content analysis and categorized according to the Fink Taxonomy of significant learning, comprising
6 domains, including foundational knowledge, application, integration, human dimension, caring, and learning how to learn.
Reflections were synthesized into higher-order themes crosswalked to the Fink domains.

Results: Demographics were similar between the 2021 and 2022 cohorts. In 2021, 311 learning codes were identified across
foundational knowledge (n=128), application (n=91), integration (n=40), human dimension (n=16), caring (n=30), and learning
how to learn (n=6). In 2022, codes increased to 385, with notable growth in caring (n=58) and human dimension (n=57), alongside
increases in learning how to learn (n=15) and integration (n=45). Theme-based synthesis identified four overarching themes: (1)
community health care as an interconnected, resource-constrained system; (2) patient-centered relationships and trust through
communication and teamwork; (3) emerging professional identity and responsibility toward community service; and (4) developing
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a self-directed learning orientation for community practice. Qualitative analysis revealed that students gained a deeper understanding
of patient-centered care, interprofessional collaboration, and social challenges in rural health care. The consistency in the
foundational knowledge domain underscored a stable conceptual foundation, while the increase in affective and reflective domains
reflected greater emphasis on interpersonal, value-oriented, and reflective learning in the revised cohort.

Conclusions: Enhancements of the COME program, including additional early clinical exposure and faculty development, were
associated with improved students’perceptions of community health care. The increased focus on the caring and human dimension
domains underscores the role of practical experiences in fostering collaboration, communication, and patient-centered care. The
theme-based synthesis further suggests that the revised program prompted more frequent reflections on professional identity
formation and self-directed learning while maintaining a stable foundation of community health care concepts. Mentorship by
community hospital attendings, alongside structured clinical exposure, appears crucial in shaping medical students’understanding
and commitment to rural medicine. Ongoing longitudinal evaluations are warranted to assess the sustained impact of COME
programs on career trajectories in underserved areas.

(JMIR Med Educ 2026;12:e84406)   doi:10.2196/84406

KEYWORDS

community health care; community-based medical education; community-oriented medical education; physician maldistribution;
career perceptions; community hospital; community education; faculty development

Introduction

Physician maldistribution is a global concern affecting many
nations [1-6]. In Japan, rural regions are facing a critical
shortage of health care providers [7,8] due to urbanization
[9-11]. To address this issue, numerous Japanese medical
schools have introduced regional quota programs designed to
motivate students to practice community or rural medicine
[7,8,12]. These programs offer scholarships tied to service
agreements in designated regions to address the scarcity of
physicians. As of 2015, 70 out of 79 Japanese medical schools
offered regional quota programs, enrolling 1541 students [7].

However, the effectiveness and ethical implications of these
programs are debatable. Students assigned to regional quotas
may become less inclined to work in their designated regions
as they progress through their academic programs [8]. Therefore,
it is essential to develop community-oriented medical education
(COME) courses that not only impart knowledge but also
cultivate students’ commitment to serving in underserved
communities [13].

The Japanese government has high expectations for
community-based medical education (CBME) and has made it
a compulsory component of medical training [13-15]. Through
direct participation in CBME, medical students and resident
physicians can acquire practical skills, knowledge, and attitudes
pertinent to clinical practice [16]. Nonetheless, questions remain
regarding the long-term sustainability and impact of these
programs, including student retention in rural areas [14]. Thus,
continuous evaluation and enhancement are critical to effectively
mitigate health care provider shortages in rural areas in Japan
[8].

Herein, we aimed to investigate the educational impact of an
enhanced COME program, which incorporated increased early
clinical exposure and faculty development for community
hospital attendings, on first-year regional quota medical students
at Chiba University. Specifically, we explored students’ “career
perceptions,” defined as their developing understanding of
professional identity, motivation toward community service,

and long-term orientation toward rural medical practice. We
hypothesized that participation in the enhanced COME program
would strengthen students’ sense of professional responsibility
and commitment to working in underserved areas by deepening
their reflection on real-world community health care
experiences. In this study, the term “career perceptions” refers
to students’ evolving understanding of their future professional
roles, motivations, and attitudes toward community health care.
These perceptions encompass not only students’ intentions to
work in rural or underserved settings but also their sense of
social responsibility, empathy, and professional identity as future
physicians.

Methods

Study Design
A cross-sectional survey was conducted to assess the influence
of a COME program, designed by the Chiba University School
of Medicine, on medical students’ career perceptions. In this
study, “career perceptions” were defined as students’ reflective
understanding of their professional identity, motivation toward
community service, and long-term orientation toward rural
medical practice. The survey was designed to collect qualitative
data from students’ written reflections rather than quantitative
responses, allowing for an in-depth exploration of their
perceptions and learning experiences. Qualitative research
typically involves data in the form of words instead of numbers
and is particularly appropriate for understanding participants’
experiences, thoughts, and motivations [17].

This study encompassed 2 cohorts, including 20 first-year
regional quota medical students from April to December 2021,
representing the existing course structure, and 20 students from
April to December 2022, representing a revised course with
additional early clinical exposure. Before participating in the
COME program, the students had already completed the
interprofessional education (IPE) step 1 course earlier in the
academic year, which may have influenced their perceptions
and learning outcomes in the COME program.
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Participants and Settings
Participants were first-year medical students enrolled in Chiba
University under a regional quota system, participating in a
year-long COME program. All participants were Japanese
medical students enrolled in the regional quota program at Chiba
University. The 2021 (n=20) and 2022 cohorts (n=20) each
consisted of first-year students aged 18-24 years and 18-21
years, respectively. Sex assigned at birth (male or female) was
collected as a demographic variable. This program included
didactic sessions and practical experiences designed to enhance
students’ understanding of and commitment to community
health care.

Selection Process for Regional Quota Students
Students applying to Chiba University School of Medicine must
choose between applying under the general admission track or
the regional quota track. Admission decisions are based on the
scores from the common test for university admissions, a written
examination, and an interview. Students admitted under the
regional quota track are obligated to work within Chiba
Prefecture for 9 years after graduation, fulfilling a service
agreement. In return, they receive financial support through
educational subsidies as an incentive. This system is intended
to attract and retain health care professionals in underserved
areas of the prefecture.

COME at Chiba University
Chiba Prefecture is one of the regions in Japan with a significant
disparity in the geographical distribution of physicians, creating
an urgent need to ensure the retention of medical professionals
in community health care settings. In response, the COME
program was introduced to address this issue through targeted
human resource development. The program aims to cultivate
medical students’ understanding of and commitment to
practicing in underserved areas, thereby contributing to
sustainable health care solutions in the region.

Facilities and Roles of Community Hospital Attending
In 2022, the COME program was implemented across 4
facilities, each staffed with attending physicians dedicated to
community-based medical education. These community hospital
attendings play a critical role in educating medical students and
creating an optimal learning environment. Additionally, they
participate in weekly collaborative faculty development sessions
at Chiba University, integrating practical experience in
community health care with theoretical frameworks, ensuring
a comprehensive approach to medical education in underserved
areas.

IPE Step 1 Course
Before participating in the COME program, all students had
completed the IPE Step 1 course, which establishes the
necessary professional attitudes for health care practitioners and
develops their ability to communicate effectively with patients,
service users, and students from other faculties. At the end of
the course, students are expected to reflect on the requirements

for their professional growth, contribute effectively to team
efforts, and respect interprofessional collaboration. These
competencies likely influenced students’ perceptions and
learning outcomes in the subsequent COME program.

Enhancements to the COME Program
In 2021, the COME program consisted of five lecture sessions,
one day of early clinical exposure, and subsequent reflection
sessions (Figure 1). During this day, students mainly observed
outpatient and inpatient activities at Eastern Chiba Medical
Center, attended multidisciplinary team meetings, and learned
about hospital functions and community health care delivery.
Their participation was primarily observational. In 2022, the
program was enhanced with an additional day of clinical
exposure, orchestrated by COME-trained attending physicians
serving as community preceptors. This additional day was
implemented at community hospitals where students shadowed
COME-trained attendings, interacted directly with patients, and
discussed diagnostic reasoning and care planning. Students also
engaged in reflective discussions with their mentors, receiving
formative feedback on communication and professionalism.
Early clinical exposure allowed students to learn directly from
physicians who served as supervisors and educational leaders.
Before clinical exposure, attending physicians engaged in
targeted mentorship through personalized communication via
email or online conferences to understand each student’s
individual needs and learning objectives. The faculty
development program, consisting of 40 sessions annually,
equipped these physicians with pedagogical skills to provide
personalized guidance throughout the medical education process.
These attending physicians, strategically positioned in regions
with physician shortages, underwent comprehensive faculty
development. This development entailed 40 sessions annually,
each lasting 2 hours, and covered various pedagogical topics,
including educational technology, simulation teaching, and
assessment methodologies. These sessions were part of a broader
faculty development program to enhance the physicians’overall
educational capabilities and equip them to provide personalized
guidance throughout the students’ medical education. Overall,
the 2022 revision represented a shift from passive observation
to active engagement and mentorship-based learning, which
deepened students’ understanding of community health care
and enhanced their sense of professional identity. These
enhancements aimed to provide students with practical
experiences and mentorship that deepen their understanding of
community health care and address the challenges faced in
underserved areas [18].

In Figure 1, it can be found that, in 2021, the program comprised
5 lecture sessions, one early clinical exposure at Eastern Chiba
Medical Center (ECMC), and reflection activities. In 2022, the
revised program added a new early clinical exposure component
at hospitals staffed by COME-trained attending physicians
(CAP), integrating faculty development initiatives to enhance
community-based mentorship.
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Figure 1. Structure and timeline of the community-oriented medical education (COME) program at Chiba University for first-year regional quota
medical students in 2021 and 2022. CAP: community-oriented medical education–trained attending physicians; ECMC: Eastern Chiba Medical Center;
FY: final year.

Data Collection

Students’ Reports
A qualitative inquiry was conducted. To measure the educational
impact, we analyzed students’ reports from 2021-2022 as
qualitative data. These reports addressed 4 key questions
regarding students’ understanding of community medicine,
health care challenges, their envisioned role in local health care,
and the competencies required for these roles (Multimedia
Appendix 1).

The Fink Taxonomy of Significant Learning
The Fink Taxonomy [19] is distinct in its categorization of
cognitive domains, offering a broader scope than the Bloom

Taxonomy [12,20-22]. It emphasizes the “Human
dimension”–students’ self-awareness as learners; “Caring” the
development of new interests and concerns; and “Learning how
to learn” the adaptation and improvement of students’ learning
approaches (Figure 2 and Multimedia Appendix 2) [19].

In Figure 2, the taxonomy classifies learning outcomes into 6
interrelated domains, foundational knowledge, application,
integration, human dimension, caring, and learning how to learn.
This framework guided the categorization of students’ written
reflections to evaluate changes in cognitive, affective, and
interpersonal learning domains beyond what is captured by
Bloom Taxonomy.

Figure 2. Framework of the Fink Taxonomy of significant learning used for qualitative content analysis.
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Data Analysis

Content Analysis
Content analysis was conducted using the Fink Taxonomy of
significant learning to evaluate students’ perceptions of
community health care. This taxonomy categorizes cognitive
process dimensions into various categories and subcategories
[23,24]. KS independently read and coded all transcripts.
Subsequently, the descriptors were discussed, identified, and
agreed upon by KS, K Yamauchi, and NA. Similar codes were
then grouped into categories and subcategories as they emerged
from the data. These categories and subcategories were regularly
reviewed and discussed by authors experienced in qualitative
research to ensure the credibility of the findings [25]. Data
saturation was assessed through an iterative process of constant
comparison. After each round of coding, the research team
reviewed whether new concepts or categories emerged. When
no additional themes or codes were identified across 3
consecutive transcripts, we considered both thematic and code
saturation to have been achieved [26,27]. The authors discussed
and reached a consensus on all further changes, achieving code
saturation. We adopted an inductive and deductive content
analysis approach to balance theory-driven and data-driven
coding. Initially, inductive coding allowed themes to emerge
naturally from the students’ reflections, ensuring that novel
insights were not constrained by pre-existing frameworks.
Subsequently, deductive categorization was applied using the
Fink Taxonomy to systematically organize the emergent themes
into recognized dimensions of significant learning. This
combined approach enhanced the analytical rigor and minimized
the risk of forcing data into preset categories [22].

Concepts for each cognitive process dimension in the Fink
Taxonomy [20] were analyzed, and the number of units of
analysis for each concept was counted. The researchers then
grouped similar codes into themes and checked to see which
dimension of the cognitive process they corresponded to.

AI-Assisted Analytic Support (Generative AI)
Additionally, to enhance the rigor and transparency of our
qualitative analysis, we complemented the human coding
process with a generative artificial intelligence (AI) tool
(ChatGPT 5; OpenAI) [25,26]. The AI tool was prompted to
identify potential thematic clusters and semantic relationships
within anonymized textual data, following best practices for
AI-assisted qualitative research as outlined in recent literature
[28-31]. Specifically, the AI was used to (1) propose candidate
thematic clusters and relationships across codes/excerpts, (2)
suggest alternative categorizations and labels, and (3) identify
potential negative cases or boundary instances that did not fit
preliminary themes. Only deidentified materials (eg, anonymized
excerpts and/or code lists) were entered into the tool; no personal
identifiers were provided. The AI outputs were critically
reviewed, refined, and confirmed through team discussion to
prevent model-induced bias. AI outputs were treated as
hypotheses for discussion rather than definitive findings, and
the research team documented whether each suggestion was
adopted, refined, or rejected after checking against the original

data. This triangulated approach improved coding consistency
while ensuring that all final interpretations and coding decisions
were made exclusively by human researchers [29,31,32].
Although formal interrater reliability statistics were not
calculated, coding credibility was ensured through iterative peer
review, team consensus discussions, and triangulation using
AI-assisted content verification. Because we did not
systematically archive full prompt-response transcripts during
the earlier analytic iterations, we provide representative example
prompts (and abbreviated outputs) in Multimedia Appendix 3
to enhance transparency and reproducibility.

Reflexivity
We conducted a qualitative study using content analysis to
determine the effectiveness of the newly developed program in
2022 on students’ perceptions of community health care. In
qualitative research, researchers’backgrounds can significantly
influence data interpretation and the construction of findings
and conclusions, necessitating careful reflexivity. Reflexivity
was used to account for researchers’ potential biases.

In this study, all authors were clinical educators with experience
in COME, providing the necessary expertise to understand and
interpret the data accurately. The authors were trained in
educational theory (KS, K Yamauchi, and SI) and primary care
(SA, Y Kamata, DS, MM, and TO), enabling them to approach
the analysis from a well-rounded perspective. This dual expertise
ensured a comprehensive understanding of the educational and
clinical aspects of community-oriented medical education
programs. This reflective approach aimed to ensure the
credibility and reliability of our findings and provide valuable
insights into the factors contributing to successful training
programs.

Ethical Considerations
This study was approved by the Ethics Review Committee of
the Graduate School of Medicine, Chiba University (Approval
No. 3425, approved on October 4, 2019). All work involving
research on human participants complied with the Declaration
of Helsinki. The procedures for obtaining informed consent
were explained to the medical students, who were also informed
that this study would not affect their grades. The researchers
explained to the participants and obtained their informed and
voluntary consent. No financial or material compensation was
provided to participants for their involvement in this study.

Results

Content analysis of the reports from first-year regional quota
medical students revealed distinct patterns across the academic
years 2021 and 2022, categorized according to the Fink
Taxonomy of significant learning (Tables 1 and 2). The
demographic characteristics of participants were similar between
the 2021 and 2022 cohorts. The median age was 19 years in
both groups (2021: 18-24 years; 2022: 18-21 years), and the
distribution of sex assigned at birth did not differ significantly
(2021: 75% male, 25% female; 2022: 70% male, 30% female;
P>.99).
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Table 1. Results of qualitative content analysis of first-year regional quota medical students’ reflection reports in the 2021 community-oriented medical
education (COME) program at Chiba University (N=20), crosswalked to the Fink Taxonomy of significant learning.

Subcategories (code counts)Theme, key synthesis, and crosswalk to the Fink domains

Theme 1: community health care as an interconnected, resource-constrained system

Community health care is understood as a local system shaped by needs, constraints, and intersector collaboration.

Primary domains: • Specific initiatives (n=48), challenges/current state (n=38), defi-
nition/role (n=26), aging (n=16)• Foundational knowledge

Secondary domains: • Challenges/responses (n=13), improvement of knowledge and
skills (n=11), communication/cooperation (n=9), collaboration
with community (n=7)

• Integration

Theme 2: patient-centered relationships and trust through communication and teamwork

Communication is positioned as the practical foundation of patient-centered care and trust, supported by collaboration.

Primary domains: • Communication and trust building (n=15)

• Application

Secondary domains: • Patient-centered health care and communication (n=6)
• Patient-centered health care (n=7), communication and collabo-

ration (n=5)
• Human dimension
• Caring

Theme 3: emerging professional identity and responsibility toward community service

Students begin to articulate who they should become as physicians and how they should contribute to the community.

Primary domains: • Patient-centered health care and communication (n=6), under-
standing and importance of community health care (n=5), general
practice and broad knowledge (n=3), realization of the commu-
nity health care field (n=2)

• Human dimension
• Caring

• Contribution and involvement in community health care (n=9),
personal growth and learning (n=8), patient-centered health care
(n=7), communication and collaboration (n=5), personal motiva-
tion and awareness (n=1)

Secondary domains: • Improve knowledge/skills (n=20), practice/problem-solving
(n=18)• Application

Theme 4: developing a self-directed learning orientation for community practice

Students emphasize experiential learning and continuous improvement as preparation for community practice.

Primary domains: • Practical experience and activity participation (n=2), improve-
ment of skills and knowledge (n=2), improvement of communi-
cation skills (n=1), continuous learning and understanding of
community (n=1)

• Learning how to learn

Secondary domains: • Improvement of knowledge and skills (n=20), practice and
problem-solving in community health care (n=18), communica-
tion and trust building (n=15), necessity and outlook of commu-
nity health care (n=13), improvement of prevention and health
awareness (n=9), use of information and communication technol-
ogy (n=7), environmental preparation and collaboration in
community health care (n=5), general practitioners and multidis-
ciplinary knowledge (n=4)

• Application
• Foundational knowledge

• Specific initiatives in community health care (n=48), challenges
and current state of community health care (n=38), definition
and role of community health care (n=26), aging population and
community health care (n=16)
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Table 2. Results of qualitative content analysis of first-year regional quota medical students’ reflection reports in the revised 2022 community-oriented
medical education (COME) program at Chiba University (n=20), crosswalked to the Fink Taxonomy of significant learning.

Subcategories (code counts)Theme, key synthesis, and crosswalk to the Fink domains

Theme 1: community health care as an interconnected, resource-constrained system

Community health care is understood as a local system shaped by needs, constraints, and intersector collaboration.

Primary domains: • Quality and supply of health care (n=51), shortage of physicians
and medical resources (n=41), importance of communication
and consultation (n=23), aging population and the community
health care (n=13)

• Foundational knowledge

Secondary domain: • Medical resources and collaboration (n=15), sustainability and
technology in health care (n=12), patient-centered care method
(n=10)

• Integration

Theme 2: patient-centered relationships and trust through communication and teamwork

Communication is positioned as the practical foundation of patient-centered care and trust, supported by collaboration.

Primary domains: • Patient-centered health care and communication (n=26)
• Communication and trust building (n=15)• Human dimension

• Application

Secondary domain: • Communication and collaboration (n=15), patient-centered health
care (n=11)• Caring

Theme 3: emerging professional identity and responsibility toward community service

Students begin to articulate who they should become as physicians and how they should contribute to the community.

Primary domains: • Challenges and improvements in community health care (n=21),
importance and current state of community health care (n=10)• Human dimension

• Caring • Contribution and involvement in community health care (n=12),
personal motivation and awareness (n=10), personal growth and
learning (n=10)

Secondary domains: • Ethics and communication (n=8)

• Integration

Theme 4: developing a self-directed learning orientation for community practice

Students emphasize experiential learning and continuous improvement as preparation for community practice.

Primary domains: • Acquisition of broad knowledge (n=5), activities to broaden
knowledge (n=4), interest and training (n=3), mandatory commu-
nity health care training (n=2), improvement of communication
skills (n=1)

• Learning how to learn

Secondary domains: • Improvement of medical knowledge and skills (n=20), practice
and problem-solving in community health care (n=20), commu-
nity healthcare policy and support (n=8), executing ability and
motivation (n=8), importance of community health care (n=6),
use of information and communication technology (n=5)

• Application

Across both cohorts, we identified four higher-order themes
that synthesize students’ reflections and crosswalk to multiple
domains of the Fink Taxonomy: (1) community health care as
an interconnected, resource-constrained system; (2)
patient-centered relationships and trust through communication
and teamwork; (3) emerging professional identity and
responsibility toward community service; and (4) developing
a self-directed learning orientation for community practice
(Tables 1 and 2; representative quotes are provided in
Multimedia Appendices 4 and 5). While foundational
understanding of community health care was evident in both

years, the 2022 cohort more frequently expressed reflections
aligned with affective and interpersonal learning (caring and
human dimension) and reflective learning (learning how to
learn), consistent with a more integrated pattern of “significant
learning” in the Fink framework.

In Table 1, reports were analyzed using the Fink Taxonomy of
significant learning, which categorizes learning into six domains.
Subcategories and code counts are presented to support the
theme-based synthesis and the crosswalk to the Fink domains.
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Representative quotes supporting each theme and subcategory
are provided in Multimedia Appendix 4.

In Table 2, reports were analyzed using the Fink Taxonomy of
significant learning, which categorizes learning into 6 domains.
Subcategories and code counts are presented to support the
theme-based synthesis and the crosswalk to the Fink domains.
Representative quotes supporting each theme and subcategory
are provided in Multimedia Appendix 5.

For the academic year 2021, 311 codes were identified. In
thematic terms, the 2021 reflections predominantly emphasized
building a baseline understanding of community health care
systems and challenges (theme 1; foundational knowledge and
integration), accompanied by early attention to communication
as a core clinical practice (theme 2; application), and emerging
awareness of professional roles and values (theme 3; human
dimension and caring). In the learning how to learn category,
6 codes were noted, including practical experience and
participation in activities (n=2), improvement of skills and
knowledge (n=2), improvement of communication skills (n=1),
and continuous learning and understanding of the community
(n=1). Students frequently reflected on the value of experiential
learning, with one noting that “Practical experience enhances
learning,” emphasizing how direct participation reinforced their
understanding of classroom content. The caring category
included 30 codes, highlighting areas such as contribution to
and involvement in community health care (n=9), personal
growth and learning (n=8), patient-centered health care (n=7),
communication and collaboration (n=5), and personal motivation
and awareness (n=1). The human dimension category had 16
codes, emphasizing patient-centered health care and
communication (n=6), understanding and importance of
community health care (n=5), general practice and broad
knowledge (n=3), and realization of the community health care
field (n=2). The integration category comprised 40 codes,
addressing challenges and responses in community health care
(n=13), improvement of knowledge and skills (n=11),
communication and cooperation (n=9), and collaboration with
the community (n=7). The application category contained 91
codes, focusing on improvement of knowledge and skills (n=20),
practice and problem-solving in community health care (n=18),
communication and trust-building (n=15), necessity and outlook
of community health care (n=13), improvement of prevention
and health awareness (n=9), use of information and
communication technology (n=7), environmental preparation
and collaboration in community health care (n=5), and general
practitioners and multidisciplinary knowledge (n=4). Finally,
the foundational knowledge category included 128 codes,
covering specific initiatives in community health care (n=48),
challenges and the current state of community health care
(n=38), the definition and role of community health care (n=26),
and the aging population and community health care (n=16).
One student reflected, “Community healthcare is necessary for
supporting aging populations,” illustrating growing awareness
of the social challenges faced by Japan’s communities.

In comparison, the academic year 2022 had 385 codes. The
learning how to learn category expanded to 15 codes, covering
the acquisition of broad knowledge (n=5), activities to broaden
knowledge (n=4), interest and training (n=3), mandatory

community health care training (n=2), and improvement of
communication skills (n=1). The caring category rose
significantly to 58 codes, with emphasis on communication and
collaboration (n=15), contribution and involvement in
community health care (n=12), patient-centered health care
(n=11), personal growth and learning (n=10), and personal
motivation and awareness (n=10). Students’ reflections often
highlighted a stronger sense of teamwork and responsibility,
exemplified by one participant who stated, “Collaboration
among healthcare providers enhances communication and
patient care.” Another remarked, “Personal motivation and
awareness are key drivers for effective healthcare delivery,”
underscoring the affective learning fostered by the revised
program. The human dimension category also increased to 57
codes, focusing on patient-centered health care and
communication (n=26), challenges and improvements in
community health care (n=21), and the importance and current
state of community health care (n=10). The integration category
contained 45 codes, addressing medical resources and
collaboration (n=15), sustainability and technology in health
care (n=12), patient-centered care methods (n=10), and ethics
and communication (n=8). The application category contained
82 codes, emphasizing improvement of medical knowledge and
skills (n=20), practice and problem-solving in community health
care (n=20), communication and trust-building (n=15),
community health care policy and support (n=8), execution
ability and motivation (n=8), importance of community health
care (n=6), and use of information and communication
technology (n=5). Finally, the foundational knowledge category
remained consistent with 128 codes, focusing on the quality
and supply of health care (n=51), shortage of physicians and
medical resources (n=41), importance of communication and
consultation (n=23), and aging population and community health
care (n=13).

Comparing the data from 2 years, a notable increase was
observed in the total number of codes, particularly in the caring
and human dimension categories in 2022. Rather than relying
solely on descriptive counts, the theme-based synthesis suggests
a shift in emphasis from predominantly system- and
knowledge-oriented descriptions (theme 1) toward reflections
that more frequently articulated professional identity, values,
and relationships in care (themes 2-3), alongside clearer
intentions for continued learning (theme 4). These patterns are
consistent with a more integrated profile across the Fink domains
in 2022, while maintaining a stable baseline of foundational
knowledge.

Beyond the individual code counts, several higher-level patterns
emerged across both cohorts. First, the number of foundational
knowledge codes remained stable across the 2 years, indicating
a consistent baseline of understanding of community health care
concepts. Second, the revised 2022 program demonstrated a
marked increase in codes within the caring and human
dimension categories. Third, learning how to learn codes also
increased in 2022. Taken together, the thematic synthesis
(Tables 1 and 2) indicates that the 2022 cohort’s reflections
more often combined system understanding with interpersonal,
value-oriented, and reflective learning elements, whereas the
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2021 cohort’s reflections were more concentrated in
foundational and application-oriented descriptions.

Discussion

Summary of Key Findings
This study aimed to evaluate the educational impact of a COME
program on first-year regional quota medical students at Chiba
University. Through qualitative content analysis based on the
Fink Taxonomy of significant learning, we identified substantial
changes in students’ perceptions and reflections following the
program revision. The revised COME course, which
incorporated additional early clinical exposure and faculty
development for community hospital attendings, emphasized
affective and interpersonal learning, as well as reflective
learning—particularly within the caring, human dimension, and
learning how to learn domains—while maintaining a stable
baseline of foundational knowledge. These shifts were most
apparent in themes 2-4, which foreground patient-centered
relationships, emerging professional identity, and self-directed
learning orientation. This aligns with the study’s objective—to
explore how early community-based experiences influence
students’ understanding of and commitment to community
health care—and indicates that experiential learning
opportunities in real clinical contexts contribute meaningfully
to professional identity formation among first-year medical
students.

Interpretation and Comparison With Previous Studies
Across both cohorts, several higher-level patterns emerged,
offering broader insight into the educational impact of the
revised COME program. While the number of foundational
knowledge codes remained stable, indicating a consistent
baseline understanding of community health care concepts, the
revised 2022 program produced substantial increases in the
caring, human dimension, and learning how to learn categories.
Importantly, beyond these category-level changes, the
theme-based synthesis (themes 1-4) indicates that students’
reflections in 2022 more often integrated system understanding
with interpersonal, value-oriented, and reflective elements of
learning (themes 2-4). These findings suggest that the
experiential and interpersonal elements of the program
contributed to deeper affective, interpersonal, and reflective
learning, extending beyond the acquisition of foundational
knowledge.

Learning How to Learn and Lifelong Learning
The expansion of the learning how to learn category from 6
codes in 2021 to 15 in 2022 highlights the development of
students’ reflective and self-directed learning capacities.

This pattern aligns with theme 4 (developing a self-directed
learning orientation for community practice), in which students
increasingly recognized the importance of continuous learning
and professional growth, as reflected in comments such as
“Acquiring a broad range of knowledge is important for
comprehensive healthcare” and “Ongoing interest and training
are essential for professional development.” This finding
resonates with previous studies emphasizing the importance of
reflective learning and self-regulation in developing lifelong

learning competencies [32-34]. The structured faculty
mentorship and feedback embedded in the revised program may
have contributed to this growth by encouraging students to
articulate their learning needs and apply theoretical knowledge
to real-world contexts.

Caring and Human Dimension: Growth in Empathy
and Collaboration
A major finding was the substantial increase in the caring (from
30 to 58 codes) and human dimension (from 16 to 57 codes)
categories. These domains were central to themes 2 and 3, which
foregrounded patient-centered relationships, teamwork, and
emerging professional identity and responsibility toward
community service. Students’ reflections increasingly addressed
interpersonal communication, collaboration, and patient-centered
care. One student stated, “Collaboration among healthcare
providers enhances communication and patient care,” while
another reflected, “Patient-centered healthcare ensures that the
care provided meets the needs of the patient.” These reflections
demonstrate an affective shift toward empathy and teamwork,
suggesting that early exposure to real patient encounters and
mentorship in community hospitals fostered students’
understanding of the relational aspects of medicine. This aligns
with prior research demonstrating that community-based and
interprofessional learning environments enhance empathy and
communication among medical students [35-37]. Similarly, our
findings echo studies emphasizing that authentic, longitudinal
clinical experiences—particularly those in underserved
settings—help shape professional identity and strengthen social
accountability [38-40]. One student further noted, “Addressing
the challenges in community healthcare requires continuous
improvement efforts,” capturing a sense of responsibility and
ongoing self-improvement that mirrors the iterative nature of
clinical reasoning and patient care.

Integration and Application: Connecting Theory to
Practice
The integration category increased modestly (40 to 45 codes),
while the application category slightly decreased (91 to 82
codes). In the theme-based synthesis, integration was the most
visible in theme 1 (community health care as a system) and
theme 3 (professional identity and responsibility), where
students linked collaboration, sustainability/technology,
patient-centered care methods, and ethics. For instance, a student
commented, “Collaboration between medical institutions is
essential for optimizing resources,” illustrating recognition of
systemic and organizational aspects of health care delivery.
However, the slight decline in application codes suggests that
opportunities for practical problem-solving and leadership in
community health planning could be expanded. Despite this,
students continued to value applied knowledge, as shown in
reflections such as, “Healthcare providers must be adept at
problem-solving to address diverse community health issues.”
This pattern implies that while the program successfully
deepened conceptual and interpersonal understanding, future
iterations could further reinforce practical application and
leadership in community contexts. These insights are consistent
with previous reports that emphasize the need for a balance

JMIR Med Educ 2026 | vol. 12 | e84406 | p.62https://mededu.jmir.org/2026/1/e84406
(page number not for citation purposes)

Shikino et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


between affective learning and skill-based experiential education
[41-43].

Foundational Knowledge: Consolidating Core
Understanding
The foundational knowledge category remained stable with 128
codes in both years, reflecting consistent comprehension of
fundamental community health care principles. This stable
foundation corresponded to theme 1 in both cohorts, where
students continued to demonstrate awareness of the structural
challenges facing Japan’s health care system, particularly
physician shortages and the aging population. Statements such
as “Ensuring high-quality healthcare is critical for meeting
community needs” and “Many rural areas face significant
shortages of doctors and medical resources” highlight this
awareness. This stability suggests that students entered the
program with a basic understanding of community health needs
and retained this foundation while expanding their capacity for
empathy, reflection, and teamwork through experiential learning
[44,45].

Comparison With Existing Educational Models
The differences observed between the COME program and early
clinical exposure within university hospitals further highlight
the program’s unique contribution. Unlike hospital-based
experiences that often emphasize specialized and controlled
environments, the COME program situates students in authentic
community settings where resource limitations and
multidisciplinary collaboration are inherent. Students reflected
that learning from community physicians provided unique
insights into the realities of rural health care. As one student
expressed,

Learning from physicians embedded in the community provided
valuable insights into the challenges and rewards of rural
healthcare.

This finding aligns with prior literature suggesting that early,
community-facing experiences cultivate adaptability, resource
awareness, and social accountability [46,47]. Furthermore,
recent evidence indicates that such community-facing clinical
exposure not only enhances engagement and learning outcomes
but also fosters the development of professional identity, social
accountability, and collaborative competencies essential for
clinical reasoning [46-48]. In addition, context-specific
curriculum design is crucial for optimizing the educational
impact of such programs. Understanding regional variations in
students’ study habits, learning preferences, and access to
educational resources allows educators to adapt teaching
methods—such as incorporating imaging-based learning
modules, interprofessional collaboration, or problem-based
approaches—to enhance engagement and relevance in local
settings [49]. These insights highlight that while COME provides
authentic, real-world exposure to health care challenges,
tailoring curricular content and pedagogy to local educational
contexts can further enhance learning outcomes and promote
sustained motivation among medical students. By engaging
with real patients and health care teams early in their education,
students not only improved their communication skills but also

developed a sense of mission toward addressing regional health
disparities.

Limitations
This study has some limitations. First, the sample size was
limited to first-year regional quota medical students at a single
institution (n=40), which restricts the generalizability of the
findings. The participants were from a single admission track;
hence, demographic and baseline characteristics between the
2021 and 2022 cohorts were not formally analyzed, which may
introduce selection bias. However, both cohorts had similar
demographic profiles, showing comparable age ranges and
distributions of sex assigned at birth. In addition, the results
were derived from students’ written reflections rather than
objective performance-based assessments. Therefore, while
these reflections provide valuable insights into students’
perceptions and learning processes, they do not directly capture
behavioral or performance-level outcomes. The study also relied
on self-reported data, which may be subject to bias. The
qualitative nature of the content analysis may also limit the
reproducibility of the results, as it involves subjective data
interpretation. Furthermore, the study used a cross-sectional
design comparing 2 adjacent cohorts without a control group;
thus, the observed improvements might reflect cohort effects,
prior IPE exposure, or faculty-related factors rather than the
revised COME program itself. The analysis also relied primarily
on one coder, without interrater reliability testing, audit trails,
or member checking, which could affect analytical rigor. In
addition, applying the Fink Taxonomy a priori may have
constrained data interpretation by fitting responses into
predefined categories. However, previous qualitative studies
have suggested that increases in code frequency and
diversity—when analyzed within a validated theoretical
framework—can indicate broader and deeper levels of learning
and reflection [23,24]. Recent evidence also supports this
interpretation, showing that analyses grounded in theoretically
informed frameworks such as the Fink Taxonomy can
meaningfully capture students’ cognitive and affective
development through code expansion and thematic
diversification [50]. Therefore, in this study, the observed
growth in the number and variety of codes (eg, “Caring,”
“Human dimension”) was interpreted as a qualitative indicator
of students’multidimensional learning development rather than
a purely quantitative change. Nonetheless, no objective or
longitudinal outcomes (eg, rural practice retention or sustained
career engagement) were assessed. Another limitation is the
short duration of the study, which spanned only 2 academic
years; longer-term studies are needed to evaluate the sustained
impact of the program on students’ career choices and retention
in rural health care settings. Finally, the study did not account
for external factors that may have influenced students’
perceptions, such as their personal experiences, socioeconomic
backgrounds, or individual learning preferences. Tailoring
educational strategies to align with students’ learning styles and
real-world experiential opportunities may foster more effective
and personalized medical education, ultimately enhancing both
theoretical understanding and practical competency [51]. Future
research should incorporate such individualized approaches and
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explore how these factors interact with community-based
learning outcomes.

Conclusions
Enhancements to the COME program at Chiba University,
including early clinical exposure and the involvement of
faculty-development-trained community hospital attendings,
significantly improved students’ understanding of
patient-centered and community-oriented health care. Our
theme-based synthesis suggests that the revised program was
associated with greater emphasis on patient-centered
relationships, emerging professional identity, and self-directed
learning (themes 2-4), while maintaining a stable baseline of

foundational understanding (theme 1). These experiences
cultivated empathy, reflective learning, and communication
skills, which are essential for generalist physicians serving in
underserved areas. Beyond these educational benefits, the
findings have broader implications for medical education policy
and workforce distribution. Structured community-based
programs such as COME may contribute to addressing Japan’s
rural physician shortage by fostering students’ identification
with community health care roles early in their training.
Continual evaluation and iterative refinement of COME
programs are necessary to ensure that they remain responsive
to regional health care needs and effectively cultivate physicians
who are competent, compassionate, and socially accountable.
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Abstract

Background: Ultrasound is very important in medicine and teaching, but there are not many formal training programs. We also
do not know much about what students think. To be good at using ultrasound, one needs to learn technical, thinking, and seeing
skills. This is especially true in regional anesthesia (RA), where mistakes in reading images can cause problems. Training with
simulations is a safe and good way to learn these skills. Some models are helpful for teaching how to perform procedures using
ultrasound.

Objective: This study aimed to evaluate the effectiveness, localization time, and success rate of traditional teaching versus a
new simulation-based teaching method for RA designed by the investigators among undergraduate medical students.

Methods: A prospective, randomized controlled trial was conducted at the University of Salamanca from April 2022 to January
2023. A total of 34 medical students in their fourth to sixth academic years were randomly allocated to either a simulation-based
training group using the Haptic Ultrasound Probe or a traditional teaching group. The simulation approach used a realistic probe
replica and a software-based ultrasound environment, whereas the traditional method comprised a theoretical lecture and curated
audiovisual materials. Two days after training, participants underwent a blinded assessment requiring the identification of peripheral
nerve plexuses using an ultrasound device. The primary outcome measured was the successful identification of nerves, and the
secondary outcome was the time taken to complete each procedure. Data were analyzed using an intention-to-treat approach.

Results: A total of 34 medical students (fourth to sixth years) were recruited to compare traditional teaching with simulation-based
training in ultrasound-guided nerve localization. No statistically significant differences were found in the success rates between
the groups. For the interscalene approach, the traditional teaching group achieved a 100% (17/17) success rate compared to 82%
(14/17) in the simulation group (P=.07). The time to task completion was similar across most procedures. In the sciatic nerve
division, the traditional teaching group was significantly faster, with a mean time of 42.4 (SD 39.5) seconds (P=.02). The regression
models showed no significant interaction between the intervention type and academic year. Both teaching methods had positive
educational impacts.

Conclusions: Simulation-based learning effectively supports competency acquisition in RA and offers a safe, scalable alternative
to traditional methods. Its integration into medical curricula may standardize training, improve skill consistency, and enhance
patient safety. Further multicenter studies with larger, diverse cohorts are needed to validate these benefits and guide implementation
in medical education.
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Introduction

Medical specialists are increasingly using ultrasound technology
for diagnostic purposes and to guide therapeutic procedures
owing to its numerous clinical advantages [1]. Some researchers
have characterized portable ultrasound as the “visual
stethoscope” of the 21st century [2], highlighting its growing
relevance in modern medicine. Point-of-care ultrasound is a
portable and versatile imaging modality that allows clinicians
to perform rapid bedside assessments in various clinical
scenarios. It is accessible and efficient [3,4]. Point-of-care
ultrasound has become an essential tool in emergency medicine,
critical care, and other specialties [5,6]. Consequently,
ultrasound training has been incorporated into the undergraduate
medical curriculum, encompassing both theoretical instruction
and practical hands-on experience. However, the American
Institute of Ultrasound in Medicine reports that only
approximately one-third of medical schools in the United States
have implemented specialized ultrasound training programs. In
addition, there is a noticeable gap in the literature regarding
medical students’ views on optimal practices for ultrasound
education [7]. Furthermore, there is limited understanding of
whether its use enhances the acquisition of medical knowledge
independent of technical skill development [8].

To effectively acquire ultrasound competencies, medical
students must master a combination of technical, cognitive, and
perceptual skills. Key areas include proper probe handling, such
as the ability to maneuver the probe across anatomical surfaces,
and the development of a 3D orientation to accurately visualize
and interpret internal structures. Additionally, students must
integrate real-time imaging with their anatomical knowledge
to make precise adjustments during the examination, which is
critical for both diagnostic accuracy and therapeutic efficacy
[9]. Equally important is visual training, which enables students
to recognize the anatomical structures within ultrasound images.
This process requires repeated exposure and active
problem-solving to enhance spatial awareness and the ability
to discern subtle differences between tissues and organs [10].
These visual and interpretive skills must be grounded in a strong
understanding of anatomy to ensure accurate interpretations.

Motor coordination also plays a pivotal role, particularly in
interventional procedures that involve inserting needles into
targeted soft tissues, where precision is essential to avoid
complications. In the field of regional anesthesia (RA), the use
of ultrasound has increased significantly over the past few
decades because of its ability to enhance the safety and accuracy
of procedures that were traditionally guided by anatomical
landmarks and neurostimulation [11]. However, to fully realize
these safety benefits, trainees must receive comprehensive
education on the use of ultrasound technology as the equipment
alone cannot guarantee a safe outcome. The number and
complexity of RA techniques have also expanded, with some
procedures requiring advanced sonoanatomical knowledge for

successful performance [9]. In response to this evolution,
Regional Anaesthesia UK (the UK division of the European
Society of Regional Anaesthesia and Pain Therapy) proposed
a classification system that groups RA techniques according to
the level of knowledge and expertise required for their
performance. Notably, most malpractice incidents associated
with RA result from misinterpretation of ultrasound images or
inadequate anatomical exploration [12].

Simulation-based learning provides valuable opportunities to
develop these competencies in controlled settings. It allows
both undergraduate and postgraduate students to practice without
the ethical and logistical challenges of performing procedures
on live patients or cadavers while still preserving the tactile
feedback necessary for motor skill development [13]. Simulation
training also enables repetition, feedback, and safe failure, which
are key components of effective procedural training. As such,
it has emerged as a highly promising approach for training in
ultrasound-guided procedures. Several simulation-based teaching
models have demonstrated their effectiveness in developing RA
skills [14,15]. In this context, our research group developed a
novel ultrasound simulator, the Haptic Ultrasound Probe
(HUSP), which was officially registered on April 23, 2018, with
the Spanish Trademark and Patent Office (Oficina Española de
Marcas y Patentes) [16]. This study aimed to evaluate the
effectiveness of a simulation-based teaching method using
HUSP compared to traditional instruction for teaching RA to
undergraduate medical students [1].

Methods

Study Design
This study was designed as a prospective, longitudinal,
randomized controlled trial and conducted in accordance with
the CONSORT (Consolidated Standards of Reporting Trials)
guidelines (Multimedia Appendix 1) [17]. Participants were
randomly and equally assigned to either a simulation-based
education group or a traditional educational method group. Data
were collected between April 2022 and January 2023.

Ethical Considerations
Participation was voluntary, and all students provided informed
consent before their inclusion in this study. The study adhered
to the ethical principles of the Declaration of Helsinki [18] and
was approved by the institutional review board of the
Department of Surgery, Faculty of Medicine and Health
Sciences, University of Salamanca (protocol code 001-2018;
July 13, 2018). Measures were implemented to protect
participant privacy and confidentiality, including the
anonymization of all collected data and secure storage of
records. No compensation or incentives were provided to
students.
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Sample Size Calculation
This study used convenience sampling by recruiting participants
who were easily accessible in a university. While this approach
allows for efficient data gathering, it is crucial to recognize that
it may limit the generalizability of the study due to potential
selection biases. Therefore, an intention-to-treat analysis was
performed to address this concern.

Participants
A total of 34 students from the Faculty of Medicine at the
University of Salamanca (medical degree program) participated
in this study. A sample was selected including those from the
fourth, fifth, and sixth years of study. Both data collectors and
analysts were unaware of the assigned interventions. The sample
consisted of 32% (n=11) male and 68% (n=23) female
individuals distributed in 2 independent groups. The inclusion
criteria were as follows: (1) students enrolled in the medical
degree program at the University of Salamanca; (2) students in
the fourth, fifth, or sixth year; (3) students who voluntarily
provided informed consent; (4) students willing to participate
in all activities and assessments of the study; and (5) students
with sufficient cognitive and physical capabilities to participate
in the teaching interventions (simulation based).

Randomization and Blinding
All educational sessions were conducted by 2 instructors with
extensive experience (>10 years) in ultrasound-guided RA
following standardized teaching protocols. One of the
researchers delivered both the traditional and simulation-based
interventions, whereas the second researcher acted as an
independent evaluator and remained blinded to group allocation.
To minimize bias, group assignment was randomized using a
table generated by an independent researcher in Microsoft Excel.
A double-blind methodology was implemented; neither the
participants nor the evaluator had knowledge of the group
allocation or performance outcomes until the end of the study.

Procedures
This study investigated the simulation of interscalene,
supraclavicular, and sciatic nerve blocks, including the external
and internal popliteal divisions of the nerves, as they appear as
Plan A and Plan B blocks in the Regional Anaesthesia UK
guidelines. An Esaote MyLab Alpha ultrasound device, identical
to that used to generate simulation ecosystem images, was used
in the experiment. Two individuals with plexuses that were
confirmed to have adequate ultrasound visibility before testing
took part in the study. All participants were scheduled for an
assessment 2 days after their simulation training with the HUSP

simulator. The assessment required participants to identify
plexuses in 3 live individuals. To ensure impartiality in student
group allocations, a blind investigator who was not involved in
providing the theoretical lesson or guiding the simulation
ecosystem practice administered the tests. The time taken by
each student to locate the plexus was recorded, and successful
identification was noted (maximum identification time: 120
seconds). Any attempt exceeding 120 seconds was considered
unsuccessful in locating the nerve plexus.

Educational Material

Traditional Educational Method
After a theoretical presentation by an expert, the students were
exposed to instructor-curated audiovisual content to augment
their comprehension. These materials included videos addressing
the 3 principal topics covered in the theoretical lectures. The
videos were carefully selected to complement the theoretical
content by providing practical demonstrations and visual
explanations. The instructor had the option of using YouTube
videos, which are often freely accessible and exhibit a range of
real-world examples, or consulting a textbook on RA or nerve
blocks, which typically offers a more structured and academic
perspective with detailed and evidence-based information. The
choice between these resources depended on the teaching
methodology and the desired depth of the material. While
YouTube videos can present practical, real-life applications and
demonstrations, textbooks generally provide a more
comprehensive and authoritative source of knowledge supported
by scholarly references.

Simulation Educational Method
Following a concise theoretical introduction by the same expert,
the simulation group engaged in a 2-hour practical session at
the Faculty of Science, University of Salamanca. During this
session, the participants practiced identifying the brachial plexus
using the simulation system.

The ultrasound imaging system used comprised theoretical and
practical components.

The Ultrasound Desktop Educational Simulator helped students
in acquiring ultrasound images, comprehending the spatial
relationship between anatomical structures in the ultrasound
image and the overall 3D view of the patient’s anatomy, and
coordinating hand movements with structure visualization. A
significant feature of the Ultrasound Desktop Educational
Simulator was a realistic ultrasound probe replica that trainees
could operate as if it were an actual ultrasound transducer
(Figure 1).
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Figure 1. Illustration of the probe's movements as recorded by the software, which are used to enhance the precision of the ultrasound-guided approach.

The simulation system screen displayed a 2D image of the
corresponding anatomical pathways. The movement of the probe

induced changes in both the skin surface and ultrasound images
(Figure 2).
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Figure 2. Simulated work environment designed for students, allowing them to perform tasks collaboratively in small groups.

A guide informed the students when they captured correct
images (Figure 3). The simulation tool used in this study
comprised 2 components: a probe replica that emulated a real
ultrasound transducer and a multiprogram desktop application.
The probe replica, designated as HUSP by its developers,
contained sensors that monitored the trainee’s hand movements.
The software application generated ultrasound images that were

prerecorded using real equipment based on the trainee’s probe
manipulations. It also enabled students to capture ultrasound
images, anatomical surface images, and probe paths. Screen
borders appeared when the student obtained correct ultrasound
images. On April 23, 2018, the Spanish Trademark and Patent
Office granted utility model number 201700521 to protect the
HUSP device [16].

Figure 3. Depiction of the student highlighted in green, indicating correct probe positioning for the intervention.
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Outcome Measures
The primary outcome variable was the success rate of
ultrasound-guided peripheral nerve identification, recorded as
a binary outcome (success or failure). The secondary outcome
was the time (in seconds) required to complete each nerve
localization procedure. The procedures were analyzed across 4
anatomical approaches: interscalene, supraclavicular, popliteal,
and sciatic nerve division. The academic year of the students
(fourth, fifth, or sixth year) was also included.

Statistical Analysis
All data are expressed as the mean and SD. Descriptive statistics
were used to summarize the participants’ demographic
characteristics (age, sex, and academic year) and procedure
times (in seconds). Categorical variables were reported as
absolute frequencies and percentages. Data normality was
assessed by visually inspecting histograms. Additionally, the
Shapiro-Wilk test was performed to formally evaluate the
normality of the data. Given the pilot nature of this study and
the limited number of participants per group, an
intention-to-treat analysis was performed [19]. The primary
outcome, success in nerve identification, was evaluated using
the chi-square or Fisher exact tests to compare the proportions

between the traditional and simulation-based teaching groups
for each anatomical approach. For the secondary outcome
(procedure time), mixed linear models were applied to assess
the mean differences between groups, including the variable
“academic year” as a covariate. This allowed for the evaluation
of potential confounding and interaction effects on the results
of the study. Interaction terms (group × time) were tested to
explore whether the effectiveness of the intervention varied
over time [19]. Unstandardized coefficients, 95% CIs, and P
values were reported for all regression models. A significance
level of P<.05 was considered statistically significant. All
statistical analyses were conducted using the JASP software
(version 0.16.3).

Results

Recruitment, Participant Flow, and Sample
Characteristics
A cohort of 34 students from the Faculty of Medicine at the
University of Salamanca (medical degree program) was recruited
for this study. All students provided voluntary consent to
participate (Figure 4).

Figure 4. Flowchart of the participants in this study.

The cohort comprised students in the fourth, fifth, and sixth
years of the medical degree program. Comprehensive
demographic data, including course year, sex, and age, are

presented in Table 1. Furthermore, detailed information stratified
by course year and duration of each ultrasound procedure is
provided in Table 2.
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Table 1. Demographic characteristics of undergraduate medical students participating in a randomized educational intervention study comparing a
teaching simulator with traditional education for regional anesthesia training.

Traditional education (n=17)Teaching simulator (n=17)All participants (N=34)Variable

Sex, n (%)

6 (35)5 (29)11 (32)Male

11 (65)12 (71)23 (68)Female

22.4 (0.9)22.41 (1.3)21.8 (3.3)Age (years), mean (SD)

Year of study, n (%)

5 (29)6 (35.3)11 (32)Fourth

8 (47)7 (41)15 (44)Fifth

4 (24)4 (23.5)8 (24)Sixth

Table 2. Comparison of procedure duration across different ultrasound-guided nerve block approaches between undergraduate medical students trained
using a simulator-based method and traditional education.

Educational intervention (s), mean (SD)Approach

Traditional educationTeaching simulator

31.41 (28.5)38.6 (46.2)Interscalene

55.7 (41.2)51.2 (41.2)Supraclavicular

42.4 (39.5)37.8 (36.3)Popliteal

24.1 (36.8)10.8 (14.5)Sciatic nerve division

Success Rate of the Intervention
The results revealed no significant differences in successful
nerve localization across the various approaches between the
traditional teaching and simulation groups. Specifically, in the
interscalene approach, 100% (17/17) of the students in the
traditional teaching group successfully located the brachial
plexus compared to 82% (14/17) in the simulation group, where
18% (3/17) of the students did not succeed. However, no
statistically significant difference was observed (P=.07).
Similarly, in the supraclavicular approach, both groups
demonstrated comparable success, with 18% (3/17) of the
students in each group unable to locate the relevant structure.
In popliteal sciatic nerve localization, slightly fewer students
in the simulation group (1/17, 6%) failed than in the traditional
teaching group (2/17, 12%); however, this difference was not
statistically significant (P=.07). Finally, for sciatic nerve
division, all students in the simulation group successfully

identified the division, whereas 12% (2/17) of the students from
the traditional group, one from the fourth year and one from the
fifth year, were unable to do so.

Supraclavicular Approach
Specifically, there were no statistically significant differences
based on the educational interventions received. The reported
values correspond to unstandardized coefficients (β), which
represent the effect of each intervention in the original units of
the outcome variable along with their P values and 95% CIs.
Both educational interventions had positive impacts: the
simulator group achieved β of 106.72 (95% CI 10.06-203.37;
P=.03), whereas the traditional teaching group achieved β of
102.80 (95% CI 5.03-200.57; P=.40; Figure 5A). The academic
year covariate in the regression model did not interact with the
effect of the educational interventions (β=−10.43, 95% CI
−29.79 to 8.91; P=.28).
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Figure 5. Scatterplots showing the time (in seconds) required to perform 4 types of nerve blocks according to the educational intervention: teaching
simulator vs traditional education (mean and CI).

Interscalenic Approach
The analysis revealed no statistically significant differences
based on the educational methods used. Both intervention groups
(traditional education and simulator-based education) exhibited
positive effects. The simulator-based group achieved β of 79.38
(95% CI 24.78-164.73; P=.01), whereas the traditional teaching
group achieved β of 74.36 (95% CI 9.03-145.23; P=.03; Figure
5B). In the regression model, the academic year covariate did
not interact with the effect of the educational interventions
(β=−8.69, 95% CI −22.39 to 4.52; P=.14).

Popliteal Sciatic Nerve Approach
The analysis demonstrated no statistically significant differences
based on the educational methods. The simulator-based group
attained β of 98.93 (95% CI 32.54-188.50; P=.07), whereas the
traditional teaching group achieved β of 105.46 (95% CI
27.59-195.32; P=.01; Figure 5C). In the regression model, the
academic year covariate did not interact with the effect of the
educational interventions (β=−12.63, 95% CI −28.91 to 1.33;
P=.08).

Sciatic Nerve Division Approach
The analysis demonstrated statistically significant differences
based on the educational method used. The simulator-based
group attained β of 60.72 (95% CI −3.63 to 125.07; P=.06),
whereas the traditional teaching group achieved β of 74.67 (95%
CI 9.57-139.77; P=.02; Figure 5D). Consequently, the traditional
educational intervention demonstrated a statistically significant

effect, whereas the simulator-based intervention did not reach
statistical significance. In the regression model, the academic
year covariate did not interact with the effect of the educational
interventions (β=−10.22, 95% CI −23.11 to 2.66; P=.08).

Discussion

Principal Findings
This study evaluated the effectiveness of a simulation-based
educational tool (HUSP) compared to traditional teaching for
the acquisition of RA competencies in undergraduate medical
students. Overall, no statistically significant differences were
observed between the 2 groups regarding successful nerve
localization across most approaches. In the interscalene
approach, 100% (17/17) of the students in the traditional group
successfully identified the brachial plexus compared with 82%
(14/17) in the simulation group. Similar results were observed
for the supraclavicular and popliteal approaches. In the sciatic
nerve division approach, all students in the simulation group
succeeded, whereas 12% (2/17) of the students in the traditional
group failed, reflecting a statistically significant advantage of
simulation-based training over traditional teaching in this
specific case. No significant interaction was observed between
the academic year and intervention type.

These findings align with those of previous studies supporting
the use of simulation technologies for teaching
ultrasound-guided procedures [20-22]. Simulation allows for
safe and standardized practice of complex procedures and has
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been shown to improve knowledge retention and practical skill
acquisition among medical students [23]. In this study, the
HUSP simulator enabled students to reach level 2 of the
Kirkpatrick evaluation model, focusing on the acquisition of
knowledge and skills following educational intervention.
Specifically, students learned to identify the relevant anatomical
landmarks for nerve block procedures using ultrasound.
Achieving higher levels of clinical competence requires
complementary training involving needle use, as found in
cadaver laboratories or high-fidelity simulators. During this
study, an additional software module integrating needle
simulation was developed, enhancing the potential of the HUSP
simulator to support advanced skill acquisition.

Chen et al [2] demonstrated the effectiveness of
simulation-based learning and emphasized the need for
clarification of optimal simulation modalities. Other studies
have reported that using live models or fresh cadaver limbs in
elective courses can improve anatomical understanding and
provide a valuable clinical context [24]. The HUSP simulator
offers an effective alternative, especially when access to live
models or cadavers is limited in the clinical setting. Its
customizable design allows educators to create tailored
simulation exercises, which is a pedagogical advantage. The
recent integration of needle simulation hardware has further
improved clinical applicability. In terms of cost-effectiveness,
the simulator is affordable; the hardware is low cost and
compatible with any PC, with the software license being the
main investment [25]. These characteristics make it a viable
educational solution, particularly in resource-constrained settings
[26].

A key strength of this study is its contribution to improving
ultrasound education during the preclinical stage by addressing

gaps identified in previous research [27]. Despite the growing
interest in integrating ultrasound into undergraduate curricula,
previous studies have faced limitations such as restricted access
to resources, faculty availability, and methodological rigor [28].
The development of a simulator incorporating needle simulation
represents a significant step toward comprehensive
interventional training for the HUSP system. This study has
several limitations. First, the relatively small sample size,
dictated by the fixed academic cohort, may limit the
generalizability of the findings, a common challenge in similar
educational studies [15]. Second, the lack of blinding and the
dual role of some authors as both instructors and researchers
could have introduced bias. Furthermore, an intention-to-treat
analysis was performed, ensuring that all participants were
analyzed in their originally assigned groups regardless of
protocol adherence, thereby minimizing bias and better
reflecting real-world educational conditions.

Conclusions
Simulation-based learning is an effective tool for supporting
the acquisition of competencies in RA and offers a practical,
safe, and scalable alternative to traditional educational methods.
Beyond individual skill acquisition, integrating simulators such
as HUSP into medical curricula could standardize training,
reduce variability in learner performance, and enhance patient
safety by preparing students for clinical practice in a controlled
environment. To strengthen the evidence and broaden its
applicability, further multicenter studies with larger and more
diverse cohorts are warranted, which may inform best practices
and guide the implementation of simulation-based approaches
in medical education programs.
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Abstract

Background: Medical school admission pathways are designed to select suitable applicants, with different approaches potentially
impacting students’ learning behaviors and performance.

Objective: This study aimed to compare students’ self-regulated learning (SRL) strategies, assessment engagement statistics
(AES), nongrading evaluation (Outstanding [“O”]/Satisfactory [“S”]/Unsatisfactory [“U”]) preferences, and academic performance
across admission pathways, and analyze correlations and linear regression models among summative scores, AES, and course
learning outcome (CLO) scores.

Methods: This mixed methods retrospective observational and cross-sectional survey study used census sampling with selection
criteria of all enrolled first-year medical students in 2021 (N=319) across 4 admission pathways: academic (n=23), quota (n=6),
test (n=261), and rural (n=29). Demographics included age (19‐24 years) and sex (167/319, 52.4% male). AES, CLO scores,
and summative scores were obtained from institutional databases. Two system-embedded institutional questionnaires assessed
SRL strategies (316/319, 99.1% response rate) and “O”/“S”/“U” preferences (299/319, 93.7% response rate). Outcome measures
included SRL strategies, AES, “O”/“S”/“U” preferences, CLO scores, and summative scores. Statistical significance was set at
P<.05.

Results: When compared among pathways, using one-way ANOVA with Fisher least significant difference post hoc tests, the
academic group reported significantly higher mean (with 95% CI) goal setting (4.35, 4.07‐4.63), enthusiasm (4.43, 4.18‐4.69),
and lower stress during study (2.64, 2.15‐3.12), while the rural group showed higher pre-examination stress (4.38, 4.10‐4.66)
(all P<.05). Most academic (14/22, 63.6%), quota (5/6, 83.3%), and test students (132/243, 54.3%) preferred “O”/ “S”/“U,” while
the rural students preferred “S”/“U” (13/28, 46.4%). The academic group showed significantly higher CLO and summative scores
but fewer total and intentional attempts and instances of first-pass and highest scoring attempts (all P<.05), whereas the rural
group showed significantly lower CLO and summative scores and higher instances of first-pass and highest scoring attempts (all
P<.05). For correlation analyses, using Pearson correlation coefficient, summative scores were positively correlated with CLO
scores and number of passings and negatively with first-pass attempts. For multiple linear regression analyses, summative scores
were positively influenced by number of passings for each CLO and CLO scores and negatively influenced by instances of
first-pass attempts and highest scoring attempts. Overall, the academic group demonstrated higher academic performance and
fewer attempts and instances of first-pass and highest scoring attempts, while the rural group showed lower academic performance,
requiring more attempts for first-passing CLOs.

Conclusions: Admission pathways significantly influence students’ SRL strategies, AES, evaluation preferences, and academic
performance. This study is innovative in analyzing these interconnected components within a single cohort, unlike prior research
that examined them separately. By integrating assessment-engagement analytics with SRL data, it offers equity-oriented evidence
on how admission systems shape learning behaviors and academic trajectories. These findings provide actionable insights for
inclusive curriculum design and early identification of at-risk students. Real-world implications include targeted mentoring,
SRL-focused interventions, and assessment reforms balancing academic rigor with psychological safety.

(JMIR Med Educ 2026;12:e68636)   doi:10.2196/68636
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Introduction

To address the diversity of medical curricula, institutions use
various admission pathways, which may impact students’
academic outcomes, self-regulated learning (SRL) strategies,
assessment engagement statistics, and evaluation preferences.
In comparisons among admission pathways, there were
differences in academic outcomes and the likelihood of on-time
graduation [1]. In terms of academic performance, students
admitted through the Open National Unified Admission track,
characterized by the highest competitiveness and a reserved
quota for underprivileged students, predominantly comprising
children of military personnel and government employees within
the Ministry of Education in Jordan, had significantly higher
graduate grade point average (GPA) than those in other tracks,
whereas students from the other pathway track and an
international track exhibited the lowest graduating GPA [1].
Furthermore, students entering through the GENERAL
admission pathway in New Zealand demonstrated significantly
higher GPAs in years 2‐3 than students admitted through the
Māori and Pacific Admission Scheme, which was designed to
address shortages in the Māori and Pacific health workforce,
reduce significant disparities in health outcomes, and uphold
the rights of Māori within the New Zealand pathway [2]. In
addition, multiple regression analysis demonstrated that the
undergraduate entry pathway positively contributed to GPA in
years 2‐3 in New Zealand [2].

For students from various academic backgrounds, health-related
undergraduate degree students consistently surpassed those
from BioMed, Science, Humanities, and Business undergraduate
degree programs in performance on medical science, clinical
practice, objective structured clinical examinations, and overall
performance when compared to other pathways in Australia
[3].

For graduation rates, students admitted through the competitive
Open National Unified Admission track and the reserved quota
for underprivileged student track achieved the highest percentage
of on-time graduation, followed by the children of university
staff track in Jordan [1]. Similarly, students who gained
admission through the GENERAL pathway in New Zealand
exhibited a greater likelihood of completing their intended
program than those from the Māori and Pacific Admission
Scheme pathway [2].

Admission to the Faculty of Medicine Siriraj Hospital in the
2021 academic year followed the Thai University Central
Admission System (TCAS) framework and aligned with the
broader educational policy goals of Thailand’s national medical
school admission framework, which emphasizes not only
academic merit but also equity, inclusion, and workforce
distribution [4].

Importantly, at the time of the 2021 admission cycle, TCAS is
structured as 4 sequential rounds and operates as a binding
system, that is, once students are accepted and confirm their

place in an earlier round, they cannot participate in subsequent
rounds. This structure ensures efficient allocation, reduces
redundancy, and facilitates early selection of high-priority
candidates. Round 1 emphasizes portfolio submission and
interviews, making it suitable for applicants with strong
academic records and extracurricular achievements, while round
2 follows a quota system designed for students from specific
regions or with special talents. Round 3 relies on standardized
examinations such as the Thai General Aptitude Test, the Thai
Professional Aptitude Test (TPAT), and core subjects, favoring
applicants with strong test performance, whereas round 4 enables
institutions with unfilled seats to admit students through their
own criteria, offering opportunities for applicants not accepted
in earlier rounds [5].

At our institution, via 3 TCAS rounds, 4 pathways (groups)
were established: round 1—the academic group targeting
high-potential students with demonstrated cognitive strengths
and scientific aptitude, particularly those participating in national
science Olympiads; round 2—the quota group, promoting
diversity by admitting students with exceptional talents in music
or sports and individuals holding a bachelor’s degree; and round
3—the central admission test pathway (test group) and the
pathway for students required to serve as rural doctors (rural
group), prioritizing academic achievement through competitive
entrance examinations [5,6]. Notably, students in the rural group
were officially enrolled under the Faculty of Medicine,
Praboromarajchanok Institute, but undertook their preclinical
study together with students of the Faculty of Medicine Siriraj
Hospital.

Differences in admission pathways may be associated with
variations in students’ SRL behaviors. According to
Zimmerman’s cyclical model, SRL encompasses 3 interrelated
phases: the forethought phase, which involves goal setting, task
analysis, and motivational beliefs; the performance phase, which
includes self-control, monitoring, and strategy implementation;
and the self-reflection phase, which focuses on self-evaluation
and adaptive reactions after learning tasks [7]. SRL may
influence students across various admission systems, since it
influences how they approach learning tasks, manage challenges,
and engage with evaluation, and plays a crucial role in their
academic success, particularly among students with different
backgrounds [8].

In addition, nongrading or mastery-based systems, such as
pass/fail or pass/satisfactory/outstanding formats, have gained
attention for their potential to reduce stress [9], promote intrinsic
motivation [10-12], and foster deeper, self-directed learning
[10]. These approaches are especially relevant in high-stakes
disciplines such as medicine, where long-term competence and
well-being are critical [13], probably reducing competitiveness
and anxiety while promoting equity and fostering collaborative
learning environments [10,14,15]. Despite the growing adoption
of nongrading evaluation systems in medical education as part
of curricular reform, limited evidence exists on how students
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from different admission tracks perceive these systems or how
such reforms influence their SRL strategies and academic
performance.

Student feedback is widely recognized as a crucial mechanism
for curriculum evaluation and improvement, serving purposes
such as quality assurance, course and program revision, and the
evaluation of teaching quality and assessment tasks, while also
being critical to student learning by influencing motivation,
engagement, self-reflective learning, and overall performance,
as well as supporting iterative refinement and long-term
acceptance [16-19]. Understanding the perceptions of students
from different admission pathways is particularly important, as
their diverse educational, social, and cultural backgrounds may
shape how they interpret and adapt to new evaluation systems,
potentially influencing not only their motivation and learning
behaviors but also the effectiveness of these systems in
supporting diverse student cohorts [20].

Comparisons of academic outcomes among various admission
pathways have been partly reported; however, comparisons of
preclinical students’ SRL strategies, assessment engagement
statistics, preferences regarding nongrading evaluation, and
course learning outcomes (CLOs) and summative scores have
not been studied. This study aimed to (1) compare students’
SRL strategies, assessment engagement statistics, preferences
regarding nongrading evaluation, and academic performance
among the academic, quota, test, and rural groups; (2) determine
correlations among summative scores, students’ assessment
engagement statistics, and CLO scores in each group; and (3)
identify factors contributing to summative scores in each group
through multiple linear regression analyses. By addressing these
gaps, our study provides a comprehensive understanding of how
admission pathways may shape not only academic outcomes
but also learning behaviors, essential for designing inclusive
medical curricula that support all learners [7].

Methods

Study Design
This study used a mixed methods design consisting of a
retrospective observational component and a cross-sectional
survey component. The retrospective observational component
included assessment engagement statistics and CLO scores
obtained from the Siriraj E-Learning and Education Community,
as well as summative examination scores retrieved from the
Siriraj Campus Management System (SiCMs). The
cross-sectional component consisted of 2 system-embedded
institutional questionnaires: questionnaire 1 assessing students’
SRL strategies and questionnaire 2 assessing preferences
regarding nongrading evaluation, both administered within the
SiCMs platform. The integration of quantitative and qualitatively
informed data enabled a comprehensive examination of learning
behaviors and academic performance across admission
pathways.

Although this study adopted a mixed methods framework, the
qualitative component was limited to a qualitatively informed
instrument development process based on literature review and
expert input rather than primary qualitative data collection.

Therefore, formal qualitative data saturation was not applicable.
Instead, content validity was ensured through iterative expert
review and consensus to confirm comprehensive coverage of
relevant educational constructs.

Study Protocol
Participants included all first-year medical students enrolled in
the academic year 2021 at the Faculty of Medicine Siriraj
Hospital, Mahidol University, using a census sampling approach.
Selection criteria included all officially enrolled students, with
no exclusions applied.

Ethical Considerations
This study used routinely collected educational data and
system-embedded questionnaires. The research protocol was
reviewed and approved by the Siriraj Institutional Review Board.
The initial protocol was granted exemption from full review
under protocol number 370/2565 (exempt). A subsequent
amendment, which included additional demographic data (age,
school region, and hometown region), was approved under
certificate of approval number 731/2025. For the retrospective
observational component, the institutional review board granted
a waiver of written informed consent because the data were
obtained from existing institutional databases, posed minimal
risk, and were analyzed in deidentified, aggregate form. For the
cross-sectional component, participation involved completion
of system-embedded questionnaires as part of routine
institutional processes; therefore, no additional consent was
required for secondary analysis of anonymized data, as approved
by the institutional review board. All datasets were anonymized
prior to export, with direct identifiers removed, and were stored
on password-protected computers with restricted access. No
financial or academic incentives were provided, and
participation had no impact on academic standing. No
identifiable images or sensitive personal information was
included in the analysis.

Admission to the Faculty of Medicine Siriraj Hospital
For the academic group, applicants had to be high school
students who had achieved gold or silver medals at the National
Academic Olympiad in the following fields: Physics, Chemistry,
Biology, Mathematics, Computer Science (Informatics),
Geography, Astronomy, and Astrophysics; or have completed
Camp 2 in Earth and Space Science. In addition, applicants
could be high school students in the year of the training camp
or those selected to attend the Academic Olympiad Training
Camp Round 1 in Biology, Chemistry, Physics, Computer
Science, or Mathematics. Furthermore, they were required to
have a GPA of at least 3.00 in Science, Mathematics, English,
Thai, and Social Studies. Selection was primarily based on
portfolio assessment, including activities, academic
achievements, and other special skills or talents, as well as a
statement of purpose. Subsequently, they underwent multiple
mini-interviews (MMIs), which were constructed based on the
conceptual framework of the objective structured clinical
examination [21], and final selection was determined according
to MMIs criteria.

For the quota group, applicants must (1) have talent in sports
or music at national or international levels; (2) have eligibility
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for the Mahidol Medical Scholars Program, with a GPA of at
least 3.00 in Science, Mathematics, English, Thai, and Social
Studies; or (3) be holding a bachelor’s degree with a GPA of
at least 3.25 in any field in Thailand, with age not exceeding
35 years. Applicants were primarily selected based on academic
examinations organized by the TCAS, accounting for 70%,
including 20% Mathematics, 40% Sciences (Physics, Chemistry,
and Biology), 20% English, 10% Thai, and 10% Social Studies,
as well as 30% Ordinary National Educational Test for music
talent, or General Aptitude Test/Professional Aptitude Test for
sport talents and Mahidol Medical Scholar Program, or the
TPAT organized by the Consortium of Thai Medical Schools
for bachelor’s graduates. Finally, they underwent MMIs for
definitive selection.

For the test group, applicants were high school students selected
through academic examinations weighted at 70% TCAS and
30% TPAT, as described for the quota group, along with a
general interview, including both a standard personal interview
and a psychiatric assessment, as well as a health examination,
to screen out individuals unsuitable for medical studies. The
eligibility criteria for passing these assessments were based on
the national medical school admission standards, which ensure
that applicants are free from any physical or mental health
conditions that could hinder their medical education, clinical
training, or future medical practice. These criteria are defined
in the official 2016 regulation on student eligibility and include,
for example, severe psychiatric disorders, active communicable
diseases, significant physical disabilities, and uncorrectable
hearing or visual impairments.

For the rural group, high school students were admitted under
Thailand’s national “Doctors for Rural Areas” policy,
implemented through the Collaborative Project to Increase
Production of Rural Doctors, which was established to address
physician shortages in underserved areas and to reflect
Thailand’s national “Doctors for Rural Areas” policy, aiming
to promote equity in health care distribution [22]. Students from
designated provinces must have their names in the house records
of the specified province continuously for not less than 5 years,
attend a school in the designated area, and receive government
financial support throughout medical training. Upon graduation,
graduates are obligated to return to their home province or
designated health region to work in public hospitals as part of
a binding service requirement [22]. They are required to serve
3 years in Ministry of Public Health hospitals, with a financial
penalty of approximately US $11,300 imposed for
noncompliance [22]. They were selected based on a GPA of at
least 3.00, a 70% academic examination score through TCAS
as the test group, and 30% interview performance. Although
they were officially enrolled under the Faculty of Medicine,
Praboromarajchanok Institute, they studied their preclinical
years alongside the Faculty of Medicine Siriraj Hospital’s
students, receiving the same curriculum delivery, teaching and
assessment processes, access to facilities and equipment,
academic and mentoring support, and extracurricular
opportunities. After finishing the preclinical curriculum, they
continued their clinical training at the Clinical Education Center,
Ratchaburi Hospital.

Curriculum
The Doctor of Medicine program at the Faculty of Medicine
Siriraj Hospital, Mahidol University, Thailand, spans 6 years,
divided into the preclinical years (years 1‐3) and the clinical
years (years 4‐6). The latest curriculum, implemented in 2021,
introduced several changes, including defining specific CLOs,
transferring 4 basic biomedical science courses from year 2 of
the 2017 curriculum to year 1 of the 2021 curriculum, changing
from compensatory to noncompensatory evaluation, and shifting
from grading to nongrading evaluation as Outstanding (“O”),
Satisfactory (“S”), or Unsatisfactory (“U”).

Assessment and Evaluation
For each CLO performance, students were permitted unlimited
attempts, except for course 4, which allowed only 1 attempt
with an 80% passing threshold. For summative assessment,
examinations for 4 courses were conducted simultaneously on
the same day with a minimum pass mark of 60% for courses
1‐3 and 50% for course 4. For evaluation, students who failed
the CLO assessment or the initial attempt at a summative
assessment received an “X” grade, indicating that they had not
yet passed. If these students subsequently passed the CLO within
the specified time frame and achieved at least a 60% score on
their second attempt at the summative assessment, they were
awarded an “S” grade, but they forfeited eligibility for an “O”
grade. To qualify for an “O” grade, students had to attain
summative scores of at least 85% in courses 1, 2, and 4, and
80% in course 3, without receiving any “X” grades in any CLO,
attitudinal assessments, or summative assessments. A “U” grade
was given to students who failed the remediation of the CLO
examination, the second attempt at the summative examination,
or the assessment of their attitude.

Assessment Engagement Statistics
Students’ assessment engagement statistics comprised 319
students: 23 in the academic group, 6 in the quota group, 261
in the test group, and 29 in the rural group. These statistics
encompassed various aspects, including the number of total,
intentional, and unintentional attempts; instances of first-pass
attempt and highest scoring attempt; the number of passings for
each CLO; and (an) additional attempts after passing each CLO.
Across the 4 courses, course 1 included 5 CLOs, course 2
included 4 CLOs, course 3 included 5 CLOs, and course 4
included 5 CLOs.

For each CLO, the number of total attempts is the total number
of times the students accessed the assessment platform. The
number of intentional attempts is defined as attempts in which
≥50% of the items were completed. The number of unintentional
attempts is defined as attempts in which <50% of the items were
completed. The instances of the first-pass attempt are the first
instances when the students successfully meet the passing level.
The instances of the highest-scoring attempt are the instances
when the students achieve the maximum score. The number of
passings for each CLO is the count of instances in which the
students successfully meet the passing level. The additional
attempts after passing each CLO are the number of subsequent
instances after students have already passed.
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Questionnaires
The questionnaires were developed collaboratively by the
authors under the supervision of the deputy dean for
undergraduate education at the Faculty of Medicine Siriraj
Hospital. The questionnaires regarding students’SRL strategies
and preferences regarding nongrading evaluation among the
academic, quota, test, and rural groups were administered to
first-year medical students during the academic year 2021,
following the summative examination.

Questionnaire 1, rated on a Likert scale from 1 (strongly
disagree) to 5 (strongly agree), assessed students’ perspectives
and experiences across four domains: (1) teaching and learning,
(2) CLOs and program learning outcomes, (3) nongrading
evaluation, and (4) academic obstacles, included to identify
barriers perceived by students in adapting to the new structure,
learning activities, and nongrading evaluation system.

Questionnaire 1 was initially based on a university-standard
template and was subsequently refined using items adapted
from 2 well-established instruments: first, the University
Students Learning Strategies Questionnaire, which contributed
items addressing goal-setting and emotional barriers to learning
[23], for example, “I try to set goals before studying,” “I feel
discouraged from studying,” and “I have concerns that interfere
with my learning.” Second, the Academic Motivation Scale,
college version, which informed items related to intrinsic
motivation (eg, “I enjoy and feel satisfied when learning new
things” and “I feel happy when I achieve each course learning
outcome”) and amotivation (eg, “I feel like I waste time
participating in class activities”) [24].

Questionnaire 1 represents 3 phases of SRL strategies. The
Forethought Phase (P1), representing motivation and beliefs,
included items such as goal setting and enthusiasm toward
learning and teaching activities. The Performance Phase (P2),
reflecting monitoring and strategy use, encompassed concerns
or obstacles that hindered studying such as the perceived impact
of unlimited CLO assessment attempts. The Self-Reflection
Phase (P3), representing assessment and self-reaction, included
items related to satisfaction with nongrading evaluation and
overall learning experiences gained from the current curriculum.
It also explored students’ perceptions of the nongrading
“O”/”S”/“U” evaluation, the applicability of knowledge to future
clinical and national assessments, and overall satisfaction with
the curriculum. Both positively and negatively worded
statements were included to support internal consistency testing.

The overall questionnaire 1 response rate was 99.1% (316/319),
including 100% (23/23) in the academic group, 100% (6/6) in
the quota group, 98.9% (258/261) in the test group, and 100%
(29/29) in the rural group. The proportions of respondents were
7.3% (23/316) in the academic group, 1.9% (6/316) in the quota
group, 81.6% (258/316) in the test group, and 9.2% (29/316)
in the rural group.

Questionnaire 2, which allowed multiple responses, was
developed to explore students’ preferences regarding the newly
implemented “O”/”S”/“U” grading system, with a particular
focus on their perspectives toward the inclusion of the “O”
grade, in relation to aspects of SRL strategies (Forethought,

Performance, and Self-Reflection phases). While the “O” grade
may serve as a form of academic recognition that rewards effort,
motivation, and high performance, several student concerns
also emerged, particularly regarding its association with extrinsic
motivation, heightened anxiety, and increased competitiveness.
Although no literature has directly addressed the specific effects
of the “O” grade itself, studies on A-F grading suggest that top
grades may similarly function as motivators and thus can be
reasonably used to approximate the motivational impact of the
“O” grade in this context [25]. Based on these recurring themes,
the research team identified measurable items that addressed
key constructs frequently cited in the literature on grading
systems, including stress [9], competition [10,26], study focus
[26], effort, and life-goal setting.

Although this questionnaire did not undergo a full validation
process and did not adopt an existing standardized instrument,
its content was informed by student feedback gathered during
monthly online visits by the deputy dean and assistant dean (the
corresponding author, CS) of undergraduate education with the
first-year cohort, internal faculty discussions, and relevant
literature on the psychological and behavioral impacts of grading
practices. A qualitatively informed survey design approach was
used to generate a focused list of 5 questions designed to capture
concrete student perspectives, thereby enabling clearer
interpretation of their positions on key issues as part of the
validity argument. A simplified yes/no response format was
deliberately selected to enhance clarity, improve response
process validity, and encourage full participation by prompting
students to take a definitive stance on each item.

The overall response rate was 93.7% (299/319), with
participation rates of 95.7% (22/23) in the academic group,
100% (6/6) in the quota group, 93.1% (243/261) in the test
group, and 96.6% (28/29) in the rural group. The proportions
of respondents were 7.4% (22/299) in the academic group, 2.0%
(6/299) in the quota group, 81.3% (243/299) in the test group,
and 9.4% (28/299) in the rural group.

To ensure content validity, both questionnaires were reviewed
by 3 medical education experts. Their feedback was incorporated
to improve item clarity, coverage, and logical flow. The finalized
questionnaire was administered at the end of the academic year
but before grade announcement to minimize potential bias.

Construct validity for questionnaire 1 was examined using
exploratory factor analysis (principal component extraction with
Varimax rotation). Sampling adequacy was acceptable
(Kaiser-Meyer-Olkin Measure of Sampling Adequacy=0.812),
and Bartlett’s test of sphericity was significant (χ²136=2253.45;
P<.001). Four factors were extracted, explaining 62.9% of the
total variance after rotation. Factor loadings supported a
theoretically consistent structure aligned with SRL domains:
(1) teaching and learning, (2) CLOs and program learning
outcomes, (3) nongrading evaluation, and (4) academic
obstacles. Most communalities were ≥0.50. Internal consistency
was acceptable (Cronbach α=0.729). Content validity was
ensured through expert review and adaptation from validated
instruments.
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For questionnaire 2, the first item assessed grading system
preference and was analyzed descriptively because it represents
a categorical choice rather than a latent construct. The remaining
5 dichotomous items assessed perceived consequences of the
“O” grade (stress, competition, focus, effort, and goals). When
treated as a single composite, internal consistency was low
(Cronbach α=0.349), indicating that these items did not form
a unidimensional scale. Interitem correlations suggested 2
distinct clusters—perceived costs and perceived benefits—with
negative correlations between clusters. Given this
multidimensional structure and low reliability, items were
analyzed individually. Construct validity was not established
for questionnaire 2; however, content validity was supported
through expert review and literature-informed item development.

Academic Performance
Academic performance was represented by CLO scores and
summative scores, both comprising a total of 319 students: 23
in the academic group, 6 in the quota group, 261 in the test
group, and 29 in the rural group.

Missing Data Handling
Missing data were assessed using the SPSS (version 30; IBM
Corp) Missing Value Analysis module. The dataset for
assessment engagement statistics and CLO scores included 319
students, and summative scores were available for all 319
students. No missing data were observed for questionnaire 1
(N=316) and questionnaire 2 (N=299), as well as for summative
scores. For assessment engagement statistics and CLO scores,
a small proportion of missing data occurred exclusively in the
test group due to some students not attempting specific CLO
assessments or data unavailability. Specifically, missing data
were observed for CLO 1 (3 students), CLO 2 (5 students), CLO
3 (3 students), CLO 4 (6 students), and CLO 5 (4 students) in
course 1; for CLO 1 (3 students), CLO 2 (3 students), CLO 3
(6 students), and CLO 4 (7 students) in course 2; and for CLOs
1‐5 (3 students) in course 3. Across all CLO variables, the
proportion of missing data ranged from 0.94% to 2.19%, which
is below the commonly accepted threshold of 5%.

Little’s Missing Completely at Random (MCAR) test was
performed on the combined dataset of assessment engagement
statistics and CLO scores using the SPSS Missing Value
Analysis module. The test was nonsignificant (χ²464=0.000;
P=1.000), indicating that the observed missing data pattern was
consistent with MCAR. Because the proportion of missing data
was very small and the MCAR assumption was satisfied,
complete case analysis was applied. Multiple imputation was
not performed.

Reporting Guidelines
To enhance transparency and clarity of reporting, this study
adhered to EQUATOR-aligned guidelines appropriate to its
methodological structure. The STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guideline

was applied to the retrospective observational components [27],
and the GRAMMS (Good Reporting of A Mixed Methods
Study) guideline was applied to the mixed methods framework
[28]. Completed STROBE and GRAMMS checklists have been
uploaded as supplementary files.

Statistics
For statistical analysis, SPSS (version 18) was used. Participant
demographics and students’ preferences regarding nongrading
evaluation are presented as frequencies (N) and percentages.
Students’ assessment engagement statistics are reported as
ranges of means and medians. Comparisons of SRL, assessment
engagement statistics, and CLO and summative scores among
students in the academic, quota, test, and rural groups were
analyzed using one-way ANOVA and are expressed as means
with 95% CIs. Post hoc analyses using Fisher least significant
difference test were performed, as appropriate. The correlations
of summative scores with students’ assessment engagement
statistics and CLO scores within the academic, quota, test, and
rural groups were analyzed using Pearson correlation coefficient
(R) with 95% CIs. Multiple linear regression analyses were
conducted to identify factors significantly associated with
summative scores in these groups, with regression coefficients
reported alongside their 95% CIs. Statistical significance was
set at P<.05.

Results

Participant Demographics by Admission Pathway
The demographic characteristics of participants across the 4
TCAS admission groups—academic, quota, test, and
rural—demonstrated distinct patterns in age, sex, school region,
and hometown region, as shown in Table 1. Most students were
aged between 18 and 20 years, except in the quota group, where
one-third were aged 21‐25 years and another one-third 26‐30
years. Accordingly, the mean age was highest in the quota group
(23.7 years), compared with 19.4‐19.5 years in the other
groups. Male students predominated in the academic (15/23,
65.2%), test (134/261, 51.3%), and rural (17/29, 58.6%) groups,
whereas the quota group was primarily female (5/6, 83.3%). By
school region, Bangkok was most common in the test group
(147/261, 56.3%), the central region predominated in the
academic group (15/23, 65.2%), and the western region was
most frequent in the rural group (22/29, 75.9%). The quota
group showed a more even distribution, with 50.0% (3/6) from
the central region and 16.7% (1/6) each from the west, south,
and Bangkok. By hometown region, Bangkok accounted for
the largest share in the test group (122/261, 46.7%); the
academic group was distributed across Bangkok (9/23, 39.1%),
central (5/23, 21.7%), and northeast (5/23, 21.7%); and the rural
group primarily originated from the western region (23/29,
79.3%). The quota group consisted of one-third each from
Bangkok and the central region, with smaller proportions from
the west and south (1/6, 16.7% each).
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Table . Participant demographics by admission pathway.

Rural group (N=29), n (%)Test group (N=261), n (%)Quota group (N=6), n (%)Academic group (N=23), n (%)Factors

Age (years)

29 (100.0)246 (94.2)2 (33.4)23 (100.0)    18‐20

N/A15 (5.8)2 (33.3)N/Aa    21‐25

N/AN/A2 (33.4)N/A    26‐30

19.519.523.719.4    Mean

19.519.424.019.4    Median

18.8‐20.018.0‐22.719.4‐29.718.7‐20.0    Range

Sex

17 (58.6)134 (51.3)1 (16.7)15 (65.2)    Male

12 (41.4)127 (48.7)5 (83.3)8 (34.8)    Female

School region

N/A147 (56.3)1 (16.7)3 (13.0)    Bangkok

7 (24.1)90 (34.5)3 (50.0)15 (65.2)    Central

N/A2 (0.8)N/A1 (4.4)    North

N/A9 (3.5)N/A3 (13.0)    Northeast

N/A3 (1.1)N/A1 (4.4)    East

22 (75.9)N/A1 (16.7)N/A    West

N/A10 (3.8)1 (16.7)N/A    South

Hometown region

N/A122 (46.7)2 (33.3)9 (39.1)    Bangkok

6 (20.7)59 (22.6)2 (33.3)5 (21.7)    Central

N/A3 (1.2)N/A1 (4.4)    North

N/A24 (9.2)N/A5 (21.7)    Northeast

N/A11 (4.2)N/A2 (8.7)    East

23 (79.3)8 (3.1)1 (16.7)N/A    West

N/A34 (13.0)1 (16.7)1 (4.4)    South

aN/A: not applicable.

Comparisons of SRL Strategies Among Academic,
Quota, Test, and Rural Groups
Comparisons of SRL strategies among academic, quota, test,
and rural groups are shown in Table 2. In the aspect of teaching
and learning, students in the academic group reported
significantly higher levels of actively setting goals before
studying than those in the quota group (P=.044; Table 2). The
95% CI for the academic group was narrow (4.07‐4.63),
indicating high precision. In contrast, the quota group showed

a much wider 95% CI (2.58‐4.75), reflecting lower precision
due to both the small sample size and the high variability in
students’ responses within this group (Table 2). Students in the
academic group also reported significantly higher levels of
feeling enthusiastic about learning and teaching activities than
students in the rural group (P=.042; Table 2). The 95% CI for
the academic group (4.18‐4.69) was narrow, suggesting stable
estimates, whereas the rural group’s moderately wide 95% CI
(3.65‐4.28) indicates greater variability in enthusiasm levels
among students in this pathway (Table 2).
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Table . Comparisons of self-regulated learning strategies among academic, quota, test, and rural groups.

Rural group

(N=29)

Test group

(N=258)

Quota group

(N=6)

Academic group

(N=23)

Questions

Mean

(95% CI)

Mean

(95% CI)

Mean

(95% CI)

Mean

(95% CI)

Teaching and learning

4.10 (3.79‐4.41)4.22 (4.13‐4.31)3.67 (2.58-4.75)b4.35 (4.07‐4.63)I actively set goals for
myself before studying.

(P1a)

1

3.97 (3.65–4.28)b4.12 (4.02‐4.22)3.83 (2.80‐4.87)4.43 (4.18‐4.69)I am enthusiastic about
learning and teaching

activities. (P1a)

2

4.34 (4.11‐4.58)4.41 (4.32‐4.50)4.50 (3.93‐5.07)4.39 (4.08‐4.70)I am happy and satis-
fied when I learn

something new. (P3c)

3

4.31 (4.10‐4.52)4.38 (4.29‐4.46)4.67 (4.12‐5.21)4.39 (4.05‐4.73)The teaching and
learning management

4

of this curriculum
helps me experience
learning in an excellent

manner. (P3c)

4.38 (4.12‐4.64)4.35 (4.27‐4.43)4.67 (4.12‐5.21)4.35 (4.14‐4.56)Overall, I am satisfied
with the learning expe-

5

rience gained from the
current curriculum.

(P3c)

CLOsd and PLOse

4.55 (4.36‐4.74)4.62 (4.55‐4.70)5.00 (5.00‐5.00)4.83 (4.66‐4.99)I feel happy when I
achieve the CLOs each

time. (P3c)

6

4.76 (4.56‐4.95)4.85 (4.80‐4.90)4.83 (4.40‐5.26)4.74 (4.54‐4.93)I like the opportunity
to have unlimited at-

7

tempts at achieving the

CLOs. (P2f)

4.72 (4.55‐4.90)4.67 (4.61‐4.74)5.00 (5.00‐5.00)4.61 (4.36‐4.86)I think that the knowl-
edge and experience

8

gained from studying
in the first year can be
applied in future medi-

cal studies. (P3c)

4.62 (4.41‐4.83)4.64 (4.57‐4.71)4.83 (4.40‐5.26)4.74 (4.54‐4.93)I think that the knowl-
edge and experience

9

gained from studying
will be applicable to
the preclinical compre-
hensive examination
and the National Li-
cense Examination step

1. (P3c)

3.24 (2.81‐3.67)3.40 (3.24‐3.56)3.33 (2.48‐4.19)3.17 (2.64‐3.71)The current examina-
tion method

10

(once/semester) allows
me to study happily.

(P3c)

Nongrading evaluation

JMIR Med Educ 2026 | vol. 12 | e68636 | p.86https://mededu.jmir.org/2026/1/e68636
(page number not for citation purposes)

Keadkraichaiwat et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Rural group

(N=29)

Test group

(N=258)

Quota group

(N=6)

Academic group

(N=23)

Questions

Mean

(95% CI)

Mean

(95% CI)

Mean

(95% CI)

Mean

(95% CI)

4.86 (4.73‐5.00)g4.77 (4.70‐4.84)g5.00 (5.00–5.00)b4.35 (4.07‐4.63)I am happy to learn
through the nongrading
evaluation

(“O”/”S”/“U”). (P3c)

11

4.90 (4.78‐5.01)h4.79 (4.72‐4.86)h5.00 (5.00–5.00)b4.35 (4.07‐4.63)I agree with changing
from the grading to the
nongrading evaluation
(“O”/”S”/“U”) for all
preclinical courses.

(P3c)

12

Academic obstacles

2.00 (1.55‐2.45)2.07 (1.91‐2.22)1.67 (0.81‐2.52)1.83 (1.47‐2.19)I feel like I’m wasting
my time participating
in the teaching and
learning activities.

(P2f)

13

2.76 (2.38‐3.13)2.60 (2.45‐2.76)1.83 (1.04‐2.62)2.13 (1.60‐2.66)I have concerns or
problems that prevent
me from studying.

(P2f)

14

2.38 (1.98‐2.78)2.37 (2.22‐2.52)2.00 (1.06‐2.94)1.87 (1.43‐2.31)I don’t feel like study-

ing. (P1a)

15

3.52 (3.20‐3.83)g3.27 (3.14‐3.40)g3.00 (1.67‐4.33)2.64 (2.15‐3.12)I have stress when
reading books or fol-
lowing lessons during

studies. (P2f)

16

4.38 (4.10‐4.66)3.97 (3.85‐4.10)i3.50 (1.78‐5.22)3.70 (3.11‐4.29)iI have stress when
reading books before

exams. (P2f)

17

aP1 represents Motivation and Beliefs (motivation and beliefs (Forethought Phase).
bP<.05 compared with the academic group.
cP3 represents assessment and self-reaction (Self-Reflection Phase).
dCLOs: course learning outcomes.
ePLOs: program learning outcomes.
fP2 represents Monitoring and Strategy Use (Performance Phase).
gP<.01 compared with the academic group.
hP<.001 compared with the academic group.
iP<.05 compared with the rural group.

In the aspect of nongrading evaluation, students in the academic
group reported significantly lower levels of agreement with
learning via nongrading evaluation (“O”/“S”/“U”) than the quota
group (P=.012), test group (P=.001), and rural group (P=.001)
(Table 2). The 95% CI for the academic group (4.07‐4.63)
was relatively narrow, indicating high precision and consistent
responses, whereas the quota group showed a ceiling effect
(5.00‐5.00) suggesting no variability, and the 95% CIs for the
test (4.70‐4.84) and rural groups (4.73‐5.00) were very
narrow, reflecting precise estimates (Table 2). Similarly,
students in the academic group reported significantly lower
agreement with changing from grading to nongrading evaluation
(“O”/“S”/“U”) for all preclinical courses than the quota group

(P=.011), test group (P<.001), and rural group (P<.001; Table
2). The 95% CI for the academic group (4.07‐4.63) was
narrow, suggesting stable estimates, whereas the quota group
again showed a ceiling effect (5.00‐5.00), and the test
(4.72‐4.86) and rural groups (4.78‐5.01) had narrow 95%
CIs, indicating high precision (Table 2).

In the aspect of academic obstacles, students in the academic
group rated significantly lower levels of stress when reading
books or following lessons during studies than students in the
test (P=.007) and rural groups (P=.003; Table 2). The 95% CI
for the academic group (2.15‐3.12) was moderately wide,
indicating greater variability in perceived stress, whereas the
test (3.14‐3.40) and rural groups (3.20‐3.83) showed
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narrower 95% CIs reflecting more consistent responses, and the
quota group demonstrated a wide 95% CI (1.67‐4.33),
indicating low precision due to both high variability and a small
sample size (Table 2).

Furthermore, students in the rural group rated significantly
higher levels of stress when reading books before examinations
than students in the academic (P=.02) and test groups (P=.046;
Table 2). The 95% CI for the rural group (4.10‐4.66) was
relatively narrow, indicating high precision, while the 95% CI
for the academic group (3.11‐4.29) was moderately wide,
suggesting moderate precision, and the 95% CI for the test group
(3.85‐4.10) was narrow, reflecting precise estimates; the quota
group had an extremely wide 95% CI (1.78‐5.22), indicating
high variability and small sample size (Table 2).

Students’ Preferences Regarding Nongrading
Evaluation
Students’ preferences regarding nongrading evaluation and the
“O” grade in academic, quota, test, and rural groups are shown
in Table 3. Students in the academic, quota, and test groups
predominately selected “O”/“S”/“U” for 63.6% (14/22), 83.3%
(5/6), and 54.3% (132/243), respectively, while students in the
rural group mainly selected “S”/“U” at 46.4% (13/28; Table 3).
Furthermore, students in the academic and quota groups reported
that “O” mainly made them more focused on studying and led
to increased effort with equal percentage (15/22, 68.2% and
3/6, 50%, respectively; Table 3). In addition, students in the
test and rural groups reported that “O” mostly led to increased
effort (161/243, 66.3% and 18/28, 64.3%, respectively; Table
3).

Table . Students’ preferences regarding nongrading evaluation.

Rural group (N=28), n (%)Test group (N=243), n (%)Quota group (N=6), n (%)Academic group (Na=22), n (%)

Choosing the evaluation

13 (46.4)90 (37.0)1 (16.7)7 (31.8)    “S”a/“U”b

12 (42.9)132 (54.3)5 (83.3)14 (63.6)    “O”c/“S”/“U”

3 (10.7)21 (8.7)N/Ad1 (4.6)    Both
“S”/“U” and
“O”/“S”/“U”

Topics

11 (39.3)83 (34.2)N/A10 (45.5)    “O” makes
students feel

stressed. (P3e)

11 (39.3)98 (40.3)1 (16.7)13 (59.1)    “O” leads to
increased
competition.

(P2f)

12 (42.9)116 (47.7)3 (50.0)15 (68.2)    “O” makes
students more
focused on
studying. (P2)

18 (64.3)161 (66.3)3 (50.0)15 (68.2)    “O” leads to
increased ef-
fort. (P2)

13 (46.4)104 (42.8)1 (16.7)13 (59.5)    “O” leads to
having more
goals in life.

(P1g)

a“S”: satisfactory.
b“U”: unsatisfactory.
c“O”: outstanding.
dN/A: not applicable.
eP3 represents assessment and self-reaction (Self-Reflection Phase).
fP2 represents monitoring and strategy use (Performance Phase).
gP1 represents motivation and beliefs (Forethought Phase).
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Students’ Assessment Engagement Statistics in
Performing Each CLO
Students’ assessment engagement statistics in performing each
CLO of students in academic, quota, test, and rural groups are
shown as ranges of means and medians in Table 4. These

assessment engagement statistics include multiple aspects of
assessment engagement, namely, total attempts, intentional and
unintentional attempts, first-pass attempts, highest scoring
attempts, passing instances, and additional attempts after passing
for each CLO.

Table . Students’ assessment engagement statistics in performing each course learning outcome.

Rural group

(N=29)

Test group

(N=258)

Quota group

(N=6)

Academic group

(N=23)

Factors

Median
(range)

Mean (range)Median
(range)

Mean (range)Median
(range)

Mean (range)Median
(range)

Mean (range)

2‐102.4‐12.32‐82.6‐15.32.5‐193.5‐29.01‐72.0‐9.1Number of to-
tal attempts of

each CLOa.

2‐92.3‐9.82‐62.0‐7.52‐5.52.0‐6.31‐51.9‐6.3Number of in-
tentional at-
tempts of each
CLO.

00‐6.500‐10.90‐8.50‐22.800‐5.1Number of un-
intentional at-
tempts of each
CLO.

1‐51.9‐6.51‐31.4‐4.51‐31.3‐4.01‐31.4‐3.6Instances of
first-pass at-
tempt of each
CLO.

2‐92.2‐9.52‐51.9‐6.71.5‐51.7‐6.01‐41.7‐5.7Instances of
highest scor-
ing attempt of
each CLO.

1‐21.4‐2.91‐21.4‐3.31‐3.51.5‐4.01‐21.5‐3.0Number of
passings for
each CLO.

0‐10.4‐3.40‐10.6‐3.00‐30.5‐4.00‐20.5‐2.7Additional at-
tempts after
passing each
CLO.

aCLO: course learning outcome.

Comparisons of Assessment Engagement Statistics
Among Students in Academic, Quota, Test, and Rural
Groups
Comparisons of assessment engagement statistics among
students in academic, quota, test, and rural groups are shown
in Figure 1. For each CLO, the number of total attempts was
significantly higher in the test group compared with the
academic group in course 1 CLO 1 (P=.044) and course 2 CLO
2 (P=.049) and compared with the rural group in course 1 CLO
3 (P=.03), as well as significantly higher in the quota group
compared with the academic (P=.02) and rural groups (P=.041)
in course 3 CLO 2 (Figure 1A). The number of intentional
attempts was significantly lower in the academic group in course
3 CLO 1 compared with the rural group (P=.027; Figure 1B).
The number of unintentional attempts was significantly higher
in the quota group compared with the rural group in course 1
CLO 3 (P=.045), course 3 CLO 2 (P=.043), and course 4
(P=.048), and compared with the academic group in course 3

CLO 2 (P=.03), as well as significantly higher in the test group
compared with the rural group in course 1 CLO 3 (P=.042;
Figure 1C). The instances of first-pass attempt were significantly
lower in the academic group compared with the rural group in
course 1 CLO 1 (P=.04), course 2 CLO 1 (P=.008) and 2
(P=.004), course 3 CLO 1 (P=.03), CLO 4 (P=.044), and CLO
5 (P=.03), and compared with the quota group in course 3 CLO
2 (P=.02), as well as significantly lower in the test group
compared with the rural group in course 2 CLO 1 (P=.02) and
CLO 2 (P=.03) and course 3 CLO 1 (P=.04) and 4 (P=.005)
(Figure 1D). The instances of highest scoring attempts were
significantly higher in the rural group compared with the
academic group in course 2 CLO 2 (P=.02) and compared with
the academic group (P=.01), quota group (P=.03), and test group
(P=.02) in course 3 CLO 1 (Figure 1E). The number of passings
in each CLO was significantly lower in the rural group compared
with the test group in course 1 CLO 1 (P=.03), as well as
significantly higher in the quota group compared with the
academic group (P=.004), test group (P<.001), and rural group
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(P<.001) in course 2 CLO 4 (Figure 1F). The additional attempts
after passing each CLO were significantly higher in the quota
group compared with the academic group (P=.01), test group
(P=.004), and rural group (P=.001) in course 2 CLO 4 (Figure
1G).

Across total attempts (Figure 1A) and unintentional attempts
(Figure 1C), the test group consistently demonstrated narrow
95% CIs indicating high precision, the academic and rural
groups showed 95% CIs of narrow to moderate width indicating
high to moderate precision, and the quota group exhibited

extremely wide 95% CIs reflecting low precision due to
substantial variability and a small sample size.

Across intentional attempts (Figure 1B), first-pass attempts
(Figure 1D), highest scoring attempts (Figure 1E), number of
passings (Figure 1F), and additional attempts after passing
(Figure 1G), a similar precision pattern was observed, in which
the test group consistently showed narrow 95% CIs indicating
high precision, the academic and rural groups demonstrated
moderate width 95% CIs reflecting moderate precision, and the
quota group exhibited the widest 95% CIs indicating low
precision due to high variability and its small sample size.
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Figure 1. Comparisons of assessment engagement statistics among students in academic, quota, test, and rural groups. Data are presented as mean with

95% CIs. *P<.05 compared with students in the academic group; #P<.05, ##P<.001 compared with students in the quota group; and $P<.05 compared
with students in the test group. (A) Number of total attempts of each CLO. (B) Number of intentional attempts of each CLO. (C) Number of unintentional
attempts of each CLO. (D) The instance(s) of first-pass attempt of each CLO. (E) The instance(s) of highest scoring attempt of each CLO. (F) Number
of passing(s) each CLO. (G) Additional attempt(s) after passing each CLO. CLO: course learning outcome.
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Comparisons of CLO and Summative Scores Among
Students in Academic, Quota, Test, and Rural Groups
Comparisons of CLO and summative scores among students in
academic, quota, test, and rural groups are shown in Figure 2.

Some CLO scores (Figure 2A) and all summative scores (Figure
2B) in courses 1‐4 were significantly lower in the rural group
when compared with the academic, quota, and test groups

(P<.05 all). Across CLO scores (Figure 2A) and summative
scores (Figure 2B), a similar precision pattern was observed,
in which the test group consistently showed narrow 95% CIs
indicating high precision, the academic and rural groups
demonstrated moderate-width 95% CIs reflecting moderate
precision, and the quota group exhibited the widest 95% CIs
indicating low precision due to substantial variability and a
small sample size.

Figure 2. Comparisons of CLO and summative scores among students in academic, quota, test, and rural groups. Data are presented as mean with 95%

CIs. *P<.05, **P<.001 compared with students in the academic group; #P<.05 compared with students in the quota group; and $P<.05, $$P<.001
compared with students in the test group. (A) CLO scores. (B) Summative scores. CLO: course learning outcome.

Correlations of Summative Scores With Students’
Assessment Engagement Statistics and CLO Scores
Within the Course
Correlations of summative scores with students’ assessment
engagement statistics and CLO scores within the course of
students in academic, quota, test, and rural groups are shown
in Multimedia Appendix 1.

In the academic group, summative scores of each course were
positively correlated with number of passings each CLO of
courses 1 and 3 (R=0.415‐0.580), additional attempts after
passing each CLO of course 1 (R=0.415‐0.555), and CLO
scores of all courses (R=0.432‐0.707) but were negatively
correlated with number of total attempts (R=−0.450) and number
of unintentional attempts (R=−0.511) of course 1 and instances
of first-pass attempt of courses 1 and 2 (R=(−0.437) – (−0.491))
(P<.05 all; Multimedia Appendix 1).

In the quota group, summative scores of each course exhibited
positive correlation with number of total attempts (R=0.814)
and number of intentional attempts (R=0.926) of course 2 and
CLO scores of course 3 (R=0.844) but had negative correlations
with number of total attempts (R=−0.964) and number of
unintentional attempts (R=−0.845) of course 3 (P<.05 all;
Multimedia Appendix 1).

In the test group, summative scores of each course were
significantly positively correlated with number of passings each
CLO (R=0.164‐0.233) and additional attempts after passing
each CLO (R=0.125‐0.209) of courses 1, 2, and 3; CLO scores
of all courses (R=0.129‐0.253); and number of intentional

attempts of course 3 (R=0.177) but were significantly negatively
correlated with number of total attempts (R=(−0.128) – (−0.233))
and number of unintentional attempts (R=(−0.148) –(−0.208))
of courses 1 and 3; number of intentional attempts of course 1
(R=−0.134); instances of first-pass attempt of courses 1, 2, and
3 (R=(−0.123) – (−0.344)); and instances of highest scoring
attempt of courses 1 and 2 (R=(−0.153) – (−0.160)) (P<.05 all;
Multimedia Appendix 1).

In the rural group, summative scores of each course showed
positive correlations with CLO scores of courses 1, 3, and 4
(R=0.420‐0.725) and number of unintentional attempts
(R=0.393) and number of passings each CLO (R=0.390) of
course 3 but exhibited negative correlations with number of
intentional attempts of courses 2 and 3 (R=(−0.399)–(−0.577));
instances of first-pass attempt of courses 2 and 3 (R=(−0.388)
– (−0.655); and instances of highest scoring attempt of courses
2 and 3 (R=(−0.441) – (−0.614)) (P<.05 all; Multimedia
Appendix 1).

Notably, the scores for course 1 CLO 2, course 2 CLO 2, and
course 3 CLO 3, 4, and 5 in the quota group did not correlate
with the summative scores because all students in this group
received a score of 100 for these CLOs. Across correlations
between summative scores and assessment engagement statistics
and CLO scores, a similar precision pattern was observed, in
which the test group consistently showed narrow 95% CIs
indicating high precision, the academic and rural groups
demonstrated moderate-width 95% CIs reflecting moderate
precision, and the quota group exhibited the widest 95% CIs
indicating low precision due to substantial variability and a
small sample size (Multimedia Appendix 1).
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Multiple Linear Regression Analyses of Summative
Scores

Multiple linear regression analyses of summative scores in
academic, quota, test, and rural groups are shown in Table 5.
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Table . Multiple linear regression analyses of summative scores.

95% CIP valuet test (df)SECoefficientP valueR 2RModel

Academic group

    Summative scores of course 1

.001a0.3970.630        1

−106.203 to
25.600

.217−1.272 (21)31.689−40.301Constant        

0.538 to
1.905

.001a3.717 (21)0.3291.221CLO5b

scores

<.001c0.5210.722        2

−81.198 to
46.804

.581−0.560 (20)30.682−17.197Constant    

0.225 to
1.600

.012d2.769 (20)0.3300.912CLO5 scores

0.193 to
4.504

.034d2.273 (20)1.0332.349Number of
passings
(CLO1)

<.001c0.6140.784        3

−62.280 to
59.994

.969−0.039 (19)29.210−1.143Constant    

0.113 to
1.415

.024d2.456 (19)0.3110.764CLO5 scores

0.108 to
4.116

.040d2.206 (19)0.9572.112Number of
passings
(CLO1)

−0.920 to
−0.012

.045d−2.148 (19)0.217−0.466Number of
unintentional
attempts
(CLO4)

    Summative scores of course 2

.017d0.2410.491        1

74.284 to
103.124

<.001c12.793 (21)6.93488.704Constant    

−19.226 to
−2.070

.017d−2.582 (21)4.125−10.648Instances of
first-pass at-
tempt
(CLO3)

    Summative scores of course 3

<.001c0.5000.707        1

−206.621 to
(−31.776)

.010d−2.835 (21)42.038−119.198Constant    

1.087 to
2.894

<.001c4.580 (21)0.4351.991CLO5 scores

<.001c0.6060.778        2

−248.043to
−72.350

.001a−3.804 (20)42.113−160.196Constant    

1.419 to
3.150

<.001c5.504 (20)0.4152.285CLO5 scores

0.866 to
16.209

.031d2.322 (20)3.6788.538Number of
passings
(CLO4)
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95% CIP valuet test (df)SECoefficientP valueR 2RModel

    Summative scores of course 4

.011d0.2710.520        1

−31.920 to
64.717

.4880.706 (21)23.23416.399Constant    

0.178 to
1.219

.011d2.793 (21)0.2500.699CLO1 and 2
scores

Quota group

    Summative scores of course 2

.008a0.8570.926        1

30.313 to
60.596

.001a8.335 (4)5.45445.455Constant    

3.302 to
11.925

.008a4.903 (4)1.5537.614Number of
intentional
attempts
(CLO1)

    Summative scores of course 3

.002a0.9290.964        1

78.878 to
93.979

<.001c31.782 (4)2.71986.429Constant    

−5.681 to
−2.533

.002d-7.243 (4)0.567−4.107Number of
total at-
tempts

(CLO4)

Test group

    Summative scores of course 1

<.001c0.1180.344        1

71.333 to
76.259

<.001c58.999 (256)1.25173.796Constant    

−3.545 to
−1.761

<.001c−5.856 (256)0.453−2.653Instances of
first-pass at-
tempt
(CLO3)

<.001c0.1590.399        2

67.396 to
73.487

<.001c45.554 (254)1.54670.442Constant    

−3.523 to
−1.774

<.001c−5.963 (254)0.444−2.649Instances of
first-pass at-
tempt
(CLO3)

0.784 to
2.745

<.001c3.545 (254)0.4981.765Number of
passing
(CLO5)

<.001c0.1870.433        3

68.418 to
74.582

<.001c45.689 (253)1.56571.500Constant    

−3.422 to
−1.695

<.001c−5.833 (253)0.439−2.558Instances of
first-pass at-
tempt
(CLO3)
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95% CIP valuet test (df)SECoefficientP valueR 2RModel

0.668 to
2.608

.001a3.327 (253)0.4921.638Number of
passing
(CLO5)

−0.573 to
−0.115

.003a−2.953 (253)0.116−0.344Number of
unintentional
attempts
(CLO5)

    Summative scores of course 2

<.001c0.0680.260        1

67.501 to
74.580

<.001c39.530 (253)1.79771.040Constant    

−4.620 to
−1.709

<.001c−4.282 (253)0.739−3.164Instances of
first-pass at-
tempt
(CLO3)

<.001c0.1370.370        2

−7.269 to
40.727

.1711.373 (252)12.18516.729Constant        

−4.693 to
−1.885

<.001c-4.614 (252)0.713−3.289Instances of
first-pass at-
tempt
(CLO3)

0.320 to
0.817

<.001c4.503 (252)0.1260.568CLO3 scores

<.001c0.1620.402        3

−2.742 to
45.098

.0821.744 (251)12.14521.178Constant    

−4.610 to
−1.835

<.001c−4.574 (251)0.704−3.222Instances of
first-pass at-
tempt
(CLO3)

0.217 to
0.727

<.001c3.643 (251)0.1300.472CLO3 scores

0.620 to
3.900

.007a2.714 (251)0.8332.260Number of
passing
(CLO2)

<.001c0.1760.420        4

0.366 to
48.251

.047d2.000 (250)12.15724.308Constant    

−4.296 to
−1.465

<.001c−4.009 (250)0.719−2.881Instances of
first-pass at-
tempt
(CLO3)

0.201 to
0.709

.001a3.525 (250)0.1290.455CLO3 scores

1.566 to
5.760

.001a3.441 (250)1.0653.663Number of
passing
(CLO2)

−3.155 to
−0.096

.037d−2.093 (250)0.777−1.625Instances of
highest scor-
ing attempts
(CLO2)

    Summative scores of course 3
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95% CIP valuet test (df)SECoefficientP valueR 2RModel

<.001c0.0450.211        1

56.955 to
62.409

<.001c43.099 (256)1.38559.682Constant    

0.444 to
1.621

.001a3.456 (256)0.2991.032Number of
passing
(CLO1)

<.001c0.0960.310        2

60.292 to
66.994

<.001c37.406 (255)1.70163.643Constant    

0.441 to
1.587

.001a3.483 (255)0.2911.014Number of
passing
(CLO1)

−3.246 to
−1.038

<.001c−3.822 (255)0.560−2.142Instances of
first-pass at-
tempt
(CLO3)

<.001c0.1250.354        3

56.253 to
64.299

<.001c29.508 (254)2.04360.276Constant    

0.139 to
1.332

.016d2.429 (254)0.3030.735Number of
passing
(CLO1)

−3.697 to
−1.444

<.001c−4.493 (254)0.572−2.570Instances of
first-pass at-
tempt
(CLO3)

1.120 to
5.921

.004a2.888 (254)1.2193.520Number of
passing
(CLO4)

<.001c0.1640.405        4

57.046 to
64.972

<.001c30.317 (253)2.01261.009Constant    

0.095 to
1.264

.023d2.288 (253)0.2970.679Number of
passing
(CLO1)

−3.325 to
−1.077

<.001c−3.857 (253)0.571−2.201Instances of
first-pass at-
tempt
(CLO3)

2.797 to
7.964

<.001c4.102 (253)1.3125.381Number of
passing
(CLO4)

−2.313 to
−0.624

.001a−3.424 (253)0.429−1.469Number of
total at-
tempts

(CLO4)

    Summative scores of course 4

<.001c0.1270.357        1

19.374 to
45.347

<.001c4.907 (259)6.59532.361Constant    

0.308 to
0.599

<.001c6.150 (259)0.0740.454CLO1 and 2
scores
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95% CIP valuet test (df)SECoefficientP valueR 2RModel

<.001c0.1560.395        2

−4.470 to
31.349

.1411.478 (258)9.09513.440Constant    

0.197 to
0.512

<.001c4.433 (258)0.0800.354CLO1 and 2
scores

0.103 to
0.507

.003a2.973 (258)0.1030.305CLO3 scores

Rural group

    Summative scores of course 1

.008a0.2320.482        1

−77.700 to
36.462

.465−0.741 (27)27.819−20.619Constant    

0.238 to
1.453

.008a2.857 (27)0.2960.845CLO2 scores

    Summative scores of course 2

<.001c0.4290.655        1

62.337 to
87.715

<.001c12.132 (27)6.18475.026Constant    

−14.820 to
−5.543

<.001c−4.504 (27)2.261−10.182Instances of
first-pass at-
tempt
(CLO1)

    Summative scores of course 3

.017d0.1940.441        1

48.067 to
71.328

<.001c10.532 (27)5.66859.697Constant    

−10.560 to
−1.145

.017d-2.551 (27)2.294−5.853Instances of
highest scor-
ing attempt
(CLO4)

.003a0.3600.600        2

46.249 to
67.832

<.001c10.865 (26)5.25057.041Constant    

−10.347 to
−1.773

.007a−2.905 (26)2.086−6.060Instances of
highest scor-
ing attempt
(CLO4)

0.274 to
2.375

.015d2.592 (26)0.5111.325Number of
passing
(CLO2)

<.001c0.5590.748        3

45.294 to
63.840

<.001c12.119 (26)4.50254.567Constant    

−9.969 to
−2.692

.001a−3.584 (25)1.767−6.331Instances of
highest scor-
ing attempt
(CLO4)

0.550 to
2.337

.003a3.327 (25)0.4341.444Number of
passing
(CLO2)
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95% CIP valuet test (df)SECoefficientP valueR 2RModel

0.666 to
2.769

.002a3.364 (25)0.5111.718Number of
unintentional
attempts
(CLO1)

    Summative scores of course 4

<.001c0.5260.725        1

−19.793 to
27.256

.7470.325 (27)11.4653.731Constant    

0.466 to
1.025

<.001c5.476 (27)0.1360.745CLO1 and 2
scores

aP<.01.
bCLO: course learning outcome.
cP<.001.
dP<.05.

In the academic group, with summative scores as the dependent
variable, positive influences included CLO scores and number
of passings for each CLO, while a negative influence comprised
instances of first-pass attempts (Table 5). In the quota group, a
positive contribution was the number of intentional attempts,
while a negative contribution was the number of total attempts
(Table 5). In the test group, positive factors comprised number
of passings for each CLO and CLO scores, while negative
factors included instances of first-pass attempts, instances of
highest scoring attempts of CLO, and number of total attempts
(Table 5). In the rural group, by setting summative scores as
the dependent variable, positive influences included CLO scores,
number of passings for each CLO, and number of unintentional

attempts, while negative contributions comprised instances of
first-pass attempts and instances of highest scoring attempts of
CLO (Table 5).

Across all predictors and constant terms in the multiple linear
regression models predicting summative scores, the test group
generally showed narrow 95% CIs for predictors and moderately
wide 95% CIs for constants, indicating overall moderate to high
precision; the quota group exhibited moderate 95% CIs,
reflecting moderate precision; and the academic and rural groups
showed moderate to wide 95% CIs, especially wide for
constants, indicating moderate to low precision (Table 5). A
summary of results is shown in Figure 3.
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Figure 3. The summary of results. Acad: academic group, CLO: course learning outcome; “O”: Outstanding, others: other groups, “S”: Satisfactory,

“U”: Unsatisfactory,  : compared with; : increased; : decreased; : positive correlations; : negative correlations.

Discussion

Principal Findings
This study aimed to compare SRL strategies, assessment
engagement behaviors, preferences for nongrading evaluation,
and academic performance across 4 admission pathways
(academic, quota, test, and rural); examine correlations among
summative scores, CLO scores, and engagement metrics; and
identify predictors of summative scores using multiple linear
regression. In line with these objectives, the main findings
indicate that students in the academic group demonstrated
stronger SRL strategies, fewer but more effective assessment
engagement behaviors, and higher CLO and summative scores;
and the rural group exhibited lower SRL, greater academic

obstacles, higher numbers of assessment attempts, and the lowest
academic performance, while the quota and test groups showed
intermediate patterns. Most academic, quota, and test students
preferred “‘O”/“S”/“U,” whereas rural students favored “S”/“U.”
Summative scores exhibited positive correlations with CLO
scores and number of passings, whereas they showed negative
correlations with first-pass attempts. In the multiple linear
regression analyses, summative scores were contributed
positively by number of passings and CLO scores, whereas they
were predicted negatively by instances of first-pass attempts
and highest scoring attempts.

When comparing SRL strategies across admission pathways,
students in the academic group showed stronger goal setting
and greater enthusiasm for learning activities than other groups.
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They also reported less stress during routine study, whereas
rural students experienced more stress before examinations than
their peers.

Basically, the academic group, composed of science Olympiads
students who participate in science competitions, generally
demonstrates a high interest in science and learning, comes
from competitive backgrounds, and possesses higher levels of
general cognitive abilities [29]. Furthermore, they typically
have a self-concept of ability [30], self-efficacy [29], short-term
and long-term goals [29], perseverance [31], and self-discipline
[31], all indicative of SRL [29,32]. In addition, they usually
have support from peers, family, and teachers [29,33]. Therefore,
it is not surprising that they exhibited higher levels of active
goal setting and enthusiasm, showed less stress, and were more
likely to receive higher scores. This finding aligns with recent
research showing that medical graduates from more
educationally privileged backgrounds (ie, those who attended
fee-paying schools) were significantly more likely to succeed
in postgraduate medical examinations [34]. In contrast, the rural
group, typically from less competitive backgrounds, rated lower
levels of enthusiasm but higher levels of stress when learning
alongside students from high academic backgrounds [35]. These
students may face unique challenges, such as limited access to
educational resources and support systems [35-37].

Interestingly, students in the academic group were less satisfied
with learning through nongrading evaluation and less supportive
of adopting it for all preclinical courses than other groups. Most
students in the academic, quota, and test pathways favored the
inclusion of the “O” grade because they felt that it encouraged
focus and effort, whereas rural students showed a slight
preference for the simpler “S”/“U” system. These results reflect
that the academic group might have familiarity with competitive
academic environments [29,32] and a preference for evaluation
systems that differentiate performance and offer visible
recognition of achievement. The “O” grade appears to serve as
an external motivating factor by reinforcing effort and focus
through a tangible reward for students in most groups [10].
Students in the rural group showed a slight preference for the
simpler “S”/“U” system, which was possibly due to a desire to
reduce pressure or stress associated with competitive
assessments, or differing motivational orientations shaped by
prior educational experiences [35-37].

For assessment engagement and academic performance, students
in the academic group achieved higher CLO and summative
scores and completed fewer attempts overall, including early
passes and highest scoring attempts, compared with other
groups. These results suggest that the academic group, with a
science Olympiads background, had strong SRL abilities that
contributed to efficient learning and better outcomes.

In contrast, rural students showed lower CLO and summative
scores and needed more attempts to pass each CLO, indicating
greater challenges in regulating their learning, which may stem
from factors that hinder their ability to effectively manage
learning [36]. These results are consistent with a previous study
in Jordan, which demonstrated that students from remote areas
performed worse than those admitted through the competitive
pathway or the academically excellent track [1].

In the correlation analysis of summative scores, the number of
passings for each CLO, additional attempts after passing, and
CLO scores consistently showed positive associations, whereas
instances of first-pass attempts and highest scoring attempts
showed negative associations. Similarly, in the multiple linear
regression analyses, the number of intentional attempts, number
of passings, and CLO scores contributed positively to summative
scores, whereas total attempts, first-pass attempts, and highest
scoring attempts contributed negatively. Taken together, these
findings indicate that formative mastery—rather than the
frequency of attempts—is the strongest predictor of summative
success. This interpretation aligns with prior research showing
that repeated unsuccessful attempts often reflect ineffective
regulation or shallow processing strategies, which in turn predict
lower achievement [38,39].

These empirical patterns align well with theoretical perspectives
from Zimmerman’s cyclical SRL model, in which the
Forethought Phase—comprising goal setting and strategic
planning—shapes subsequent performance behaviors [7].
Students requiring multiple first-pass attempts or repeated
highest scoring attempts may reflect weaker planning or
monitoring processes—consistent with evidence that inadequate
forethought predicts inefficient learning behaviors and lower
achievement [7,39]. Conversely, the positive contributions of
CLO scores and purposeful engagement align with findings that
according to Zimmerman’s SRL model, self-monitoring enables
learners to detect progress and develop the efficacy needed to
perform at a high level of skill, while adaptive reactions increase
the effectiveness of students’ learning strategies, and
self-reflection feeds forward into subsequent forethought
processes [7]. Similar relationships between SRL components
and academic performance have been reported in medical
education, where proactive goal setting and metacognitive
regulation strongly predict examination outcomes [40,41].

These interpretations are based on associations and should not
be construed as evidence that modifying a single engagement
metric would necessarily lead to improved summative scores
without concurrent changes in broader learning strategies and
support. Nevertheless, addressing these challenges requires
equitable access to resources, supportive environments, and
targeted instruction [42]. Our findings emphasize how
differences in learning behavior and assessment engagement
statistics are strongly associated with academic performance.
The academic group’s pattern of fewer but more effective
attempts, coupled with higher CLO and summative scores, likely
reflects their stronger SRL skills. While performance-based
distinctions such as the “O” grade may enhance motivation and
engagement for some students, they may also exacerbate stress
or feelings of disadvantage for others. To promote equity and
acceptance of nongrading systems, educational strategies should
include clear communication of purpose, tailored feedback, and
early orientation—particularly for students less familiar with
performance-based academic cultures. In contrast, the rural
group required more attempts and demonstrated lower
performance, suggesting a need for earlier support and closer
monitoring. These insights underscore the importance of using
assessment engagement metrics as early indicators for
identifying at-risk students. Interventions such as targeted
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mentoring, structured remediation, and proactive counseling,
along with curriculum designs that promote SRL, may help
foster equitable academic success across diverse student
populations.

Limitations
This study has several limitations. First, there were disparities
in sample sizes across admission groups, particularly in the
quota group, which included only 6 students. This small number
may have limited the statistical power of comparisons and
correlation analyses within and between groups. In addition, a
few students in the quota group exhibited an unusually high
number of CLO attempts, contributing to outliers that may have
affected the robustness and generalizability of the findings, as
reflected by the very wide 95% CIs observed in this group,
indicating low precision due to high variability and the small
sample size. Second, the number of allowed attempts for CLO
assessments varied across courses; notably, only 1 attempt was
permitted for course 4, which limited the ability to
comprehensively analyze assessment engagement behaviors
across all courses. Third, although descriptive demographic
variables were added, including age, sex, school region, and
hometown region, more detailed socioeconomic and family
background information (eg, parental education, first-generation
college or medical school status, and household income) was
not comprehensively collected in the SiCMs. The absence of
these variables limits interpretation of whether contextual factors
may have contributed to the observed group differences, and
future studies should incorporate such measures.

Conclusions
Admission pathways play a crucial role in shaping students’
learning strategies, assessment engagement behaviors, and

academic performance. These findings highlight the need for
medical schools to adopt equity-oriented curricular approaches
that not only diversify selection processes but also actively
support students with varying learning profiles throughout their
training. Integrating assessment-engagement metrics with SRL
data provides a scalable, data-driven framework for early
identification of at-risk students and enables timely, targeted
interventions—such as personalized mentoring, structured
remediation, and SRL-focused instructional support. Moreover,
understanding group-specific preferences toward nongrading
evaluation underscores the importance of designing assessment
reforms that balance academic rigor with psychological safety,
ensuring fairness and acceptance across diverse student cohorts,
while also recognizing that SRL strategies and engagement
behaviors interact with these preferences in shaping learning
outcomes. Prior research often examined these factors separately
[1-3], so integrating them conceptually strengthens the evidence
for equity-focused curriculum design and early support
strategies. In this context, our study differs from existing
research by concurrently examining SRL strategies, assessment
engagement behaviors, preferences regarding nongrading
evaluation, and academic performance across 4 distinct
admission pathways within a single preclinical cohort. This
integrated analytic approach—linking engagement metrics with
SRL data and performance outcomes—provides new insights
into how student characteristics and learning behaviors interact
within diverse admission systems. These findings generate
novel, actionable knowledge for designing equity-driven
educational policies and leveraging learning analytics to inform
curriculum development in medical education.
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Correlations of summative scores with students’ assessment engagement statistics and course learning outcome scores within the
course. Blue shades represent significant positive correlations, red shades represent significant negative correlations, and gray
shades represent correlation not computable due to zero variance.
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Abstract

Background: Traditional Chinese medicine (TCM) hasbeen widely used to treat various diseases in China for thousands of
years and has shown satisfactory effectiveness. However, many surveys found that TCM receives little recognition from Western
medicine (WM) physicians and students. At present, TCM is offered as a compulsory course for WM students in WM schools.

Objective: This study aimed to investigate whether TCM courses can affect the WM students’ attitude toward TCM.

Methods: WM students from Xiangya Medical School were invited to completeaweb-based questionnaire before and immediately
after a TCM course. Their attitude toward TCM and treatment preferences for different kinds of diseases were tested. The Attitude
Scale of TCM (ASTCM) was used. The main part of the ASTCM was designed to measure the attitude of medical students
towardTCM. It consisted of 18 items, divided into cognitive dimension (5 terms), emotional dimension (8 terms), and behavioral
tendencyfactor (5 terms).

Results: Finally, the results of 118 five-year program (FYP) and 36 eight-year program (EYP) students were included. For FYP
students, there was a significant increase in the total mean score (66.42, SD 7.66 vs 71.43, SD 7.38;P<.001) of ASTCM after the
TCM course. Significant increases in mean scores of the 3 factors of attitude (cognition: 21.64, SD 2.08 vs 22.90, SD 1.94;
affection: 25.21, SD 4.39 vs 27.96, SD 4.4; and behavioral tendency: 19.577, SD 3.02 vs 20.58, SD 2.76; P<.001)were also
observed. Except for the score of behavioral tendency (17.50, SD 3.54 vs 18.78, SD 3.22; P=.02), a significant increase was not
detected in total score, cognition, and affection in EPY students (total score: mean 60.36, SD 10.53 vs mean 62.92, SD 10.05;
cognition: mean 20.50, SD 2.73 vs mean 20.69, SD 2.73; and affection: mean 22.36, SD 6.32 vs mean 23.44, SD 5.84; all P>.05).
The treatment preference of FYP students in acute (P=.02), chronic (P=.003), and physical diseases (P=.02) showed remarkable
change. A major change was also detected in internal diseases (P=.02), surgical diseases (perioperative period; P=.01), and mental
illnesses (P=.02) in EYP students. This change mainly appeared as a decline in WM preference and an increase in TCM and WM
preference.

Conclusions: The study showed that earlier exposure to the TCM course increased the positive attitude toward TCM in students
majoring in WM. The results provide some suggestions for arraging TCM courses in WM schools.

(JMIR Med Educ 2026;12:e55972)   doi:10.2196/55972

KEYWORDS

traditional Chinese medicine; TCM; Chinese medicine; natural medicine; naturopathy; naturopathic; Western medicine students;
Western medicine; modern medicine; medical students; attitude

Introduction

Traditional Chinese medicine (TCM) has been widely used to
treat various diseases in China for more than 2500 years, and

it has become an integral part of Chinese culture [1]. On the
basis of its holistic theory and rich practical experiences, TCM
offers a diversity of therapeutic strategies for complex diseases
to balance the Yin and Yang disorders of the human body [2,3].
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However, Western medicine (WM) has become the mainstream
medicine in modern China [4]. The number of TCM hospitals
is only approximately one-fifth of the number of WM hospitals,
with the number of TCM practitioners less than a quarter of that
of WM physicians [5]. Medical colleges mainly focus on WM
teaching, except for several colleges of TCM [6]. The curricula
that WM students learn include basic and clinical medical
courses, which are similar to European and American programs.
Basic medical courses include human anatomy, embryology,
biochemistry, physiology, pathology, pharmacology, and so on.
These courses provide a theoretical foundation for clinical
medicine. Clinical medicine courses focus more on practice,
including internal medicine, surgery, obstetrics and gynecology,
pediatrics, neurology, infectious diseases, and so on. These
courses help studentsmaster the diagnostic and treatment skills
needed for managing diseases. Thus, TCM receives less
recognition from WM physicians and students [4]. A study
among Hong Kong WM physicians showed that only 11.9%
and 9.4% of them had ever considered or referred their patients
to TCM, respectively [7]. Another survey found that medical
students appeared to become more negative toward TCM after
learning WM [8]. In addition, the positive attitude held by WM
students toward TCM was less than half reported by some other
surveys [8-10]. The present situation due to the negative attitude
of WM students toward TCM greatly hinders the inheritance,
development, and innovation of TCM in China [11]. Attitude
refers to a constant psychological inclination that individuals
hold toward other individuals, ideas, emotions, or events. It
encompasses a subjective evaluation and influences the behavior
of individuals [12]. Cognition, affection, and behavioral
tendency are the 3 critical components of attitude. Among them,
the cognitive component is the foundation of the other
components of attitude. The emotional component is the core
and key of attitude, which affects both cognitive and behavioral
components. Behavioral tendency components can affect
people’s future reactions to attitude objects. The 3 components
are interrelated and mutually restrictive [13]. Consequently,
cultivating a suitable attitude toward TCM will serve to foster
a precise perspective on TCM for WM students.

TCM courses in WM schools are a direct way to rectify the
attitude. A survey conducted at the Capital Medical University
suggested that after finishing the TCM course, more than 65%
and 71.4% of WM students approved the safety and efficacy of
TCM, respectively; 94.3% of students believed that TCM was
worth learning; and 82.9% of students found that TCM was
helpful for clinical practice [14]. It is believed that the course
lets WM students understand the basic ideas, theories, and skills
of TCM. Meanwhile, the course helps them understand the
differences between TCM and WM, broadens their mind, and
enriches the strategies of diagnosis and treatment. Students
should possess a profound understanding of both TCM and WM
and offer better medical service for patients in their future
clinical practice [14,15].

Xiangya School of Medicine was founded in 1914 by the Hunan
Society of Education and the Yale Association. It was the first
WM school in China. At present, at Xiangya School of Medicine
of Central South University, TCM is offered as a compulsory
course for grade 3 WM students in the 5-year program (FYP)

and grade 5 in the 8-year program (EYP). It was the first time
for both of them to access the TCM course. TCM is, however,
less recognized by WM physicians and students, posing
challenges for its integration into modern medical education as
a compulsory course. This study used a self-controlled design
with online questionnaires administered before and after the
TCM course to WM students. The aim of the study was to
explore whether TCM courses can exert an impact on the
attitude of WM students toward TCM. The a priori hypothesis
is that the TCM course will significantly improve WM students’
attitudes toward TCM, particularly among FYP students,
because of their relatively less established WM knowledge base
compared to EYP students. The results are most likely to be
used by medical educators, medical education researchers, WM
students, future clinicians, and health care policy makers.

Methods

Description of TCM Course
According to the teaching arrangement of the dean’s office at
Xiangya Hospital, the TCM course for FYP and EYP students
was taught by the same teaching group in the second semester
of 2022—from April 15, 2022, to June 10, 2022, once a week
for students in FYP, and from June 21, 2022, to August 15,
2022, once a week for students in EYP. Each theoretical part
(20 class h in total) was followed by an internship (20 class h
in total). The course includes the basic theory of TCM,
diagnostics of TCM, Chinese pharmacy, Chinese medical
formulas, acupuncture, and moxibustion. All the students were
required to study Approaching TCM, which is a synchronous
online course recorded by teachers from the Department of
TCM in Xiangya Hospital. In addition, they were required to
finish the self-examination after each chapter. The TCM course
was delivered by teachers from the department of TCM in
Xiangya Hospital. All the teachers are clinical physicians with
medium or senior titles, holding qualification certificates for
physicians and teacher qualifications from colleges and
universities. Traditional Chinese Medicine, Ninth Edition,
published by the People’s Health Publishing House, was used
as the textbook. According to the syllabus, the basic theory of
TCM, diagnostics of TCM, traditional Chinese pharmacology,
science of prescriptions, and acupuncture and moxibustion were
taught.

Participants and Procedure
The participants comprised 145 grade 3 students in an FYP and
37 grade 5 students in an EYP. The students were asked to
complete the same questionnaire before and after the TCM
course online.

Ethical Considerations
This study was approved by the Ethics Committee of Hunan
First Normal University (202202; Multimedia Appendix 1).
Informed consent was obtained from all participants by choosing
“yes” at the beginning of the online questionnaire. The
information provided by participants will not be disclosed to
any third party and will be used solely for the purposes of this
research. All participant identifiers have been anonymized to
ensure confidentiality. As the intervention involved regular
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academic coursework during a natural semester and posed no
risk of harm, no compensation was provided to participants on
ethical grounds.

Measures
The questionnaire comprised four parts. The first part was the
informed consent, including the purpose and risk of the study,
the benefits of participation, and confidentiality. Part two was
the basic demographic information(eg, name, sex, age, grade,
and educational program). Part three was the Attitude Scale of
TCM (ASTCM) developed by Wu [16]. This scale consists of
18 items divided into cognitive dimension (5 terms), emotional
dimension (8 terms), and behavioral tendency factor (5 terms).
The reliability test showed that internal consistency coefficients
(ranging from 0.78 to 0.85), split-half reliability (ranging from
0.64 to 0.84), and retest reliability (ranging from 0.62 to 0.85)
were significant. The validity test showed that the explanatory
rate of the 3 factors from exploratory factor analysis was
53.58%. Confirmatory factor analysis showed that the root mean
square error of approximation, comparative fit index, and
non-normed fit index were 0.067, 0.903, and 0.995, respectively.
The ASTCM was designed to measure the attitude of medical
students toward TCM, and the reliability and validity indicators
meet the measurement requirements. Physical illness is the
opposite of “mental illness.” There are pathological changes in
the structure of body tissues (organs) or disruptions in
physiological functions. Part 4 was set to assess
treatmentpreferences for different kinds of diseases [17], for
example, whether participants would choose TCM, WM, or a
combination of the two to treat functional disorders.

Statistical Analysis
Analyses were carried out using SPSS (version 23; IBM Corp).
For data with homogeneous variance, the intergroup differences
in attitude scores (grouped by demographic information) were
analyzed using an independent sample 2-tailed t test, and
intragroup differences (self-controlled) were analyzed using a
paired 2-tailed t test. For data with heterogeneous variance, the
intergroup differences in attitude scores (grouped by
demographic information) were analyzed using the
Mann-Whitney U test, and the intragroup differences
(self-controlled) were analyzed using the Wilcoxon W test.

Paired sample 2-tailed t tests were used to analyze changes in
the total, cognition, affection, and behavioral tendency scores
between the pretest and posttest. The McNemar test was used
for analyzing changes in the selection preference of different
therapeutic strategies. Cohen d was used to measure the effect
sizes of changes from pre- to postcourse using the following
formula: d=tmatchedn211-ρ,where n is the paired sample size
and ρ refers to the correlation coefficient. Cohen suggested that
d=0.2 be considered a “small” effect size, 0.5 represents a
“medium” effect size, and 0.8 represents a “large” effect size
[18].

Results

The data were collected from April 15, 2022, to August 15,
2022. In total, 118 FYP and 36 EYP students completed the
before and after tests, and the data analysis was completed.

Basic Demographic Information of Participants
There were 118 and 36 questionnaires returned from 145
students in the FYP and 37 students in the EYP, respectively.
Among the returned questionnaires, 118 (FYP) and 36 (EYP)
were valid with before and after tests completed. Finally, 118
(FYP) and 36 (EYP) questionnaires were included for statistical
analysis.

The basic demographic information of participants is presented
in Table 1. The sample was 39.8% (n=47) male and 60.2%
(n=71) female participants in FYP, and 38.9% (n=14) male and
61.1% (n=22) female participants in EYP(question 6 of the
questionnaire). The average age was 20.64 (SD 0.70) years and
22.56 (SD 0.56) years for FYP and EYP, respectively. Of 118
FYP students, 18 (15.3%) reported that they had relatives
engaged in TCM clinical or scientific research (question 9),
whereas this percentage was 16.7% (6/36) among EYP students.
Moreover, 74.6% (88/118) of FYP students and 66.7% (24/136)
of EYP students reported that they had received TCM treatment
(question 10). In addition, 64.4% (76/118) of FYP students and
52.8% (19/36) of EYP students reported that there were
celebrities in the field of TCM whom they admired (question
11; Table 1).
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Table . Basic demographic information of participants.

EYPb students (n=36)FYPastudents (n=118)Characteristics

Sex, n (%)

14 (38.9)47 (39.8)    Male

22 (61.1)71 (60.2)    Female

22.56 (0.56)20.64 (0.70)Age (y), mean (SD)

6 (16.7)18 (15.3)Students whose relatives engaged in TCMc clin-
ical or scientific research, n (%)

24 (66.7)88 (74.6)Students who had received TCM treatment, n
(%)

19 (52.8)76 (64.4)Students who admired celebrities in the field of
TCM, n (%)

aFYP: 5-year program.
bEYP: 8-year program.
cTCM: traditional Chinese medicine.

There was no significant difference in the attitude pretest scores
of FYP students on questions 5, 9, and 10, but there was a
significant difference on question 11. On question 11, the total
attitude score and 3-factor scores of students who answered yes

were significantly higher than those who answered no (Table
2). We did not find significant differences in the pretest scores
and 3-factor scores of EYP students in terms of demographic
factors.

Table . The difference in the attitude pretest scores of 5-year program students (n=118) on question 11.

Cohen dP valuet testb (df)Do you have any celebrities in the field of TCMa

whom you admire?

Score

No (n=42), mean (SD)Yes (n=76), mean (SD)

0.71<.0013.711 (116)63.07 (7.50)68.26 (7.15)Total score

0.46.022.421 (116)21.02 (2.07)21.97 (2.03)Cognition score

0.48.012.506 (116)23.88 (4.46)25.95 (4.19)Affection score

0.74<.0013.848 (116)18.17 (2.76)20.34 (3.04)Behavior tendency
score

aTCM: traditional Chinese medicine.
bIndependent sample 2-tailed t test.

The Effect of TCM Course on Attitude Toward TCM
For FYP students, there was a significant increase in the total
mean score of ASTCM after the TCM course (from 66.42, SD
7.66 to 71.43, SD 7.38; P<.001). A significant increase was
also observed in the mean scores of the 3 factors: cognition
(from 21.64, SD 2.08 to 22.90, SD 1.94; P<.001), affection
(from 25.21, SD 4.39to 27.96, SD 4.4; P<.001), and behavioral

tendency (from 19.57, SD 3.02 to 20.58, SD 2.76; P<.001).
Interestingly, except for the behavioral tendency mean score
(from 17.50, SD 3.54 to 18.78, SD 3.22; P=.02), a significant
increase was not detected in the total mean score (from 60.36,
SD 10.53 to 62.92, SD 10.05; P=.19), cognition (from 20.50,
SD 2.73 to 20.69, SD 2.73; P=.69), and affection of ASTCM
(from 22.36, SD 6.32 to 23.44, SD 5.84; P=.34) in EPY students
(Table 3). The effect sizes (Cohen d) are presented in Table 3.
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Table . Changes in attitude scores of Western medicine students.

EYPb (n=36)FYPa (n=118)Score

Cohen dP valuet test (df)Postcourse,

mean (SD)

Precourse,

mean (SD)

Cohen dP valuet testc (df)Postcourse,

mean (SD)

Precourse,
mean (SD)

−0.25.19−1.353 (35)62.92
(10.05)

60.36
(10.53)

−0.67<.001−7.206
(117)

71.43
(7.38)

66.42
(7.66)

Total score

−0.07.69−0.397 (35)20.69
(2.73)

20.50
(2.73)

−0.63<.001−6.276
(117)

22.90
(1.94)

21.64
(2.08)

Cognition
score

−0.18.34−0.976 (35)23.44
(5.84)

22.36
(6.32)

−0.6<.001−6.912
(117)

27.96
(4.45)

25.21
(4.39)

Affection
score

−0.38.02−2.354 (35)18.78
(3.22)

17.50
(3.54)

−0.34<.001−3.892
(117)

20.58
(2.76)

19.57
(3.02)

Behavioral
tendency
score

aFYP: 5-year program.
bEYP: 8-year program.
cPaired sample 2-tailed t test.

In addition, we found that the attitude scores of FYP students
significantly increased after the TCM course, regardless of
whether they admired a Chinese medicine celebrity. However,

no significant difference was observed between students who
admired a TCM celebrity and those who did not in the posttest
attitude scores(Table 4).

Table . The difference in the attitude scores between pretest and posttest of 5-year program students on question 11 (n=118).

Do you have any celebrities in the field of TCMa whom you admire?Score

No (n=42)Yes (n=76)

Cohen dP valuet test (df)Postcourse,

mean

(SD)b

Precourse,

mean (SD)

Cohen dP valuet testc (df)Postcourse,

mean

(SD)b

Precourse,

mean (SD)

−0.70<.001−4.472 (41)69.63
(10.04)

63.07
(7.50)

−0.60<.001−5.803 (75)72.54
(5.13)

68.26
(7.15)

Total score

−0.61.001−3.606 (41)22.45
(2.55)

21.02
(2.07)

−0.58<.001−5.221 (75)23.14
(1.46)

21.97
(2.03)

Cognition
score

−0.64<.001−4.140 (41)27.12
(5.52)

23.88
(4.46)

−0.55<.001−5.608 (75)28.42
(3.70)

25.95
(4.19)

Affection
score

-0.53.001−3.548 (41)19.86
(3.55)

18.17
(2.76)

−0.22.04−2.120 (75)20.97
(2.13)

20.34
(3.04)

Behavioral
tendency
score

aTCM: traditional Chinese medicine.
bDue to the heterogeneity of variance, we compared the posttest attitude scores between groups using the Mann-Whitney U test, and the result showed
no significant difference.
cPaired sample 2-tailed t test.

The Effect of TCM Course on Selection Preference of
Different Therapeutic Strategies
For FYP students, there was a significant difference in the
selection preferences of different therapeutic strategies for acute
(P=.025), chronic (P=.02), and physical diseases (P=.004). After
the TCM course, the percentage of students who preferred WM
for acute diseases decreased from 94.1% (n=111) to 83.9%
(n=99). The preference for the combination of TCM and WM
(TCM and WM) increased from 5.1% (n=6) to 14.4% (n=17),
and the preference for TCM increased from 0.8% (n=1) to 1.7%
(n=2). For chronic diseases, fewer students preferred WM (from
n=10, 8.5% to n=1, 0.8%), whereas more students preferred
TCM (from n=53, 44.9% to n=72, 61%). As for physical

diseases, the percentage of students preferring WM declined
(from n=56, 47.5% to n=39, 33.1%), whereas the preference
for TCM and WM increased (from n=52, 44.1% to n=78, 66.1%;
Table 5).

For EYP students, the significant difference in the selection
preferences for different therapeutic strategies mainly focused
on internal diseases (P=.02), surgical diseases in the
perioperative period (P=.01), and mental illnesses (P=.02). More
students realized that TCM and WM was a better choice (from
n=12, 33.3%-52.8%) for internal diseases. The percentage of
students who preferred TCM and WM for perioperative surgical
diseases nearly tripled from 8.3% (n=3) to 25% (n=9). There
was also an approximately 20% point increase in WM and TCM
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preference for mental illnesses (from n=51, 41.7% to n=22,
61.1%) with a marked decline in WM (n=19, 52.8% to n=13,

36.1%; Table 3).

Table . Changein treatment preference of Western medicine (WM) students (n=118).

P valueaAfter course, n (%)Before course, n
(%)

Program, disease, treatment preference, and data type

FYPb

.02    Acute diseases

2 (1.7)1 (0.8)        TCMc

99 (83.9)111 (94.1)        WM

17 (14.4)6 (5.1)        TCM and WM

.003    Chronic diseases

72 (61)53 (44.9)        TCM

1 (0.8)10 (8.5)        WM

45 (38.1)55 (46.6)        TCM and WM

.02    Somatic disease

7 (5.9)10 (8.5)        TCM

39 (33.1)56 (47.5)        WM

78 (61)52 (44.1)        TCM and WM

EYPd

.02    Internal diseases

2 (5.6)4 (11.1)        TCM

15 (41.7)20 (55.6)        WM

19 (52.8)12 (33.3)        TCM and WM

.01    Surgical diseases (perioperative period)

1 (2.8)1 (2.8)        TCM

26 (72.2)32 (88.9)        WM

9 (25)3 (8.3)        TCM and WM

.02    Mental illnesses

1 (2.8)2 (5.6)        TCM

13 (36.1)19 (52.8)        WM

22 (61.1)15 (41.7)        TCM and WM

aMcNemar test.
bFYP: 5-year program.
cTCM: traditional Chinese medicine.
dEYP: 8-year program.

Discussion

Principal Findings
This study was conducted in natural classes, based on the real
teaching arrangements of the dean’s office at Xiangya Hospital.
The study examined the effect of TCM courses on the attitude
toward TCM in students majoring in WM using the ASTCM.
The study found that the course significantly increased the total
score and the scores of the 3 factors of ASTCM in FYP students
but did not change these scores in EYP students, except for the
score of the behavioral factor. The study also found a significant

change in therapeutic strategy preferences before and after TCM
learning, with the percentage reduction in WM and increase in
TCM or TCM and WM. The alteration in therapeutic approach
inclination primarily manifested in acute, chronic, and somatic
ailments among FYP scholars and in internal, perioperative
surgical, and psychological disorders in EYP learners. The
results suggested that TCM courses increased a positive attitude
toward TCM for WM students.

Basic Demographic Information of Participants
The demographic results showed that there were more female
students in both FYP and EYP groups. The result was similar
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to the gender ratio officially reported by Central South
University. The age of EYP students was 2 years older than that
of FYP students. This was in line with the reality. An interesting
result was that FYP students who admired Chinese medicine
celebrities had a significantly better attitude toward TCM than
those who did not admire Chinese medicine celebrities. This,
to some extent, indicates that celebrity worship had a positive
impact on attitudes toward TCM [19].

The Effect of TCM Course on Cognitive Component
of Attitude in FYP
This study reported a more positive attitude toward TCM in
FYP students after completing the TCM course. The results
were supported by another study carried out at the Capital
Medical University, which found that WM students became
more positive toward TCM after learning about it [20]. Attitude
is a disposition toward or against a specified phenomenon,
person, or thing. An attitude comprises cognitive, affective, and
behavioral tendency components [21]. It is believed that attitude
canbe changed by interventions or messages delivered at a
particular time from the perspective of cognition, affection, and
behavioral tendency [22].

TCM is generally considered to be mysterious, profound, and
lacking a scientific basis [23]. By learning the basic theory of
TCM, students gained a preliminary understanding of the basic
theoretical framework of TCM. They learned that TCM is not
mystical but has a solid foundation to support. They also learned
how TCM physicians diagnose diseases with their unique
syndrome differentiation system by learning the diagnostics of
TCM. They witnessed how to use so-called “flowers and plants”
(herbs) to treat diseases by learning Chinese pharmacy and
medical formulas. In the acupuncture and moxibustion courses,
the mysterious meridians were demystified and presented to
students. All the abovementioned courses are believed to
improve the students’attitude toward TCM from the perspective
of cognition.

The Effect of TCM Course on Affective Component
of Attitude in FYP
Improvement in the affection component of attitude was also
observed after the TCM course. It is a form of identification
and resonance. First, TCM was acknowledged by students
rationally with correct cognition via theoretical lectures. Second,
identification and resonance of students were achieved through
internships, which are considered the most crucial experiences
for undergraduate medical students [24]. The students witnessed
the remarkable therapeutic effect of TCM. The cases showed
that 2 doses of medicine cured a 3-month persistent cough, and
immediate acupuncture for acute knee injuries were often shown.
Some students even experienced TCM for dysmenorrhea: the
entire diagnosis and treatment process, from pulse feeling to
prescription. Finally, during the study, many famous TCM
physicians were known to students and became their admired
seniors. It greatly increased the affection component of attitude,
as shown in the result of question 11.

The Effect of TCM Course on Behavioral Tendency
Component of Attitude in FYP
The behavioral tendency component of attitude also improved
after the TCM course among FYP students. The clinical
internship after the theoretical lecture was also conducted to
change the behavioral component of attitude. The internship
aimed at integrating TCM theory with practice. In this way,
abstract TCM theories and methods would be specified [25].
For example, students visited patients with different syndromes,
and they were taught the yin and yang attributes of syndromes
according to the Yin-Yang theory. The internship also showed
the students a complete diagnosis and treatment process of TCM,
which included 4 diagnostic methods (ie, observation,
auscultation and olfaction, inquiry, and pulse feeling and
palpation), syndrome differentiation, and treatment as well [26].
During the internship, students experienced some unique
diagnostic methods of TCM, such as tongue diagnosis, pulse
feeling, and palpation. Students even tried the needling sensation
(Deqi) themselves in the internship. Hence, the clinical
internship afforded the students a hands-on and introspective
encounter with TCM, rather than mere hearsay and boastful
claims. It was of great importance for students to learn about
the unique advantages of TCM, to eliminate prejudices about
TCM, and, finally, to make a more objective and comprehensive
judgment about TCM.

The Effect of Chinese Medicine Celebrity and TCM
Course on Attitude in FYP
There was also an interesting result that before the course,
students who admired Chinese medicine celebrity worship had
a more positive attitude toward TCM compared with those who
did not. However, after the course, there was no intergroup
difference in attitudes between these 2 groups of students,
although there were intragroup differences. In other words, the
course made the attitudes of the 2 groups of students, which
were originally different, become consistent and significantly
more positive. The hierarchical effect may explain this
interesting result. Students who did not admire Chinese medicine
celebrities may follow a standard learning hierarchy. In this
learning hierarchy, cognition was the foundation, which in turn
affects emotions and ultimately behavioral tendencies. Students
who admired Chinese medicine celebrities followed an
experiential hierarchy, in which emotions were the foundation
that influenced behavior and ultimately cognition.

Why the TCM Course Did Not Affect Cognitive and
Affective Components of Attitude in EYP
Compared with FYP students, it was very interesting that TCM
courses did not significantly change the total score or the scores
in the cognition and affection domains in EYP students. Some
facts attracted our attention that might be reasons for quite
different results. First, 5th-grade EYP students had completed
WM diagnostics and accessed almost all the clinical professional
courses, including internal medicine, surgery, gynecology, and
pediatrics, alike. Moreover, they had determined their future
professional major and selected their doctoral supervisors.
Therefore, long-term WM clinical training had already
established an almost complete WM knowledge system and the
mode of thinking for students in EYP. It was difficult to be
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changed by TCM learning at a relatively later stage. It was a
formidable challenge for EYP students to acknowledge and
assimilate TCM, given their preconceived learning of WM,
because of the fact that these 2 domains are founded on
divergent theories and modalities [27-29]. However, for FYP
students, 3-year learning in basic and clinical bridging courses
has not yet fully westernized their thinking. They were relatively
simple to change through TCM learning. This might be one of
the critical reasons why total scores and scores in cognition and
affection did not increase in EYP. The findings of this study
were in accordance with the report of Hon et al [8]that
preclinical students were more positive toward TCM compared
to students in clinical years, the latter showing a more negative
attitude toward TCM after studying WM. In addition, the small
sample size included (36 EYP students) might be another
important reason for the absence of a difference between before
and after tests. It is difficult to avoid the fact that the college
entrance examination enrollment of the EYP is very limited.
Future studies should adopt more rigorous experimental designs
to address this limitation, for example, a combination of effects
of several consecutive years should be feasible.

The Effect of TCM Course on Behavioral Tendency
Component of Attitude in EYP
The behavioral tendency component of attitude among EYP
students was improved after the course. Behavioral intention is
different from actual behavior, but it is an individual’s
behavioral readiness toward a certain object, representing a
possible behavioral tendency. The result suggests that after
learning TCM, EYP students gained more in-depth exposure
to another medical strategy. It is greatly different from WM yet
effective, well founded, and uniquely advantageous, and can
solve some problems that WM cannot solve. Therefore, they
may be willing to use TCM for health maintenance, to use the
knowledge of TCM to safeguard their parents’ health, to learn
more about TCM, and to consider using TCM to solve patients’
illnesses in future clinical work.

The Effect of TCM Course on Selection Preference of
Different Therapeutic Strategies in FYP
The purpose of this part of the questionnaire was to test the
behavior tendency in specific clinical conditions. The test was
designed to simulate a physician’s daily work, such as making
an appropriate treatment plan for different types of diseases or,
at least, giving proper referrals for different patients. After
completing the TCM course, more FYP students realized that
TCM and WM were very effective in treating acute diseases,
which broke the stereotype that TCM was only suitable for
chronic diseases. Many real cases they witnessed during their
TCM internship may have influenced their selection preference.
For example, a TCM physician cured a child with unexplained
persistent high fever with a combination of xiaochaihu decoction
and gypsum soup. As for chronic diseases, more FYP students
tended to choose TCM treatment after the course. These diseases
often have a long course and complex condition, requiring
long-term management and treatment. The TCM course taught
students that TCM relies on its unique theoretical system and
rich practical experience and has demonstrated significant
advantages and potential [30]. It emphasizes a holistic concept

and treatment with syndrome differentiation for chronic diseases,
which helps physicians treat patients using the overall situation,
comprehensively considering the patients’ physical condition,
lifestyle habits, emotional factors, and other aspects. As for
organic diseases, more FYP students realized that the strategy
of using both TCM and WM is better. This result is reasonable
and explainable. It is widely recognized that WM is the
mainstream and effective treatment for organic diseases.
However, during the internship, students found that participation
of TCM in the treatment of organic diseases accelerated
recovery, minimized side effects, and increased patient comfort.
Thus, they tended to use TCM and WM for organic diseases.

The Effect of TCM Course on Selection Preference of
Different Therapeutic Strategies in EYP
After the TCM course, more EYP students chose TCM and WM
to treat internal diseases. EYP students had completed many
clinical courses, so they were more likely to divide diseases
into internal and surgical diseases according to their scope and
treatment methods. Generally speaking, internal medicine
diseases can be treated with medication. By learning the basic
theory of TCM, along with Chinese pharmacy and Chinese
medical formulas, they understood how TCM cures diseases.
It is greatly different from that of WM but is a good supplement
and promotion to WM. However, for surgical diseases, surgical
treatment remains the first choice undoubtedly. Nevertheless,
EYP students found that the TCM therapies, such as acupuncture
and massage, help restore gastrointestinal, cognitive, and limb
functions in postoperative patients. Therefore, they preferred
to use a combination of TCM and WM to address perioperative
disorders. Mental illness is another major category of disease.
The therapeutic effect of antipsychotic drugs is limited, and
there are many side effects. Mental illness belongs to the
category of emotional disorders in TCM. By learning TCM
etiology and pathogenesis, students understood that emotional
disorders are related to various factors, such as organ
dysfunction, yin-yang imbalance, and so on. Common treatment
methods include regulating qi and relieving depression, calming
the heart and eliminating phlegm, purging the liver and clearing
fire, and so on. EYP students also found that TCM and WM
treatment showed a satisfactory effect in patients with mental
illness. Thus, more EYP students preferred a TCM and WM
strategy for mental illness. The results additionally aligned with
a previous study, which found that TCM was not practiced in
isolation but in conjunction with WM [17]. The increased
participation of TCM in treatment was expected to enhance its
effectiveness.

Implications of Findings
The findings of the present study highlight the importance of
integrating TCM into WM education and practice. It will lead
to more holistic and patient-centered care, enhance clinical
outcomes, and contribute to the development of integrated health
care policies. Future research should continue to explore the
long-term effects of TCM education on WM students’ clinical
practice and the potential benefits of integrating TCM and WM
in various health care settings.
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Comparison With Prior Literature
The findings of this study align with and extend several key
themes observed in the existing literature on the integration of
TCM and WM, particularly in the context of medical education
and attitude formation. This study builds on existing literature
by confirming the positive impact of TCM education on WM
students’ attitudes and by extending the understanding of how
this impact varies by educational stage and specific disease
contexts. The detailed analysis of attitude components and the
introduction of novel factors, such as celebrity worship, provide
new insights that can inform future research and educational
practices in the integration of TCM and WM.

Strengths and Limitations
This study has several distinct advantages that contribute to its
overall quality and relevance. The study used a self-controlled
design, which is a robust method for assessing changes in
attitudes over time. By comparing the same group of students
before and after the TCM course, the study effectively controls
for individual differences and external variables, providing a
more accurate assessment of the impact of the TCM course.
The study used the ASTCM, a validated and reliable tool
designed specifically to measure medical students’ attitudes
toward TCM through a multidimensional analysis. This ensured
that the measurements are accurate, reproducible, and reflective

of the true changes in students’ attitudes. Some inevitable
limitations in this study should be pointed out. First, a
self-administered questionnaire was used instead of an interview.
The reliability of the answers may be discounted. The qualitative
interview should be included to make the study more persuasive
in our future work. Second, the questionnaire is a kind of survey
based on text reading and filling in answers. To avoid the feeling
of boredom in participants, the questionnaire was designed to
be relatively brief. Thus, it was impossible to have an in-depth
examination. Moreover, it is an online questionnaire.
Researchers possess a limited understanding of the actual
identity of the participant, the mood of the participant at that
time, and whether the process of finishing the questionnaire
was influenced by others. Finally, the sample size of EYP
students was relatively small. In the 2-tailed t test, the smaller
sample size makes it harder to gain differential results. Thus,
the results may be influenced. A sufficient sample size or
combination of effects of EYP for several consecutive years is
expected in the future.

Conclusions
The study showed that offering a TCM course increased a
positive attitude toward TCM in students majoring in WM. The
results will provide recommendations with regard to the TCM
curriculum arrangement in institutions of WM learning.
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EYP: 8-year program
FYP: 5-year program
TCM: traditional Chinese medicine
WM: Western medicine
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Abstract

Background: As medical and allied health curricula adapt to increasing time constraints, ethical considerations, and resource
limitations, digital innovations are becoming vital supplements to donor-based anatomy instruction. While prior studies have
examined the effectiveness of prosection versus dissection and the role of digital tools in anatomy learning, few resources align
interactive digital modules directly with hands-on prosection experiences.

Objective: This project addresses that gap by introducing an integrated, curriculum-aligned platform for self-guided cadaveric
learning.

Methods: We created Anatomy Interactives, a web-based laboratory manual structured to complement prosection laboratories
for MD, DPT, and PA students. Modules were developed using iSpring Suite (iSpring Solutions Incorporated) and included
interactive labeled images, donor photographs, and quiz-style self-assessments. Learners engaged with modules before, during,
or after laboratory sessions. PA/DPT and MD students completed postcourse surveys evaluating module use and perceived impact.
MD student examination scores from a 2023 cohort (no module access) were compared to a 2024 cohort (with access) to evaluate
effectiveness.

Results: A total of 147 students completed the survey (31 PA/DPT and 116 MD). The majority reported using modules for 1-2
hours per week and found them helpful for both written and laboratory examinations. MD students in the 2024 cohort performed
better on all 3 examinations compared to the 2023 cohort, with 2 examination median differences reaching statistical significance
(Mann-Whitney U, P<.001). Qualitative feedback highlighted accessibility, content reinforcement, and user engagement as key
benefits.

Conclusions: Interactive modules integrated with prosection laboratories enhanced learner engagement and performance. This
hybrid digital-donor model shows promise for scalable, learner-centered gross anatomy education.

(JMIR Med Educ 2026;12:e85028)   doi:10.2196/85028
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Introduction

Gross anatomy remains a foundational component of health
professions education, providing essential knowledge for clinical
reasoning, procedural competency, and disease management
[1]. However, students in prosection-based courses often
struggle to transition from routine passive study to active, tactile
engagement during laboratory sessions. Most existing digital
resources are intended for use before or after the laboratory
rather than functioning as interactive tools to engage the learner
at the dissection table. As a result, students may feel
disconnected from the donor during prosection, limiting the
depth and integration of their learning experience.

Historically, cadaveric dissection has been regarded as the
pedagogical gold standard for anatomy education [2,3].
However, contemporary anatomical curricula face mounting
logistical, ethical, and financial constraints. These constraints
include high costs for donor procurement and preservation,
limited laboratory space and faculty, exposure to formaldehyde
and other chemicals, and ethical concerns. These forces are
driving the adoption of alternative teaching approaches such as
prosection, peer-assisted learning, and digital platforms [4].

A growing body of literature suggests that prosection-based
learning can be as effective as, and in some cases more efficient
than, dissection in facilitating anatomical knowledge acquisition
and clinical relevance [5-7]. A comparative assessment
demonstrated that nonmedical undergraduate students reported
similar academic outcomes and levels of engagement regardless
of whether they were taught through dissection or prosection
[3]. Likewise, in a study of veterinary students, prosections
prepared by qualified staff outperformed traditional dissection
in promoting both efficiency and student satisfaction [8]. Coker
et al [9] report that students who learned by prosection
performed better on questions specifically involving complex
or deep structures, but simultaneously demonstrated higher
satisfaction with and preference for a dissection-based model.

Concurrently, the integration of digital technologies into
anatomy curricula is transforming how learners engage with
spatial content. Radiographic imaging is a time-tested
methodology that has been incorporated into undergraduate
medical education with increasing frequency [10-12].
Ultrasound-based anatomy instruction has grown in popularity
in recent years [13,14]. In addition, meta-analytic findings
underscore the effectiveness of virtual- and augmented-reality
platforms in reinforcing anatomical understanding and
enhancing learner autonomy [15,16]. This shift was accelerated
by the COVID-19 pandemic, during which hybrid and online
formats became critical for continuity in medical education [17].

Other commercially available digital tools serve to augment the
didactic anatomy learning experience. For example, the
Anatomage and Sectra digital dissection technologies rely on
the Visible Human Project work to generate a donor experience
in physical format reminiscent of a donor table [18,19]. Use of
virtual dissection as a supplement to donor dissection has been
viewed favorably by students [20]. The Anatomage also offers
unique advantages, such as blood flow modeling that cannot be
replicated in a donor [21]. However, these devices are often

proposed as an alternative to the study of the donor body and
do not address the gap wherein digital media can complement
the study of the prosected donor in real time. Models such as
hybrid prosection-based anatomy laboratories demonstrated
high student satisfaction, with learners appreciating the
flexibility and clarity offered by digital supplements [7].

Several institutions have developed innovative digital platforms
to complement or enhance traditional gross anatomy instruction,
exemplifying how technology can be leveraged to support
donor-based learning. For instance, the University of Michigan’s
BlueLink program offers students an extensive library of
presentation slide-like materials rich with cadaveric images,
facilitating self-directed study and review [22]. These resources,
which also include laboratory manuals and interactive files, are
designed to provide a flexible and widely accessible digital
ecosystem for anatomy education. Similarly, Texas Tech
University Health Sciences Center has developed a gross
anatomy program featuring a varied suite of online tools [23].
Their offerings include prelaboratory cadaveric dissection
videos, practice quizzes for reinforcing knowledge of cadaveric
material, and various other interactive learning modules,
providing multifaceted support for students beyond traditional
laboratory settings.

From a theoretical perspective, multimodal learning and
constructivist principles provide a useful lens for understanding
why integrated digital prosection tools may enhance anatomy
learning. Multimodal learning theory posits that students build
stronger and more durable knowledge when information is
presented through complementary channels, such as visual,
spatial, textual, and tactile, which is an especially relevant
consideration in gross anatomy [24]. Constructivist frameworks
further suggest that learners deepen understanding by actively
engaging with material, generating connections, and iteratively
refining mental models during hands-on exploration, and this
approach has been shown to facilitate more meaningful learning
than traditional methods in the context of human anatomy [25].
Past constructivist approaches in anatomical sciences education
include techniques such as casting and creating models [26,27].
Digital resources that integrate with prosection-based laboratory
work have the potential to support meaning-making in real time,
helping students actively construct anatomical understanding
while drawing on multiple modes of representation.

Despite the growing prevalence of prosection-based anatomy
coursework and the surge of fully virtual learning models, few
resources are designed specifically to bridge digital learning
with hands-on prosected donor experiences in a structured,
curriculum-aligned format. The Anatomy Interactives platform
was developed to fill this gap, providing guided modules that
integrate interactive digital content with cadaveric prosections
[28]. Unlike static resources or purely virtual simulations, this
tool is designed to reinforce laboratory-based learning through
active engagement, self-assessment, and iterative feedback in
a digital format while students are present in the gross anatomy
laboratory.

This study evaluates the effectiveness of the Anatomy
Interactives platform in 2 different student populations and
implementation formats. This includes analyses of student
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engagement, self-reported preparedness, and academic
performance. This work will interest medical and health
professions students and educators whose classroom is the
cadaveric laboratory. These learners often face challenges
integrating didactic anatomical knowledge with hands-on
experiences, particularly when transitioning between digital
prelaboratory preparation and in-laboratory prosection-based
learning. By comparing student experiences and performance
across 2 cohorts, one with access to the digital modules and one
without, we aim to provide evidence for the impact of integrated,
digital-prosection hybrid models on anatomy education for
future health professionals.

Methods

Ethical Considerations
All work with living subjects (ie, surveys, website traffic, and
grades) was reviewed by the University of Kentucky
Institutional Review Board (IRB) and determined to be exempt
(IRB Protocol #94449) from human subjects research oversight.
All procedures comply with the World Medical Association
Declaration of Helsinki. The donor registration form of the
University of Kentucky Willed Body Program includes language
of consent for “education, general research, and/or to further
innovative technologies.” This project used anonymous, optional
surveys. No identifiable or sensitive personal data were
collected, and all responses were stored without linkage to
participants. Informed consent was collected via the cover page
of the survey with approved study details, contact information
for the University of Kentucky Office of Research Integrity,
and a final question asking, “Do you consent to your
anonymized survey data being used in future research
publications or other research purposes?” Participants received
no compensation for taking part in the survey.

Curricular Context
We implemented this educational resource as a required
component of the first-year gross anatomy courses at the
University of Kentucky, serving learners in the MD, DPT, and
PA programs. During the course laboratory days, the medical

students rotate between physical examination with point-of-care
ultrasound, prosection in the gross anatomy laboratory, and
radiology-focused integrated clinical case topic sessions. This
manuscript only considers the gross anatomy component of the
laboratory experiences. All medical students participated in
donor-based laboratory sessions using prosected donors, while
PA and DPT students used an alternating dissection model (half
dissected one day; the other half dissected the opposite day,
with peer teaching at the end of each session—a long-used
dissection model) [29]. We specifically designed the Anatomy
Interactives modules to supplement these in-person experiences.
Students had no prerequisite training in anatomy beyond the
concurrent lectures offered within the course. Facilitators
(anatomy instructors) had no specific training on the Anatomy
Interactives.

Development of Anatomy Interactives

Overview
We created the Anatomy Interactives website to function as a
digital laboratory manual, aiming to enhance anatomical
structure identification and spatial reasoning through the use of
prosected donor images.

Our primary goal was to provide a guided, active learning
experience that reinforced anatomical concepts outside of the
traditional laboratory setting. We executed the development
process in 2 distinct phases, representing the type of materials
that we created.

Phase 1: Foundational Content Module Development
In this phase, we generated labeled anatomical images from
diverse modalities, including arteriograms, cross-sections,
computed tomography scans, radiographs, and osteological
photographs (Figure 1A). We embedded these images with
hover-over identification features, where selecting an anatomical
term would highlight the corresponding structure on the image,
and vice versa. We initially built this content in Microsoft
PowerPoint and subsequently exported it to HTML format using
iSpring Suite 11 to ensure web accessibility.
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Figure 1. Sample view of Anatomy Interactives Website. (A) Examples of fixed labeled images from the hover-over identification resource. Screenshots
from cross-sectional, osteology, and radiology image sets showing labeled anatomical structures. Structures and corresponding names are highlighted
for visual reinforcement of anatomical terminology. (B) Example Anatomy Interactives module interface: pectoral muscle identification task. Screenshot
from the pectoral region module showing a pin-on-image question asking students to identify a muscular structure. Immediate feedback is provided
upon incorrect identification, with instructional guidance on adjusting the donor to reveal the underlying structure.

Phase 2: Prosection Laboratory Module Development
In the second phase, we focused on developing interactive,
donor-based modules (Figure 1B). We dedicated each module
to a specific anatomical subregion (eg, foot and thigh) and
incorporated a series of image-based questions, such as
pin-on-image tasks, multiple-choice questions, and
check-all-that-apply questions. We augmented these with pop-up
content designed to provide relevant clinical and conceptual
context. Each module culminated in a score based on accuracy,
offering students formative feedback on their understanding.
We then grouped multiple modules to comprise a regional
“laboratory” based on curricular structure. We developed six
laboratories: (1) back and upper limb, (2) lower limb, (3) thorax,
(4) abdomen, (5) pelvis, and (6) head and neck.

Implementation

Overview
At the beginning of the semester, we oriented students to the
Anatomy Interactives platform via an in-class demonstration.
We hosted the modules on the institution’s learning management
system, and they were available on demand throughout the
course. We suggested students use the modules before, during,
and after their scheduled laboratory sessions to reinforce
learning. During the laboratory time for the MD students, the
main exercise was for them to complete the module with their
group (approximately 8 students per group, with 2 donors).
However, we did not mandate completion of the modules for
course credit for any student (MD, PA, and DPT). Students used
these modules using university-sponsored iPads and any
personal devices that could access the internet. The modules
were all made available to students from the start of their gross
anatomy course, allowing them to integrate both types of

resources into prelaboratory preparation and ongoing review
throughout the semester.

MD Students
Students in the MD program had 80-minute gross anatomy
prosection laboratory sessions 6 weeks out of the 9-week course.
MD students collaborated with their table group to use the digital
Prosection Laboratory Modules as they worked with their donor.
Students answered multiple-choice questions or
select-all-that-apply questions as a team, and compared the
location of the item on the hotspot questions to the anatomy of
their group’s specific donor. We made the Foundational Content
Modules available for students to self-study on their own time
to prepare for assessments. The fall 2024 cohort of MD students
had access to the Anatomy Interactives modules as part of their
standard curriculum. The fall 2023 cohort of MD students,
serving as a comparison group, completed the same gross
anatomy course without access to these modules. Both cohorts
completed the course with the same professors with nearly
identical assessments. Both groups had full-time access to the
anatomy laboratory and participated in the same number of
small-group laboratory sessions, the only difference being the
use of the modules.

PA/DPT students
In spring 2024, we provided PA/DPT students access during
their shared dissection-based gross anatomy laboratory course.
The format of this course consisted of 2 days of 2-hour lectures
followed by 2-hour laboratories per week for 16 weeks. We
encouraged students to use the Foundational Content Modules
and Prosection Laboratory Modules as self-study to prepare for
laboratories and course assessments.
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Assessment and Evaluation Strategy

Overview
We used a mixed-methods approach to evaluate the usage and
effectiveness of the Anatomy Interactives platform. This strategy
included student surveys, website usage data, and measures of
academic performance.

Surveys
Surveys were distributed at the conclusion of the respective
course to all PA/DPT students and MD students who had access
to the modules. The surveys aimed to assess perceived utility,
engagement, and the learning impact of the platform. Surveys
included questions including which modules were used, time
spent using the modules, time spent in the laboratory, opinions
regarding score correlation with module usage, opinions
regarding preparation level and module usage, study purposes
when using the modules, and use of modules with the donor or
in a stand-alone study. We collected open-ended responses
pertaining to likes, dislikes, and recommendations for the
modules and analyzed them thematically.

Website Analytics
We collected web traffic data from Google Analytics. These
included metrics such as daily active users and usage patterns,
particularly around examination periods and laboratory sessions,
to understand engagement trends.

Academic Performance
We obtained written and practical anatomy examination scores
from the Office of Medical Education (determined as not human
research per the University of Kentucky IRB) for 2 MD student
cohorts: the 2023 cohort (N=206) without access to the modules,
and the 2024 cohort (N=205) with access. To ensure baseline
academic comparability between student cohorts, we compared
Medical College Admission Test (MCAT) scores, overall
undergraduate grade point averages (uGPA), and science
undergraduate grade point averages (sGPA) for both MD cohorts

to test for differences. We then conducted a comparison of
examination performance between these 2 MD cohorts to assess
the educational impact of the Anatomy Interactives modules.
We first tested for normality of the data and determined that
our data was not normally distributed. Thus, we analyzed
significance using an unpaired Mann-Whitney U test with
statistical significance set at P<.05 and assessed effect size by
calculating the rank-biserial correlation coefficient (rrb). Some
examination scores were not available in the dataset, and
therefore, the number of participants changes per examination;
this was accounted for in the data analysis. Statistical analyses
were conducted in GraphPad Prism (version 10.6.1; GraphPad
Software, LLC). rrb was manually calculated using the simplified
formula as previously described [30].

Results

Analysis of the student surveys (N=31 for PA/DPT and N=116
for MD) and website trafficking data provided significant insight
into the usage of the modules by students.

For the PA/DPT cohort, 23 out of 31 (74%) students reported
using the modules for 1-2 hours per week in addition to the 5-6
hours spent with the donor in allotted laboratory time. Of the
medical students surveyed, 85 out of 116 (73%) students report
using the laboratory modules 1-2 hours per week. Regarding
the nature of their usage, 22 out of 31 (70%) PA/DPT students
and 79 out of 116 (68%) medical students used the modules
both with the donor and as a stand-alone study tool (Figure 2).
The website data indicate the modules are heavily trafficked
leading up to the examination, the number of users increasing
drastically in the 1-3 days leading up to an examination for
PA/DPT and medical students (Figure 2). Module page traffic
also increases on laboratory days for medical students, as well
as the day before and the day after a laboratory session (Figure
3). The laboratory modules had much higher traffic than the
hover-over labeled images.

Figure 2. Student self-report of module usage type. Percentage of surveyed MD students (n=116) reporting use of the Anatomy Interactives modules
in each context: with the donor during laboratory sessions, as a stand-alone study tool, or both. Percentage of surveyed PA/DPT students (n=31) reporting
use of the modules in each context.
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Figure 3. Daily users of the Anatomy Interactives platform for MD and PA/DPT courses. (A) Number of MD student users per day during the MD
gross anatomy course (August 5, 2024, to October 24, 2024). (B) Number of PA/DPT student users per day during the PA/DPT gross anatomy course
(January 2, 2024, to April 30, 2024). Spikes correspond to laboratory sessions and examination periods. Vertical dashed lines indicate examination
dates.

When asked about the relationship between their module usage
and examination score, 23 out of 31 (74%) PA/DPT students
reported that the modules helped them on their written
examination, and 26 out of 31 (84%) believed the modules
helped them on their laboratory examination. The PA/DPT
cohort felt more prepared for the examination when they had a
laboratory module to support the curriculum. The medical
student survey revealed 80 out of 116 (69%) of that cohort
believed their assessment scores reflected the time and effort
they spent on modules.

To examine the modules’ impact, examination scores from 2
different cohorts were compared (Table 1). First-year medical
students in 2023 did not use the modules as part of their
laboratory donor experience, while the medical students in 2024

did have access to the new resource. For all 3 measures we used
to test comparability (MCAT scores, uGPA, and sGPA), the
data were not normally distributed (Shapiro-Wilk test, P<.001)
and not significantly different (Mann-Whitney U, P<.001)
between the 2 MD cohorts. All MD cohort examination score
data failed normality testing (Shapiro-Wilk test, P<.001), so
groups were compared using nonparametric testing. Briefly,
Mann-Whitney U tests were used to test for cohort examination
score differences, and rrb values were calculated and used to
assess effect size. Table 1 summarizes medians, P values,
Mann-Whitney U, and the rrb values from these tests. Students
in the 2024 cohort scored higher on both the written and
practical portions across examination 1 and examination 3, with
moderate effect sizes for the written portions and total
examination scores.

Table 1. Comparison of anatomy examination scores between MD cohorts with and without module access. Median written, laboratory, and total scores
for 3 examinations in the 2023 cohort (no module use) and the 2024 cohort (module use), with P values, Mann-Whitney U, and rank-biserial correlations.

Rank-biserial
correlation

Mann-Whitney UP value2024 MD cohort, median
(IQR), %

2023 MD cohort, median
(IQR), %

Examination 1 medians

.2815,130<.00186 (79-94)82 (74-88)Written portion

.1418,153.0192.5 (85-97.5)90 (85-95.5)Laboratory portion

.2515,778<.00188.9 (82.2-94.4)86.1 (78.9-90)Total

Examination 2 medians

.0919,201.1384 (78-90)83 (76-90)Written portion

.0519,984.3992.5 (87.5-95)92.5 (87.5-95)Laboratory portion

.0819,327.1687.8 (82.2-92.2)87.8 (81.1-91.1)Total

Examination 3 medians

.4112,420<.00192 (84-96)85 (79.5-92)Written portion

.0420,092.4992.5 (87.5-97.5)92.5 (87.5-95)Laboratory portion

.3014,645<.00192.2 (87.5-97.5)87.8 (83.3-92.2)Total

When asked about the purpose of their module usage, 27
PA/DPT students used the modules for general studying, 8
before laboratory for preparation, 24 on laboratory day for
preparation, 23 for understanding current content, and 25 for
targeted examination review. A review of medical students’
qualitative feedback on the modules revealed students
appreciated the accessibility of the modules, reinforcement of

course content, engagement provided by the active-learning
style, and the complementary nature of the modules and the
prosected donor experience. Accessibility and flexibility were
mentioned as advantages by 43 students, with 27 stating an
appreciation for the convenience and ease of using the modules
on their own time, and 16 mentioning they were helpful during
independent examination preparation. The complementary
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nature of the modules to the prosected donor experience was
highlighted by 19 students who detailed the usefulness of having
the resource available during the laboratory session.
Furthermore, 41 students mentioned liking how the modules
support course content and reinforce lecture material.
Technological characteristics were mentioned by many students,
with 29 students giving positive feedback on the technology
and user interface of the modules, while 48 students thought it
was an area for improvement.

Discussion

Principal Findings
The Anatomy Interactives digital laboratory manual achieved
its intended goal of supplementing the prosection-based gross
anatomy curriculum with an interactive, learner-centered
resource that promoted structure recognition, spatial
understanding, and self-directed learning. Moving toward a
student-centered learning approach in anatomy may have
positive effects on student performance [31]. While learners
report that student-centered approaches promote their
independent learning and peer communication, they perceive
that faculty-led learning increases their anatomical knowledge
[32]. Before the implementation of the modules at our
institution, the prosection laboratory had become a completely
passive faculty-led environment with minimal student
participation. By offering a digitally guided experience aligned
with the prosected donor material, this innovation supported
student engagement and potentially improved academic
performance across multiple learner groups.

Both MD and PA/DPT learners found the modules helpful in
preparing for examinations and reinforcing course content.
Website analytics corroborated student usage of the modules
as a study material outside of class, as website usage spiked
before laboratory sessions and assessments. This suggests that
the modules were integrated into learners’ study routines in a
timely and meaningful way. It is still uncertain whether
engagement with various digital media in anatomical education
correlates to improved student outcomes and satisfaction with
the learning experience [33]. However, the goal of implementing
the digital modules during laboratory time was to promote
engagement as a means to foster a constructivist learning
environment [34]. That is to say, during the laboratory, the
modules were a student-centered method to have learners
interact with the donors and the course content in a meaningful
way, such that they could develop or “construct” their own
knowledge base as it related to the gross anatomical structures.
The outcomes observed suggest that we successfully addressed
the initial challenge of providing anatomy learners with a
resource that bridges traditional prosection-based instruction
and flexible, learner-driven study to enhance both student
satisfaction and academic performance.

Most notably, medical students who used the modules in 2024
outperformed the previous cohort (2023) on both written and
practical assessments, even after controlling for prior academic
performance (ie, MCAT scores, uGPA, and sGPA), indicating
a potential causal relationship between module usage and
examination performance. While the use of MCAT scores is an

imperfect means of normalizing between cohorts, it is a method
that has been used by similar studies [9]. More work is
warranted to assess whether the use of the digital laboratory
modules directly improves course performance compared to
baseline (faculty-led prosection session with no digital modules).

Recent work has drawn light to the importance of educational
design that creates flourishing medical and health sciences
learners and practitioners [35]. Independent of developing
student knowledge recall, the anatomy laboratory offers a unique
environment in which to promote the holistic development of
future clinicians [36,37]. In fact, with careful course design, the
anatomy laboratory can be harnessed as a means to promote the
development of flourishing physicians and health care providers
[38]. The Anatomy Interactives laboratory modules could be
enhanced in future iterations to encourage learners to embrace
a sense of meaning and belonging in line with these goals.

Limitations
This educational resource was implemented and evaluated within
a single institution, limiting the generalizability of the results.
The anatomy curriculum and access to prosected donors may
differ at other institutions, affecting feasibility and relevance.
While the resource is available for use in any program, the
module progression is modeled after the University of
Kentucky’s gross anatomy curriculum and may not directly
follow along the curriculum of other institutions. To access the
resource, students simply need a device that connects to the
internet. To implement the use of the modules in a digital-donor
laboratory experience, institutions must have access to prosected
donors and a space to conduct a laboratory session, likely with
course director oversight.

Additionally, the evaluation relied on student self-reports and
examination scores as primary metrics, which, while
informative, do not fully capture long-term knowledge retention,
clinical application, or behavioral change. The module usage
and examination data were examined on a cohort level, rather
than correlated on an individual level, which limits the
interpretation of their association. Furthermore, although MCAT
scores, uGPA, and sGPA were used to control for incoming
academic aptitude, unmeasured variables such as instructor
differences, schedule differences, or peer learning dynamics
could have influenced performance outcomes.

Future Directions
During implementation, we found that introducing the resource
early in the course and orienting students to its features increased
usage. Embedding the modules via a link from the learning
management system allowed easy access and made integration
into student study workflows more seamless. However, we also
learned that variability in student technology preferences and
learning styles may affect engagement; while some praised the
interactivity of the modules, others noted opportunities for
improvement in interface design and navigation.

Future iterations of the Anatomy Interactives platform will aim
to improve user interface design, enhance accessibility across
devices, and incorporate more clinically relevant content, such
as radiographic correlations and pathology examples. Broader
implementation at multiple institutions would help test
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generalizability and effectiveness across diverse learner
populations and curricula. Additionally, incorporating
longitudinal tracking and correlating module usage with clinical
anatomy performance in later coursework or clerkships could
strengthen claims about its educational impact.

On a broader scale, this work supports ongoing shifts in anatomy
education toward multimodal, learner-driven resources. The
findings may inform curricular policy regarding the balance
between traditional laboratory experiences and flexible digital
tools, particularly as programs navigate logistical constraints,
student wellness, and educational equity.
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Abstract

Background: Despite global advocacy for its integration into medical curricula, disaster medicine (DM) education remains
underdeveloped, especially in fragile settings where such training is urgently needed. In Lebanon, a country facing political and
economic crises, students face significant barriers to in-person education.

Objective: This study aims to evaluate the effectiveness of e-learning versus face-to-face (F2F) approaches in improving
knowledge retention and provides insight into the practical considerations of implementing DM courses in such settings.

Methods: This quasi-experimental study used a Solomon 4-group design to evaluate e-learning and F2F DM courses for second-
to fifth-year medical students at the Lebanese University. A total of 205 participants, stratified by academic year, were divided
between the 2 modalities. Knowledge was assessed before the course, after the course, and at 1-month follow-up. Confidence,
competency, and satisfaction were evaluated after the course using validated tools.

Results: Of 205 participants, 56.6% (n=116) favored e-learning. Both modalities improved knowledge and knowledge retention,
with no significant difference between the 2 groups. Fifth-year students achieved the highest gains in knowledge, particularly in
the e-learning group. Similarly, no significant difference in satisfaction was observed across modalities, although F2F was preferred
overall, except among fifth-year students, who preferred e-learning. Confidence levels were also similar across both modalities,
but F2F scored higher for skills like triaging. Feedback emphasized the relevance of the course and advocated for integration of
DM into the medical curriculum, and adding practical sessions.

Conclusions: Integrating DM education into the fifth-year curriculum, prior to externship, can enhance preparedness and promote
knowledge retention and application in real-world disaster settings. The study shows that e-learning is an effective modality for
improving knowledge acquisition and retention in DM. Although feasibility and efficiency were not measured directly, the
successful delivery of the course to geographically dispersed students suggests potential practical advantages. Combining F2F
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practical sessions for specific targeted topics in a blended curriculum is recommended to further enhance medical students’
confidence for future disaster response. These findings support broader policy efforts to institutionalize DM in medical curricula,
particularly in fragile and resource-limited settings.

(JMIR Med Educ 2026;12:e80409)   doi:10.2196/80409

KEYWORDS

disaster medicine; education, medical, undergraduate; educational technology; teaching methods; program evaluation; knowledge;
surveys and questionnaires; self-efficacy; Lebanon

Introduction

The need for disaster medicine (DM) training in medical
education has been recognized since the 1970s, but its
integration into the curricula has remained limited until the early
2000s, when DM was incorporated into the curricula of US
medical schools. Since then, international frameworks and
associations such as the Sendai Framework for Disaster Risk
Reduction [1], and the Association of American Medical
Colleges and the World Association for Disaster and Emergency
Medicine have called for the incorporation of DM and mass
casualty incident education in medical schools using scientific
evidence-based and flexible approaches [2,3]. Despite these
recommendations, limited efforts have been made by universities
to implement such training [2].

The lack of DM education has left medical students unprepared
to participate in disaster response [4,5]. In contrast, those who
have participated in elective DM courses have reported positive
results, with high satisfaction, and improved understanding,
knowledge, attitudes, and skills toward disaster response [2,6-9].
Still, evaluating these courses remains complicated, due to a
lack of standardization across curricula and assessment methods
[10,11]. Furthermore, the availability of such training is
concentrated in high-income countries and Global North
institutes, with limited accessibility for global participation,
particularly in fragile and conflict-affected countries, which
disproportionately experience higher frequency and impact of
disasters [12,13].

Lebanon, home to 5.4 million people and hosting over a million
refugees, presents an urgent need for DM education. The country
is facing repeated manmade and public health disasters
compounded by political instability and an economic crisis,
which highlighted the country's fragile health care system
[12,14-18]. Yet, undergraduate medical curricula still lack DM
education, which remains limited to postgraduate in-service
training for practitioners and emergency physicians only.
Incorporating DM as a component of the medical curricula
constitutes a critical strategy in medical education in Lebanon.

The Lebanese University Faculty of Medical Sciences (LUFMS)
is the only public medical school and serves many low-income
students all over the country, with around 130 graduates
annually. Due to ongoing hostilities and the economic crisis,
many low-income students from remote areas are unable to
afford the money required to travel to and from campus. The
recent COVID-19 pandemic has led to the development of
e-learning alternatives that have made it even more accessible
to students from these areas. e-learning can provide a

cost-effective, equitable, and even practical and interactive
solution for DM education [18-24]. However, implementation
of such training in crisis-affected settings poses operational
challenges [25,26].

This study aimed to evaluate the effectiveness of e-learning
versus face-to-face (F2F) approaches in DM education for
improving knowledge acquisition and retention among medical
students. DM education was delivered through both e-learning
and F2F modalities because DM is not included in the
undergraduate medical curriculum at LUFMS, and no
standardized format for its delivery exists. Evaluating both
modalities was therefore essential to determine the most feasible,
equitable, and effective approach for nationwide implementation
in a context where financial constraints, transportation barriers,
and recurrent disruptions frequently hinder in-person attendance.
This study also assessed students’ self-perceived confidence,
competence, satisfaction, and engagement to inform the
acceptability, effectiveness, and feasibility of implementing
such courses in fragile or disaster-prone settings.

Methods

DM Course Development
The online course used the International Committee of the Red
Cross (ICRC) DM e-learning tool. This e-learning tool was an
existing, predeveloped ICRC course and was not created by the
authors for this study. The development of the ICRC tool was
based on the standard principles that are used by multiple
courses and learning resources, including the major incident
medical management and support course, World Health
Organization, and Médecins Sans Frontières, with each module
referencing these standards as relevant [27-36]. Development
of the F2F course was based on the course contents of the
e-learning tool. Both e-learning and F2F DM courses used in
this study were based on 10 core topics (Table 1). The training
is designed to promote effective learning through interactive,
experience-based methods that encourage active engagement
and reflection. This approach is informed by constructivist
theory, which emphasizes that learners build knowledge through
meaningful experiences. To support motivation and a sense of
autonomy, the training incorporates principles from
self-determination theory, offering flexible learning options that
allow individuals to take ownership of their learning process.
Additionally, the structure of the content is guided by cognitive
load theory, ensuring that information is presented in a clear
and manageable way to enhance understanding and retention.
The design of the course schedule incorporated a degree of
flexibility to accommodate institutional curriculum requirements
and the blended e-learning modality used. Of note, principles
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of responder and scene safety, including self-safety, hazard
identification, and ensuring a safe environment before initiating
triage or patient care, were incorporated across multiple
modules, particularly the introduction to DM, prehospital

disaster management, and triage modules, consistent with ICRC,
World Health Organization, Médecins Sans Frontières, and
major incident medical management and support course
standards.

Table 1. Topics and subtopics included in the courses in this study.

SubtopicTopic

Introduction to disaster medicine and taxonomy • Disaster medicine definitions “disaster” and “MCIa”
• Difference between DMb and EMc

• Public health principles in disasters
• Disaster management phases: 3 phases
• The concept of “hazard vulnerability analysis”

Triage in disasters • MCI triage definitions
• Different triaging systems
• EM versus DM triaging

Hospital disaster preparation and response • Laws and DM
• Internal vs external hospital incidents
• What is an MCI plan?
• Integration of medical staff

Health consequences of different disasters • Types of disasters and the impact of each
• Natural vs man-made disasters: the health impact

Prehospital disaster management • MCI: disposition, treatment, and transport
• Disaster plans and the control chain
• Functional response rate

Psychosocial care • Psychic reactions and disaster exposure 
• Treatment of incident stress reactions 

Presentation of past disasters and public health emergencies • Beirut post explosion
• COVID-19 pandemic

Pediatric injuries in MCI • Trauma assessment and triage
• Pediatric-specific injuries
• Psychological and emotional support
• Pediatric resuscitation

MCI and burn injuries • Burn severity index
• Burn resuscitation
• Wound care and dressing
• Pain management
• Psychological support

Management of the dead bodies after disasters • Disaster victim identification
• Forensic pathology and autopsy
• Temporary mortuary facilities
• Body handling
• Documentation
• Cultural and religious considerations
• Public health and hygiene

aMCI: mass casualty incident.
bDM: disaster medicine.
cEM: emergency medicine.

Study Design
This is a quasi-experimental controlled study using a Solomon
4-group design [37]. Quasi-experimental designs are appropriate
when random assignments are impractical, allowing for the
evaluation of interventions in real-world settings while

maintaining a degree of control over confounding variables
[38]. In the Lebanese context, constraints such as transportation
difficulties, financial limitations, and geographical barriers
rendered random allocation to e-learning and F2F groups
unfeasible. Therefore, participants were assigned based on their
ability to attend on-campus sessions, considering factors like
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proximity and access to reliable transportation rather than their
personal preference or academic performance, and selection
bias related to motivation was minimal. The design balances
trade-offs between internal and external validity, feasibility,
inclusiveness, and applicability in educational real-life settings
in resource-constrained environments [39]. Furthermore, the
Solomon 4-group design enhances the robustness of the study
by controlling confounding variables and potential pretest
sensitization effects [37].

Target Population
The target population consisted of medical students between
the second and fifth academic years. All students from the
second to the fifth academic years received identical course
content, as DM is not part of the formal curriculum at any level.
Standardizing the content ensured comparability across groups
and isolated the effect of the delivery modality rather than
differences in academic year. No interns were included in this
study.

Sampling
The total number of the targeted population was 512. The sample
size was calculated using G*Power software to detect the effect
size (Cohen d=0.4) for the primary outcome (posttraining
effectiveness difference between e-learning and F2F, measured
by the significant difference in knowledge scores between the
groups), with a significance level of .05, a desired power of
0.80, and a 2-tailed test. The estimated minimum sample size
was 174 participants (87 in each group). The population count
per group was determined with the assistance of delegates from
each year for the medical students via convenience sampling,
such as open registration on a first-come, first-served basis,
regardless of their academic year. Group assignments were
determined based on students’ logistical capabilities. Those
with the ability to attend on-campus sessions, considering factors
such as proximity to campus, access to reliable transportation,
and affordability, were assigned to the F2F cohort. Conversely,

students facing logistical barriers that precluded on-campus
attendance were placed in the e-learning cohort.

DM Course Implementation
The study involved delivering a DM course using identical
educational materials through 2 modalities: e-learning and F2F
sessions. The course was delivered over 3 days per week for 2
weeks. The F2F sessions were implemented by the principal
investigator at LUFMS. All synchronous e-learning sessions
were also delivered by the principal investigator to ensure
standardization across modalities. The digital version for the
e-learning groups was a set of modules built onto a learning
management system, which was delivered to the respective
subgroups in a synchronized fashion by the principal
investigator, with the lectures on the same dates to the assigned
subgroups. Both groups received a digital version of the
respective teaching material at the end of each session. while
the F2F group received the slides for the respective session.

Evaluation Framework and Outcomes
The first 2 levels of Kirkpatrick’s model were used to assess
knowledge, knowledge retention, learning, and satisfaction.
Additionally, self-efficacy, as a predictor of skill application,
was measured through perceived behavioral outcomes,
specifically confidence (self-perceived competence), and was
guided by social cognitive theory [40].

1. Assessment of the students’ knowledge: Students’
knowledge assessment consisted of 20 multiple-choice
questions (Table 2). The 20-item multiple-choice questions
assessment included 2 questions per core topic, as
summarized in Table 2; the full questionnaire is provided
in Multimedia Appendix 1. Each question had 5 possible
answers, and only 1 answer was correct.

Based on Solomon 4-group design model, students within each
year and learning modality were divided randomly into 2 groups
[37]. Each academic year was subdivided into 4 subgroups (A,
B, C, and D; Table 3).
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Table 2. Multiple-choice question topics per core subject.

Multiple choice questionsTopic

Introduction to disaster medicine and taxon-
omy

• Question 1: Which statement is correct about DMa?

Triage in disasters • Question 2: What is the purpose of triaging in a medical emergency?
• Question 3: In the triage system, which color is typically associated with the highest priority level?

Hospital disaster preparedness and response • Question 4: What is the role of MOHb in DM?
• Question 5: What is an MCIc plan?
• Question 6: Role of hospitals and prehospital units in preparedness
• Question 7: Which means of communication is most important in DM?

Health consequences of different disasters • Question 8: Which type of disaster affects the respiratory system?
• Question 9: Which statement is correct?

Prehospital and hospital disaster manage-
ment

• Question 10: Who controls during a disaster?
• Question 11: What is the role of an incident commander?
• Question 12: In an MCI, who is typically responsible for declaring a patient deceased?
• Question 13: What is the role of hospitals in disaster preparedness?

Psychosocial care • Question 14: What does PTSDd stand for?
• Question 15: What are treatment modalities for stress during disasters?

Presentation of past disasters and public
health emergencies

• Question 16: Recall the hospitals damaged during the incident
• Question 17: What is COVID-19 pandemic most significant impact worldwide?

Pediatric injuries in MCI • Question 18: In an MCI involving pediatric injuries, which of the following is essential to identify
first?

MCI and burn injuries • Question 19: In the context of mass casualty incidents involving burn injuries, which aspect is es-
sential for initial assessment?

Management of the dead bodies after disas-
ters

• Question 20: When managing dead bodies after disasters, which of the following should be prioritized
first?

aDM: disaster management.
bMOH: Ministry of Health.
cMCI: mass casualty incident.
dPTSD: posttraumatic stress disorder.

Table 3. Subgroup classification of the patients within each academic year and the timing of the assessments based on Solomon 4-group design model.

Medical students: second-fifth year (subgroups A-D)Time points

Phase I: precourse assessment: Subgroups A and B had face-to-face sessions, and subgroups C and D
had e-learning in the first and second weeks

First week

Phase II: postcourse assessment online survey for all subgroupsSecond week “end of course”

Phase III: assessment for all subgroups1 month post course completion

The assessment was done over 3 phases:

• Precourse assessment: conducted 15 minutes before the
course for subgroups A and C only.

• Postcourse assessment: conducted after the end of the final
session for all subgroups. The pre- and post-assessments
used the same questionnaire details.

• Follow-up assessments: conducted 1 month after the
finalization of the DM educational course to evaluate
knowledge retention.

1. Assessment of the satisfaction and recommendations of
students: the assessment of satisfaction was done using a

tool developed by Han et al [38]. The tool consisted of
questions with a rating scale (Multimedia Appendix 2)
[35,37]:
• “Reaction” of the participants: how they felt and

thought about the course
• “Learning” of the participants: how they described the

increase in knowledge after the course.

In addition, 3 open questions addressed the experience of the
participants. The first question addressed the most unique aspect
of the course. The second question addressed the suggestions
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of the participants for improvement of the course. The last
question requested additional comments from the participants.

1. Evaluation of self-efficacy: a postcourse evaluation of
confidence was conducted for all subgroups in each
academic year. The evaluation of the confidence level was
measured using a validated Disaster Preparedness
Evaluation Tool [38,39]. The original version was adapted
to the educational material implemented in the course
(Multimedia Appendix 3) [35,36]. Students will be asked
their level of confidence on a Likert scale as “strongly
disagree,” “disagree,” “neutral,” “agree,” and “strongly
agree.”

Data Collection Tools and Methods
The student’s ID, their academic year, and evaluation data were
confidentially collected using the Google Forms survey tool,
which was converted to a Microsoft Excel sheet and saved
anonymously (Multimedia Appendix 4). The handling and
access of the data were limited to the principal investigator to
ensure data security. All data were stored in accordance with
institutional data protection policies.

Reliability Assessment
A post hoc reliability analysis check of the scale used to assess
the knowledge, satisfaction, and confidence level showed
excellent internal consistency (Cronbach α was 0.82, 0.92, and
0.963, respectively).

Data Analysis

Quantitative Analysis
Descriptive statistics, including percentages, means, and SD
values, were used to describe the sample and summarize survey
scores. Knowledge scores were reported as the number of correct
responses. Repeated measures ANOVA, also referred to as a
within- and between-subjects ANOVA for correlated samples,
was used to detect any overall differences between related means
at different points in time. Chi-square and Fisher exact tests
were used to evaluate differences in the items of the satisfaction
scale and confidence scale across the different options. An
independent-sample t test was used to compare satisfaction and
confidence scores in the overall sample and stratified by year
of education between the 2 learning modalities. Data were
analyzed using the Statistical Package for the Social Sciences

(version 27.0; IBM Corp). A P value less than .05 was
considered significant.

Qualitative Analysis
Open question responses were inductively analyzed and coded,
and recurrent themes were presented in percentages.

Ethical Considerations
This project was conducted according to the applied ethical
guidelines and received the necessary approvals from the
relevant ethical review boards. The study was approved by the
Institutional Review Board of Al Zahraa Hospital University
Center under reference number 12/2023. Additionally, the study
received an exemption from the Ethics Review Board of the
ICRC in Geneva. The ICRC Ethics Review Board confirmed
that the research proposal presented minimal risks to
participants, which were adequately addressed and minimized
through the proposed procedures. The exemption reference
number for this study is 0623. Informed consent was obtained
from all participants, and strict confidentiality was maintained
in the handling of all data to ensure participants' privacy and
well-being throughout the study.

Results

Descriptive Statistics
Participants were recruited, and the course was conducted
between March 2024 and June 2024. The participant flowchart
is presented in Figure 1. Out of 512 students at LUFMS from
the second to the fifth academic years, 205 (40%) voluntarily
participated in the study, of which 116 (56.6%) joined the
e-learning cohort, and 89 (43.4%) joined the F2F cohort between
March and June 2024. The third and fourth academic year
students represented 30.7% (63/205) and 33.2% (68/205) of the
participants, respectively. Fifth academic year students were
25.4% (52/205), and the second academic year students were
the least (22/205, 10.7%). The distribution of students according
to the crosstabulation of the academic year and learning modality
is depicted in Figure 1. Participation rates from the second and
fifth academic years were comparable across the F2F and
e-learning groups, with 12 (13.9%) and 10 (8.6%) students from
the second year, and 29 (32.5%) and 23 (19.8%) students from
the fifth year, respectively. Nearly 61.9% (39/63) of the third
academic year students and 64.7% (44/66) of the fourth
academic year students joined the F2F cohort.
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Figure 1. Participant flow diagram showing distribution by academic year and learning modality (F2F vs e-learning). F2F: face-to-face.

Assessment of Precourse Sensitization
Based on Solomon 4-group design model [37], a summarized
comparison for the overall sample is presented in Table 4. The
analysis shows that pretested and non-pretested groups
demonstrated comparable scores at baseline, at the immediate
postcourse assessment, and at 1-month follow-up (P=.60, .40,

and .64, respectively). These results confirm that the precourse
assessment did not introduce sensitization effects or bias the
learning outcomes, thereby supporting the internal validity of
the study design. Hence, precourse assessment is not a
confounding factor and did not affect the outcome across the
subgroups.

Table 4. Summary of Solomon 4-group analysis for the overall sample.

Post 1 monthPosttestPretestOverall

F2Fa

14.3 (2.4)12.3 (1.8)6.3 (2.3)Experimental, mean (SD)

15.7 (3.9)12.2 (1.7)—bControl, mean (SD)

e-Learning

14.6 (3.5)12 (2.1)6.6 (2.3)Experimental, mean (SD)

16.4 (4.4)13.5 (3.7)—Control, mean (SD)

.64.40.60P value between groups

aF2F: face-to-face.
bNot applicable.
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Assessment of the Knowledge Level in the Overall
Sample and Across the Academic Years
For the overall sample, both F2F and e-learning groups
demonstrated significant improvements from precourse to
immediate postcourse and post 1 month, with no significant
statistical difference between both modalities overall (P=.40
and .64) and across each year (Multimedia Appendix 5). The
F2F cohort showed a mean increase of 5.9 (95% CI 5.35-6.45;
P<.001) and 7.9 (95% CI 7.34-8.46; P<.001) from precourse
to postcourse and post 1 month, respectively (Table 5).
Similarly, the e-learning group exhibited a mean increase of 5.4

(95% CI 4.69-6.11; P<.001) and 8 (95% CI 7.11-8.89; P<.001)
over the same periods. In the second year, the F2F group showed
a significant increase of 5.6 (95% CI 3-8.2; P=.04) and 7.6 (95%
CI 5.68-9.52; P=.002) from precourse to postcourse and post 1
month, respectively. However, the e-learning group did not
show significant improvement, with a mean increase of 4 (95%
CI 0.83-7.17; P=.74) and 7 (95% CI 4.57-9.43; P=.14),
indicating less effectiveness in the second year. Of note, all
mean change values were calculated at the individual level and
then averaged within each subgroup; no pooled scoring was
used.

Table 5. Mean change in knowledge scores from precourse to postcourse and 1-month follow-up.

P value1-month follow-up, mean (SD)Postcourse, mean (SD)Sample sizeCohort

95% CIMean (SD)95% CIMean (SD)

<.0017.34-8.467.9 (3.1)5.35-6.455.9 (3)116F2F totala

<.0017.11-8.898 (4.3)4.69-6.115.4 (3.4)89e-learning total

.0025.68-9.527.6 (3.1)3-8.205.6 (4.2)10Second-year F2F

.144.57-9.437 (4.3)0.83-7.174 (5.6)12Second-year e-learning

<.0016.58-8.027.3 (2.3)4.64-5.965.3 (2.1)39Third-year F2F

<.0016.58-10.028.3 (4.3)4.52-7.085.8 (3.2)24Third-year e-learning

.0037.85-10.159 (3.9)6.04-8.167.1 (3.6)44Fourth-year F2F

<.0015.28-9.127.2 (4.8)3.58-6.224.9 (3.3)24Fourth-year e-learning

<.0016.81-9.598.2 (3.4)5-7.206.1 (2.7)23Fifth-year F2F

<.0019.15-11.0510.1 (2.6)5.01-7.196.1 (3)29Fifth-year e-learning

aF2F: face-to-face.

The fifth-year students exhibited the highest mean score
increases within their respective learning modalities. The F2F
group showed a mean increase of 6.1 (95% CI 5-7.2; P=.005)
and 8.2 (95% CI 6.81-9.59; P<.001) from precourse to
postcourse and post 1 month, respectively. The e-learning group
showed a comparable increase of 6.1 (95% CI 5.01-7.19;
P=.005) and 10.1 (95% CI 9.15-11.05; P<.001) over the same
periods.

Assessment of the Satisfaction Level in the Overall
Sample and Across the Academic Years
The results show that the total satisfaction score (SD) was
slightly higher for the F2F cohort (mean 87.6, SD 11.3; 95%
CI 85.54-89.66) compared to e-learning (mean 86, SD 14.2;
95% CI 83.05-88.95). Only the e-learning cohort of the fifth
academic year students showed a higher score (mean 90.2, SD
11.7; 95% CI 85.94-94.46) compared to F2F (mean 87.5, SD
9.6; 95% CI 83.58-91.42; Table 6). No statistically significant
differences in satisfaction scores were observed between F2F
and e-learning modalities in the overall sample (P=.38) or within
any academic year subgroup.
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Table 6. Mean change in the satisfaction score compared to the precourse assessment: at the postcourse assessment, directly postcourse.

P valuea95% CISample size, nPostcourse assessment, mean (SD)Cohort

.3885.54-89.6611687.6 (11.3)F2Fb total

—c83.05-88.958986 (14.2)e-learning total

.8178.3-96.91087.6 (15)Second-year F2F

—79.8-92.61286.2 (11.32)Second-year e-learning

.5183.89-91.113987.5 (11.5)Third-year F2F

—78.24-91.562484.9 (16.65)Third-year e-learning

.3584.2-914487.6 (11.5)Fourth-year F2F

—79.06-89.942484.5 (13.6)Fourth-year e-learning

.3783.58-91.422387.5 (9.6)Fifth-year F2F

—85.94-94.462990.2 (11.7)Fifth-year e-learning

aP values calculated using independent-sample Welch t tests.
bF2F: face-to-face.
cNot available.

Although the comparison of the total satisfaction between F2F
and e-learning showed statistically nonsignificant P values,
comparison of the individual satisfaction scores of each question
between the 2 modalities was statistically significant for only
4 questions in favor of F2F (Figure 2). Students were mostly

satisfied with the vividness of the course and its relevance to
their medical career, enhancement of their knowledge of disaster
management, and their engagement during the course (Figure
3).

Figure 2. Horizontal bar graph showing the percentage of satisfaction of the participants with each learning modality in the statistically significant
questions. F2F: face-to-face.
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Figure 3. Horizontal bar graph showing the percentage of confidence of the participants with each learning modality in the statistically significant
questions. F2F: face-to-face.

Assessment of the Confidence Level in the Overall
Sample and Across the Academic Years
The results show that the total confidence score (SD) was similar
between F2F (mean 125.5, SD 20.6; 95% CI 121.75-129.25)
and e-learning (mean 126.5, SD 23.8; 95% CI 121.56-131.44).
Only the F2F cohort of the second academic year students
showed scores that were like the overall score, yet better than
e-learning, with a mean F2F score of 125.4 (SD 22.5; 95% CI
111.45-139.35) compared to a mean of 116 (SD 13.9; 95% CI

108.14-123.86) for e-learning (Table 7). The e-learning cohort
of the fifth academic year students showed higher scores
compared to F2F, with a F2F score of mean 124.9 (SD 20.1;
95% CI 116.69-133.11) compared to mean 135.3 (SD 21.71;
95% CI 127.4-143.2) for e-learning. No statistically significant
differences in confidence scores were observed between learning
modalities in the overall sample (P=.75). A marginal trend
favoring the e-learning group was noted in the fifth-year
subgroup (P=.08), although it did not reach statistical
significance.
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Table 7. Mean change in the confidence score compared to the precourse assessment: at the postcourse assessment, directly postcourse.

P valueb95% CISample size, nPostcourse assessment, mean (SD)Cohort

.75121.75-129.25116125.5 (20.6)F2Fa total

—c121.56-131.4489126.5 (23.8)e-learning total

.27111.45-139.3510125.4 (22.5)Second-year F2F

—108.14-123.8612116 (13.9)Second-year e-learning

.99117.45-131.9539124.7 (23.1)Third-year F2F

—113.24-135.9624124.6 (28.4)Third-year e-learning

.70121.47-132.5344127 (18.7)Fourth-year F2F

—116.56-133.4424125 (21.1)Fourth-year e-learning

.08116.69-133.1123124.9 (20.1)Fifth-year F2F

—127.4-143.229135.3 (21.71)Fifth-year e-learning

aF2F: face-to-face.
bP values calculated using independent-sample Welch t tests.
cNot available.

Although the comparison of the total confidence between F2F
and e-learning showed no statistically significant P values (Table
7, the comparison of the individual confidence score of each
question between the 2 modalities was statistically significant
for only 5 questions. Students were mostly confident about their
knowledge of triaging principles in a disaster through F2F
learning (105/116, 91%) versus e-learning (66/89, 74.4%).
Similarly, students expressed a higher familiarity with
psychological treatment and the ability to triage patients in
disaster situations through F2F learning (80/116, 68.6% and
78/116, 67.5%, respectively) relative to e-learning (52/89, 58.7%
and 48/89, 53.4%, respectively). The confidence level was below
50% for either modality when students were asked about
participation in community emergency plans and having contacts
in community health centers.

Unique Aspect of the Course
The participants highlighted the distinctiveness of the course.
Around 85% (174/205) of the participants appreciated the
relevance of the course to real-life situations and disaster
management. Nearly 75% (153/205) of the participants found
engagement with a variety of topics, including mass casualty
incidents, triaging, and the management of specific disasters
like white phosphorus. The innovative teaching methods and
the adaptation of the course to the Lebanese situation were
praised by 70% (143/205) of the participants, while 65%
(133/205) valued the case studies that helped to effectively
manage the disasters.

Areas of Improvement
Around 60% (123/205) of the participants suggested the
inclusion of interactive and practical sessions to reinforce
through hands-on practice. Nearly 55% (112/205) of the
participants suggested improvement of the scheduling of the
sessions, while some proposed that it should become a
mandatory part of the curriculum. Half of the participants noted
that the artificial intelligence voice used in the e-learning course
was mildly distracting. Around 45% (92/205) suggested that

live sessions would enhance the course’s effectiveness,
especially for complex medical terms and scenarios.

Additional Comments
About 80% (164/205) of the participants expressed appreciation
for the course and gratitude for the opportunity to learn about
disaster management. Nearly 70% (143/205) recognized the
importance of the course, considering the recent events in
Lebanon. A desire for the incorporation of similar courses into
the curriculum was noted by 65% (133/205) of the participants.
There were also suggestions from 55% (112/205) of participants
to expand the course to include more practical exercises,
community-based projects, and timely distribution of course
materials to ensure better knowledge retention.

Discussion

Principal Findings
This study evaluated whether e-learning is comparable to F2F
instruction in DM training for LUFMS medical students and
contributes to a growing body of evidence supporting the
effectiveness of e-learning [40-45]. The results demonstrated
significant improvements in knowledge and retention for both
modalities, with no statistical difference between them (P=.40).
However, F2F training resulted in higher confidence in practical
skills like triage (91% vs 74.4%), while e-learning resulted in
superior retention among fifth-year students. Satisfaction was
high in both groups, although qualitative feedback emphasized
the need for more hands-on sessions (60%). The results have
direct implications for the delivery of DM education and the
expectation of outcomes, especially in countries of protracted
conflict like Lebanon [46,47]. A blended DM training approach
with the skill-building benefits of targeted F2F sessions offers
the most pragmatic solution. Still, the equivalence in knowledge
gains supports e-learning as a viable alternative in
resource-limited settings.

While both delivery methods were effective across academic
years, the higher mean gains in knowledge and retention
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observed among fifth-year e-learning students can be attributed
to their advanced medical knowledge compared to students in
the preceding academic years. The LUFMS curriculum typically
incorporates diagnostic courses within the fifth year, and
students commonly undertake a 6-week externship after the
fifth academic year. This confluence of advanced knowledge
and practical experience may have motivated the fifth-year
students to excel in the assessments, recognizing the opportunity
to apply their learning in real-life and clinical settings [6].
Additionally, the fifth academic year students were the only
group who reported satisfaction and confidence levels with
e-learning higher compared to F2F due to their 2-year antecedent
exposure to online learning. Given their advanced medical
knowledge and diagnostic expertise, the students’ ability to
integrate prior knowledge with new concepts acquired through
e-learning and independent research likely played a significant
role in their favorable outcomes.

Both modalities showed low confidence in community
emergency plan participation and health center contacts. This
can be attributed to the fact that the participants have not
engaged in hospital situations and do not interact with hospital
staff except their academic mentors. Therefore, they have limited
knowledge about the emergency plans in hospitals. This suggests
DM implementation should be timed with clinical rotations to
maximize its relevance and effectiveness.

Limitations
This study has several limitations, which stem from the difficulty
of conducting similar studies in a volatile context such as
Lebanon, a country with a history of disasters and emergencies,
which also impacts the educational settings. Nevertheless, the
findings are particularly relevant and have direct application
and impact in practice. Voluntary recruitment and the lack of
random assignments of the participants may have compromised
internal validity, although the real-world applicability, along

with sufficient sample size, enhances the study’s external
validity, especially for comparable settings. Furthermore, the
application of the Solomon 4-group design model classification
of the participants allowed for control confounding and pretest
sensitization [37], enhancing the internal validity of the study.
The short follow-up period limits the conclusion about long-term
retention. Still, the significant increase in knowledge over time
suggests the consolidation of learning over time due to its real
application in their setting. Finally, the reliance on self-reported
learning and confidence can introduce bias, but the results were
also triangulated by qualitative data and objective assessment
with a validated tool [48-51], which also enhances the
applicability and internal validity of the study.

Although “lack of interest” was the most frequently selected
reason for nonparticipation, this explanation likely
underrepresents the true contextual barriers faced by students.
Informal feedback indicated that transportation costs, fuel
shortages, intermittent electricity and internet access, work
obligations, and exam schedules limited their ability to
participate. Therefore, the high nonparticipation rate should be
interpreted within Lebanon’s unstable socioeconomic context,
where such logistical constraints, not genuine disinterest in DM,
are more plausible explanations for nonenrollment.

Conclusions
This study demonstrates that e-learning and F2F DM education
are comparably effective in improving knowledge retention,
confidence, and perceived competence among Lebanese medical
students. The findings support integrating a DM course into the
fifth-year curriculum before externships to enhance preparedness
and application of skills. A blended approach combining
theoretical e-learning with practical F2F sessions may further
strengthen practical competencies. These results provide
evidence to guide curriculum development and DM training
implementation at the LUFMS.
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Abstract

Background: There is a need to modernize the dissemination of clinical guidelines, making them more accessible and engaging
for health care professionals. Concise Medical Information Cines (CoMICs) are peer-reviewed videos created by medical students
that distill complex guidelines into learner-friendly visuals.

Objective: This study aimed to describe the process of co-designing an audiovisual version of a clinical guideline and explore
the experiences of co-designing audiovisual guideline summaries using the CoMICs model.

Methods: A 4-part CoMICs series on glucocorticoid-induced adrenal insufficiency was codeveloped by clinicians and medical
students through 10 iterative steps. A patient version of these CoMICs was then created in multiple languages. Semistructured
interviews with authors, reviewers, and student collaborators assessed the clarity, usability, trustworthiness, and educational value
of these CoMICs. Reflexive thematic analysis then identified key themes.

Results: CoMICs improved guideline accessibility, comprehension, and global adaptability, while the collaborative process
promoted interdisciplinary learning and underscored the efficacy of audiovisual tools for complex content. Student collaborators
reported greater confidence in interpreting and communicating clinical guidance, renewed interest in endocrinology, and a deeper
appreciation of its academic dimensions.

Conclusions: Cocreating audiovisual resources, such as CoMICs, enhances guideline dissemination. Student involvement can
foster curiosity, encourage academic career pathways, and reshape engagement with evidence-based medicine.

(JMIR Med Educ 2026;12:e83711)   doi:10.2196/83711

KEYWORDS

guidelines; education; endocrinology; dissemination; implementation

Introduction

Clinical practice guidelines are a cornerstone of evidence-based
medicine, offering systematically developed recommendations
to optimize patient care [1]. Despite their importance, ensuring
that guidelines are effectively disseminated and implemented
in clinical settings remains a persistent challenge. Health care
professionals often face barriers such as time constraints,
cognitive overload, lack of awareness of updates, and perceived
limited contextual relevance—factors that reduce the usability
of traditional long-form, text-based documents in fast-paced
environments [2].

Dissemination refers to the targeted distribution of
evidence-based knowledge and materials to specific audiences
to increase awareness and understanding [3]. Conventional
dissemination approaches, such as printed summaries,
educational events, audit and feedback loops, and reminder
systems, have shown variable success [4]. While multifaceted
interventions tend to outperform single strategies, their
implementation is often constrained by organizational resources,
and they fail to achieve consistent improvements in clinical
behaviors or patient outcomes. Implementation, in this context,
involves systematically integrating that knowledge into
real-world practice to improve health care outcomes. More
importantly, these strategies frequently overlook the importance
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of engagement, accessibility, and real-time utility—features
that are increasingly essential in today’s diverse and dynamic
health care systems [5]. These limitations underscore the need
for supplementary dissemination strategies that can deliver key
recommendations in more accessible, engaging, and
time-efficient formats [1].

Emerging audiovisual tools offer an opportunity to bridge this
gap. By reducing cognitive load, enhancing recall, and
improving user engagement, visual formats can complement
traditional learning formats [6]. One such approach is Concise
Medical Information Cines (CoMICs)—short, peer-reviewed,
visually engaging videos designed to translate complex clinical
guidance into digestible content [7]. Using infographics,
narration, and visual storytelling, CoMICs aim to make
guidelines more approachable and usable for both early-career
and experienced professionals.

In parallel with growing calls to diversify how students
experience specialty fields and engage with research,
coproducing educational resources such as CoMICs allows
students to gain exposure to academic medicine in a hands-on,
creative manner. The Endocrine Society’s Medical School
Engagement Program similarly seeks to broaden medical
students’ exposure to endocrinology [8]. By aligning with the
goals of the Medical School Engagement Program, CoMICs
offer a complementary, hands-on platform that both disseminates
core guideline content and actively engages students in the
specialty. While the earlier CoMICs study investigated the
dissemination and engagement patterns of specialty-focused
educational videos on social media platforms, the translation
of a clinical guideline into a structured audiovisual format has
not been examined in previous CoMICs research. Therefore, in
this study, we describe the process of codeveloping a 4-part
CoMICs series based on the glucocorticoid-induced adrenal
insufficiency (GIAI) guideline, showcasing an innovative
approach to translating clinical guidance into accessible
resources. We also explored medical students’ experiences of
co-designing the CoMICs and how this influenced their learning.

Methods

Overview
This study was conducted between October 2024 and May 2025
at the University of Birmingham. The process of CoMICs
creation, aligned with the knowledge-to-action framework, has
been described in detail in our previous publication [7]. To
inform the adoption of CoMICs for guideline dissemination,
we conducted a structured exploratory literature review using
PubMed. The search strategy focused on 3 intersecting themes:
dissemination methods, barriers to the uptake of clinical
guidelines, and health care professional behaviors. The review
was limited to English-language articles involving health care
professionals but included studies from all publication years to
ensure comprehensive coverage. Key findings highlighted the
limitations of traditional dissemination techniques, such as
printed materials, educational sessions, and audit-feedback
cycles, and underscored the need for more engaging and
accessible formats, particularly in time-pressured clinical
environments [4]. These insights shaped the rationale for the

CoMICs approach. A 4-part audiovisual series was created to
convey the core content of the Joint European Society of
Endocrinology and Endocrine Society guideline on GIAI. The
primary focus of this work is qualitative, centered on the
co-design and evaluation of CoMICs. The literature review
served as a supporting framework for this study. Each video
distilled key diagnostic, therapeutic, and follow-up
recommendations into concise, visually engaging episodes.
Crucially, medical students played an active role throughout
the ten-step CoMICs development process, which included the
following:

1. The CoMICs team contacted the corresponding guideline
author to establish collaboration, define the scope of the
project, and confirm participation in an iterative review.

2. Guideline authors shared supplementary educational
resources (eg, slide decks, figures, explanatory notes, or
key references) to support accurate interpretation of the
guideline.

3. The CoMICs team developed an initial script and visual
storyboard using PowerPoint (Microsoft Corp), translating
key guideline recommendations into simplified,
learner-friendly visual narratives.

4. The storyboard underwent clinical review by guideline
authors, who provided feedback on accuracy, emphasis,
and clarity, after which suggested revisions were
incorporated.

5. A preliminary video draft without narration or background
audio was produced to enable focused review of structure,
visuals, and content flow.

6. Feedback from guideline authors, clinical experts, and peer
reviewers was collated by the CoMICs team and used to
refine content, visuals, and sequencing.

7. A prefinal version incorporating narration and refined
visuals was produced and circulated to the authors for final
clinical validation.

8. Final comments and minor revisions were addressed to
ensure consistency with the guideline and clarity for the
intended audience.

9. The completed CoMIC was approved by the corresponding
author and prepared for professional use.

10. Approved videos were disseminated through clinical
networks and social media platforms to maximize
accessibility, reach, and engagement [9].

This process not only supported the technical production of
CoMICs but also served as a structured educational opportunity,
exposing students to academic publishing, clinical content
curation, and interdisciplinary teamwork in endocrinology. The
CoMICs videos were disseminated through multiple online
platforms to maximize reach and engagement. All videos were
uploaded to YouTube (Google LLC) as the primary hosting
platform and shared via social media channels, including X (X
Corp, formerly Twitter), Instagram (Meta Platforms, Inc), and
WhatsApp (Meta Platforms, Inc) groups within the CoMICs
network. The posts were accompanied by short educational
captions and reposted by CoMICs members on the
aforementioned platforms to enhance discoverability.
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Multilingual Patient-Focused CoMICs Development
In parallel, a patient-facing version of the CoMICs series was
developed to improve health literacy and access among lay
audiences. These 4 short videos were co-designed with
individuals living with adrenal insufficiency and deliberately
avoided technical language. Patient advocates provided feedback
throughout script development, ensuring clarity, relevance, and
the inclusion of relatable, everyday examples. Practical guidance
on symptom recognition, treatment adherence, and
self-management was integrated.

To further enhance accessibility, multilingual versions were
created. Medical students fluent in English and another language
of interest to this project produced initial transcripts, which
were then reviewed by native speakers with clinical or health
communication experience. This ensured that idiomatic clarity,
cultural appropriateness, and medical accuracy were preserved
across language versions. Languages for the multilingual video
adaptations were selected pragmatically based on the
connections within the CoMICs network and the availability of
fluent volunteer translators. This approach ensured linguistic
accuracy while allowing culturally relevant adaptations for each
audience. This process enhanced the reach and relevance of the
CoMICs series to non–English-speaking audiences, promoting
global health equity [10].

Qualitative Interviews to Explore Experience and
Impact
Purposive sampling was used to recruit participants with direct
involvement in the CoMICs project or relevant expertise. These
included the following:

• Medical students and health care professionals involved in
the CoMICs cocreation

• Clinical experts who authored or peer-reviewed the GIAI
guideline

Among the CoMICs team members interviewed, there were 10
medical students and 2 physicians. The medical students were
in their penultimate or final year of study, while the 2 physicians
included 1 foundation physician and 1 honorary research clinical
fellow. All participants demonstrated an interest in
endocrinology, having been active members of the CoMICs
initiative for at least 1 year and engaged in ongoing development
of the CoMICs guideline. Their participation reflected both their
exploratory career interests and commitment to evidence-based
knowledge dissemination.

Semistructured interviews explored participants’ experiences
with clinical guidelines, perceptions of the CoMICs format, and
the personal or professional impact of their involvement.
Students were also asked to reflect on how the experience
shaped their views on endocrinology, academic collaboration,
and the role of creative dissemination in medicine. The interview
guide was aligned with the 2 objectives of the study and focused
on clarity, usability, coproduction dynamics, and suggestions
for future improvement. All interviews were audio-recorded
and transcribed verbatim. Saturation was considered reached
when participants could no longer provide additional insights
or perspectives relevant to the research questions.

Ethical Considerations
The study was reviewed and received ethics approval from the
Science, Technology, Engineering, and Mathematics Committee
at the University of Birmingham (ERN_2965-Aug2024). All
data were anonymized to safeguard the participants’ information.
Written informed consent was obtained from all participants
before the interview, in accordance with institutional guidance
and the approved ethics protocol. Participation was voluntary,
and participants were not compensated for their time.

Data Analysis
Interview data were analyzed using reflexive thematic analysis
following the six-phase framework by Braun and Clarke [10]:

1. Familiarization: transcripts were reviewed in depth, with
initial impressions documented.

2. Generating initial codes: RS undertook repeated
familiarization with the transcripts before manually coding
meaningful segments of text. Initial codes were developed
inductively and generated directly from the data at a
semantic level. Coding was data-driven and iterative, with
reflexive notes maintained throughout to document analytic
decisions and support ongoing refinement. Preliminary
codes were shared with the research team, and team
discussions informed the refinement and consolidation of
the initial coding set.

3. Constructing initial themes: related codes were clustered
to form preliminary candidate themes.

4. Reviewing themes: themes were refined for coherence and
distinctiveness, with weak or overlapping themes revised
or removed.

5. Defining and naming themes: final themes were clearly
defined, named, and supported with representative
quotations through group discussion. Generative artificial
intelligence assistance was used only to refine subthemes,
and all analytic decisions were confirmed through team
consensus.

6. Producing the report: themes were organized in relation to
the study objectives and integrated with relevant literature.
This approach enabled a nuanced understanding of the
practical and pedagogical value of audiovisual
dissemination and provided insight into how cocreation
experiences can foster medical students’ interest in specialty
areas and academic pathways. The themes were
contextualized using findings from the literature review,
highlighting the potential for CoMICs to address
longstanding dissemination challenges while also serving
as a platform for early academic engagement.

Results

Overview
The 4-part guideline CoMICs series for health care professionals
has accumulated 1218 views on YouTube and 1331 views on
X (as of November 22, 2025) since its creation. The patient and
public versions were created in English, Bengali, Serbian, Tamil,
Greek, Georgian, and Brazilian Portuguese and have been
viewed 1884 times on YouTube and 2420 times on X (as of
November 22, 2025) since their creation. The final CoMICs
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videos are publicly accessible via YouTube (Multimedia
Appendix 1).

Thematic Analysis of Interviews

Overview
A total of 15 participants—12 (80%) medical students and 3
(20%) senior health care professionals—involved in the

development or review of the GIAI CoMICs series were
interviewed. Thematic analysis revealed 5 overarching themes
with associated subthemes and codes (Table 1), with supporting
illustrative quotes.

Table . Thematic analysis results.

CodeTheme and subtheme

Accessibility and usability • Use NICEa for guidelines
• Written guidelines are too long
• Prefer short videos
• Guidelines difficult to navigate in clinical

settings
• Multilingual versions broaden access
• Supports diverse learner backgrounds

Visual and cognitive engagement

    Quick refreshers • Use videos as refreshers before clinics
• Videos used during breaks or on commutes

    Clinician use cases • Visuals improve learning and retention
• Animations clarify physiology and treat-

ments

Credibility and trust • Expert review adds legitimacy
• Professional tone builds trust
• Referencing and consistency enhance cred-

ibility

Empowerment through cocreation

    

Workflow friction

• Students gained confidence and communi-
cation skills

• Challenges in feedback and team coordina-
tion

• Improved time and project management
skills

Inclusivity and cultural reach • Multilingual versions increase reach
• Non-English speakers benefit from transla-

tions
• Can be shared with patients from diverse

backgrounds

aNICE: National Institute for Health and Care Excellence.

Accessibility and Usability
Participants reported that traditional guidelines were often
inaccessible in time-constrained settings, particularly during
clinical work or exam preparation. Students and clinicians alike
praised CoMICs as practical alternatives that distilled core
messages into short, visually engaging formats. Furthermore,
participants highlighted that multilingual CoMICs videos
broadened accessibility and usability for parents and learners
from diverse linguistic backgrounds, enhancing inclusivity and
reach, especially where written English guidelines pose barriers:

Even just a quick 2-minute summary video is more
useful than scrolling through 30 pages. [Medical
student]

Visual and Cognitive Engagement
CoMICs’ design—combining narration, visual metaphors, and
sequential storytelling—was credited with enhancing
comprehension and retention. Students appreciated the ability
to review content quickly and repeatedly, while health care
professionals used the videos as just-in-time learning tools
before clinical duties:

The animations helped me understand the physiology
without flipping through the textbook. [CoMICs
student team member]

Credibility and Trust
The rigorous review process, which involved guideline authors
and clinical experts, was critical to establishing credibility.
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Students valued knowing their contributions would be clinically
validated, while reviewers endorsed the professional standard
of the final product:

If you know the guideline authors reviewed it, it feels
legitimate—not just a student project. [Medical
student]

Empowerment Through Cocreation
Student participants expressed a strong sense of empowerment,
seeing their work translated into tangible educational resources.
They highlighted growth in communication, critical thinking,
and teamwork skills. The experience also offered early exposure
to academic endocrinology and knowledge translation,
reinforcing interest in future academic careers:

I never thought a video I helped make would be used
by actual doctors. [Medical student]

Despite some communication delays and revision bottlenecks,
students viewed the challenges as valuable professional learning
opportunities.

Inclusivity and Cultural Reach
Multilingual adaptations were particularly valued for expanding
access. Students noted that having videos in multiple languages
allowed them to share resources with patients and peers from
diverse backgrounds, enhancing equity in education and patient
engagement:

The Bangla version is great—I could share it with
patients too. [Medical student]

This inclusive element positioned CoMICs as a globally relevant
tool that could strengthen both practitioner education and
patient-facing communication.

Discussion

Principal Findings
This study represents a novel contribution to the field of clinical
guideline dissemination and medical education. To the best of
our knowledge, it is among the first to explore the cocreation
of audiovisual, narrative-based clinical
resources—CoMICs—that are not only grounded in
evidence-based guidelines but also designed for multilingual
and multicultural relevance. Unlike previous CoMICs initiatives
that focused on broad health topics and social media
engagement, this study uniquely evaluates the transformation
of a single clinical guideline into structured audiovisual outputs
and examines the educational impact of the cocreation process
on medical students. The visual structure of CoMICs supports
the cognitive load theory by minimizing extraneous load and
enabling learners to process guideline content more efficiently
[11]. Previous reviews have emphasized the limited
effectiveness of traditional dissemination methods (eg, printed
guidelines and lectures) unless paired with contextual relevance,
interactivity, and credible authorship [5,7,12,13]. CoMICs
address these limitations through visual storytelling,
coproduction with guideline authors, and multilingual delivery,
making them a more adaptable and engaging format for
real-world use. This aligns with emerging innovative

dissemination practices, which emphasize concise, visually
driven formats to improve the reach and uptake of health
evidence [14].

Furthermore, this study supports growing calls in the health
care education literature for multifaceted, user-driven
dissemination models [15]. Notably, CoMICs serve not only as
tools to improve practitioner guideline uptake but also as
platforms for early-career professional development. Medical
students involved in the production process gained firsthand
experience in academic endocrinology, communication,
interprofessional collaboration, and health education. Such
active involvement can foster future interest in both clinical
specialties and research careers—an impact rarely explored in
the dissemination literature.

Our findings can be contextualized within dissemination science
frameworks. The Framework for Knowledge Transfer by Lavis
et al [16] proposes that effective dissemination depends on 5
core questions: what should be transferred, to whom, by whom,
how, and with what effect. CoMICs directly addresses each of
these domains: it condenses evidence-based guideline messages
(what), targets medical students and patients (to whom), involves
credible experts and peers (by whom), delivers content through
short multilingual videos and social media (how), and measures
engagement and understanding (with what effect). By mapping
CoMICs to these principles, our approach provides a structured,
theoretically grounded model for disseminating evidence
through digital media.

The strength of this study lies in its dual-impact design, which
simultaneously addresses the challenges of guideline
dissemination and supports the development of future academic
clinicians. The cocreative model provided students with
meaningful, mentored engagement in real-world implementation
efforts, resulting in a finished product with practical utility for
health care professionals and patients alike. The inclusion of
multilingual and culturally relevant content further extends
CoMICs’ global reach, especially in resource-limited or
linguistically diverse health care settings. Additionally, by
capturing reflections from both clinical experts and student
collaborators, the study offers a rich, balanced qualitative
perspective on how innovation, collaboration, and mentorship
can enhance both educational quality and clinical relevance.

Limitations
We did not measure actual changes in clinical behavior or
patient outcomes. While the findings indicate strong potential,
objective evidence of impact remains limited. Moreover, because
the interviewees were directly involved in developing the
resources, positive bias may have influenced responses,
potentially limiting the generalizability of the findings. It is also
important to note that quantitative metrics, such as video views
and engagement figures, were included solely to contextualize
the qualitative findings, as the primary aim of this study was to
explore the co-design experience rather than to evaluate
dissemination outcomes. Furthermore, evaluating the broader
impact of CoMICs on students and patients who viewed the
content was beyond the scope of this work. Future research
[1-7] should focus on guideline adherence, decision-making
confidence, and quality of patient care. Several user-generated
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insights, such as using the videos as “quick refreshers before
clinics” or “during breaks or commutes,” suggest practical
pathways for future implementation. These patterns indicate
that CoMICs could be integrated into just-in-time learning
strategies, on-shift clinical preparation, and student revision
routines. Future work should examine how such informal use
cases can be systematically incorporated into guideline uptake
workflows and clinical education pathways.

Conclusions
CoMICs offer a practical and engaging solution to barriers in
guideline dissemination, improving accessibility and relevance
through visual storytelling and multilingual adaptation.
Importantly, involving medical students in their creation fosters
early exposure to academic endocrinology and professional skill
development, supporting interest in research and specialty
careers. Future work should focus on evaluating clinical
outcomes, cost-effectiveness, and integration into wider
implementation systems, ensuring scalability across specialties
and settings.
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Abstract

Background: Foundational knowledge of anesthesia techniques is essential for medical students. Team-based learning (TBL)
improves engagement. Web-based virtual environments (WBVEs) allow many learners to join the same session in real time while
being guided by an instructor.

Objective: This study aimed to compare a WBVE with face-to-face (F2F) delivery of the same TBL curriculum in terms of
postclass knowledge and learner satisfaction.

Methods: We conducted a randomized, controlled, assessor-blinded trial at a Thai medical school from August 2024 to January
2025. Eligible participants were fifth-year medical students from the Faculty of Medicine, Khon Kaen University, who attended
the anesthesiology course at the department of anesthesiology. Students who had previously completed the anesthesiology course
or were unable to comply with the study protocol were excluded. They were allocated to one of the groups using a
computer-generated sequence, with concealment of allocation to WBVE (on the Spatial platform) or F2F sessions. Both groups
received identical 10-section content in a standardized TBL sequence lasting 130 minutes. Only the delivery mode differed
(Spatial WBVE vs classroom F2F). The primary outcome was the postclass multiple-choice questionnaire score. The secondary
outcome was learner satisfaction. Individual knowledge was assessed before and after the session using a 15-item questionnaire
containing multiple-choice questions via Google Forms. Satisfaction was measured immediately after class on a 5-point Likert
scale. Outcome scoring and data analysis were blinded to group assignment. Participants and instructors were not blinded.

Results: In total, 79 students were randomized in this study (F2F: n=38, 48%; WBVE: n=41, 52%). We excluded 2% (1/41) of
the students in the WBVE group due to incomplete data. There were complete data for the analysis for 78 participants (F2F:
n=38, 49%; WBVE: n=40, 51%). Preclass scores were similar between groups (F2F: mean 6.03, SD 2.05; WBVE: mean 6.20,
SD 2.04). Postclass knowledge did not differ significantly (F2F: mean 11.24, SD 1.93; WBVE: mean 10.40, SD 2.62; mean
difference 0.88, 95% CI –0.18 to 1.94; P=.12). Learner satisfaction favored F2F learning across multiple domains, including
overall course satisfaction. Overall satisfaction favored F2F learning (mean difference 0.42, 95% CI 0.07-0.77; P=.01). Both
groups ran as planned. No adverse events were reported. No technical failures occurred in the WBVE group.

Conclusions: In this trial, WBVE-delivered TBL produced similar short-term knowledge gains to F2F delivery, but learner
satisfaction was lower in the WBVE group. Unlike many previous studies, this trial compared WBVE and F2F delivery while
keeping the TBL curriculum and prespecified outcomes identical across groups. These findings support WBVEs as a scalable
option when physical space, learner volume, or constraints are present. However, lower satisfaction in the WBVE highlights the
real-world need for improved facilitation, user experience design, and technical readiness before broader implementation.

Trial Registration: Thai Clinical Trials Registry TCTR20240708012; https://www.thaiclinicaltrials.org/show/TCTR20240708012

(JMIR Med Educ 2026;12:e80097)   doi:10.2196/80097
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Introduction

Foundational knowledge of anesthesia techniques is important
for medical students. Medical students are required to have
knowledge of anesthesia administration, pharmacology,
procedures, complication management, and interpretation of
anesthesia records. Traditional didactic lectures offer a clear,
efficient way to organize and deliver this content. It also allows
broad coverage of key concepts in a limited time. However,
limited interactivity can reduce engagement and encourage
passive learning [1]. Interactive lectures address these limitations
with small-group discussions, problem-solving exercises, and
simulations. These activities create a more active classroom
and support clinical reasoning. They also improve knowledge
retention and provide immediate feedback to guide learning
[2,3].

Team-based learning (TBL) is an effective approach to promote
collaborative and active learning. TBL links to constructivist
learning theory, the interactive-constructive-active-passive
framework, and cognitive load theory. A simple sequence
includes individual and team readiness assurance, application
exercises, and immediate feedback. Students can move beyond
just completing tasks to engaging with the content and peers.
Additionally, it encourages a deeper understanding of concepts
through discussion. Students can focus on what matters, think
more deeply, and retain knowledge longer [4-6]. However, TBL
also has its limitations. Challenges include managing group
dynamics, resolving conflicts arising from differing opinions,
managing time effectively, and distributing the workload. It
also requires appropriate activity design, resources, and
assessments [3,7,8].

Interactive lectures and TBL are used to facilitate the topic of
anesthesia techniques for fifth-year medical students in our
department. This learning technique demonstrates motivation,
problem-based solving, and communication. Advances in
medical education technology, such as web-based virtual
environments (WBVEs), can support synchronous interaction,
shared workspaces, and simulation-like experiences. WBVEs
are virtual worlds that enable real-time interactions between
users and digital objects through technologies such as virtual
and augmented reality. They provide immersive experiences,
facilitate collaboration, and support interactive and realistic
simulations [9-13]. Compared with conventional TBL, WBVEs
may make classes easier to join, easier to expand to more
students, and more supportive of group work [7,12,14].

However, comparative evidence remains limited. Existing
studies are constrained by heterogeneous reporting, small sample
sizes, and nonrandomized designs, particularly in anesthesia
education [15-17]. Moreover, learners’ diverse preferences and
learning styles should be considered when implementing
WBVEs [18]. These limitations justify a randomized trial that
isolates delivery mode by comparing WBVE with face-to-face
(F2F) instruction under an equivalent TBL design. We

conducted a randomized controlled trial comparing WBVE (on
the Spatial platform [19]) versus F2F delivery of the same TBL
curriculum in anesthesia techniques among fifth-year medical
students. Both groups used identical objectives, materials,
facilitation, and assessments. Only the delivery mode differed.
The primary outcome was postclass knowledge, and the
secondary outcome was learner satisfaction. We hypothesized
that there would be between-group differences in postclass
knowledge and learner satisfaction.

Methods

Study Design
This study was a randomized, controlled, single-blinded trial.
Double blinding was not feasible as participants were aware of
their assigned groups. This study adhered to the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) guidelines [20] to ensure comprehensive and
transparent reporting of randomized controlled trial data.

Participants
We recruited fifth-year medical students from the Faculty of
Medicine, Khon Kaen University, who attended the
anesthesiology course at the department of anesthesiology.
Students who had previously completed the anesthesiology
course or were unable to comply with the study protocol were
excluded. All participants provided written informed consent.
The study was conducted from August 26, 2024, to January 7,
2025. Withdrawal criteria included technical issues, such as
internet disruptions or software glitches on the Spatial platform
[19].

Randomization and Recruitment
We used cluster randomization at the class level to minimize
contamination between teaching groups. Students were grouped
into clusters based on their scheduled learning sessions. Each
cluster comprised approximately 20 students. Clusters were
then randomly allocated in a 1:1 ratio to either the WBVE or
F2F group using computer-generated random numbers. We
used a block size of 2 to ensure that each group had a similar
number of clusters. The randomization sequence was generated
and implemented by investigators who were not involved in
teaching or assessment to reduce the risk of allocation bias. For
clusters randomized to the WBVE group, students who declined
research participation received F2F teaching delivered by
another instructor, scheduled at the same time and following
an identical teaching plan. For clusters randomized to the F2F
group, students who declined research participation attended
the same F2F session with the same instructor but were not
asked to complete the posttest or satisfaction questionnaire.
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Interventions

Preintervention Process
After recruitment into the study, all participants in both groups
were given access to the learning material via online learning
in Google Classroom, including a slide presentation and
supplementary video material, 2 days before the teaching
session. On the teaching day, students first received a 5-minute
briefing about study procedures and learning objectives. They
then completed a questionnaire containing 15 multiple-choice
questions (MCQs) before the test in 15 minutes to assess
baseline knowledge. Participants also completed a brief
questionnaire capturing student characteristics. The test
specification table is provided in Multimedia Appendix 1.

Session Allocation and Team Setup
After baseline assessments, students attended their assigned
session (either a WBVE or an F2F session). In each group,
students were organized into 4 TBL teams of 5 to 6 students,
supervised by 1 instructor. Each session lasted 130 minutes.

Content and Structure Are Common to Both Groups
Both groups participated in a single, standardized 130-minute
TBL session. The content was identical, organized into 10
sections on anesthesia techniques (listed in Multimedia
Appendix 1). Each section began with core knowledge, followed
by a problem-solving scenario aligned with the same learning
objectives. Students progressed sequentially through the modules
to complete the required tasks.

F2F Group
The 10 modules described earlier were delivered F2F using a
standard TBL sequence. At the start of the session, the instructor
reviewed the learning objectives and ground rules and confirmed

team assignments. For each module (Multimedia Appendix 1),
students first received a brief minilecture to consolidate core
concepts. Subsequently, teams completed a scenario-based
application task at their respective tables. They recorded a single
team answer. They received immediate feedback, followed by
a short whole-class debrief that compared rationales across
teams. The room layout comprised 4 separated team tables with
a central screen, and teams were asked to discuss quietly to
minimize cross talk. Materials were identical to those in the
other group (handouts mirroring the slides and identical question
stems). Any clarifying questions were addressed at the table
before the debrief.

WBVE Group
Sessions ran on the Spatial platform (Spatial Systems, Inc; Thai
localization) [19] using desktop computers on the university’s
secure local network. On first log-in, students created an account
and entered a virtual space with 3 areas (a classroom, an
operating room, and a common room). Each was equipped with
detailed 3D anesthesia equipment to support the team’s
application tasks. The same 10 interactive modules described
earlier were delivered in sequence. Each module began with
brief core content, followed by a scenario-based application
task aligned with the learning objectives. Students moved
through the environment with keyboard-controlled avatars and
collaborated in real time via built-in voice and text chat.
Embedded multimedia (short videos, slide decks, interactive
cases, and simple educational games) supported engagement.
The instructor monitored team rooms, offered real-time
guidance, provided immediate feedback, and answered questions
as they arose. Any clarifying questions were addressed in the
common room before the debrief. A detailed description of the
WBVE is provided in Figure 1.

Figure 1. The web-based virtual environment ran on the Spatial platform: (A) A classroom. Students learned modules 1 to 7 in this classroom, organized
into 4 teams of 5 to 6 students each, supervised by 1 instructor. (B) A classroom. Students navigated the environment using keyboard-controlled avatars
and collaborated in real time via built-in voice and text chat. Students moved to the operating room by clicking the button (*). (C) An operating room.
Students learned modules 8 and 9 in this room, including how to read anesthetic record data. Each group also discussed 4 case studies for team-based
learning. (D) An operating room. After finishing the questions, students moved to the common room by clicking the button (*). (E) A common room.
Students in each group asked clarifying questions in this room, after which the instructor conducted a debriefing for module 10. If students wanted to
review the material again or go to an operating room or a classroom, they could return by clicking the button (*). (F) A common room. A simulated
operating room had been created to allow students to learn in a realistic virtual environment before entering the actual operating room. If students had
extra time while waiting for their classmates, they could explore this room. Various games were also available to help train their minds.
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Postintervention Process
Immediately after the teaching session, 15 minutes were
allocated for outcome measurement. All students completed a
questionnaire containing 15 MCQs after the test via Google
Forms, using the exact test specification as before the test, under
invigilated conditions. They then completed a satisfaction
questionnaire in Google Forms (5-point Likert scale; instrument
and scoring details are provided in Multimedia Appendix 1).
The forms were identical for both groups and were accessed
through locked links. Answer keys were withheld until all
submissions had been received. In addition, we enabled
automatic scoring and time stamp logging, restricted responses
to a single submission per account, and exported raw data
directly from Google Forms into the analysis dataset.

Data Collection
Pre- and postintervention knowledge evaluations were assessed
using a 15-item MCQ test mapped to a test specification table
(Multimedia Appendix 1). The authors designed and developed
a questionnaire on students’ satisfaction with the learning
process, drawing on previous studies [21,22], and adjusted its
content for use in a Thai context (Multimedia Appendix 1).
Student satisfaction was evaluated immediately after the
intervention using a 21-item survey, with responses on a 5-point
Likert scale (1=strongly disagree, 2=disagree, 3=neither agree
nor disagree, 4=agree, and 5=strongly agree). The
questionnaire’s content validity was confirmed by 3 experts.
Internal consistency was excellent, with a Cronbach α of 0.95.
We also recorded gender, age, grade point average, and
experience with WBVEs (including frequency, proficiency, and
comfort).

Statistical Analysis
Data were analyzed using Stata/SE (version 18.0; StataCorp)
for Windows. Descriptive statistics summarized participant
characteristics. Categorical variables were presented as counts
and percentages, and continuous variables were presented as
means and SDs. Proportions were calculated using nonmissing
denominators. Analyses followed the intention-to-treat principle.
Because only 1 (1%) of the 79 participants had missing primary
outcome data, analyses were conducted using complete-case
analysis. Missing completely at random testing and multiple
imputation were not performed due to negligible missingness.
Between-group comparisons were conducted using linear mixed
modeling. We reported the mean differences and 95% CIs. For
the primary outcome (knowledge), we used posttest score as
the dependent variable, study group as the factor, and pretest
score as a covariate. For multiple tests that were analyzed, the

false discovery rate was controlled at 5% (Benjamini-Hochberg
method). Item-level Likert responses were summarized
descriptively as means (SDs).

The required sample size was calculated using the postlearning
knowledge score from 63 fifth-year medical students who
studied the anesthesia technique in the previous academic year
(2023), with a mean of 57.94% (SD 14.07). To detect a 10%
difference in knowledge score (type I error of 0.05) with 80%
power, we determined that a sample size of 32 participants in
each group would be required. The dropout rate was accounted
for in the sample size, which included at least 40 participants
per group, representing approximately 10% of the total dropout
rate.

Ethical Considerations
This study received full board approval from the human research
ethics committee of Khon Kaen University (HE671294). It was
also registered with the Thai Clinical Trials Registry before
participant enrollment (TCTR20240708012). This study was
conducted in accordance with the World Medical Association
Declaration of Helsinki and institutional policies. Participants
received clear written information about the study objectives,
procedures, potential risks, and data management before
participating. Participation was voluntary, and they could
withdraw at any time without affecting their academic standing.
Those who agreed to take part then provided written informed
consent. Study-related data were not collected from them. After
participating in this study, students created unique codes instead
of using their names, which enabled us to link pre- and posttest
data without knowing individual identities to protect privacy
and confidentiality. Data were anonymized for analysis and
stored on password-protected systems with access restricted to
the investigator’s team. Students did not receive any financial
or in-kind compensation.

Results

Overview
A total of 81 participants were assessed for eligibility; 2 (2%)
participants declined to participate. Both were in clusters
randomized to the F2F group; therefore, they received F2F
teaching as part of the regular course. However, their data were
not included in the analysis. Hence, 79 participants were enrolled
in the study and allocated into 2 groups: the F2F group (n=38,
48%) and the WBVE group (n=41, 52%); 2% (1/41) of the
participants in the WBVE group had incomplete outcome data
and were excluded. A total of 78 (99%) participants had
complete data in the analysis (Figure 2).
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Figure 2. Flow diagram of the participants in the study.

Participant Characteristics
As shown in Table 1, 78 participants were included, with 38
(49%) assigned to the F2F group and 40 (51%) to the WBVE
group. The groups were comparable in gender, age, and grade
point average. The proportion of male participants was slightly

higher in the F2F group (25/38, 66%) compared to the WBVE
group (21/40, 52%). Most participants in both groups reported
limited previous exposure to WBVEs, with more than 60%
(51/78) of the participants classified as novices and a few
reporting intermediate or higher proficiency. Comfort levels
with the technology were predominantly neutral.

JMIR Med Educ 2026 | vol. 12 | e80097 | p.155https://mededu.jmir.org/2026/1/e80097
(page number not for citation purposes)

Sripadungkul et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Table 1. Baseline characteristics by group in a cluster-randomized trial of a face-to-face (F2F) group versus a web-based virtual environment (WBVE)
group for team-based learning among fifth-year medical students (N=78).

WBVE group (n=40)F2F group (n=38)

21 (52)25 (66)Male, n (%)

22.5 (0.7)22.5 (0.6)Age (y), mean (SD)

3.44 (0.33)3.50 (0.34)Grade point average (0-4), mean (SD)

Experience with WBVEs, n (%)

Frequency

26 (65)19 (50)No

14 (35)18 (47)Sometimes

0 (0)1 (3)Frequently

Proficiency

27 (67)24 (63)Novice

7 (17)10 (26)Beginner

5 (13)4 (11)Intermediate

1 (3)0 (0)Advanced

0 (0)0 (0)Expert

Comfort level

2 (5)0 (0)Discomfort

27 (67)27 (71)Neutral

11 (28)11 (29)Comfort

Knowledge Outcomes
As shown in Table 2, both groups demonstrated significant
improvement in knowledge after the intervention. The WBVE
group had slightly higher mean pretest scores than the F2F group
(mean 6.20, SD 2.04 vs mean 6.03, SD 2.05 for WBVE vs F2F),

but lower posttest scores (mean 10.40, SD 2.62 vs mean 11.24,
SD 1.93 for WBVE vs F2F). However, after adjustment using
linear mixed modeling and the Benjamini-Hochberg procedure,
no statistically significant differences between groups were
observed in either pretest or posttest scores (P=.70 and P=.12,
respectively).
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Table 2. Knowledge (15-point scale) and learner satisfaction (Likert 1-5) by group in a cluster-randomized trial comparing face-to-face (F2F) versus
web-based virtual environment (WBVE) team-based learning among fifth-year medical students (N=78).

P valueMean difference (95% CI)WBVE group (n=40), mean
(SD)

F2F group (n=38), mean
(SD)

Knowledge (15-point scale)a

.70–0.17 (–1.07 to 0.72)6.20 (2.04)6.03 (2.05)Pretest knowledge score

.120.88 (–0.18 to 1.94)10.40 (2.62)11.24 (1.93)Posttest knowledge score

Learner satisfaction (Likert scale 1-5)b

Learning topic

.02c0.34 (0.05 to 0.62)4.4 (0.6)4.7 (0.5)Intellectually challenging and stim-
ulating

.02c0.29 (0.04 to 0.54)4.6 (0.6)4.9 (0.3)Valuable learning gained

.530.10 (–0.21 to 0.41)4.5 (0.7)4.6 (0.7)Increased interest in the subject

Learning process

Instructor

.070.22 (–0.01 to 0.45)4.7 (0.6)4.9 (0.3)Instructor enthusiasm

.060.36 (–0.01 to 0.74)4.4 (0.9)4.8 (0.6)Presentation style holds interest

.01c0.46 (0.08 to 0.85)4.3 (0.8)4.8 (0.5)Clear explanations

.170.28 (–0.11 to 0.67)4.4 (1.0)4.6 (0.7)Facilitates note-taking

.250.10 (–0.06 to 0.25)4.9 (0.4)4.9 (0.2)Friendly to students

.250.12 (–0.07 to 0.31)4.8 (0.5)4.9 (0.3)Welcomes questions or help

.460.07 (–0.10 to 0.24)4.8 (0.5)4.9 (0.3)Genuine interest in students

.110.22 (–0.04 to 0.48)4.6 (0.6)4.8 (0.4)Presents alternative viewpoints

Technique

.01c0.49 (0.08 to 0.90)4.3 (1.0)4.8 (0.4)Well-prepared materials

<.001c0.77 (0.27 to 1.27)4.1 (1.0)4.9 (0.4)Encourages class discussion

<.001c0.92 (0.34 to 1.50)3.9 (1.1)4.8 (0.4)Invites the sharing of ideas

.02c0.32 (0.04 to 0.60)4.6 (0.7)4.9 (0.4)Encourages and answers ques-
tions

.009c0.42 (0.07 to 0.76)4.5 (0.8)4.9 (0.3)Supports student expression

.110.28 (–0.06 to 0.62)4.4 (0.8)4.7 (0.5)Technical satisfaction (audio,
video, and media)

.004c0.54 (0.12 to 0.97)4.3 (0.9)4.9 (0.3)Satisfaction with teaching
methods

Learning outcome

.01c0.27 (0.05 to 0.50)4.7 (0.5)4.9 (0.3)Content covers objectives

.070.22 (–0.02 to 0.45)4.7 (0.5)4.9 (0.4)Consistent with current knowledge

.01c0.42 (0.07 to 0.77)4.5 (0.8)4.9 (0.4)Overall course satisfaction

aKnowledge scores were on a 15-point scale (0-15); higher scores indicated greater knowledge.
bLikert score (1=very dissatisfied, 2=dissatisfied, 3=neither satisfied nor dissatisfied, 4=satisfied, and 5=very satisfied).
cStatistically significant difference at P<.05.

Learner Satisfaction
As shown in Table 2, learner satisfaction across multiple
domains was generally high in both groups. However, several
aspects favored the F2F group. For the learning topic, the F2F

group reported higher levels of intellectual challenge and
stimulation (mean difference 0.34; 95% CI 0.05-0.62; P=.02)
as well as greater perceived value in learning gained (mean
difference 0.29; 95% CI 0.04-0.54; P=.02). For the learning
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process, the evaluation was divided into instructor- and
technique-related components. The F2F group rated significantly
higher on clear explanations (mean difference 0.46; 95% CI
0.08-0.85; P=.01) on instructor-related items. It also rated
significantly higher on well-prepared materials (mean difference
0.49; 95% CI 0.08-0.90; P=.01), encouragement of class
discussion (mean difference 0.77; 95% CI 0.27-1.27; P<.001),
an invitation to share ideas (mean difference 0.92; 95% CI
0.34-1.50; P<.001), encouragement and answering questions
(mean difference 0.32; 95% CI 0.04-0.60; P=.02), support for
student expression (mean difference 0.42; 95% CI 0.07-0.76;
P=.009), and satisfaction with teaching methods (mean
difference 0.54; 95% CI 0.12-0.97; P=.004). In terms of learning
outcomes, the F2F group rated significantly higher on content
coverage (mean difference 0.27; 95% CI 0.05-0.50; P=.01).
While overall course satisfaction was significantly higher in the
F2F group mean 4.9, SD 0.4 vs mean 4.5, SD 0.8; mean
difference 0.42; 95% CI 0.07-0.77; P=.01.

Harms
Neither group experienced adverse events, privacy breaches,
or unintended effects. The WBVE session ran as planned, and
no technical issues (audio or latency) were observed. There
were no withdrawals due to technical problems.

Discussion

Principal Findings
This study compared knowledge and learner satisfaction between
F2F and WBVE learning for anesthesia techniques. Both groups
were comparable in terms of characteristics, including their
experience with WBVEs. All participants showed improvement
in knowledge outcomes. However, posttest scores did not show
statistically significant differences between groups. Learner
satisfaction was generally high in both groups, while it was
consistently higher in the F2F group. The F2F group reported
significantly higher satisfaction with the learning topic, the
learning process (related to learning techniques), and the
learning outcome. Overall course satisfaction was higher in the
F2F group.

Participant Characteristics
The baseline characteristics of participants in both groups were
comparable. There were no significant differences in gender,
age, or academic performance. Most participants in both groups
reported limited previous experience with WBVEs, with more
than 60% (51/78) of the participants classified as novices. Most
(54/78, 69%) participants reported neutral comfort ratings. This
suggests that students were not very confident with WBVEs
but were not uncomfortable with them. This limited exposure
may have influenced both their comfort level and engagement
with the WBVEs [23,24]. Previous studies have reported that
WBVEs are not an obstacle to learning for medical students
with limited experience with them [23-25]. The findings indicate
that additional training and familiarization sessions with WBVEs
may be necessary to enhance learner confidence and optimize
engagement [23-25].

Knowledge Outcome
Pre- and posttest results showed improvement in both groups.
Posttest scores also did not show statistically significant
differences between groups. This suggests that both the WBVE
and F2F delivery are effective for teaching. This is consistent
with previous studies demonstrating the potential of WBVEs
to facilitate cognitive learning and performance in medical
students [25-29]. Despite technical and practical challenges, the
use of WBVEs can improve knowledge and performance
[25-29].

Learner Satisfaction
Our data reported that overall satisfaction was high in both
groups. However, across multiple domains of learner
satisfaction, the F2F instructional modality was favored. The
F2F group reported significantly higher ratings for intellectual
stimulation and for the value of what they learned. They also
felt that instructors provided clearer explanations and more
effectively encouraged idea sharing, questioning, answering,
and student expression. Our data showed the benefit of the F2F
format in promoting effective engagement, interactive learning
dynamics, and real-time interpersonal communication. These
findings suggest that conducting TBL in WBVEs is faced with
several limitations. Technical constraints and students’ limited
familiarity with WBVE may affect learner satisfaction [3,23,24].
Additionally, the instructor’s facilitation techniques during
WBVE should be a concern [23,24].

Cultural context may help explain the differences in satisfaction
[29-32]. However, it should be viewed as a possible moderator
rather than a fixed or deterministic cause. Thai medical students
may defer to instructors and be comfortable with structured
guidance and supervision. This may favor F2F settings, where
nonverbal cues and immediate instructor feedback are more
noticeable. Consistent with previous work in Asia, students
have reported greater satisfaction with traditional methods [30].
This appears to be influenced by personality, self-efficacy, and
their expectations about instructional design and delivery [30].
In contrast, studies and systematic reviews from Europe and
the United States have often found higher satisfaction with
WBVEs [29,31]. However, cultural context does not uniformly
predict outcomes. Our data and previous studies observed
variability across participants that appears to depend on
facilitation quality, previous exposure, technology self-efficacy,
language demands, and device access [29-32]. During the
COVID-19 pandemic, Thai medical students adapted quickly
[32]. They reported greater satisfaction with new anesthesiology
learning technologies than their teachers. These suggest that
growing familiarity can narrow culture-based gaps over time
[32]. We view cultural context as one of several interacting
factors that affect learner satisfaction.

The variability in learner satisfaction likely reflects
implementation issues rather than only the delivery method
[29-32]. In WBVEs, instructors cannot rely on being physically
in the room, so they must think more carefully about how they
facilitate the learning process [10,12,29]. It is essential to use
strategies that build social presence and keep students engaged
[10,12,29]. Additionally, technical issues, such as latency, audio
problems, and complex navigation, can create more burdens
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[10,12]. When the sound is delayed, the flow of discussion is
broken. It becomes hard to know when to speak or respond
[10,12]. Complex navigation may be engaging at first, but
students must spend time figuring out how to move between
virtual rooms or use the interface. They end up focusing on the
platform rather than the TBL tasks and the content itself
[2,10,12]. Students’ satisfaction is likely to depend on how well
learning is facilitated [10,12]. Reliable devices and technical
support should be included [10,12]. Therefore, future work
should concentrate on strengthening facilitation and improving
the user experience.

Implications
Our findings indicate that WBVEs can yield knowledge gains
comparable to those of F2F instruction. WBVEs may be
especially valuable in settings with limited classroom space,
tight schedules, or large cohorts [10,12,16]. However, running
TBL in WBVEs requires careful design and facilitation to keep
students engaged and improve their satisfaction [2,10,12,29].
Specifically, this includes clearer turn taking, more visible
feedback, simpler navigation within the virtual environment,
and fewer technical obstacles [2,10,12,29]. This study’s main
contribution is to separate delivery mode from pedagogy. We
directly compared a WBVE with F2F delivery under an identical
TBL design using assessor-blinded, prespecified outcomes.
These design features extend previous work, which often
combined different instructional methods or did not report use
and outcome measures as clearly [15-17]. This approach can
be implemented with medical students, especially in
anesthesiology education.

Limitations
This study has several limitations. A single-center study may
limit the generalizability of the findings. The relatively small
sample size may limit their applicability to broader and more
diverse student populations. Next, a double-masked study was
not feasible due to the nature of the intervention. This may have
introduced performance or response bias. Additionally,
participants had limited previous exposure to WBVEs. This
may have dampened their engagement and satisfaction. Cultural
factors specific to Thai medical students should be a concern.
A preference for structured, instructor-led learning may have
contributed to the lower satisfaction reported with WBVE.

Future Directions
Future research should include larger sample sizes and
multicenter trials. The generalizability of the findings across
diverse learner populations should be of concern. In addition,
future studies should examine how students’ familiarity with
WBVEs affects their satisfaction and learning outcomes. They
should test whether repeated exposure helps students feel more
comfortable and engaged. Moreover, researchers should focus
on facilitation techniques to identify the most effective approach
for WBVE-based TBL. Simulation-based features within
WBVEs can make the environment more interactive and better
aligned with students’ learning needs. Further work should also
study instructional designs tailored to Asian medical education.
These designs should incorporate strategies that support
collaborative learning and respect cultural norms.

Prior Presentation
Part of this study was previously presented as an oral
presentation at the SANCON-ASPA 2025 conference—Scaling
New Heights in Pediatric Anesthesia and Beyond (24th Annual
Conference of the Society of Anesthesiologists of Nepal
[SANCON] and 21st Meeting of the Asian Society of Pediatric
Anesthesiologists [ASPA]), held in Kathmandu, Nepal, on April
5, 2025. The abstract was presented under the title “Metaverse
versus in-person: impact on anesthesia education and student
satisfaction.”

Conclusions
This trial is innovative in isolating the delivery mode from
pedagogy by directly comparing WBVE to F2F delivery within
an identical TBL structure with prespecified end points. This
design differs from much of the existing literature, in which
shifts in instructional strategy often accompany technological
changes. It is challenging to attribute effects solely to the
delivery mode. Our findings contribute evidence that a WBVE
can deliver comparable short-term knowledge gains in a single
standardized session. It has practical implications for scaling
instruction when classroom space, faculty time, or scheduling
is limited. Nevertheless, lower satisfaction in WBVE
underscores the need for real-world implementation. We require
stronger facilitation strategies, improved social presence,
simplified navigation, and robust technical support to achieve
an experience comparable to F2F.

 

Acknowledgments
The authors would like to thank Kaewjai Thepsuthammarat of the clinical epidemiology unit for her expert biostatistical assistance
and Suwitcha Sripadungkul for his support and encouragement. Artificial intelligence–based software (Grammarly) was used
solely for grammar and language editing. Professional language editors at the Language Institute of Khon Kaen University also
reviewed the final manuscript. No artificial intelligence tools were used for data analysis, content generation, or interpretation.
The authors remain fully responsible for the accuracy and scientific content.

Funding
This study was funded by the Faculty of Medicine, Khon Kaen University, Thailand (grant IN67086). The funder had no role in
the study design, data collection, analysis, interpretation, or manuscript writing.

JMIR Med Educ 2026 | vol. 12 | e80097 | p.159https://mededu.jmir.org/2026/1/e80097
(page number not for citation purposes)

Sripadungkul et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
Conceptualization: DS, SB, PB
Data curation: DS, SB, MS, NP, PB
Formal analysis: DS, SB, PB
Investigation: DS, SB, MS, NP, PB
Methodology: DS, SB, MS, NP, WS, PB
Project administration: DS, SB, MS, NP, WS, PB
Supervision: DS, SB, MS, NP, WS, PB
Visualization: DS, SB, MS, NP, WS, PB
Writing—original draft: DS, SB, MS, NP, WS, PB
Writing—review and editing: DS, SB, MS, NP, WS, PB

Conflicts of Interest
None declared.

Multimedia Appendix 1
Instructional package: lesson plan, user guide, and assessment instruments.
[DOCX File , 7270 KB - mededu_v12i1e80097_app1.docx ]

Multimedia Appendix 2
CONSORT-eHEALTH (V 1.6.1).
[PDF File (Adobe PDF File), 409 KB - mededu_v12i1e80097_app2.pdf ]

References
1. Solymos O, O'Kelly P, Walshe CM. Pilot study comparing simulation-based and didactic lecture-based critical care teaching

for final-year medical students. BMC Anesthesiol 2015 Oct 21;15(1):153 [FREE Full text] [doi: 10.1186/s12871-015-0109-6]
[Medline: 26490826]

2. Anas S, Kyrou I, Rand-Weaver M, Karteris E. The effect of online and in-person team-based learning (TBL) on undergraduate
endocrinology teaching during COVID-19 pandemic. BMC Med Educ 2022 Mar 22;22(1):120 [FREE Full text] [doi:
10.1186/s12909-022-03173-5] [Medline: 35193577]

3. Liu H, Mi XF, Huang ZZ, Heng BC, Shen WL. Challenges and strategies in developing team-based learning in Chinese
medical education. Med Teach 2020 Aug 08;42(11):1243-1249. [doi: 10.1080/0142159x.2020.1801995]

4. Wekerle C, Daumiller M, Janke S, Dickhäuser O, Dresel M, Kollar I. Putting ICAP to the test: how technology-enhanced
learning activities are related to cognitive and affective-motivational learning outcomes in higher education. Sci Rep 2024
Jul 15;14(1):16295 [FREE Full text] [doi: 10.1038/s41598-024-66069-y] [Medline: 39009608]

5. Szulewski A, Howes D, van Merriënboer JJ, Sweller J. From theory to practice: the application of cognitive load theory to
the practice of medicine. Acad Med 2021 Jan 01;96(1):24-30. [doi: 10.1097/ACM.0000000000003524] [Medline: 32496287]

6. Roossien L, van Klaveren LM, de Vos R, Dolmans DH, Boerboom TB. Team-based learning (TBL) in health professions
education: a systematic review on its conceptual elements and outcomes. Med Teach 2025 May 28;47(12):1933-1947. [doi:
10.1080/0142159x.2025.2506723]

7. Mulugeta H, Zemedkun A. Implementation of team-based learning for a clinical module of the Ethiopian undergraduate
anesthesia curriculum and students' perspectives: a pilot cross-sectional study. Adv Med Educ Pract 2023;14:1413-1424
[FREE Full text] [doi: 10.2147/AMEP.S437710] [Medline: 38116477]

8. Ho CL. Team-based learning: a medical student's perspective. Med Teach 2019 Oct 01;41(9):1087. [doi:
10.1080/0142159X.2018.1555370] [Medline: 30707851]

9. Wang Y, Li C, Qu L, Cai H, Ge Y. Application and challenges of a metaverse in medicine. Front Robot AI 2023 Dec
11;10:1291199 [FREE Full text] [doi: 10.3389/frobt.2023.1291199] [Medline: 38152305]

10. Lewis KO, Popov V, Fatima SS. From static web to metaverse: reinventing medical education in the post-pandemic era.
Ann Med 2024 Dec;56(1):2305694 [FREE Full text] [doi: 10.1080/07853890.2024.2305694] [Medline: 38261592]

11. Seddon I, Rosenberg E, Houston 3rd SK. Future of virtual education and telementoring. Curr Opin Ophthalmol 2023 May
01;34(3):255-260. [doi: 10.1097/ICU.0000000000000945] [Medline: 36995108]

12. Ahuja AS, Polascik BW, Doddapaneni D, Byrnes ES, Sridhar J. The digital metaverse: applications in artificial intelligence,
medical education, and integrative health. Integr Med Res 2023 Mar;12(1):100917 [FREE Full text] [doi:
10.1016/j.imr.2022.100917] [Medline: 36691642]

JMIR Med Educ 2026 | vol. 12 | e80097 | p.160https://mededu.jmir.org/2026/1/e80097
(page number not for citation purposes)

Sripadungkul et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v12i1e80097_app1.docx&filename=040ab4db6a3c7b5bcf0f25ceee68ceb1.docx
https://jmir.org/api/download?alt_name=mededu_v12i1e80097_app1.docx&filename=040ab4db6a3c7b5bcf0f25ceee68ceb1.docx
https://jmir.org/api/download?alt_name=mededu_v12i1e80097_app2.pdf&filename=046d4d5997d024ee7b7dc1d9e56baeda.pdf
https://jmir.org/api/download?alt_name=mededu_v12i1e80097_app2.pdf&filename=046d4d5997d024ee7b7dc1d9e56baeda.pdf
https://bmcanesthesiol.biomedcentral.com/articles/10.1186/s12871-015-0109-6
http://dx.doi.org/10.1186/s12871-015-0109-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26490826&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-022-03173-5
http://dx.doi.org/10.1186/s12909-022-03173-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35193577&dopt=Abstract
http://dx.doi.org/10.1080/0142159x.2020.1801995
https://doi.org/10.1038/s41598-024-66069-y
http://dx.doi.org/10.1038/s41598-024-66069-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39009608&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000003524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32496287&dopt=Abstract
http://dx.doi.org/10.1080/0142159x.2025.2506723
https://www.tandfonline.com/doi/10.2147/AMEP.S437710?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/AMEP.S437710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38116477&dopt=Abstract
http://dx.doi.org/10.1080/0142159X.2018.1555370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30707851&dopt=Abstract
https://europepmc.org/abstract/MED/38152305
http://dx.doi.org/10.3389/frobt.2023.1291199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38152305&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/07853890.2024.2305694?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/07853890.2024.2305694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38261592&dopt=Abstract
http://dx.doi.org/10.1097/ICU.0000000000000945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36995108&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2213-4220(22)00084-1
http://dx.doi.org/10.1016/j.imr.2022.100917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36691642&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Bhugaonkar K, Bhugaonkar R, Masne N. The trend of metaverse and augmented and virtual reality extending to the
healthcare system. Cureus 2022 Oct;14(9):e29071 [FREE Full text] [doi: 10.7759/cureus.29071] [Medline: 36258985]

14. MacNeill H, Masters K, Nemethy K, Correia R. Online learning in health professions education. Part 1: teaching and
learning in online environments: AMEE guide no. 161. Med Teach 2024 Jan 24;46(1):4-17 [FREE Full text] [doi:
10.1080/0142159X.2023.2197135] [Medline: 37094079]

15. Ichikura K, Watanabe K, Moriya R, Chiba H, Inoue A, Arai Y, et al. Online vs. face-to-face interactive communication
education using video materials among healthcare college students: a pilot non-randomized controlled study. BMC Med
Educ 2024 Jul 10;24(1):746. [doi: 10.1186/S12909-024-05742-2]

16. Tokalić R, Poklepović Peričić T, Marušić A. Similar outcomes of web-based and face-to-face training of the GRADE
approach for the certainty of evidence: randomized controlled trial. J Med Internet Res 2023 Jul 06;25:e43928 [FREE Full
text] [doi: 10.2196/43928] [Medline: 37279050]

17. Ashokka B, Law LS, Areti A, Burckett-St Laurent D, Zuercher RO, Chin K, et al. Educational outcomes of simulation-based
training in regional anaesthesia: a scoping review. Br J Anaesth 2025 Mar;134(2):523-534. [doi: 10.1016/j.bja.2024.07.037]
[Medline: 39358185]

18. Chinnapun D, Narkkul U. Enhancing learning in medical biochemistry by teaching based on VARK learning style for
medical students. Adv Med Educ Pract 2024 Sep;15:895-902 [FREE Full text] [doi: 10.2147/AMEP.S472532] [Medline:
39359490]

19. Spatial Systems. URL: https://www.spatial.io [accessed 2024-04-10]
20. Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of

Web-based and mobile health interventions. J Med Internet Res 2011 Dec 31;13(4):e126 [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]

21. Corbalan M, Plaza I, Hervas E, Aldabas E, Arcega F. Reduction of the students' evaluation of education quality questionnaire.
In: Proceedings of the 2013 Federated Conference on Computer Science and Information Systems. 2013 Presented at:
FCCSIS '13; September 8-11, 2013; Krakow, Poland p. 659-659 URL: https://ieeexplore.ieee.org/document/6644083

22. Fatani TH. Student satisfaction with videoconferencing teaching quality during the COVID-19 pandemic. BMC Med Educ
2020 Oct 31;20(1):396 [FREE Full text] [doi: 10.1186/s12909-020-02310-2] [Medline: 33129295]

23. Elston P, Canale GP, Ail G, Fisher N, Mahendran M. Twelve tips for teaching in virtual reality. Med Teach 2024 May
25;46(4):495-499. [doi: 10.1080/0142159X.2023.2285396] [Medline: 38006603]

24. Hussain Z, Ng DM, Alnafisee N, Sheikh Z, Ng N, Khan A, et al. Effectiveness of virtual and augmented reality for improving
knowledge and skills in medical students: protocol for a systematic review. BMJ Open 2021 Aug 16;11(8):e047004 [FREE
Full text] [doi: 10.1136/bmjopen-2020-047004] [Medline: 34400451]

25. Rodriguez-Florido M, Reyes-Cabrera JJ, Melián A, Hernández-Flores CN, Ruiz-Azola J, Maynar M. Feasibility of teaching
and assessing medical students in the metaverse: design and features for its learning efficiency. J New Approaches Educ
Res 2024 May 06;13(1):9. [doi: 10.1007/S44322-024-00009-6]

26. Plotzky C, Loessl B, Kuhnert B, Friedrich N, Kugler C, König P, et al. My hands are running away - learning a complex
nursing skill via virtual reality simulation: a randomised mixed methods study. BMC Nurs 2023 Jul 27;22(1):222 [FREE
Full text] [doi: 10.1186/s12912-023-01384-9] [Medline: 37370124]

27. Schoeb DS, Schwarz J, Hein S, Schlager D, Pohlmann PF, Frankenschmidt A, et al. Mixed reality for teaching catheter
placement to medical students: a randomized single-blinded, prospective trial. BMC Med Educ 2020 Dec 16;20(1):510
[FREE Full text] [doi: 10.1186/s12909-020-02450-5] [Medline: 33327963]

28. Liu S, Xie M, Zhang Z, Wu X, Gao F, Lu L, et al. A 3D hologram with mixed reality techniques to improve understanding
of pulmonary lesions caused by COVID-19: randomized controlled trial. J Med Internet Res 2021 Oct 10;23(9):e24081
[FREE Full text] [doi: 10.2196/24081] [Medline: 34061760]

29. Li Q, Duan H, Zhou X, Sun X, Tao L, Lu X. The use of metaverse in medical education: a systematic review. Clin Med
(Lond) 2025 May;25(3):100315 [FREE Full text] [doi: 10.1016/j.clinme.2025.100315] [Medline: 40246026]

30. Elshami W, Taha MH, Abuzaid M, Saravanan C, Al Kawas S, Abdalla ME. Satisfaction with online learning in the new
normal: perspective of students and faculty at medical and health sciences colleges. Med Educ Online 2021 Dec
11;26(1):1920090 [FREE Full text] [doi: 10.1080/10872981.2021.1920090] [Medline: 33974523]

31. Birrenbach T, Zbinden J, Papagiannakis G, Exadaktylos AK, Müller M, Hautz WE, et al. Effectiveness and utility of virtual
reality simulation as an educational tool for safe performance of COVID-19 diagnostics: prospective, randomized pilot
trial. JMIR Serious Games 2021 Oct 08;9(4):e29586 [FREE Full text] [doi: 10.2196/29586] [Medline: 34623315]

32. Sripadungkul D, Sripadungkul S, Boonmak S, Boonmak P. Differences in perception of online anesthesiology between
Thai medical students and teachers during the COVID-19 pandemic. Korean J Med Educ 2023 Mar;35(1):45-53 [FREE
Full text] [doi: 10.3946/kjme.2023.248] [Medline: 36858376]

Abbreviations
CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth

JMIR Med Educ 2026 | vol. 12 | e80097 | p.161https://mededu.jmir.org/2026/1/e80097
(page number not for citation purposes)

Sripadungkul et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://europepmc.org/abstract/MED/36258985
http://dx.doi.org/10.7759/cureus.29071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36258985&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/0142159X.2023.2197135?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/0142159X.2023.2197135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37094079&dopt=Abstract
http://dx.doi.org/10.1186/S12909-024-05742-2
https://www.jmir.org/2023//e43928/
https://www.jmir.org/2023//e43928/
http://dx.doi.org/10.2196/43928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37279050&dopt=Abstract
http://dx.doi.org/10.1016/j.bja.2024.07.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39358185&dopt=Abstract
https://www.tandfonline.com/doi/10.2147/AMEP.S472532?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/AMEP.S472532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39359490&dopt=Abstract
https://www.spatial.io
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
https://ieeexplore.ieee.org/document/6644083
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-020-02310-2
http://dx.doi.org/10.1186/s12909-020-02310-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33129295&dopt=Abstract
http://dx.doi.org/10.1080/0142159X.2023.2285396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38006603&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34400451
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34400451
http://dx.doi.org/10.1136/bmjopen-2020-047004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34400451&dopt=Abstract
http://dx.doi.org/10.1007/S44322-024-00009-6
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-023-01384-9
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-023-01384-9
http://dx.doi.org/10.1186/s12912-023-01384-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37370124&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-020-02450-5
http://dx.doi.org/10.1186/s12909-020-02450-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33327963&dopt=Abstract
https://www.jmir.org/2021/9/e24081/
http://dx.doi.org/10.2196/24081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34061760&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1470-2118(25)00033-8
http://dx.doi.org/10.1016/j.clinme.2025.100315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40246026&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/10872981.2021.1920090?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/10872981.2021.1920090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33974523&dopt=Abstract
https://boris-portal.unibe.ch/handle/20.500.12422/58035
http://dx.doi.org/10.2196/29586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34623315&dopt=Abstract
https://europepmc.org/abstract/MED/36858376
https://europepmc.org/abstract/MED/36858376
http://dx.doi.org/10.3946/kjme.2023.248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36858376&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


F2F: face-to-face
MCQ: multiple-choice question
TBL: team-based learning
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Abstract

Background: Virtual reality (VR) technology is increasingly used in health care professionals’ education as a novel tool for
teaching, learning, and assessment.

Objective: This study explored the experiences of clinical students and lecturers with VR for training and assessment at a
Nigerian institution. It also explored students’ perceptions of the usefulness of VR in improving their clinical abilities, knowledge
retention, engagement, and overall learning experience.

Methods: A qualitative research study was conducted among 24 clinical students and 8 clinical lecturers. A developed Virtual
reality model to TRain and Assess Clinical Students (VTRACS) was used to train and assess clinical students using clinical
scenarios. Data were collected through 4 focus group discussions conducted among the clinical students and 8 in-depth interviews
conducted among the clinical lecturers. Trustworthiness was maintained, and ethical approval for the study was obtained. The
focus group discussions and in-depth interviews were audio-recorded, transcribed verbatim, and analyzed using NVivo (version
11; QSR International).
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Results: Many of the participants had no previous experience with VR in teaching and learning activities, but judging from
their engagement with VTRACS, they defined VR as an alternative learning method (alternative to the traditional physical
method). Major themes emerging from the study were expression of excitement, simple and useful innovation, proficiency
enhancement, challenges with innovation, and uniformity. The clinical students adjudged VTRACS as an educational supplement
with a feeling of unlimited learning access, enhancing clinical abilities while positively impacting their confidence and reducing
clinical errors. The participants also described the objectivity and standardization of clinical scenarios as drivers of uniformity
in training and assessment of clinical students. The participants were, however, concerned about the loss of empathy with the use
of VTRACS, which may negatively impact the affective domain of learning.

Conclusions: The use of VR in the teaching and assessment of clinical students at a Nigerian university is perceived as a
complementary method of learning that increases skill acquisition, provides unlimited access to training, and enhances proficiency.
While VR is considered to be engaging and beneficial to health care professionals’ education, there is a need for its effective
incorporation into clinical courses and mitigation of challenges such as cost and technology to ensure the realization of the full
potential of VR in health care professionals’ education.

(JMIR Med Educ 2026;12:e75021)   doi:10.2196/75021

KEYWORDS

virtual reality; virtual patient; clinical students; health care professionals’ education; digital technology; Nigeria; VR in education;
educational technology

Introduction

The challenges posed by the restriction of physical contact
during and in the aftermath of the COVID-19 outbreak seem to
have suddenly highlighted the need to develop alternative
methods of handling teaching and learning activities that require
physical contact with a view to attaining desired results [1-3].
In Nigeria, medical training, whose pedagogical design revolves
around physical clinical assessment, is no exception.

The increasing adoption of technology, including virtual reality
(VR), as an emerging tool in health care professionals’
educational training processes, backed by empirical research,
reinforces the credibility of this perspective [4]. VR simulations
are engaging, interactive, and realistic, and can improve the
learning experience and enable new approaches to the training
and assessment of clinical trainees. This technology enables
students to participate in complicated clinical scenarios in a
controlled and safe setting, allowing for the development of
important skills without the hazards associated with real-world
patient encounters.

VR has enormous potential in medical education, particularly
in resource-limited countries, such as Nigeria. Traditional
clinical training approaches frequently encounter obstacles,
such as restricted access to clinical facilities, insufficient patient
interactions, and inconsistent teaching resources [5,6]. Digital
technologies have had a tremendous impact on education,
resulting in the implementation of integrated information and
communication technology (ICT) initiatives. However, concerns
about teaching and learning quality persist, particularly during
the COVID-19 pandemic and in other situations that limit
physical contact. Many educational institutions have limited
experience and digital capacity, which results in learning gaps
and disparities in the quality of education and training received
by clinical students. This has prompted educational institutions
to improve their digital capacity and plan for a successful digital
transformation. A nonsystematic literature analysis demonstrated
that ICT integration has an impact not only on student
achievement but also on school-related factors and stakeholders.

Factors associated with digital transformation play an important
role in effective and efficient changes in educational institutions
[7]. VR presents an opportunity to address these issues by
providing standardized, high-fidelity simulations that are
accessible to all students regardless of their geographical
location.

The adoption of VR in Nigerian health care professionals’
education is still in its nascent stage, and there is a need for
empirical research to understand its impact and effectiveness.
The use of a developed VR model in clinical students’
instruction and assessment has the potential to alter health care
professionals’ education in Nigeria [8]. This study adds to the
growing body of literature on the use of VR in education by
conducting a contextualized analysis of its impact at a Nigerian
university. The findings of this study can help guide future VR
implementations in health care professionals’ education and
ensure that this technology meets the unique challenges faced
by Nigerian clinical students. Understanding the experiences
may provide actionable information to the educators,
policymakers, and technology developers on future VR
implementation in health care professionals’education to ensure
the technology addresses the uniqueness of health care
professionals’ education, including the potential benefits and
limitations of VR in enhancing health care professionals’
education in Nigeria. This study aimed to explore the
experiences of clinical students following their engagement
with a developed VR technology software, the Virtual reality
model to TRain and Assess Clinical Students (VTRACS), as
part of their training and assessment at a Nigerian university.
The study hypothesized that the use of the VR model (VTRACS)
in training and assessment of clinical students would promote
objectivity in clinical assessment, improve students’ clinical
abilities, and overall learning experience.
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Methods

Setting
This study adopted a phenomenological design to explore the
experiences of students and faculty members using the VTRACS
software in the College of Health Sciences. Phenomenology is
especially appropriate for this study because it allowed the
researchers to uncover the essence of how participants perceived,
interpreted, and made meaning of VR in their educational
environment. Phenomenology was applied in the purposeful
sampling of participants who had direct experience with VR
and in exploring their personal experiences and interpretations
of the technology in the results and discussion, rather than
focusing on how VR was used. The college comprises the
Faculty of Basic Medical Sciences with 2 programs, namely
Nursing Science and Medical Rehabilitation, the Faculty of
Dentistry with 1 program, and the Faculty of Clinical Science
with 1 program, although it has 2 departments: Medicine and
Surgery.

The study was conducted using a haptic VR simulation platform,
VTRACS, with limited haptic feedback, delivering immersive
clinical scenarios through standalone VR headsets (Meta Quest
2). The simulations were designed to replicate common patient
care scenarios, such as performing vital signs checks, abdominal
examinations (for pregnancy and appendicitis), and conducting
tooth extraction, focusing on skill acquisition in nursing,
medical, and dental education. The software used a
learner-centered approach for the training and assessment of
clinical students across the 3 faculties within the College of
Health Sciences of the university [8]. Participants interacted
with the virtual environment using hand-held controllers,
allowing for navigation, action selection, and patient
engagement. While the system provided a high level of visual
and auditory immersion, haptic feedback was limited to
vibrations; no tactile sensations or physical resistance were
simulated. Each VR session lasted approximately 20-25 minutes
and was conducted in a controlled laboratory environment with
technical support available throughout. The content was aligned
with curricular objectives and developed to reflect realistic
clinical workflows and patient interactions.

Recruitment Strategy
A total of 32 participants (8 clinical lecturers and 24 clinical
students) were recruited for the study. A purposive sampling
technique was used to recruit 6 clinical students and 2 clinical
lecturers each from Nursing Science, Dentistry, Medicine, and
Surgery, who had previously been involved in training and
assessment with the VTRACS model. The choice of 6 students
from each department was based on the rationale that, unlike
quantitative studies, qualitative research focuses on rich, detailed
insights from a smaller, carefully selected sample. Research
shows that saturation often occurs within 6-12 interviews per
homogeneous group, making 6 students per department a
reasonable and efficient choice. It also makes data analysis more
manageable, especially when using thematic analysis, as was

done in this study. Equal representation ensures that comparisons
across departments are valid and not skewed by unequal sample
sizes. This is crucial when exploring discipline-specific
experiences with VR tools in clinical training. Equal numbers
help maintain a balanced view of the phenomenon across
different clinical disciplines.

The inclusion criteria were being a clinical student and having
been trained and assessed in clinical examination with VTRACS,
while clinical students who had not been trained or assessed
with VTRACS were excluded from the study. The provost of
the college and head of departments identified and nominated
clinical lecturers with a broad range of disciplinary backgrounds
and wide experience who would give diverse insights for the
in-depth interviews (IDIs). The students and lecturers had 2
supervised exposures to the VTRACS model before the
interviews were conducted.

Data Collection
VTRACS was used to teach and assess 24 clinical students on
clinical scenarios in their field of study. Thereafter, data were
collected from the students and the clinical lecturers using an
interview guide with 4 open-ended questions (Table 1). Four
focus group discussions (FGDs), with an average duration of
45 minutes, involving 6 students from each of the 4 departments,
were conducted to explore their experiences with the VTRACS
model. The basis for selecting 6 students per department was
to ensure equality in the representation of the students. In
addition, 8 IDIs lasting an average of 30 minutes were conducted
with clinical lecturers from the 4 departments to explore their
experiences with the VTRACS model. Qualitative rigor of the
study was maintained. To ensure credibility, the research team
built rapport with the participants and engaged them in the use
of VR before the interviews were conducted. Credibility was
also enhanced through member checking, where interview
transcripts were given to a few participants who were willing
to review their transcripts to confirm accuracy and resonance.
Participants’ feedback from the process of member-checking
confirmed accuracy and true representation of the interviews.
Various strategies contributed to enhancing confirmability in
this study. First, data triangulation was ensured by collecting
information from multiple sources, such as clinical students in
all the faculties in the college and the clinical lecturers. Second,
multiple methods, such as FGDs and IDIs, were used to ensure
consistency across different datasets. Third, probing followed
the flow of the interviews rather than leading, and clarifications
were sought where and when necessary. For dependability,
documentation of the research process was done transparently
through verbatim transcription of all the recorded interviews.
All FGDs and IDIs were audio-recorded and transcribed
verbatim. An audit trail was maintained, and the researchers
kept audio recordings, analysis notes, and coding details. The
description of the setting, participants, and context of exploring
participants’ experiences with the use of VTRACS allows for
the transferability of the study. Qualitative data analysis
software, NVivo (version 11; QSR International), was used in
organizing data into nodes and themes.
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Table 1. Sociodemographic characteristics of participants (N=32).

Students (n=24), n (%)Faculties (n=8), n (%)Variable

Age (years)

20 (83.3)—a21-25

4 (16.7)—26-30

——31-35

——36-40

—3 (37.5)41-45

—2 (25)36-40

—3 (37.5)≥46

Sex

12 (50)4 (50)Male

12 (50)4 (50)Female

Faculty or department

6 (25)2 (25)Dentistry

62Nursing

62Medicine

62Surgery

Level of study

—8 (100)Lecturing

12 (50)—400

10 (41.7)—500

2 (8.3)—600

aNot applicable.

Ethical Considerations
Ethical approval was obtained from the Health Research Ethics
Committee of the Obafemi Awolowo University Teaching
Hospitals Complex, Ile-Ife, Nigeria, with protocol number
ERC/2022/11/21. The VTRACS project team contacted the
potential participants and explained to them the objectives of
the study and the purpose of the interviews. Written informed
consent was obtained from all the participants, and they were
assured of their confidentiality and their right to withdraw from
the study at any time without penalty. None of the participants
who gave consent to participate in the FGD and IDI withdrew
their consent.

Results

Characteristics of Participants
A total of 32 clinical students and faculty members participated
across the 3 faculties in the College of Health Sciences, as
shown in Table 1. Twenty-four clinical students, 6 from each
of the 4 departments or faculties, took part in 4 homogeneous
FGDs, and 8 clinical lecturers, 2 from each department or
faculty, participated in IDIs.

Themes and Nodes From Participants’ Experience
The results of the study yielded 5 major themes and 13 nodes.
The experiences of the students and the lecturers were largely
similar, except that lecturers reported more concerns compared
to the students, possibly because of generational differences
(Gen X and Gen Z) in exposure to and interaction with
technology. Textbox 1 provides the themes and their
corresponding nodes.
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Textbox 1. Themes and nodes from participants’ experience with the Virtual reality model to TRain and Assess Clinical Students (VTRACS).

Expression of excitement

• Novice

• Complementary learning method

• Imagination rather than reality

Simple and useful innovation

• Ease of use

• Compatible with the task

Proficiency enhancement

• Unlimited learning access

• Confidence

• Fewer medical errors

Challenges with innovation

• Limited patient complexity and feedback

• Loss of empathy

• Financial burden of innovation

Uniformity

• Standardized clinical scenarios

• Objectivity in clinical assessment

Theme 1: Expression of Excitement
The introduction of VTRACS for learning by clinical students
prepared them for real-world situations, allowing learning and
continuous assessment in furtherance of academic excellence
and technical expertise. This theme, “expression of excitement,”
emerged from the clinical students’ description of their
experience with VTRACS as being novice, as an alternative
learning method, and as imagination rather than reality. Many
of the students and clinical lecturers did not have previous
experience with VR for teaching and learning activities, but
based their understanding on their interaction with VTRACS.
The participants said:

I haven’t used it (VR) before… [VTRACS
DENTISTRY FGD 1]

Prior to this, I’ve not had…I’ve only heard about it,
I’ve not taken part in it. [VTRACS IDI MEDICINE
2]

I have not heard about it before…I have not had any
experience about it before [VTRACS IDI NURSING
2]

I’ve had contact…using VR, but not really in terms
of education…education, because there are so many
games that require the use of VR and all that…
[VTRACS IDI DENTISTRY 2]

The definition of VR varies due to the differences in the
experiences of the participants with VR. However, a common
consensus in the definition of VR is its recognition as an
alternative learning method. The participants said:

Virtual reality is more or less an alternative to
physical practical where you still have the real-life
experience scenario at least to a large extent, and
you are able to carry out procedures to an extent like
the way you would physically. [VTRACS NURSING
FGD 3]

To the best of my knowledge, by virtual reality, it’s
just like a form of alternative to the usual traditional
way of learning…well, I do not really have the details
of how it works. I know it has to do with technological
modifications [VTRACS IDI MEDICINE 2]

The responses from participants in the FGDs and IDIs describe
VTRACS as a virtual tool that enhances learning for users who
may not have the opportunity for physical training. While some
participants viewed it as an alternative, the overall perspective
more accurately reflects VTRACS as a complementary method
to the traditional physical methods adopted in teaching,
particularly in contexts where hands-on experience with real-life
patients is essential and available.

The participants demonstrated unfamiliarity with the usage of
VTRACS in their statements, but explained their perception of
the versatility of VTRACS in teaching and learning from their
first experience with it. The participants described the
performance of procedures with VTRACS as imagination rather
than reality. The imaginative nature of VTRACS immerses
users into a different reality where they can explore different
and novel learning components. For instance, the participants
said:
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Virtual reality is like imagination…someone’s
imagination like…defined from what you think the
reality will be as the name implies – virtual reality,
like it’s an imagination. [VTRACS NURSING FGD
4]

It’s a simulation…of the clinical procedure which
can be used to teach students or…especially online
without having an actual patient there. So, I think it’s
a very...it’s a very good initiative. [VTRACS
DENTISTRY FGD 2]

The participant acknowledged VTRACS as a reliable learning
platform in the online environment where face-to-face
engagements are not possible. This component of VTRACS
coincides with the dire need for a substitute method of learning
as a result of the limitations imposed by the pandemic. The
statement, “It is a very good initiative,” describes the positive
perception of VR as an alternative teaching method among
clinical students. The new pedagogical method seen in VTRACS
and the use of imagination in the performance of clinical
procedures, which stems from hands-on experience with
VTRACS, gave participants a feeling of excitement. Although
participants explained that it did not feel the same as physical
practice, this is a limitation in replicating reality, as the use and
adoption of VTRACS may not replace traditional physical
training in clinical practice, but serves as an alternative.

It was really exciting, comfortable, and actually
interesting. [VTRACS NURSING, FGD 1]

I also found the experience interesting
and…comfortable [VTRACS SURGERY, FGD 6]

….it was fun, although it wasn’t like the physical one.
[VTRACS MEDICINE, FGD 4]

I had a…I had a nice experience, and it was
interesting, very interesting… [VTRACS IDI
MEDICINE 1]

I mean, the experience is something you want to look
toward [VTRACS IDI DENTISTRY 1]

Although the participants were excited, there was diversity in
excitement. While the majority of both students and lecturers
found the experience with VTRACS pleasant, comfortable, and
interesting, 2 lecturers expressed unpleasantness in the form of
headache and dizziness. One of them said:

It was not that pleasant to me when I placed the…
accessories, …the one that was put on the
head…(headset) okay, so, when I…when I wore it, I
discovered that I was having a kind of headache
during the process [VTRACS IDI NURSING 2]

This experience of discomfort reinforces the existence of
individual differences and health disparities in the use of
technologies.

Theme 2: Simple and Useful Innovation
As revealed by the participants’ testimonies, they experienced
VR in various ways. Participants who described their
experiences as simple also expressed various uses of VR for
games, education, watching films, and video demonstrations.
This acquaintance with VR made the learning of VTRACS

easier because they had previous knowledge of the functioning
of VR technological innovation.

It (VTRACS) picked my interest,….and when there is
interest, learning becomes much easier. It was quite
easy and very logical and systematic in a way. …it’s
very clear, and it’s well arranged and very logical.
[VTRACS NURSING, FGD 5]

It was easy for me to navigate…. the operations and
then the…the keys to use, and the instructions were
very easy to apply and very easy to follow…..it was
so easy to use for me. [VTRACS SURGERY, FGD
3]

It gives room for multiple practice…it’s
easier…students are able to practice more. [VTRACS
DENTISTRY, FGD 6]

However, some of the participants who had no previous
experience with VR found VTRACS interesting but complex
at first interaction. For example, one participant said:

it was fun, …..although it was difficult to learn at first,
but with patience to adapt to a new system. It’s more
difficult than physical one. Yeah, maybe because I’ve
not tried it so many times, ….if it’s physical, I know
where to place…I know how to reach… [VTRACS
MEDICINE, FGD 4]

Some lecturers expressed difficulty with hand-eye coordination
compared to the students. They, however, opined that learning
new technology at their age is good for their cognition. In the
words of one of them:

They (procedural steps in VTRACS) were logical. The
only thing was coordinating between the brain and
the eye movement…that took some time, but like I
said, practice makes perfect… one will be stimulating
his or her brain in doing such things. If there is
something you’ve not been doing before, and you start
doing …… it will help each participant whether old
or young, particularly the older ones like me.
[VTRACS IDI SURGERY 1]

Theme 3: Proficiency Enhancement
The theme “proficiency enhancement” was generated from 3
nodes, namely: unlimited learning access, confidence, and fewer
medical errors. The nodes evolved from the participants’
responses to the benefits of VTRACS in clinical students’
training. The participants believed it was an avenue for students
to learn better and gain more knowledge, even beyond the
boundaries of the classroom.

Possible benefits could be that in terms of time
flexibility…the students don’t always have to be in
the hospital settings…they can learn outside hospital
settings…it’s flexible [VTRACS IDI MEDICINE 2]

This flexibility, in the opinion of the lecturers, would also give
them more time to do other things because they do not have to
be physically present to supervise the students at all practice
sessions.
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The participants’ responses reflected an opportunity for seamless
learning, transcending physical barriers and limitations of
availability. For instance, one of the participants said:

It (VTRACS) can be used to teach a large class, ….
when there is a need for physical distancing, when
we have to conduct exams, and we don’t have the
patients on ground, we can use the virtual experience
to conduct the clinical exams… [VTRACS IDI
SURGERY 2]

Also, the responses from the participants emphasized the
benefits of this technology to society. VTRACS, as a virtual
platform for learning, equips learners better and helps them
replicate these procedures in real-life situations. This further
boosts the confidence of clinical professionals through guidance
in performing real-life procedures and reduces cases of medical
errors. The urge to be in the field of medicine and clinical
sciences may be further encouraged through the adoption and
use of this technology, thereby producing more medical
professionals to cater to the health needs of an ever-evolving
society.

…if students have known so many procedures using
VR, and they have understood very well, they’ve learnt
it, …it will reduce some errors that are committed in
the hospitals [VTRACS IDI NURSING 2]

I think if we implement this virtual reality now, it will
help both the students and the staff at large…the
society at large, …, to be able to …train more
students…more doctors will be available [VTRACS
SURGERY, FGD 3]

Theme 4: Challenges With Innovation
This theme captures the experiential and financial concerns
expressed by participants regarding the implementation and use
of VTRACS. As exciting as most of the participants found
VTRACS, some participants described VTRACS as unable to
replicate the variability and realism of real patient interactions,
limiting opportunities for comprehensive clinical feedback.
They also expressed concern that the lack of real human
engagement reduced their ability to connect emotionally,
potentially diminishing the development of empathy. One of
the participants said:

…a shortcoming of this virtual reality program is that
no two patients are the same, so there is a way you
will treat a live patient and that you get a particular
type of feedback that will help you become a better
doctor, that you won’t get from virtual reality.
[VTRACS DENTISTRY, FGD 3]

I think the disadvantage is that you will probably be
unable to show empathy [VTRACS DENTISTRY
FGD 2]

The challenges I think will be that…there could be a
possibility of losing touch with the empathy that comes
with…. …I mean, the affective aspect [VTRACS IDI
MEDICINE 2]

The participants noted that VTRACS may limit the development
of empathy due to the absence of real human interaction. In

addition, the lack of comprehensive, responsive feedback in
VTRACS may be a potential barrier to professional growth.
However, some participants indicated that VTRACS could
reduce the anxiety often associated with assessments in
traditional physical settings, thereby enhancing performance
and proficiency. As one participant explained:

Most times, students make mistakes in the physical
method of assessment, not because they don’t know
it, but because of anxiety. With this VR, the fact that
you are wearing it (headset), and you can’t see the
person assessing you, you are comfortable to put what
you already know into practice. [VTRACS
NURSING, FGD 3]

Some of the participants, students and lecturers alike, expressed
concerns about the financial implications of acquiring the new
technology, which may negatively affect sustainability. One
student said:

…that means every student will have it, and obviously,
the financial burden will be there. [VTRACS
NURSING, FGD 6]

One of the lecturers also said:

It might be expensive. I don’t know the cost of this
one, but I know with the way things are, it will be.
[VTRACS IDI SURGERY 1]

Another lecturer said:

I don’t know how much one costs (headset)…in terms
of cost containment, I don’t know if it’s that
cost-effective in the sense that how many of them will
be needed for the number of students that we have.
[VTRACS IDI NURSING 2]

These concerns were, however, not sufficient to deter them from
embracing VTRACS because they perceived the concerns as
challenges that could be overcome.

Theme 5: Uniformity
The theme “uniformity” emerged as a result of participants’
acknowledgment that VTRACS ensures standardized clinical
scenarios for all clinical students in teaching and examination,
thereby promoting objectivity in clinical assessment. The
participants said:

….it (VTRACS) is also standardized…. what the
patient is presenting with will be standardized for
everybody, not that one patient will have an extremely
difficult case, and one person will have an easy case,
and they will still be score based on that. [VTRACS
DENTISTRY, FGD 3]

Discussion

Principal Findings
The use of VR in the training and assessment of clinical students
presents transformative potential for health care professionals’
education, particularly within the context of a Nigerian
university. This qualitative study explored the experiences of
clinical students engaged in VR technology (VTRACS) as part
of their educational curriculum, highlighting their perceptions
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of the innovation, usefulness, and the benefits and challenges
associated with this approach. Overall, participants expressed
excitement about using VTRACS and recognized it as a valuable
educational supplement, particularly in contexts where access
to traditional hands-on training is constrained. The objectivity
in assessment and standardized clinical scenarios was described
as a driver of uniformity in clinical training and assessment by
the participants. The flexibility and accessibility of VR-based
simulation were seen as key strengths, allowing learners to
engage with clinical scenarios in a safe, controlled environment,
thus enhancing clinical abilities. However, participants also
expressed concern about the limited patient complexity and
feedback, and the potential loss of empathy with the use of
VTRACS.

Comparison With Previous Work
The findings of this study reveal that VR technology
significantly enhances the learning experience of clinical
students. The immersive nature of VR allows students to engage
in near-realistic clinical scenarios, providing a safe and
controlled environment to practice and hone their skills.
Richards [9] posited that mixed-reality technologies in health
care professionals’ education can boost student engagement by
combining virtual and augmented reality imagery. Bridge et al
[10] also demonstrated that a VR environment improved
mindfulness meditation and allowed pseudo-anonymous
interactions with peers and tutors. The students in this study
reported an increased level of engagement and motivation,
noting that VR simulations are more interactive and enjoyable
than traditional learning methods. This aligns with the findings
of Lau et al [11], who conducted a study involving nurses as
participants and reported that the majority similarly found the
immersive VR experience engaging and experienced a strong
sense of presence. Both studies underscore the potential of VR
to enhance learner motivation through immersive, interactive
environments, thereby supporting improved learning outcomes
by providing a dynamic and stimulating educational experience.

One of the primary benefits identified by the participants in this
study was improvement in clinical skill acquisition and
confidence. VR simulations offer repetitive practice
opportunities in a safe, controlled environment, without the risk
of harm to patients. This repetitive practice is crucial for
mastering clinical procedures and building confidence.
Supporting this, Kennedy et al [12], who compared traditional
and interactive VR instructions for clinical students, found that
those who received VR training made 40% fewer errors in a
simulated practical setting compared to those who received
traditional training, highlighting VR’s effectiveness in reducing
human error and enhancing procedural knowledge. Similarly,
Lau et al [11] reported that VR can improve nurses’ knowledge
and skills, though they emphasized the need for further
refinement of VR prototypes to enhance the user experience.
In this study, students also noted that the immediate feedback
provided by the VR system enabled them to promptly identify
and correct mistakes, contributing to more effective and
self-directed learning. This finding aligns with a systematic
review of 31 studies, which demonstrated that VR-based
education significantly improves knowledge and skill outcomes
among health care professionals when compared to traditional

learning methods, reinforcing VR’s positive impact on clinical
competence and learner confidence [13].

The integration of VR into health care professionals’ education
has the potential to address accessibility and equity issues.
Lakshminarayanan et al [14] affirmed that affordability and
integrated experience creators, when combined with augmented
reality (AR) or VR, can facilitate low-cost data collection in
remote and rural locations. Evidence has shown that the use of
VR in health care, particularly in surgical education, is gaining
popularity owing to possible advantages such as enhanced
preoperative resident exposure and improved patient safety [15];
however, VR may not completely imitate organic tissues or
generate realistic scenarios, and persistent challenges, such as
inconsistent internet connections and implementation costs,
may impede equitable adoption among academic centers.
Ibrahim et al [16] investigated the incorporation of equity,
diversity, and inclusion (EDI) into clinical simulation instruction
for health care trainees and clinicians. They found that the
integration of EDI in clinical simulation education improves
self-awareness, communication, insight, knowledge,
self-efficacy, and competence. The recommendations include
a systematic approach to incorporating EDI, creating a digital
repository of EDI-focused scenarios, cocreating simulations
with individuals from varied backgrounds, ensuring a secure
learning environment, and conducting more rigorous research
to enhance the science of clinical simulations.

Participants in this study generally perceived VTRACS as a
valuable tool for enhancing learning, particularly in contexts
where access to traditional hands-on or physical training is
limited. In resource-limited settings such as Nigeria, access to
high-quality clinical training facilities and real patient
interactions can be limited [17]. VR provides a means of
bridging this access gap by offering standardized and
high-fidelity simulations accessible to all students, regardless
of their geographical location or institutional resources. This
democratization of training resources can contribute to leveling
the playing field and ensuring that all students receive
comprehensive and equitable training. Andigema et al [18]
emphasized the importance of action and collaboration in
implementing and scaling up artificial intelligence advances to
improve health outcomes and ensure that African populations
receive the health care they deserve. As immersive technologies
such as VR continue to evolve, their strategic integration into
health care professionals’ education has the potential not only
to transform learning experiences but also to drive equitable
health care delivery on a global scale.

The ability to engage in safe, repeatable, and immersive clinical
simulations was highlighted as a key benefit of VTRACS. While
some participants initially described VTRACS as an alternative
to conventional training, their overall reflections highlighted
important challenges with the innovation, such as limited realism
and feedback and a reduced capacity to foster empathy, which
are typically addressed more effectively in hands-on, physical
settings. These challenges underscore the importance of
positioning VTRACS not as an alternative but as a
complementary training method. This perspective aligns with
evidence from previous studies, which support the use of VR
in simulation-based learning primarily as a supplement to
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traditional physical methods, unless realistic haptic feedback is
integrated to replicate tactile experiences [19-21]. For example,
a systematic review by Rangarajan et al [19] found that
haptic-enabled VR simulations significantly enhanced surgical
performance compared to nonhaptic VR, highlighting the critical
role of tactile realism in effectively substituting physical
training. Although the VR platform used in this study includes
limited haptic feedback through controller vibrations, it lacks
tactile sensations or physical resistance, which constrains its
ability to fully replicate real-world interactions or convey
empathy. Despite its strong visual and auditory immersion, this
limitation reduces the system’s overall realism.

In addition to pedagogical concerns, this study also identified
logistical and technical barriers that could impact the effective
implementation of VR tools such as VTRACS. Participants
reported challenges, including unfamiliarity with the VR
learning format, difficulty operating hand controllers, and
occasional physical discomfort. These findings are consistent
with those reported by Lau et al [11], who observed similar
usability issues in their study. These challenges underscore the
need to address both ergonomic design and user onboarding
when integrating VR-based training into educational settings.

While virtual and augmented reality technology is gaining
traction in higher education due to its immersive learning
potential, the high cost of acquiring and maintaining VR
hardware and software remains a major constraint, particularly
for institutions operating under limited budgets. For instance,
Marks and Thomas [22] described a purpose-built VR laboratory
that housed 26 Oculus Rift headset units. Over 5 teaching
sessions, 4833 students were taught in the laboratory, with
notable increases in student engagement, especially in the
Faculty of Engineering, and a 250% increase (n=1016) in student
enrollment. Although 71.5% (n=211) of the students reported
improved learning outcomes, the initiative was supported by
subsidized funding, highlighting potential cost barriers to wider
adoption. Conversely, the shift toward remote education during
the COVID-19 pandemic prompted the exploration of VR as a
more scalable and cost-effective alternative. A retrospective
case study comparing high-fidelity manikin-based simulation
and VR-based learning found that VR was 22% less
time-consuming and 40% more cost-efficient, supporting its
feasibility as a pedagogical solution in resource-constrained
environments [23].

Furthermore, technical issues, such as software glitches and
hardware malfunctions, were noted by some students, which
can disrupt the learning process and cause frustration. A learning
curve was also noted, with some users requiring additional
training to engage confidently with the platform. These findings
echo previous studies that stress the importance of robust
institutional support, reliable technology infrastructure, and user
training when integrating VR into educational settings.
Collectively, these insights reinforce the idea that while VR can
meaningfully augment health care professionals’ education, its
role should be carefully framed to complement rather than
replace traditional hands-on methods.

Cultural and contextual factors also play crucial roles in the
implementation of VR in health care professionals’ education.

In the Nigerian context, factors such as technological
infrastructure, institutional readiness, and cultural attitudes
toward technology adoption can influence the success of VR
integration. The COVID-19 pandemic has highlighted the crucial
role of educational technology in the global education system.
However, probably because of a lack of resources, Nigeria has
faced challenges in sustaining educational services, resulting
in a shift in the school calendar, longer graduation dates, and
lower research output. To maintain sustainability, the Nigerian
education system must adopt a pragmatic approach to innovation
by using the diffusion of innovation theory. However, many
practitioners lack the requisite skills and attitudes, require
in-service training, and face challenges in having a methodical
approach to purchasing and installing ICT infrastructure [24].

Following the use of the headset, some participants raised the
issue of headache and dizziness. VR sickness, also known as
visually induced motion sickness, can be described as a
physiological, unpleasant experience resulting from a mismatch
between users’ vestibular and visual stimuli, which can
negatively impact the VR user experience [25]. However, certain
factors, such as fear, previous experience of motion sickness,
and previous exposure to VR, can also influence participants’
experience of VR sickness [26]. Evidence shows that the number
of sessions and the intervals between sessions are important
factors in increasing adaptation effects and minimizing motion
sickness [27-29]. It is usually advisable to start with short
sessions, adjust headset settings for comfort, take breaks, avoid
intense content, and consult a doctor if the VR sickness persists.

It is essential to tailor the VR content to reflect specific clinical
scenarios and cultural nuances relevant to the Nigerian health
care system to ensure its effectiveness and acceptance among
students and educators. The positive experiences reported by
the students in this study suggest a promising future for the
integration of VR into clinical education. To maximize the
potential of VR, institutions should consider investing in robust
technical infrastructure, providing ongoing training and support
for both students and faculty, and continuously evaluating and
updating VR content to ensure its relevance and accuracy. This
is supported by a study that assessed the educational applications
of AR and VR across a variety of educational disciplines,
concentrating on their impact on student motivation, learning
results, engagement, and overall learning experiences [30].
Through simulations, this study investigated how AR and VR
can improve information retention and skill acquisition while
also encouraging active learning, collaboration, and critical
thinking. The study also examined the potential of AR and VR
in remote education and made practical recommendations for
instructors to effectively incorporate these technologies into
their teaching practices [30].

Strengths and Limitations
The qualitative research design used in this study was
well-suited, as it enabled an in-depth exploration of students’
experiences, perceptions, and contextual interpretations related
to the use of VTRACS in their learning processes. One of the
primary advantages of qualitative research in educational and
media didactic contexts is its ability to capture the complexity
and nuance of learner engagement with emerging technologies.
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Through rich, narrative data, qualitative methods used in this
study provide insight into how students interpret the
effectiveness, usability, and emotional impact of digital learning
tools, which are often not easily measurable through quantitative
approaches. This is especially relevant when evaluating
immersive technologies such as VR, where user experience,
perceived realism, and pedagogical value can vary significantly
across individuals and contexts.

However, qualitative approaches also have inherent limitations.
First, the findings of this study are based on a relatively smaller,
nonrepresentative sample, which limit generalizability. Second,
the subjective nature of data collection and analysis introduces
potential biases from both participants and researchers, despite
efforts to ensure reflexivity and transparency. Third, in the
context of media didactics, where technological tools are often
applied across diverse educational settings, the findings should
be interpreted with caution and viewed as context-dependent
rather than universally applicable. Nevertheless, the insights
gained from qualitative studies can serve as a foundation for
further research and development.

Future Directions
Future work could build on these findings through mixed
methods or quantitative study designs to validate trends observed
in the qualitative data. Moreover, the findings can inform the
iterative design of educational technologies, training programs
for lecturers, and institutional implementation strategies,
ensuring that pedagogical innovation remains grounded in the
lived experiences of learners.

Conclusion
The use of VR in the teaching and assessment of clinical
students is an emerging development in medical education in
Nigeria. The use of VTRACS in the training and assessment of
clinical students in a Nigerian university was perceived as a
complementary learning method that provides continuous access
to training and enhances proficiency. While there are hurdles
such as cost and technological issues, students’overall favorable
feedback demonstrates VR’s promise as a valuable tool in health
care professionals’education to promote objectivity and improve
clinical abilities. Tackling these problems may unlock the full
potential of VR in the health care professionals’ education and
the development of competent and confident health care
professionals in Nigeria.
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Abstract

Background: Podcasts are increasingly used in health professions education; however, most formats are asynchronous and
noninteractive. Didactically grounded, synchronous implementations in dental curricula are scarce.

Objective: This study aims to design, implement, and evaluate a synchronous, case-based live podcast (LP) as a didactic teaching
format in dentomaxillofacial radiology.

Methods: In a controlled cohort study with 2 third-year cohorts (N=41), the intervention group (IG; n=21, 51%) received weekly
case-based LP sessions in addition to standard teaching, while the control group (CG; n=20, 49%) received standard teaching
only. Acceptability was evaluated 6 months postcourse using the 27-item student evaluation questionnaire and open-text responses.
Knowledge was assessed immediately after the course with a 21-item radiology knowledge test, and after 6 months, with a 15-item
interdisciplinary clinical application test.

Results: The primary outcome was student-reported acceptability of the LP format. It was rated highly by students in the Student
Evaluation Questionnaire (mean out of 10: structure 9.76, interactivity 9.62, interdisciplinary relevance 9.55). Qualitative feedback
was assessed highlighting motivation, authenticity, and discussion quality. In the radiology knowledge test, no group differences
were observed (IG: n=21, 51% vs CG: n=20, 49%; P=.37). In the interdisciplinary clinical application test, the IG outperformed
the CG in restorative dentistry (median 5, IQR 4-5 vs median 4, IQR 3-5; P=.02; r=0.38) and in item-level analysis (15/21, 71%
vs 40%; P=.04; φ=0.64).

Conclusions: The LP format represents a feasible, scalable, and low-threshold approach to fostering clinical reasoning in dental
curricula, particularly at the transition to clinical training. While radiology-specific theoretical competencies did not differ between
the groups, students consistently rated the LP as more engaging and motivating compared to standard lectures.

(JMIR Med Educ 2026;12:e77980)   doi:10.2196/77980

KEYWORDS

case-based learning; clinical reasoning; dental education; digital learning; health professions education; interdisciplinary teaching;
podcast; student engagement; synchronous learning

JMIR Med Educ 2026 | vol. 12 | e77980 | p.175https://mededu.jmir.org/2026/1/e77980
(page number not for citation purposes)

Hillebrecht et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.2196/77980
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Overview
In the landscape of health professions education, digital audio
formats, particularly podcasts, have gained substantial
momentum [1-5]. Their flexibility, accessibility, and
conversational tone have made them an increasingly attractive
medium for knowledge dissemination and learner engagement
[4,6]. While podcasts are now widely accepted as a
complementary teaching method in undergraduate medical
education, their use remains predominantly asynchronous and
prerecorded, with limited interactivity and integration into
curricular strategies [1]. Despite their potential, podcasts have
rarely been explored as intentionally designed didactic tools
grounded in contemporary educational theory. While the demand
for flexible and digital teaching formats in dental education
continues to rise, there is a striking lack of pedagogically
grounded concepts specifically addressing the use of podcasts
within the dental curriculum [5,7]. To better understand
students’ needs in modern education, a preliminary needs
assessment was conducted among undergraduate dental students
at the University of Freiburg. The results indicated that while
students appreciated classical media such as lectures and
textbooks for foundational learning, they strongly favored digital
formats for more advanced clinical content. Podcasts, although
not yet widely used for learning, were perceived as a promising
format for flexible, self-directed studies. These findings
highlighted a clear interest in diverse, interactive, and clinically
relevant digital learning formats [8].

Rationale and Objectives
Recent initiatives such as the student-led technology committee
highlight the growing recognition of students as active
stakeholders in shaping digital education, demonstrating how
learner involvement can drive innovation and relevance in
curricular technologies [9]. At the same time, in dentistry,
clinical reasoning (CR) is gaining increasing importance,
particularly as dental treatment needs are rising among
vulnerable populations, including older adults and patients with
complex medical conditions [10,11]. CR is particularly evident
in dentomaxillofacial radiology (DMFR), where diagnostic
decisions based on radiographic interpretation significantly
influence treatment planning. CR in this context includes not
only the technical analysis of imaging data but also
interdisciplinary judgment, risk assessment, and patient-centered
decision-making. CR refers to the cognitive process by which
health care professionals collect, interpret, and synthesize patient
information to make informed diagnostic and therapeutic
decisions. CR remains a central yet pedagogically challenging
competence in medical and dental education. Developing CR
requires authentic, situated learning experiences that bridge
disciplines and promote critical discussion, an area in which
traditional lecture-based formats often fall short.

In recent years, traditional lecture-based formats have
increasingly lost their appeal among students, raising the
question of whether innovative and more interactive approaches
can reengage learners and potentially revitalize attendance in
academic teaching. This study introduces and evaluates the live

podcast (LP) as an innovative digital teaching format that
combines the accessibility of podcasting with the didactic
strengths of interactive, case-based learning. To our knowledge,
this is the first systematic implementation of an LP format within
the dental curriculum. The LP was not conceived as a mere
content delivery tool but as a didactically grounded educational
intervention designed to foster clinical reasoning,
interdisciplinary thinking, and student engagement through
authentic expert dialogue. The objective was to introduce a
didactically designed LP format within undergraduate DMFR
and evaluate its feasibility and student-reported acceptability
and to explore potential effects on theoretical and
interdisciplinary knowledge compared with standard teaching.

The LP format was hypothesized to be feasible, well accepted
by students, and to improve knowledge scores in domains
requiring case-based reasoning compared with standard
instruction.

Methods

This study primarily presents and evaluates the LP as a novel
teaching format in DMFR education, focusing on its
instructional design, implementation, and initial effectiveness.

Curricular Context
Undergraduate dental education in Germany is structured as a
5-year program, consisting of a 2-year preclinical phase (basic
sciences such as anatomy, physiology, biochemistry, and
histology, along with introductory dental subjects), followed
by a 3-year clinical phase. The curriculum is nationally regulated
and guided by the National Competence-Based Learning
Objectives Catalogue in Dentistry. DMFR is introduced at the
beginning of the clinical training (fifth semester) in close
connection with basic dental instruction and is subsequently
applied throughout the clinical phase. The course includes
radiographic techniques, diagnostic interpretation, radiation
protection, and ethical considerations, integrating theoretical
instruction with practical training (intraoral radiographs,
including periapical radiographs, bitewing radiographs, and
occlusal radiographs; panoramic radiographs such as
orthopantomogram; and cone-beam computed tomography).
The LP sessions were designed based on National
Competence-Based Learning Objectives Catalogue in Dentistry
objectives, particularly Z 21 (clinical diagnostics, radiographic
imaging, and radiation protection) and Z 5 (dentist as medical
expert), thereby ensuring consistency with national competency
standards.

Didactic and Conceptual Design
The LP was developed as a synchronous, case-based learning
format and implemented as a mandatory component of the
DMFR course for third-year undergraduate dental students at
the University of Freiburg. Each weekly 45-minute session
followed a structured design: anonymized real-life cases were
discussed in moderated dialogue between a dental radiologist
and a specialist from a complementary dental or medical
discipline (eg, pediatric dentistry, prosthodontics, oral surgery,
and radiology). Discussions focused on radiographic diagnosis,
differential diagnoses, and interdisciplinary treatment planning.
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All episodes were designed with explicit learning goals that
emphasized diagnostic competence and clinical reasoning, in

line with the interdisciplinary nature of DMFR (Tables 1 and
2).

Table . Curriculum framework for the live podcast: episodes, topics, disciplines, imaging modalities (periapical radiographs [PA], bitewing radiographs
[BW], occlusal radiographs [OC], panoramic radiographs such as orthopantomogram [OPG], and cone-beam computed tomography [CBCT]), and
radiographic diagnoses.

Radiographic diagnosesImaging modalities in this
episode

DisciplineTopicEpisode

Approximal caries and api-
cal periodontitis

PA; BW; OPGPediatric dentistryPediatric dentistry1

Irreversible pulpitis and api-
cal periodontitis

PA; CBCT for complex cas-
es

EndodonticsEndodontology2

Bitewing caries; secondary
caries versus artifacts

BW; PARestorative dentistryCaries diagnostics3

Tooth loss, apical periodon-

titis, bone loss, and TMJa

findings

OPG; PAProsthodonticsGeneral prosthodontic plan-
ning

4

Tooth loss, caries, bone loss,
and radiation protection is-
sues

OPG; PASpecial care dentistrySpecial care dentistry5

Modality characteristics (in-
traoral, BW, CBCT, and
MRI)

PA; BW; OPG; CBCT;

MRIb
Oral and maxillofacial radi-
ology

General radiology6

Early radiographs and OPGHistorical imaging methodsHistory of medicine or den-
tistry

History of dentistry7

AIc-assisted detection of
caries and periodontal bone
loss

PA; OPG; CBCTInformatics; oral radiologyArtificial intelligence in
dentistry

8

Tooth development; retained
teeth

OPG; lateral cephalogram;
PA; OC

OrthodonticsOrthodontics9

Horizontal and vertical bone
loss

PA; BW; OPGPeriodontologyPeriodontology10

Impactions, cysts, and nerve
injury risk

OPG; CBCT for complex
cases

Oral and maxillofacial
surgery

Surgical removal of wisdom
teeth

11

aTMJ: temporomandibular joint.
bMRI: magnetic resonance imaging.
cAI: artificial intelligence.
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Table . Curriculum framework for the live podcast: episodes, topics, covered domains, interdisciplinary aspects, and learning goals.

Learning goalsInterdisciplinary aspectsCovered domainsTopicEpisode

Apply pediatric-specific di-
agnostic strategies, and se-
lect imaging in pediatric
trauma and explain informed
consent in minors

Pediatrics, and oral and
maxillofacial surgery (frac-
ture management)

Imaging and diagnostics in
primary and mixed denti-
tion, trauma management,
prevention, and developmen-
tal diagnostics

Pediatric dentistry1

Strengthen case-based rea-
soning and interpret findings
in irreversible pulpitis and
differentiate periapical
pathologies

Oral and maxillofacial
surgery and restorative den-
tistry

Pain diagnostics, pulp vitali-
ty assessment, and decision-
making in endodontic emer-
gencies

Endodontology2

Enhance diagnostic accuracy
and apply imaging in caries
diagnostics and distinguish
true lesions from imaging
artifacts

Prevention, pediatrics,
prosthodontics, and endodon-
tics

Primary and secondary
caries, diagnostics, and pre-
vention

Caries diagnostics3

Integrate diagnostics into
treatment planning, and use

OPGa in planning and devel-
op interdisciplinary
prosthodontic strategies

Geriatrics, orthodontics, oral
and maxillofacial surgery,
and restorative dentistry

Prosthetic concepts, treat-
ment planning, and radio-
graphic considerations

General prosthodontic plan-
ning

4

Link ethics with radiology,
and apply radiation protec-
tion in vulnerable groups
and critically reflect on
imaging indications

Medicine, nursing, and
ethics (focus on vulnerable
and medically complex pa-
tients)

Prosthetic care for people
with disabilities, barriers to
care, and ethics

Special care dentistry5

Build safety and modality
competence, and apply
ALARA and differentiate
indications for imaging
modalities

Cross-disciplinary relevance
of imaging decisions

Physics; ALARAb principle;
imaging modalities

General radiology6

Promote scientific reflec-
tion, and describe historical
developments in dental diag-
nostics and radiology

History of medicineEvolution of diagnostics and
imaging

History of dentistry7

Foster critical, future-orient-
ed thinking; evaluate bene-
fits and limitations of

AIc-assisted diagnostics

Ethics and data scienceDigital diagnostics and deci-
sion support

Artificial intelligence in
dentistry

8

Relate radiology to growth
analysis, and explain OPG

or CBCTd and model analy-
sis in orthodontics and as-
sess impacted teeth

Pediatrics and prosthodon-
tics

Malocclusions and growth
diagnostics

Orthodontics9

Strengthen diagnostic inte-
gration, and identify peri-
odontal bone loss radiograph-
ically and link findings to
implant and prosthodontic
planning

Prosthodontics and implan-
tology

Periodontal diagnostics, dis-
ease progression, and treat-
ment planning

Periodontology10

Link diagnostics with
surgery, and select OPG
versus CBCT appropriately
and assess surgical risks ra-
diographically

Radiology, anesthesiology,
and prosthodontics

Indications, surgical tech-
niques, and preoperative
planning

Surgical removal of wisdom
teeth

11

aOPG: orthopantomogram.
bALARA: As Low As Reasonably Achievable.
cAI: artificial intelligence.
dCBCT: cone-beam computed tomography.
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Technical Setup
Sessions were held in a lecture hall with professional audiovisual
infrastructure. At least 2 microphones transmitted the voices of
the podcasters via the hall sound system, and an additional
microphone was available for student interaction. A projector
displayed radiographs and clinical photographs. Each session
was recorded live with sound levels adjusted by a technician.
Recordings were postprocessed in Adobe Audition (version
23.11; Adobe Inc) and uploaded via Panopto (version 14.0;
Panopto Inc) to the official university learning platform,
ensuring high audio quality and asynchronous access for
enrolled students (Multimedia Appendix 1).

Participants and Study Design
All third-year dental students enrolled in the mandatory DMFR
course at the University of Freiburg were eligible. In total, 41
students participated in 2 consecutive cohorts: a control group
(CG; n=20, 49%; with n=12, 60% women and n=8, 40% men)
that attended traditional lectures covering DMFR principles,
radiographic techniques, and clinical relevance, and an
intervention group (IG; n=21, 51%; with n=11, 52% women
and n=10, 48% men) that attended the LP sessions. No exclusion
criteria were applied because all students were required to
complete the course as part of the curriculum. The cohorts
received comparable curricular content from the same teaching
staff, ensuring baseline comparability of exposure. No pretest
was conducted because both groups had identical prior curricular
exposure. All students completed the subsequent knowledge
assessments. Item-level correctness and point-based domain
scores were analyzed across restorative dentistry, oral surgery,
and orthodontics. The 3 assessment instruments used in this
study were the interdisciplinary clinical application test (ICAT;
Multimedia Appendix 2), the radiology knowledge test (RKT;
Multimedia Appendix 3), and the Student Evaluation
Questionnaire (SEQ; Multimedia Appendix 4).

Assessment of Student-Reported Acceptability
To determine the primary outcome, student-reported
acceptability was evaluated 6 months after the LP using an
anonymous questionnaire with 27 rating items (SEQ), on a
10-point unipolar scale (1=I strongly disagree, 10=I strongly
agree). The questionnaire covered organizational aspects,
atmosphere, interactivity, memorability, long-term benefit,
integration of theory and practice, reflective engagement, social
learning, and overall evaluation. Selected domains were
stratified by gender. An optional open-text field captured
qualitative impressions that were analyzed descriptively.

Assessment of Learning Outcomes
Knowledge served as the secondary outcome and was evaluated
at 2 time points to capture both immediate and longer-term
learning effects.

Immediately after the course: IG and CG completed a DMFR
radiology-specific competence test (RKT), with 21 single-choice
items (F1-F21) covering radiation protection, diagnostic
imaging, and interpretation.

Six months after the course, IG and CG participated in an
interdisciplinary multiple-choice test (ICAT) with 15 case-based

items (5 items each for restorative dentistry, oral surgery, and
orthodontics), addressing radiographic interpretation,
interdisciplinary treatment planning, and clinical application of
radiological findings.

Statistical Analysis
No formal sample size calculation was performed. As a
feasibility study embedded in routine teaching, the available
cohort size (N=41) defined the sample. This aligns with the
exploratory aim to evaluate acceptability and didactic value
rather than to demonstrate definitive knowledge effects.
Descriptive statistics (mean, SD, median, and IQR) were
calculated for all outcomes. Chi-square tests were applied for
item-specific correctness, and Wilcoxon rank-sum tests were
used for group comparisons of point-based scores and gender
differences. The Fisher exact test was applied in the case of
single-choice items. Effect sizes (r) were reported where
appropriate. Given the exploratory design, no adjustment for
multiple testing was applied. Statistical analyses were performed
in Stata (version 19; StataCorp) with a significance level of
α=.05.

Ethical Considerations
The study involved human participants and was conducted in
accordance with institutional and national research regulations
and the Declaration of Helsinki. The study was reviewed
informally by the ethics committee of the University of Freiburg
(reference number: 25-1479). As it served internal educational
quality assurance without collection of personal or health-related
data, formal approval was not required. Informed consent was
obtained from all participants during their voluntary enrollment
in the course after they had received detailed information about
the study purpose, procedures, data use, and their right to
withdraw at any time without negative consequences. Data were
collected and analyzed anonymously and treated confidentially
in accordance with data protection regulations. Participation
was voluntary and no financial or other compensation was
provided.

Results

Overview
A total of 41 third-year dental students participated in the study
(IG: n=21, 51%; CG: n=20, 49%). All students completed the
RKT immediately after the course, and all participated in the
ICAT interdisciplinary follow-up test 6 months later.
Student-reported acceptability of the LP format was assessed
6 months postcourse; 21 students (100% of the IG) completed
the SEQ.

Primary Outcome: Student-Reported Acceptability
To determine student-perceived acceptability of the LP format,
21 students completed the SEQ 6 months after the course.
Overall, the LP received consistently high ratings across all
evaluated dimensions, including atmosphere, organization,
perceived usefulness, and interdisciplinary relevance. The mean
scores were above 9/10 in nearly all categories, indicating very
high acceptance and perceived educational value. No meaningful
gender−related differences were observed (Table 3).
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Table . Student Evaluation Questionnaire (SEQ): evaluation of the live podcast in different categories stratified by gender.

Men (n=10; score: 1-10), mean (SD)Women (n=11; score: 1-10), mean (SD)Category

9.40 (0.97)9.91 (0.30)Atmosphere

9.70 (0.48)9.82 (0.40)Organization

9.56 (0.73)9.73 (0.65)Useful teaching method

9.56 (1.01)9.18 (1.32)Scope of knowledge

9.67 (0.50)9.45 (0.82)Interdisciplinary connections

7.67 (1.94)6.64 (1.21)Personal perception

8.78 (1.39)8.64 (1.75)Addition to the lecture

9.30 (0.95)9.91 (0.30)Interest in topics

No meaningful gender-related differences were identified for
the total evaluation score (P=0.18) or for any subscale
(P=0.32–0.79).

Student ratings for the 3 selected evaluation items as illustrative
examples are shown in Figure 1. Overall, the majority of
participants provided high ratings, indicating strong agreement
across all 3 items. Specifically, for “learning from the

experiences of others,” 20% (n=4) of participants rated 8, 10%
(n=2) rated 9, and 70% (n=14) rated 10. For “encouraged
reflection,” 5% (n=1) rated 6, 15% (n=3) rated 7, 15% (n=3)
rated 8, 20% (n=4) rated 9, and 45% (n=9) rated 10. For “useful
teaching method,” 10% (n=2) rated 8, 15% (n=3) rated 9, and
75% (n=15) rated 10. All other rating categories received no
responses.
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Figure 1. Distribution of participant ratings for the Student Evaluation Questionnaire (SEQ) items. The radial plot visualizes the distribution of all
ratings (1-10) for the items “learning from the experiences of others” (blue), “encouraged reflection” (red), and “useful teaching method” (green; each
n=20). Each cross represents 1 individual response, while black diamonds (◆) indicate mean values. No ratings were given for scores 1-5. For “learning
from the experiences of others,” 20% (n=4) of participants rated 8, 10% (n=2) rated 9, and 70% (n=14) rated 10. For “encouraged reflection,” 5% (n=1)
rated 6, 15% (n=3) rated 7, 15% (n=3) rated 8, 20% (n=4) rated 9, and 45% (n=9) rated 10. For “useful teaching method,” 10% (n=2) rated 8, 15%
(n=3) rated 9, and 75% (n=15) rated 10. All other rating categories received no responses. A unipolar rating scale from 1 (I strongly disagree) to 10 (I
strongly agree) was used, with higher values indicating a more favorable evaluation.

Qualitative Findings
In addition to the quantitative results, students provided written
feedback at the end of the course. Selected anonymized
comments (translated from German) illustrate how the LP was
perceived:

The podcasts were scheduled at a good time before
lunch, which encouraged further discussion of the
topics in the cafeteria afterwards. The content was
very stimulating.

In some sessions, time was even too short, as the
discussions were highly engaging. A second
microphone for students would sometimes have been
helpful.

I sincerely appreciate the effort that went into these
sessions. It was a great experience to learn the
material in such an interesting way through
contributions from many different lecturers.

Through the podcast I realized how much dentistry
has to offer. The podcast, with its many insights into
different specialties, gave me renewed motivation and
interest in my studies. After four semesters of rote
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learning, there could not have been a better
introduction to the clinical phase.

I really enjoyed attending the podcast lectures. They
were varied and never felt like dry teaching, yet I
learned a great deal. The relaxed atmosphere, such
as sitting on the sofa, created an environment that
did not feel like studying, although one gained a lot
of knowledge.

These student voices indicate that the LP sessions were
experienced as innovative, motivating, and
discussion-stimulating, creating a positive learning atmosphere
at the transition from preclinical to clinical studies.

Secondary Outcomes: Knowledge Acquisition
In the ICAT, item-level analysis revealed a significantly higher
proportion of correct responses in the IG compared with the CG

in restorative dentistry (P=.04; φ=0.64). No statistically
significant differences were observed in oral surgery (P=.85;
φ=0.005) or orthodontics (P=.14; φ=0.34).

Across all ICAT domains combined, no statistically significant
difference in overall performance was observed between groups
(P=.37; φ=0.49). A distribution-based analysis showed that in
the IG, 7 students answered 3 items correctly, 13 students
answered 2 items correctly, and 1 student answered 1 item
correctly, with no student scoring 0 correct answers. In contrast,
in the CG, 4 students answered 3 items correctly, 12 students
answered 2 items correctly, 2 students answered 1 item correctly,
and 2 students answered no items correctly. This distribution
indicates a trend toward higher overall performance in the IG,
although the difference did not reach statistical significance
(Table 4).

Table . Interdisciplinary clinical application test (ICAT): point-based domain scores by group (Wilcoxon rank-sum test; α=.05)a.

Effect size rCG (points), mean
(SD)

CGc (points), median
(IQR)

IG (points), mean (SD)IGb (points), median
(IQR)

Domain

0.383.75 (1.25)4 (3-5)4.62 (0.67)5 (4-5)Restorative dentistry

0.054.10 (1.37)5 (3.5-5)3.95 (1.46)5 (3-5)Oral surgery

0.234.60 (1.23)5 (5-5)5.00 (0.00)5 (5-5)Orthodontics

aMedian, IQR, mean, and SD values are presented for the intervention and control groups. The effect size (r) is shown for each domain. Only the
comparison in restorative dentistry reached statistical significance (P=.02). No significant differences were found for oral surgery or orthodontics.
bIG: intervention group.
cCG: control group.

No statistically significant differences were observed in the
RKT between IG and CG for the overall score or any subdomain
(all P>.05). The total RKT score was numerically higher in the
IG (median 14, IQR 13-15) than in the CG (median 13, IQR
11-14), but this difference did not reach statistical significance
(P=.17; r=0.22), indicating comparable short-term acquisition
of radiology-specific theoretical competences in both groups.

In the ICAT, analysis of item-level correctness revealed a
significantly higher performance in the IG (75/105, 71%) than
in the CG (40/100, 40%) in restorative dentistry (P=.04; φ=0.64).
No significant differences were observed in oral surgery (P=.85;
φ=0.005) or orthodontics (P=.14; φ=0.34). Overall correctness
across all domains was slightly higher in the IG (161/315, 51%)
compared with the CG (147/300, 49%), though this difference
was not statistically significant (P=.37; φ=0.49; Table 4).

Discussion

Principal Findings
This study demonstrates the development and feasibility of a
novel teaching format in undergraduate dental education: the
live podcast. To our knowledge, this is the first systematically
designed and evaluated synchronous podcast format embedded
within a dental curriculum. Unlike traditional podcasts, the LP
was conceived as a didactically grounded intervention that
combines digital accessibility with case-based, interactive
learning. Our results provide initial evidence that LPs are
feasible and highly accepted. The consistently high SEQ ratings

in structure, clarity, and interactivity suggest that LPs foster an
engaging learning environment, particularly at the transition
from preclinical to clinical training.

Students in the intervention group performed significantly better
in the ICAT in the restorative dentistry domain, which indicates
that authentic case discussions supported by expert dialogue
may enhance diagnostic reasoning. Although no significant
differences were observed across all domains in ICAT,
descriptive trends point to positive effects on interdisciplinary
understanding. Beyond knowledge outcomes, very high
acceptance ratings and open-ended comments show that students
perceived the LP as motivating, discussion-enhancing, and well
aligned with their learning preferences. In line with
contemporary student-voice literature, the LP addressed the
cognitive dimension of clinical reasoning and also fostered
engagement, reflexivity, and ownership through its interactive
and dialogic structure [12]. Goh and Lim [13] argue that dental
learning is increasingly conceptualized as situated and relational.
The LP exemplifies this by embedding reasoning in authentic,
interdisciplinary practice.

The RKT did not reveal significant differences between the 2
groups. For theoretical radiology competencies, both formats
appear equally effective. Taken together with the very high
acceptance ratings in the SEQ, this suggests that the added value
of the LP lies less in measurable short-term knowledge gains
and more in providing a motivating, engaging, and
student-centered learning environment with an interdisciplinary
focus [1].
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Evidence from this study suggests that synchronous, audio-based
teaching formats such as LPs can act as effective didactic tools
in complex, interdisciplinary areas of dental education, including
DMFR. By fostering active engagement, real-time dialogue,
and case-based reflection, LPs extend the potential of both
traditional lectures and asynchronous e-learning. The positive
reception aligns with prior literature on the educational benefits
of podcasts. Kaplan et al [14] emphasize brevity, narrative
structure, and authentic expert dialogue as advantages aligned
with adult learning principles and conducive to learner
motivation and retention. Consistent with these findings,
students in our study reported in the SEQ high levels of didactic
clarity, structure, and perceived longer-term benefit, dimensions
repeatedly highlighted in podcast-based education [15]. The
conversational and interdisciplinary character of the LP mirrors
the informal, yet focused tone described by Kaplan et al [14]
as central to engagement and professional connectedness.
Narrative and storytelling, which support sense-making,
empathy, and professional identity formation [16], were
intentionally embedded through authentic case discussions.
Qualitative feedback indicated that these elements were
experienced as engaging and professionally meaningful,
resonating with sociocultural learning theory [14,17]. In line
with work that identifies podcasts as vehicles for democratizing
discourse and fostering reflection [18], live podcasting may
strengthen interdisciplinary awareness, reflective reasoning,
and inclusive dialogue in dental education.

Core disciplinary knowledge was tested in the RKT immediately
after the course to capture short-term acquisition of
radiology-specific competences in line with constructive
alignment principles. Interdisciplinary case−based knowledge
in the ICAT, by contrast, was assessed after 6 months because
durable learning and knowledge transfer typically manifest after
a consolidation phase. By separating immediate mastery from
delayed application, the design aimed to minimize test
contamination and to capture distinct learning outcomes targeted
by the LP. The combination of synchronous interaction and
asynchronous access corresponds to evolving learner
expectations for hybrid, customizable formats [19]. The ability
to revisit discussions, catch up on missed sessions, and
selectively review content increases long-term educational use
and accommodates diverse learning needs. These findings are
consistent with prior institutional needs assessments showing
strong preferences for flexible, multimodal tools [8].

Didactic Implications for Teaching Practice
LPs are a cost-effective, low-threshold format that integrates
readily into blended learning environments. The synchronous,

case-based design suits the development of clinical reasoning
and interdisciplinary thinking. Opportunities for learner
questions and moderated dialogue promote interaction,
reflection, and active engagement. High ratings in structure,
relevance, and perceived benefit are known drivers of acceptance
in higher education [20]. Embedding LPs as curriculum-aligned
supplements, supported by preparatory and follow-up materials,
can deepen learning and support knowledge retention. LPs are
intended to complement, not replace, lectures so that students
benefit from interactive digital formats while still using the
lecture hall for consolidation and further integration of
knowledge. Because LPs rely on existing audiovisual
infrastructures and can be easily streamed, recorded, and
integrated into learning management systems, this teaching
format is scalable and transferable to other health professions
programs.

Limitations
The sample was small and restricted to a single center, which
limits generalizability. Group allocation used consecutive
cohorts rather than randomization, which may introduce
selection bias. No pretest of baseline knowledge was conducted,
and individual prior knowledge could not be controlled. The
ICAT comprised 15 multiple-choice items and assessed midterm
retention only, so effects on long-term learning and clinical
performance remain unclear. The evaluation of student-reported
acceptability in the SEQ relied on self-report, which may be
affected by social desirability.

Future Directions
Future research should use randomized, adequately powered,
multicenter designs with baseline testing and correction for
multiple comparisons. A longer follow-up is needed to examine
durability. Performance-based outcomes such as objective
structured clinical examinations and workplace-based
assessments should be included to evaluate transfer to clinical
decision-making and patient care. Studies could also compare
LP design variants, for example, the degree of interactivity,
scaffolding materials, and image integration.

Conclusions
The LP was feasible and well accepted in the undergraduate
DMFR course. It was associated with a significant knowledge
gain in restorative dentistry and yielded results comparable to
lectures in radiology-specific competences, while students rated
it as more engaging and motivating. LPs, therefore, represent
a scalable complement to standard instruction with potential to
strengthen clinical reasoning and student-centered learning.
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Multimedia Appendix 1
Live podcast episode 2—endodontology (case-based teaching material) PDF of the case-based teaching slides. The material
includes learning objectives, a trauma-related case (teeth 21/22), sequential clinical and radiographic images (periapical radiographs
[PA] and cone-beam computed tomography [CBCT]), key reasoning steps for pain diagnostics and pulp vitality assessment,
take-home messages, and an optional self-test multiple-choice question (MCQ). All radiographs and clinical photographs are
shown in anonymized form with separate patient consent for publication.
[PDF File, 624 KB - mededu_v12i1e77980_app1.pdf ]

Multimedia Appendix 2
Interdisciplinary clinical application test (ICAT).
[PDF File, 82 KB - mededu_v12i1e77980_app2.pdf ]

Multimedia Appendix 3
Radiology knowledge test (RKT).
[PDF File, 441 KB - mededu_v12i1e77980_app3.pdf ]

Multimedia Appendix 4
Student Evaluation Questionnaire (SEQ).
[PDF File, 139 KB - mededu_v12i1e77980_app4.pdf ]
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Abstract

Background: Therapeutic competence is a critical skill for health care professionals, encompassing communication, interaction,
and guidance in vulnerable situations. Virtual reality (VR) and 360-degree video technologies have emerged as innovative tools
in health care education, offering immersive and interactive learning experiences. However, there is limited research on their
effectiveness in developing therapeutic competencies among health care students.

Objective: This pilot study aimed to explore the feasibility, usability, and perceived educational value of a virtual learning
resource using VR and 360-degree video to enhance therapeutic competence in health care students.

Methods: A virtual learning resource was developed, consisting of three modules: (1) a virtual home visit, (2) observation of
therapeutic conversations using a 360-degree video, and (3) practice of therapeutic conversations in a simulated environment
using VR. The resource was tested with students (n=12) from occupational therapy, psychology, and dentistry programs. Data
were collected through focus group interviews after the students completed the modules. Thematic analysis was conducted to
identify key themes related to the educational value and learning outcomes of the resource.

Results: The analysis revealed four key themes: (1) active exploration, where students engaged deeply with the material and
contextualized theoretical knowledge; (2) observation, which provided practical insights into therapeutic conversations; (3)
practice and reflection, which allowed students to refine their skills and build confidence; and (4) translation of theoretical
knowledge into practical skills. Students reported that the resource was engaging, immersive, and effective in promoting learning
compared to traditional teaching methods. Some students found the VR experience intense but valuable for skill development.

Conclusions: This pilot study demonstrates the feasibility and potential educational value of integrating VR and 360-degree
video into health care education. The findings provide preliminary insights into the resource’s ability to enhance therapeutic
competence and student engagement. Future research should focus on larger, multi-institutional studies to validate these findings
and assess the resource’s impact on measurable learning outcomes.

(JMIR Med Educ 2026;12:e75776)   doi:10.2196/75776
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Introduction

Background
Students pursuing health professional education are preparing
for professions where they will interact with people in vulnerable
life situations. Therefore, it is crucial that these students develop
knowledge and skills in interaction, communication, and
guidance during their education. In the context of health
professions, this can be described as developing therapeutic
competencies. Therapeutic competence can be defined as
specific skills in conversations and interactions with patients
and their families. These skills can be acquired through
interactions between students and teachers [1].

Therapeutic competence encompasses a range of skills,
including empathy, active listening, and the ability to adapt
communication to the patient’s needs and context. It also
involves understanding the broader social and familial network
of the patient, as well as the impact of the patient’s condition
on their family. In this paper, we explore how the development
of therapeutic competence can be enhanced through an
interactive virtual learning resource, using 360-degree video
and virtual reality (VR) technology in teaching. VR and
360-degree videos have been increasingly recognized as
effective tools in health care education. These technologies
provide immersive and interactive learning experiences,
allowing students to practice skills in a safe and controlled
environment [2,3].

The learning resource is centered around supporting a family
where one of the parents is experiencing mental illness.
However, the methodology and therapeutic approach are quite
generic and can be applied to several other severe conditions
affecting a family, such as parental cancer, injuries, or substance
use disorders.

Therapeutic competence also refers to the ability to assess and
understand the patient’s overall situation as part of a larger
social and familial network. This holistic assessment includes
the patient’s roles and responsibilities, which may involve caring
for children. An important aspect of this competence is
understanding how the patient’s illness affects their family,
particularly their children, and adapting health care to the
patient’s life situation. Children whose parents experience
significant illnesses, such as mental illness or substance use
disorders, may require support, information, and follow-up.
This perspective on therapeutic responsibilities expands the unit
of care provision from a narrow focus on the patient to the wider
family and caregiving system and is commonly referred to as
a “family focus” in health services [4].

In Norway, health care personnel have a legal obligation to
identify whether patients have children, following the revision
of the Health Personnel Act in 2010 [5]. This legal provision
requires health care personnel providing care to adult patients
not only to clarify whether the patient has minor children but
also to assess what information or support the family might
need. The legislation applies to all illnesses that might impact
everyday functioning and parenting, not just mental illnesses
[5]. However, extensive national evaluations show that efforts

to change practices in hospitals so that all patients with children
are assessed and offered support are progressing very slowly
[6-9]. It has also been revealed that children are rarely included
in conversations with health care personnel when parents are
severely ill [10]. The challenges of successfully including
children are related to obstacles both within families themselves
and within the health care system [10,11]. Internationally,
several studies document similar issues. Health care personnel
across professions struggle to establish systematic routines that
encompass the family situation of the patient [12-14].

Lack of time, competence, and competing tasks are among the
reasons why many children do not receive the support and
information they need when their parents are severely ill [11].
Part of the explanation may be that health care personnel
perceive this work as additional rather than an integrated part
of health care [9,11]. Additionally, health care personnel find
it challenging to talk to children about difficult topics, such as
substance abuse and mental illness in their parents [15].

Acquiring skills in communication, interaction, and guidance
for families is thus central to the education of health care
personnel. Health care professionals frequently encounter
situations that demand therapeutic competence [16]. This
requires an understanding of the situation and the ability to
interact with the patient in an appropriate manner [17].
Therefore, it is essential that education focuses on developing
therapeutic competencies, particularly skills in communication
and interaction [16].

Approaches to Learning Therapeutic Competencies
Emphasizing the active role of students in knowledge
development and applying educational approaches that
encompass interactivity is an important starting point for
developing therapeutic competence [1]. Chi and Wylie [18]
describe 4 learning modes, namely passive, active, constructive,
and interactive, which were tested in a 5-year project. The results
showed that constructive and interactive activities, involving
interaction, increased learning outcomes. The students who
participated learned significantly more through interactive
learning forms compared to traditional 1-way communication
from teacher to student [2,3].

Observation can also be an important learning arena for students
training to become health care professionals. Studies have shown
that health care personnel lack competence in conducting
professional conversations with children [4,5], and many are
unsure of how to proceed in conversations with families [6,7].
However, by observing family and child conversations, students
can gain knowledge about how such conversations can be
conducted, although this is challenging to achieve in practice
with families in highly vulnerable life situations. Learning
through observation is often referred to as the apprenticeship
model, which primarily involves the master first explaining or
demonstrating how to perform various tasks, followed by
beginners observing and trying the tasks themselves [8,9].

Interactive learning approaches and observation should be
followed by a component of reflection to optimize the learning
of new skills. Reflection is considered an essential component
of the learning process, especially when it comes to acquiring
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new skills in practice [10]. Reflection involves a conscious and
systematic assessment of one’s own experiences, actions, and
results.

Another aspect to consider is that in the field of children of
parents with severe illness, encounters with families where one
or both parents face challenges due to illness may reveal children
who are not receiving adequate care at home. In such situations,
health care professionals may have a legal obligation to report
these cases to agencies, such as social services. However, studies
have shown that health care personnel largely underreport
neglect [11]. To fulfill their reporting responsibilities, it is
important that students training to become health care
professionals are also trained to recognize risk factors and signs
of neglect when interacting with families where serious illness
is involved. Reflection promotes a deeper understanding, as it
develops the ability to think analytically and solve problems
creatively [12]. Additionally, reflection can help build
confidence in the role of a health care professional, as one
becomes more aware of one’s own competence and potential
for development.

Health care personnel report that it can be difficult to ask about
sensitive topics, and they are often unsure of what to do with
the information they receive [13]. A final aspect that should be
emphasized when students are acquiring therapeutic competence
and competence in family-focused treatment is the opportunity
to practice. To develop skills in asking difficult questions and
responding appropriately, it is necessary to obtain practice.

It is ethically challenging to allow students to practice on real
patients as interns, especially when it involves complicated life
challenges and illness profiles in patients. Practicing through
role-play is common, and role-play can be a good way to train
professionals for situations that will arise in real life. However,
it can be challenging to get all students to participate in role-play
in a way that provides learning outcomes because many may
find it demanding to be in focus [14]. Furthermore, topics
addressed through role-play can trigger negative emotions that
may lead the learning process in an undesirable direction [15].
Practicing in simulated and virtual situations can thus be a good
alternative. By using virtual learning resources, health science
students can practice, among other things, establishing contact
and building alliances in an arena where the students’ skills
have no consequences for the patient, as they might in an
internship situation. Additionally, the virtual situation provides
greater opportunities for repeated practice.

Study Objectives and Research Questions
This pilot study explores the feasibility, usability, and perceived
educational value of a virtual learning resource designed to
enhance therapeutic competence. The study aims to provide
preliminary insights that can inform the development of
larger-scale evaluations and more robust research designs in
the future.

The research question in the study is “How can a virtual learning
resource promote knowledge and skills in therapeutic
competencies when interacting with patients who have minor
children?”

Methods

Overview
The current project aimed to strengthen therapeutic competence
in students training to become health professionals by
developing virtual and interactive learning resources. The project
received funding from the Norwegian Directorate of Higher
Education and Skills to develop and test the learning resource.
Alongside the development and testing of the resource, an
approach inspired by action research was adapted, in the sense
that researchers were closely involved in the development and
testing process [19]. An important prerequisite was to facilitate
systematic development and improvement based on students’
experiences with using the learning resource.

While the study was inspired by action research principles, it
does not fully align with the iterative cycles typically associated
with action research. Instead, the study focused on piloting and
refining the learning resource based on student feedback.

The Learning Resource: Design, Structure, and
Learning Objectives

Learning Objectives
To strengthen therapeutic competence development in assessing
and offering support to patients who have children, we
developed a virtual learning resource for students training to
become health care professionals. The objective of the learning
resource is to give students and health care personnel insight
into family-focused practice and to provide knowledge about
how children are affected by their parents’ illness. Furthermore,
the learning objective is to teach students what kind of
information they need to understand the parents’ illness and its
consequences. Additionally, the resource provides an example
of how to conduct conversations with parents and children of
different ages. The learning resource facilitates an arena for
students to practice and reflect on their own performance and
encompasses student-active learning forms, observational
learning, reflection, and practice. The learning resource consists
of 3 modules, which are described below.

Modules

Module 1

In this module, students go on a virtual home visit to an example
family, the Hansen family’s house. This is done as preparatory
work through a flipped-classroom approach. Students follow a
learning path where they gradually gain more insight into the
family’s risk and protective factors. The learning resource
provides room for practice and reflection, with interactive tasks
and exploration of the case (the family) that encourages
participants to assess and develop their own practice. The virtual
home visit is easily done using a computer and does not require
special equipment. Students walk through the family’s home
and acquire knowledge about both the topic area of children as
relatives and the example family, the Hansens. This is done by
exploring various clickable interactive elements placed in
different rooms in the home.
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Module 2

In this module, students observe conversations with families
using 360-degree video and VR headsets. VR refers to a
technology that allows the user to interact in a
computer-generated environment that mimics reality. VR for
skill training has proven to be as effective in teaching as
traditional exercises [3]. One of the unique strengths of using
VR is that it can provide experiences that would otherwise not
be available, such as observation in virtual rooms and practicing
specific skills. In this module, the use of VR offers auditory
and visual experiences that create a sense of presence in
situations that would otherwise not be accessible and can thus
enrich the learning process through realistic and engaging
simulations.

Module 3

The final module opens opportunities for practicing
conversations with the family and the children. With VR
headsets on, students sit in the therapy room and interact with
the family themselves. The 360-degree videos provide the
experience of the family coming into the room to the student
as a therapist. There is no dialogue in this module, but the family
enters the room and looks directly at the student. It is then up
to the student to engage in conversations with the family and
the children of different ages. Specific tasks have been created
for the module to help the students practice how to express
themselves. The exercises for module 3 can be done alone or
in groups of students. Figure 1 provides an overview of the
entire learning resource.

Figure 1. Overview of the modules in the learning resource. VR: virtual reality.

Participants and Procedure in Testing the Learning
Resource
The testing of the learning resource was conducted with 2 groups
of students recruited from a faculty of health sciences. A total
of 12 students participated, including 2 students each from the
occupational therapy, psychology, and dentistry programs in
each group. The students had limited knowledge of
family-focused treatment before the testing. However, they had
received some instruction in therapeutic competence and
communication, mainly theoretical with elements of role-play.
Module 1 was completed at home as preparation, while modules
2 and 3 were completed in a learning lab at the faculty. Based
on the experiences from the first group, adjustments were made
to the setup for test group 2.

The students used VR headsets for modules 2 and 3. The
researchers were present during the entire testing period and
took notes consecutively. After finishing the third module, 2
researchers interviewed the students in focus groups. The
interviews were transcribed by a transcription service and quality
assured by the researchers who conducted the interviews.
Analyses of the initial interview revealed minor errors and
weaknesses in the learning resource, which were then adjusted

before test group 2 tried the resource. The results from test group
2 led to further fine-tuning of the learning resource, and a
teacher guide was developed for pedagogical support. The
learning resource and guide were then made available in Canvas
Commons. Canvas Commons is an integrated content repository
for Canvas that lets educators discover, share, and import course
materials—like modules, assignments, and quizzes—across
courses and institutions. The learning resource is published with
open access in line with the principles of open education. We
are currently in the process of translating the resource to English,
making it freely available for use in international education.

Analyses
The text data in this study were analyzed thematically. Thematic
analysis is based on selected themes by comparing information
from all informants in a study [20]. Text data were
systematically reviewed by the first author, and the content was
sorted into categories by theme. The thematic analysis followed
Braun and Clarke’s 6-step framework, which includes
familiarization with the data, generating initial codes, searching
for themes, reviewing themes, defining and naming themes,
and producing the report [21]. Codes were developed inductively
based on recurring patterns in the focus group transcripts and
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were iteratively refined by 2 researchers to ensure consistency
and reliability.

The overarching thematic basis for the analysis has been the
educational value and learning outcomes of the learning
resource. Through the analysis of the interviews, it was
identified how the learning resource contributed to learning by
(1) exploration; (2) observation; (3) practicing, reflecting, and
discussing; and (4) translation of theoretical knowledge into
practical skills.

Ethical Considerations
The project was exempt from ethics review approval by the
regional ethical committee, as it does not involve the collection
of health information. Privacy considerations have been assessed
and approved by SIKT (Norwegian Agency for Shared Services
in Education and Research). All informants in the study have
been presented with written information material and have
signed informed consent forms. The participating students
received a small compensation fee for taking part in the testing
of the resource.

Results

Overview
In the analysis of the focus group interviews, several themes
were identified that illustrate how a virtual learning resource
can promote knowledge and skills in therapeutic competencies
when interacting with patients who have minor children. Overall,
the results showed that the learning resource engaged the
students and contributed to an active exploration of the learning
material, leading to a deeper understanding and better retention
of information. Another overarching finding was that the
learning resource was perceived by students as a more
interactive and engaging learning experience than traditional
teaching. Below, we delve into the 4 categories that emerged
in the analysis. These were (1) learning through exploration,
(2) learning through observation, (3) learning through practicing,
reflection, and discussion, and (4) translating what has been
learned into practical skills.

Learning Through Exploration
Students found that the virtual resources facilitated an active
exploration process where they could engage directly with the
material in an interactive way. Students described how the
preparatory work in module 1 allowed them to explore various
aspects of the family’s situation, not just by passively reading,
but by investigating and assessing the family situation and
viewing the situation from different perspectives. The interactive
exploration led to a deeper understanding of the topic and made
it easier to remember what they had learned compared to
traditional methods, for example, receiving a lecture with
Microsoft PowerPoint on the subject matter. The dialogue below
illustrates this:

Did it make it a bit easier to grasp the health
legislation this way, compared to having something
presented on a PowerPoint? You’re nodding, yes.
[Interviewer]

Yes, that’s a very good example, with the legislation...
I hate when it’s introduced on a slide. It’s something
I can’t manage to learn when it comes on PowerPoint,
whereas here I could almost remember the paragraph
word by word afterward. [Student]

I found it very helpful when the legislation was very
connected to the situations and the examples. They
were tailored to the situations you had either gone
through or were going to go through, so it was a bit
like: “okay, that applies here, and that applies there.”
It made much more sense. Because when you’re
reading it in a textbook, it’s like: “Yes, it probably
applies there.” But when you could see why, it was
way better. [Student 2]

So, it was easier to remember it? [Interviewer]

Yes, really. [Student 2]

Speaking of what he said about retaining the
information, because in our educational program, we
constantly ask for clinical examples. Put it into
context, give us something to attach it to, and don’t
just list an 80-page PowerPoint with legislation. We
can’t grasp that. But receiving something concrete,
I think, can be used in many other contexts too, and
it is so much easier to learn when you have something
to attach it to. [Student 1]

In both focus groups, there was broad agreement that being able
to explore the topic themselves, in this case through a virtual
home visit, was perceived as promoting learning. It made
abstract theory about the consequences of being a child of
parents with various life challenges, as well as training in health
legislation, more concrete and comprehensible.

Some students found it somewhat intense to work with the topic
in this way. The quote below illustrates this:

Before I came here, I had an expectation that it would
be interesting and educational. I’m generally
interested in therapeutic competence, communication
forms, and such things. But I didn’t think it would be
as all-encompassing as it actually was. When I did
module 1 on the PC at home yesterday, I even found
it more educational than a PowerPoint. So, now in
VR mode, I almost felt my brain boiling, because there
was so much info. I started thinking like: “Who should
I look at? Should I look at her or him? Who am I most
curious about in this family?” And that’s a good
thing, but yes, very intensive learning. So, it’s a great
resource, but I noticed I was a bit caught off guard.
I didn’t know it would be so many stimuli and
impressions. [Student]

This finding shows that it can also be overwhelming to work
with such topics in VR, and that teachers therefore must consider
that various reactions may arise in the student group. Discomfort
can also be a source of development and lead to students
experiencing a high learning outcome. Being able to explore
the case on their own and become familiar with the challenges
the example family had was perceived as relevant and
educational.
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Another student expressed this as follows:

I think that often when we do case-based learning,
the information that is important in the case is pointed
out to you. But in this exploration, you get a lot of
information to assess yourself. With being in such an
interactive resource, you get the opportunity to choose
for yourself what you want to focus your attention on.
You practice much more on noticing the important
things, compared to when you just get presented with
something. When you have to look for it yourself, you
also practice focusing your attention. So, I thought
that was very cool. [Student]

In the conversation about exploring the topic area on their own
using the interactive, virtual home visit in module 1, the students
reported that it had a high educational value. The students said
that it resembled reality. When students are in internships or
start practicing as healthcare personnel after their education is
finished, they don't necessarily know what the patients’ or
families’ issues are. They have to use their developing
therapeutic competence and knowledge to assess risks and
problem areas to work on moving forward. The overarching
finding in this category was that the learning resource was
perceived as a very practice-oriented and effective way to learn
these skills.

Learning Through Observation
The students reported that observing therapeutic conversations
and communication between the therapist, patient, and the
patient’s family was very educational. The observations allowed
them to see the acquired theory applied in practice. Students
discussed how they observed different communication styles
in conversations with children versus adults and how the
therapist adapted their language and methods according to the
client’s age and level of understanding. This provided students
with a practical understanding of how to tailor therapeutic
techniques to different client groups.

Observing these conversations can be used as a
starting point for skills training and give us the
opportunity to practice therapeutic competence aimed
at children, adolescents, adults, and older adults. It
allows us to see what we need to do as therapists to
bring out the best possible information about their
life situation, and in what way we can use ourselves
as tools to acquire information. [Student]

Another student expressed it as follows:

It was very educational because you get to see a real
situation of how both the therapist and those coming
to the therapist express themselves, and how their
body language is. In my case, I learn a lot by viewing
examples, like in an internship, by watching how my
supervisor does it, and this was similar. [Student]

The overarching finding from this category showed that students
experienced high learning outcomes from observing a
conversation between a therapist and a family.

Learning Through Practicing, Reflection, and
Discussion
VR offers a unique opportunity not only to observe but also to
actively engage through simulated therapeutic sessions. This
leads to reflection and discussion, which are crucial for learning
and developing therapeutic competence. Participants appreciated
the opportunity to discuss and reflect on their actions and
decisions in the VR scenarios, as shown in the dialogue below:

How did you find reflecting along the way? Useful
or not useful? [Interviewer]

I generally think just seeing that you have different
ways of perceiving things, and that someone can make
you aware of something you absolutely weren’t aware
of. We discovered that we disagreed on how we
perceived the situation, and I think it’s great to see
different viewpoints. [Student 1]

Yes, and it triggers a much longer thought process
too. [Student 2]

I thought it was very educational, even though I felt
tired at the end. [Student 3]

I thought the questions were good. The questions
allowed us to reflect on several possibilities and
perspectives instead of giving us the answer
immediately. [Student 4]

This excerpt from one of the focus group interviews highlights
the value of questions that stimulate reflection. This helps them
understand and internalize the learning material better.

Another important pedagogical value that emerged in the focus
groups was the opportunities the VR resource provided for
practice. The dialogue below illustrates this:

I noticed that for me to practice my therapeutic
competence, I need a certain calm. Because I noticed
that I didn’t quite know where to start at first, because
I was stressed by them [the family] staring at me. It
takes practice, I think, because you have to be able
to be in a certain situation several times to be able
to do it well. So, I felt that I got into it the more I
practiced. [Student 1]

To get into a kind of flow. I started to think about my
body language eventually. After a while, I started to
think: “How am I sitting now, actually? Is it okay to
sit like this?” But at first, I couldn’t even think about
what to say. [Student 2]

The overarching result in this category is that students
experienced good learning outcomes from trying out, practicing,
reflecting, and discussing with each other using this learning
resource.

Translating What Has Been Learned Into Practical
Skills
Finally, the students discussed how they can apply what they
have learned through VR in their professional practice. This
includes applying knowledge and skills in real therapeutic
situations, such as handling sensitive topics with clients or
adapting communication styles based on the client’s needs and
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situation. Students reflected on how they can use insights from
the learning resource to improve their practice, especially in
how they interact with clients and handle complex and sensitive
issues. The dialogue below illustrates this:

So, what do you think about conducting such a
conversation now? What would it be like?
[Interviewer]

One of the things I’m a bit nervous about is exactly
that. But it feels a bit easier now. I feel like I know
more. [Student]

Students also reported that they have become more aware of
what the term therapeutic competence entails. They also
mentioned that they had become more attentive to the whole
family and the importance of involving relatives. The dialogue
below illustrates this:

I’m also a bit curious about what you now consider
to be therapeutic competence. What do you think
now? Is it clear to you what it is? [Interviewer]

It’s a whole bag of things, with listening and hearing,
tips, tricks, what works, what doesn’t, reflecting,
getting them to become aware of things, and not just
like: “Pull yourself together, get well!” [Student 1]

I became much more aware that maybe we should try
to involve families more often. [Student 2]

The overarching result in this category is that, in terms of
translating theoretical knowledge into actual therapeutic
competence, the students had positive learning outcomes by
using the learning resource.

Discussion

Principal Findings
This pilot study explored the feasibility, usability, and perceived
educational value of a virtual learning resource designed to
enhance therapeutic competence in healthcare students. The
findings suggest that the resource has the potential to promote
active exploration, observation, and practice in a safe and
controlled environment. Students reported that the resource was
engaging and effective in promoting learning compared to
traditional teaching methods. The study's findings align with
existing literature on the benefits of interactive and immersive
learning approaches in healthcare education [2,18].

The results also showed that the learning resource provided
students with the opportunity to observe and practice therapeutic
conversations in a safe environment. This aligns with the need
to develop skills in adapting communication and interaction to
different patient groups. These skills are crucial for responsible
professional practice. VR technology offers a unique opportunity
to learn through observing simulated, yet realistic, therapeutic
conversations. VR technology can simulate complex interactions
with patients and their families, providing students with some
experience, yet avoiding the ethical concerns that may arise
from practicing directly on patients. This is particularly relevant
in education, where direct practice with real patients can be
challenging or difficult to achieve, such as in the early stages
of educating health professionals. Compared to role-play, where

students themselves play the different roles, using films of
relevant scenarios where students practice being a therapist who
observes, listens, and interacts through VR technology appears
more direct and thus professionally relevant than inventing
thoughts, feelings, and behaviors in people they play themselves.
Furthermore, the students developed new concepts and
understanding through reflection and discussion of what they
had observed in the scenarios. They could relate legislation and
therapeutic techniques to practical situations, showing that they
moved from concrete experience to abstract conceptualization
[22]. Translating what they had observed into concrete skills
seemed, therefore, easier using this learning resource.

The learning resource is designed for students to reflect on their
observations, often referred to as reflective observation [22].
Using reflection as a key component in the learning process,
the opportunity to reflect on their observations was provided,
and the students appreciated this option. The students found
that the questions in the learning resource stimulated deeper
thinking, reflection, and discussion, which is crucial for
developing a deeper understanding and ability to adapt to new
challenges. By discussing how the VR experience allowed them
to see theory applied in practice, they felt they gained a deeper
understanding of the material. Reflection on what they observed,
such as communication styles and the therapist's adaptation to
the client's age, thus helped strengthen their learning.

The learning resource gave the students an opportunity to
practice and refine their interaction skills in a controlled
environment before applying them in real situations. Practice
is essential for developing skills. Students reported that they
experienced increased confidence and flow in communication
after repeated exercises in the VR environment. This underscores
the importance of practice for achieving mastery and confidence
in therapeutic practice. Trying out new skills in a safe
environment can be essential for active experimentation. The
students reported that practice in VR helped them achieve flow
and confidence in therapeutic conversations, which is a critical
part of the learning process. Practicing in VR was perceived as
activating and engaging, and the students found that the resource
provided a deeper understanding as well as promoted the
development of skills.

Translating theoretical knowledge into practical skills can be
difficult to achieve with traditional learning methods. Students
reported that the VR experience provided a more vivid and
realistic understanding of the subject matter, contributing to
more effective learning. Students described the VR experience
as particularly valuable because it allowed them to “step into”
scenarios relevant to their field of study. This feeling of being
part of the scenario contributed to a more authentic and engaging
learning experience. The students felt that visualization
contributed to a better understanding of complex subject matter.
The learning resource created a unique opportunity to explore,
observe, and interact in complex situations in a way that text
or images cannot. In light of Kolb’s experiential learning cycle
[22], one can say that the learning resource provides a concrete
experience that is essential to start the learning cycle. Students
could see body language, hear tone of voice, and observe
interactions in a controlled but realistic environment. This helped
them understand complex subject matter and integrate theoretical
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and practical aspects of the therapeutic competence they will
need in practice. Through exploration, observation, reflection,
and discussion, the learning resource thus contributes to the
acquisition of experience, laying the foundation for the
development of therapeutic competence.

VR-based practice offers significant advantages for developing
foundational therapeutic communication skills, such as active
listening, empathy, and adapting communication to different
client groups. The immersive nature of VR allows students to
observe and practice interactions in realistic scenarios, which
can enhance their confidence and readiness for real-world
practice [23]. However, certain aspects of authentic therapeutic
interaction, such as emotional attunement, relational pacing,
and the influence of cultural and familial contexts, may be more
challenging to replicate in a virtual environment. These elements
often require nuanced, real-time adjustments that are best
developed through direct interaction with patients and guided
supervision. To address these limitations, the learning resource
was complemented with structured reflection activities that
allowed students to explore the subtleties of therapeutic
relationships in greater depth.

Therapeutic communication is a complex skill that develops
progressively throughout a health care professional’s education
and career [1,16]. For students in the early stages of their
training, foundational skills, such as active listening, empathy,
and basic conversational techniques, are critical [18,22]. The
virtual learning resource aligns with these developmental needs
by providing a safe and controlled environment for students to
practice these foundational skills. Unlike residents or more
experienced practitioners, students may have limited exposure
to real-life therapeutic interactions, making simulated
environments particularly valuable for bridging the gap between
theoretical knowledge and practical application. Future studies
could explore how the resource might be adapted for learners
at different stages of their professional development, including
residents and practicing clinicians, to address more advanced
aspects of therapeutic communication.

Equity and fairness are critical considerations in the
implementation of VR-based learning environments. Learners
come from diverse cultural, linguistic, and socioeconomic
backgrounds, which can influence their communication styles
and access to technology. Similarly, patients and families bring
unique cultural and contextual factors that shape their
communication needs and expectations. To support equitable
outcomes, the learning resource could be adapted to include
scenarios that reflect a wide range of cultural and familial
contexts. Additionally, structured reflection activities and
supervisory guidance could help learners develop cultural
competence and inclusive communication practices. Future
iterations of the resource should also consider accessibility
features, such as subtitles or alternative formats, to ensure that
all learners can fully engage with the material.

Practical Implications
Although VR can have significant educational benefits, several
challenges must be addressed to maximize educational value
and learning outcomes. It is important to consider and assess
the ethical aspects of using VR in education, because simulations

of sensitive topics can have unforeseen consequences. Teachers
using such learning resources should be prepared for emotional
reactions and have a plan for how to handle such reactions. As
with all teaching on sensitive topics that are perceived as
challenging for students, it requires educators to help students
navigate these challenges by providing support and guidance
throughout the learning process and through supervision.

User-friendliness and technical support are important
prerequisites when applying virtual resources to teaching
situations [23]. Participants in the focus groups reported the
need for technical support and guidance when using VR,
emphasizing the importance of accessible and effective technical
assistance. Another challenge is the cost and availability of VR
technology. Although the prices of VR equipment have fallen
in recent years, costs can still be a barrier for many educational
institutions. Furthermore, effective use of VR requires
appropriate software and updates, which can also incur
significant costs. It also requires some logistics to ensure that
equipment is charged and updated with new software so that it
can be easily used.

It is also important to consider how VR can be integrated and
systematically implemented in educational programs to
maximize learning outcomes. To ensure that VR technology
becomes an integrated part of educational programs, educational
institutions must consider both infrastructural and pedagogical
adjustments. This requires anchoring with management,
investment in necessary technology, organization of training,
use, and guidance at the institution. By using VR technology,
however, one can achieve more targeted competence
development. In many health professions, VR scenarios can be
tailored to meet the need for developing specific clinical and
therapeutic skills.

Limitations
This pilot study involved a small sample size (n=12) and a
single-case context, which limits the generalizability of the
findings. The study was designed to provide preliminary insights
into the feasibility and perceived educational value of the virtual
learning resource, rather than to draw definitive conclusions
about its effectiveness. Future research should include larger,
more diverse student groups and multi-institutional studies to
validate the findings and assess the resource’s impact on
measurable learning outcomes. Additionally, comparative
studies with control groups using traditional teaching methods
would provide a more robust evaluation of the resource’s relative
advantages and limitations.

While the study was inspired by action research principles, it
did not fully adhere to the iterative cycles typically associated
with action research. Instead, the study focused on piloting and
refining the learning resource based on student feedback. Future
research could adopt a more comprehensive action research
approach, incorporating multiple iterations and cycles of
feedback to further enhance the resource and its implementation.

Conclusion
This pilot study demonstrates the feasibility and potential
educational value of integrating VR and 360-degree video into
health care education. The participating students experienced

JMIR Med Educ 2026 | vol. 12 | e75776 | p.193https://mededu.jmir.org/2026/1/e75776
(page number not for citation purposes)

Lauritzen et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


that the virtual learning resource promoted the learning of
therapeutic competence. Interactive learning, practice, and
reflection were important elements that contributed to the
students’ development of skills necessary to meet the demands
of health professions. The findings provide preliminary insights

into the resource's ability to enhance therapeutic competence
and student engagement. Future research should focus on larger,
multi-institutional studies to validate these findings and assess
the resource’s impact on measurable learning outcomes.
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Abstract

Background: Cancer immunotherapy represents a transformative advancement in oncology, offering new avenues for treating
malignancies by harnessing the immune system. Despite its growing clinical relevance, immunotherapy remains underrepresented
in undergraduate medical education, particularly in curricula integrating foundational immunology with clinical application. To
address this gap, we developed and implemented a fully online elective for fourth-year medical students focused on core immunology
concepts, immunotherapy mechanisms, Food and Drug Administration–approved treatments, immune-related adverse events,
and patient-centered therapeutic decision-making.

Objective: This study aimed to evaluate the effectiveness of an asynchronous-synchronous online cancer immunotherapy
elective in improving medical student knowledge, engagement, and critical-thinking skills. We hypothesized that participation
in the elective would be associated with perceived improvements in knowledge and clinical preparedness and inform future
strategies for integrating cancer immunotherapy into medical curricula.

Methods: We conducted a mixed methods study with fourth-year medical students enrolled in a 2-week elective at a US medical
school. The curriculum included a self-paced foundational module, online discussion board, and a capstone oral presentation
requiring students to propose a novel immunotherapy approach. Participants completed pre- and postcourse quizzes assessing
immunotherapy knowledge and an anonymous postcourse Likert-scale survey. Quantitative data were summarized descriptively,
and Likert responses were reported using medians and IQRs. Due to the small sample size, 2-tailed unpaired t tests comparing
pre- and postcourse quiz averages were underpowered to detect statistically significant differences. Qualitative data were analyzed
using inductive thematic analysis with investigator triangulation.

Results: A total of 35 students completed the elective, and 20 submitted the postcourse survey (response rate: 57%). Across all
Likert-scale items, students reported a median response of 5 (Strongly Agree), with IQR values ranging from 0 to 1, indicating
uniformly positive perceptions and minimal variability in their evaluation of the course. Descriptively, average postcourse quiz
scores were higher than precourse scores, suggesting improved conceptual understanding. Qualitative thematic analysis revealed
three major themes: (1) increased confidence engaging with complex immunotherapy mechanisms, (2) appreciation for the
flexibility and interactivity afforded by the hybrid asynchronous-synchronous model, and (3) enhanced understanding of the
real-world clinical application of immunotherapy across interdisciplinary settings.

Conclusions: Descriptive quantitative and qualitative findings suggest that a targeted online cancer immunotherapy elective
may enhance learners’ perceived knowledge and critical-thinking capacity related to emerging cancer therapies. The course’s
hybrid structure offered flexibility, accessibility, and potential scalability. As immunotherapy continues to expand in clinical
practice, this model provides a promising framework for integration into medical curricula. Future work should include larger
cohorts and longitudinal follow-up into residency to more rigorously assess educational impact.

(JMIR Med Educ 2026;12:e71628)   doi:10.2196/71628
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Introduction

Immunotherapy, heralded as a beacon of hope in the oncological
landscape, stands at the forefront of medical innovation, offering
novel avenues for combating cancer [1-3]. As immune
checkpoint blockade, cellular therapies, and cancer vaccinology
assume increasing prominence, proficiency in cancer
immunotherapy is becoming an essential competency for future
health care practitioners [1,2,4,5]. Yet, despite its transformative
clinical impact, formal education on cancer immunotherapy
remains fragmented or absent in most undergraduate medical
curricula. Prior studies have highlighted that health care trainees
often feel underprepared to discuss or apply immunotherapy
principles in clinical settings, reflecting a broader disconnect
between rapid scientific advances and medical education [6,7].

Existing educational work in this area has largely centered on
postgraduate oncology programs, continuing medical education,
or highly specialized workshops. There remains a critical gap
in evidence-based, integrative, and educational models that can
effectively prepare medical students, before residency, for the
clinical realities of modern cancer care. This lack of structured
exposure creates downstream challenges: learners enter rotations
or residency without foundational immunotherapy literacy,
clinicians report variability in trainee preparedness, and the
rapidly evolving therapeutic landscape continues to outpace
traditional curricula.

To address this gap, we developed the Basics and
Implementation of Cancer Immunotherapy elective at the Texas
Tech University Health Sciences Center (TTUHSC) El Paso
Paul L. Foster School of Medicine. This fully online elective
was intentionally designed to provide accessible foundational
knowledge while fostering higher-order thinking, clinical
reasoning, and innovation in the context of rapidly evolving
immunotherapy treatments.

The goal of the course was to deliver content and create a
sustainable, adaptable, and evaluable model for broader
implementation. Therefore, we grounded the curriculum in 2
complementary frameworks: RE-AIM (Reach, Effectiveness,
Adoption, Implementation, and Maintenance) and Kirkpatrick’s
model. RE-AIM is an implementation science framework
typically used in public health and program dissemination
research [8,9]. It guided the structural design of the elective by
prompting us to consider who the elective could reach, how
well it might function across learner groups, what resources and
faculty expertise were required for adoption, how consistently
it could be delivered in an online environment, and how it could
be maintained or scaled over time.

In contrast, Kirkpatrick’s model, which focuses on Reaction,
Learning, Behavior, and Results, provided a pedagogical
framework for evaluating educational impact at the learner level.
This dual framework approach allowed us to simultaneously
examine (1) learner satisfaction, knowledge, and perceived skill
development, and (2) broader programmatic considerations such
as feasibility, reproducibility, and sustainability within an
already crowded medical curriculum [10-14]. By integrating
these 2 models, we aimed to ensure both a high-quality

educational experience and a design that could be reliably
implemented or adapted by other institutions.

This study aimed to evaluate the effectiveness of the elective
in enhancing student knowledge and critical thinking using a
mixed methods approach. Specifically, we sought to answer the
research question: Does participation in this elective improve
students’ knowledge, perceptions of course relevance, and
critical thinking in cancer immunotherapy? We hypothesized
that students completing the elective would demonstrate
measurable knowledge gains, report a positive educational
experience, and show enhanced critical thinking related to
immunotherapy. Findings from this study can guide future
curricular efforts aimed at integrating contemporary
immunotherapy concepts into undergraduate medical education
in a structured and measurable way.

Methods

Rationale for Elective Development
Medical students at Foster School of Medicine receive limited
exposure to cancer immunotherapy during the preclerkship
phase because the integrated curriculum and density of required
content constrain opportunities for in-depth coverage [15-17].
To address this gap, faculty designed a fourth-year elective
grounded in a spiral learning model that builds on students’
foundational immunology knowledge from the first 2
preclerkship years and reinforces concepts introduced during
their clinical rotations.

Curricular Design
We selected a virtual elective to match student preferences for
greater fourth-year flexibility and to leverage the institution’s
expanded capacity for high-quality online learning primarily
developed during the COVID-19 era [18-21]. The elective
directly addressed institutional needs identified through annual
curriculum review and supported the School of Medicine’s
priority to prepare graduates for rapidly evolving biomedical
innovations, such as immunotherapy. Within the Department
of Medical Education, the elective advanced key curricular
priorities: (1) integrating foundational basic sciences, such as
immunology, with clinical reasoning; (2) broadening elective
options that promote scholarly inquiry; and (3) expanding
technology-enhanced and competency-based instruction.

Faculty with expertise in cancer immunotherapy, biochemistry
and cell biology, clinical genetics, oncology, educational design,
and online pedagogy led curriculum development. The team
followed a staged design process: we mapped core
immunotherapy competencies, identified gaps across the
preclinical and clerkship curriculum, and iterated content
through consultation with our clinical oncology faculty. Medical
students actively contributed to early course development. A
small group of students co-developed the immunology primer
by drawing on their research experience and peer and faculty
feedback to ensure clarity, relevance, and appropriate depth.
These students also conducted an informal needs assessment
through conversations with classmates, confirming that many
trainees felt underprepared to discuss contemporary cancer
immunotherapies during clinical rotations.
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The faculty built the final course using interactive synchronous
and asynchronous components, including the student-developed
primer, structured discussion boards, and a culminating student
presentation. These elements aimed to deepen engagement with
the scientific literature and support inquiry–driven learning
[18-20]. Constructivist learning theory, interdisciplinary
integration [22], and reflective practice guided the instructional
approach. Expert consensus, national immunotherapy
competency frameworks, and student-identified needs informed
topic selection. Basic science and clinical faculty peer-reviewed
all content before launch to ensure scientific rigor, clinical
relevance, and instructional quality.

Pedagogical Framework, Principles, and Competencies
and Standards
Developing a fourth-year elective for medical students on cancer
immunotherapy required deliberate alignment with pedagogical
frameworks, instructional principles, established competencies,
and educational standards to meet the learning objectives. Basic
science faculty (immunology, biochemistry, and cell biology)
and clinical faculty (internal medicine, oncology, and clinical
genetics) jointly oversaw the course.

Constructivist and Experiential Foundations
The design of the elective drew on constructivist and experiential
learning theories to promote knowledge construction through
active engagement, inquiry, and reflective practice. We
incorporated Kirkpatrick’s Four-Level Model and the RE-AIM
framework to guide course design and evaluation. These
frameworks ensured that learning activities targeted measurable
outcomes, real-world application, and iterative improvement
based on faculty and student feedback. The course combined
asynchronous modules, faculty-led synchronous discussions,
and a final oral presentation to support both individual learning
and collaborative inquiry.

Kirkpatrick’s Four-Level Model
We applied the Kirkpatrick’s Model [10] to evaluate student
learning and course impact.

• Level 1. Reaction: We collected postcourse survey feedback
to assess engagement and satisfaction with course structure
and content.

• Level 2. Learning: We measured knowledge acquisition
using asynchronous pre- and postquizzes focused on
immunology basics and the interplay between the immune
system and the tumor microenvironment.

• Level 3. Behavior: We evaluated critical thinking by
assigning discussion prompts requiring students to propose
novel therapies and apply theoretical concepts in innovative
ways.

• Level 4. Results: We examined how effectively students
identified and proposed solutions to gaps in current
immunotherapy practices during their oral presentations.

RE-AIM Framework
In parallel, we used the RE-AIM framework to evaluate
implementation and scalability.

• Reach: We monitored enrollment numbers and demographic
diversity.

• Effectiveness: We analyzed improvements in quiz scores
and qualitative feedback on learning outcomes.

• Adoption: We noted the course’s integration into the
fourth-year elective catalog and student uptake across
multiple intended specialties.

• Implementation: We assessed delivery fidelity, faculty
coordination, and alignment of synchronous and
asynchronous components.

• Maintenance: We planned annual updates to incorporate
emerging immunotherapy advances and maintain curricular
relevance.

This dual framework approach enabled a comprehensive
evaluation of learner experience and overall educational impact.

Pedagogical Framework

We provided a pedagogical framework for evaluating
educational impact at the learner level:

• Constructivist approach [23]: Active learning was
emphasized where students constructed their understanding
of cancer immunotherapy through exploration, inquiry, and
problem-solving.

• Interdisciplinary integration [24]: Principles from basic
sciences, such as immunology, cancer biology,
pharmacology, and molecular biology, were integrated to
provide a holistic understanding of cancer immunotherapy.

• Reflective practice [25,26]: Students were encouraged to
reflect on their learning, clinical experiences, and possible
immune adverse events. Students were additionally
challenged to consider their patient population, particularly
those underrepresented in medicine when considering
immunotherapy for cancer treatment.

Principles

Principles were integrated as follows:

• Evidence-based [27]: All content and teaching methods
were grounded in current scientific evidence and clinical
practice guidelines. A consultation with experts in the
cancer immunotherapy field at the basic science and clinical
settings was conducted.

• Patient-centered [28,29]: The importance of patient
perspectives and personalized treatment approaches in
cancer care was emphasized.

• Ethical awareness [30]: Ethical dilemmas, such as access
to treatment, clinical trial participation, and the implications
and importance of genetic testing in cancer immunotherapy,
were discussed.

Competencies and Standards [31-34]

We developed the competencies and standards to meet the
learning objectives:

• Knowledge base: Ensure that students understand the
fundamental principles of cancer immunology, including
the role of immune checkpoints, innate and adaptive
immunity, cytokines, and monoclonal antibodies in cancer
treatment.

• Clinical skills: Ensure that students develop a foundational
understanding of how clinicians evaluate candidates for
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immunotherapy, monitor treatment responses, and identify
common immune-related adverse events.

• Critical thinking: Oversee student ability to analyze current
immunotherapy options and formulate evidence-based
innovative treatment.

• Communication skills: Provide feedback on student ability
to effectively communicate with faculty and peers regarding
basic science concepts, cancer immunotherapy treatment,
and potential side effects.

• Professionalism: Provide student feedback on demonstrating
empathy, cultural competence, and ethical behavior in all
aspects of immunotherapy care and professional
interactions.

Elective Structure

We developed the elective structure for enhancing student
knowledge and critical thinking:

• Pre-elective quiz: We developed the pre-elective quiz to
measure students’ baseline understanding of basic
immunology and foundational cancer immunotherapy
concepts. Faculty selected quiz topics by mapping them to
the elective’s core learning objectives and to national
immunotherapy competency frameworks [35,36]. The
prequiz intentionally emphasized basic foundational
knowledge, including innate and adaptive immunity,
immune cell function, antigen recognition, tumor and
immune system interactions, and introductory
immunotherapy mechanisms, to ensure that all learners
entered the elective with a minimum level of readiness. To
determine the length of the quiz, faculty reviewed
comparable formative and summative assessments used in
preclerkship immunology courses at TTUHSC El Paso and
agreed on a concise 15-item structure that would prevent
test fatigue while allowing coverage of core concepts.
Before administering the quiz, basic science faculty and
clinical faculty members conducted a peer review to
evaluate question clarity, clinical accuracy, and alignment
with learning outcomes. The team performed an informal
bias and sensitivity review to ensure that items did not
disadvantage students based on specialty interest or prior
research experience. Faculty also performed a preliminary
item difficulty appraisal using standard immunology
benchmarks to ensure that the quiz appropriately captured
foundational, not advanced, knowledge. Students completed
the pre-elective quiz electronically on the first day of the
course. Faculty used group-level response patterns to
identify shared conceptual gaps and to tailor emphasis
during synchronous discussions.

• Immunology primer review: Students reviewed a self-paced
immunology primer that reinforced foundational concepts
needed to analyze immunotherapy mechanisms and clinical
applications. The primer served as the common baseline
for all subsequent discussions.

• Introduction to cancer immunotherapy assigned readings:
Assigned readings introduced the historical evolution of
immunotherapy, early discoveries in tumor immunology,
and the scientific rationale behind modern immune-based
cancer treatments. Students were expected to extract key

mechanistic principles and discuss them during
faculty-facilitated sessions.

• Interactive discussion board (collaborative inquiry): Over
2 weeks, students participated in a moderated online
discussion board (Canvas LMS). Faculty posted weekly
prompts connecting mechanistic immunology to clinical
controversies (eg, “Should combination immunotherapy be
used upfront in all patients with high tumor burden?”).
Students responded to peers, synthesized evidence from
the literature, and reflected on the ethical and clinical
implications of their arguments. Faculty monitored
discussions, asked probing questions, and clarified
misconceptions in real time.

Faculty facilitators led structured online discussions using a
consistent set of prompts, such as the following:

• What immunologic mechanism explains this patient’s
response or nonresponse?

• What biomarkers would guide treatment selection?
• How would you monitor for immune-related adverse events,

and which patient population is at most risk?
• What therapeutic alternatives exist, and what is the evidence

supporting them?

This structure ensured clinically rigorous, evidence-driven
dialogue while encouraging students to integrate mechanistic
immunology with real-world oncology decision-making.

• Ethical considerations, patient perspectives, and social
determinants of health: To ensure robust and meaningful
discussion of ethics and equity, the faculty developed
structured ethical prompts and probes related to access,
affordability, and geographic disparities in immunotherapy
delivery. Examples included the following: (1) How do
insurance status and socioeconomic factors influence a
patient’s ability to access checkpoint inhibitors? (2) What
ethical considerations arise when offering chimeric antigen
receptor (CAR) T-cell therapy to patients in rural or
underserved regions? (3) How should clinicians navigate
treatment decisions when cultural beliefs or health literacy
affects understanding of immunotherapy risks?

• Future directions and research (student-led inquiry):
Students explored emerging topics such as next-generation
CAR T-cell constructs, tumor microbiome effects on
immunotherapy, predictive biomarkers, and novel
combination strategies. Faculty provided a curated list of
high-impact reviews and seminal papers. Each student
selected a topic, analyzed current evidence, evaluated
limitations of existing studies, and proposed future research
directions and a novel therapy. Students presented their
findings during a final oral presentation and received faculty
feedback grounded in scientific rigor and clinical relevance.

• Postelective quiz: We designed the postelective quiz to
parallel the prequiz in structure, length, and difficulty so
that performance changes reflected student learning rather
than differences in test format. Like the prequiz, the
postquiz included 15 multiple-choice questions aligned
with the same foundational and applied immunotherapy
concepts. To ensure content validity, basic science and
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clinical faculty mapped each postquiz item to the learning
objectives addressed during the elective, including immune
mechanisms of action, indications for Food and Drug
Administration (FDA)–approved immunotherapies, and
immune-related adverse events. Faculty conducted the same
peer review, clarity check, and bias review procedures used
for the prequiz. Student anonymity prevented
individual-level tracking; therefore, we analyzed quiz results
at the aggregate group level, comparing pre- and postcourse
means to identify trends in knowledge acquisition. Students
completed the postelective quiz immediately after the final
oral presentations. Faculty used the results to evaluate
learning outcomes, assess overall instructional effectiveness,
and identify content areas requiring refinement in future
course iterations.

Primer Development and Foundational Preparation
To strengthen students’ readiness for advanced immunotherapy
concepts, we provided a self-paced immunology primer at the
start of the course. A basic scientist with immunology expertise
and a clinical oncologist collaboratively selected the primer
topics to ensure alignment with learning objectives and
relevance to both foundational and clinical content. Medical
students then drafted and refined the primer content, drawing
on their experience in the preclerkship curriculum to identify
which concepts were most challenging and most critical for
clinical application during the clerkship curriculum. This
student-driven development process (1) incorporated learners’
perspectives to better target foundational gaps and (2) supported
student contributors’ professional growth through scholarly
authorship and early medical education experience. Faculty

reviewed and approved all content to ensure accuracy, clarity,
and educational value. Integrating student voices added a
peer-informed dimension to the primer, helping bridge the gap
between didactic instruction and practical understanding.

Knowledge Assessment
We created pre- and postelective quizzes (Multimedia Appendix
1) to gauge students’ baseline knowledge, measure learning
gains, and evaluate the effectiveness of course content and
teaching methods. On the first day of the elective, students
completed the pre-elective quiz. Afterward, they received the
immunology primer (Multimedia Appendix 2) as a foundational
resource. The primer introduced key immunology topics,
including innate and adaptive immunity, immune-cell functions,
and mechanisms of immune activation. It emphasized how these
principles govern the detection and elimination of cancer cells
and highlighted the interplay between the immune system and
the tumor microenvironment. The primer also incorporated
recent advances such as checkpoint inhibitors and CAR T-cell
therapy, enabling students to connect core immunological
principles to cutting-edge cancer treatments. By reinforcing
these concepts, the primer equipped students with the
background needed to understand the complexities of cancer
immunotherapy.

Table 1 outlines the key topics and learning objectives that
guided students through essential features of the tumor
microenvironment and the application of immunotherapy in
cancer treatment. Students engaged with these objectives
through an online discussion board (Canvas LMS) and delivered
an oral presentation on the final day of the elective.
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Table . List of topics and specific objectives for the online discussion and final presentation.

ObjectivesTopic

Discuss tumor microenvironment and the basis for using immunotherapy. • Outline the mechanism of how cancer cells lead to T-cell exhaustion.
• Know the basics of other tumor microenvironment effects such as

angiogenesis and extracellular matrix changes.

Describe the mechanism of action of immunotherapy techniques. • Identify the role of PD-1a, PD-L1b, CTLA-4c inhibitors, and CARd

T-cells in cancer therapy.

What are the most common combinations of immunotherapy drugs used
at the present time?

• Discuss current effective treatments available such as for melanoma
and lung cancer.

• Identify promising clinical trials and new developments in im-
munotherapy.

What are the adverse events commonly associated with immunotherapy? • Identify common immunotherapy-related adverse events.
• Know the current terminology used to classify immunotherapy ad-

verse events.

What patient population is more at risk for adverse events while taking
immunotherapy?

• Identify risk factors based on patient demographics, underlying
medical conditions, and cancer-type specific reactions.

• Determine whether a patient is a good candidate for immunotherapy
given risk factors.

Novel therapies: Research current treatment modalities as well as devel-
opments in the field. Propose a new therapy protocol, given your new
knowledge of immunotherapy.

• Propose a new therapy based on the understanding of immunotherapy
mechanisms based on literature review.

• Differentiate your innovative treatment from what is currently being
used or investigated.

aPD-1: programmed death-1.
bPD-L1: programmed death ligand-1.
cCTLA-4: cytotoxic T-lymphocyte antigen 4.
dCAR: chimeric antigen receptor.

Participants
Participants in this study consisted of fourth-year medical
students enrolled at TTUHSC El Paso. We used purposive
sampling to target students in their final year who were eligible
and available to participate in a 2-week online elective. Students
qualified for inclusion in the research study if they voluntarily
enrolled in the elective and provided informed consent to
participate in the research study by completing postelective
surveys. Participation required students to agree to the study
procedures and complete all associated assessments. A total of
35 students enrolled in the elective, and 20 of those students
completed the postcourse survey.

We focused on fourth-year students because they typically select
electives that align with their intended specialty or postgraduate
training plans (Table 2). We chose an online format for this
elective based on prior institutional success with virtual
coursework and to provide maximal flexibility for students who
may travel for residency interviews during this period [18].

Table 2 shows the residency programs that students who
completed the cancer immunotherapy elective applied to. The
distribution illustrates their specialty preferences, with a notably
higher number pursuing internal medicine compared with other
fields.
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Table . Residency programs medical students completing the cancer immunotherapy elective applied to.

Students, nResidency program

5Internal medicine

3Pediatrics

3Anesthesiology

2Emergency medicine

2Family medicine

2Med/Peds

1Otolaryngology

1Pathology

1Psychiatry

20Total number of students

Assessment Instruments
We assessed students’ knowledge using pre- and postcourse
quizzes that immunology and oncology faculty collaboratively
designed. Faculty with expertise in immunotherapy mechanisms,
curriculum design, and clinical applications created quiz items
and aligned them with the elective’s core learning objectives.
They also drew on national competency frameworks and
relevant literature to support construct and content validity. We
evaluated student discussion responses and oral presentations
for critical thinking, integration of knowledge, and innovation,
providing a complementary behavioral measure aligned with
Kirkpatrick level 3 outcomes.

Survey Instruments

Oral Presentation Rubric Design and Validation
We evaluated student presentations using a structured rubric
intentionally designed to measure four core constructs aligned
with the elective’s learning objectives:

1. Conceptual understanding: Accuracy and depth of
immunology and immunotherapy knowledge, including
mechanisms of action and tumor-immune interactions.

2. Critical thinking and innovation: Ability to synthesize
literature, evaluate evidence, identify therapeutic gaps, and
propose novel or evidence-based strategies.

3. Clinical application: Integration of clinical relevance,
patient considerations, and implications for treatment
decision-making.

4. Communication and professionalism: Clarity of oral
communication, logical organization, visual design, and
professional engagement with peers and faculty.

Rubric Development
A team of basic science and clinical faculty collaboratively
drafted the rubric. To ensure content validity, faculty mapped
each rubric domain directly to the course’s stated competencies
and to national guidelines for cancer immunotherapy education.
The team reviewed representative presentation topics from prior
years to ensure that the rubric captured the range of cognitive
skills expected of fourth-year medical students.

Validation and Quality Assurance
We strengthened the rubric through a multistep validation
process:

• Peer review: Three faculty with expertise in immunology,
internal medicine, and oncology independently reviewed
the rubric for accuracy, alignment with competencies, and
clarity of scoring criteria.

• Bias review: Educational specialists examined the rubric
for ambiguous language, construct-irrelevant variance, and
potential bias related to topic selection or communication
style.

• Pilot testing: Faculty applied the rubric to sample
presentation summaries from a previous elective offering.
This process allowed the team to refine wording, add
performance anchors, and calibrate expectations.

• Calibration session: Before evaluation began, faculty
reviewers participated in a group-norming session. They
scored 2 anonymized sample presentations, compared
ratings, and discussed scoring discrepancies to promote
interrater consistency.

Scoring and Reliability
Two faculty evaluators independently scored each oral
presentation using the finalized rubric. We measured interrater
reliability by comparing paired scores across all rubric domains.
Reviewers resolved discrepancies through discussion until
reaching consensus. This dual-review system strengthened score
reliability and helped ensure that the rubric consistently captured
higher-order reasoning, conceptual accuracy, and clinical
integration.

Postcourse Survey Instrument
We developed a postcourse survey to evaluate students’
perceptions of the elective and capture qualitative feedback to
inform iterative course improvements. We did not use a
previously published instrument because no validated tool exists
that specifically measures medical students’ perceptions of a
cancer immunotherapy elective or assesses learning experiences
aligned with RE-AIM and Kirkpatrick evaluation frameworks
for a cancer immunotherapy course. Instead, we designed a
context-specific instrument grounded in established principles
of educational assessment and program evaluation.
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The postcourse survey consisted of Likert-scale items,
open-ended questions, and demographic prompts and was
administered anonymously through Qualtrics. To ensure content
validity, the course faculty collaboratively generated the survey
items. We mapped each item to the course objectives, the
targeted competencies, and the relevant Kirkpatrick levels
(Reaction and Learning) to confirm alignment. We refined the
survey through faculty peer review, focusing on clarity, item
relevance, cognitive load, and potential bias in item phrasing.

To enhance face validity, the draft survey was reviewed by 2
educational researchers unaffiliated with the course who
provided feedback on structure, scale selection, and
representativeness of domains (usefulness, relevance,
comprehension, engagement, and areas for improvement). We
revised the instrument accordingly. Due to the small sample
size and anonymity requirements, we did not calculate reliability
coefficients; however, reviewers assessed the consistency of
underlying constructs and the appropriateness of response
options.

The final instrument assessed the following domains:

• perception of elective usefulness and relevance;
• comprehension of immunotherapy concepts and techniques;
• engagement with course materials and faculty-led

discussions;
• identification of areas requiring improvement; and
• perceived closing of knowledge gaps.

This approach allowed us to capture meaningful student
feedback while ensuring that the instrument was appropriate
for the elective’s goals and context.

Data Collection
We administered pre- and postcourse quizzes electronically to
assess group-level knowledge acquisition related to basic
immunology and cancer immunotherapy. To maintain full
anonymity in accordance with institutional review board (IRB)
requirements, we collected all quiz responses without any
identifiers or linkage markers. No individual-level identifiers
were used; therefore, we analyzed all pre- and postcourse quiz
data strictly in aggregate and did not attempt to match responses
across time points. This approach allowed us to compare group
performance before and after the elective while fully protecting
student privacy.

Following course completion, we distributed an optional,
anonymous postcourse survey through the Qualtrics platform.
The survey included Likert-scale items and open-ended prompts
assessing students’ perceptions of course effectiveness,
relevance of the content, confidence in applying immunotherapy
concepts, and suggestions for improvement. Course faculty,
including educational researchers, developed the survey to
ensure alignment with course objectives and with Kirkpatrick
level 1 (Reaction) and level 2 (Learning) outcomes.

Ethical Considerations
This study was reviewed by the TTUHSC El Paso IRB and
determined to meet the criteria for exemption from full board
review as a minimal-risk study (protocol no. E23116). In
accordance with the approved IRB protocol, the requirement

for written informed consent was waived. Participants were
provided with an information statement describing the study
purpose, planned use of data, and the voluntary nature of
participation prior to study involvement. No identifiable
information was collected, no compensation was provided, and
participant privacy and confidentiality were maintained
throughout data collection, analysis, and reporting.

Quantitative Data Analysis
We used a mixed methods approach to evaluate course
outcomes. For the quantitative analysis, we compared
group-level pre- and postcourse quiz scores using a 2-tailed
unpaired t test. We did not link responses at the individual level,
so we analyzed all scores in aggregate. The unpaired t test
allowed us to assess differences in group means while preserving
student anonymity.

When designing the knowledge assessment, we did not generate
formal power calculations because this elective enrolled a small
cohort (n=35), and the study design prioritized anonymity over
paired testing, which limited our ability to estimate
individual-level effect sizes. Instead, faculty experts in medical
education, immunology, internal medicine, and oncology
developed the quiz with the expectation, based on content
coverage and alignment with the learning objectives, that
students would show modest but measurable improvement in
foundational immunotherapy knowledge. Given the cohort size
and the use of unpaired aggregate scores, the study was
underpowered to detect small differences between pre- and
postcourse means.

Qualitative Data Analysis
For qualitative analysis, we examined open-ended survey
responses using inductive thematic analysis, following Braun
and Clarke’s 6-step methodology [37]. We used Braun and
Clarke’s 6-step approach [37] to thematic analysis, a widely
applied framework for identifying and interpreting patterns in
qualitative data. This process involves becoming familiar with
the data, generating initial codes, organizing codes into
preliminary themes, refining and reviewing those themes,
defining and naming them, and producing the final analytic
narrative. We did not apply any a priori theoretical framework;
instead, we allowed themes to emerge directly from the data.
Two investigators (JC and HA) independently reviewed all
responses and generated initial, descriptive codes that reflected
recurring ideas in student comments (eg, “clarity of content,”
“workload concerns,” “value of clinical discussions,” “ethical
considerations,” “confidence applying immunotherapy
concepts,” and “suggestions for improvement”). The
investigators met to compare and refine these codes, resolve
discrepancies through consensus, and organize related codes
into preliminary categories (eg, “perceived learning gains,”
“course structure,” “engagement and interaction,” and “areas
needing clarification”). We iteratively refined a codebook as
additional patterns emerged. Thematic saturation occurred when
no new codes or concepts appeared in subsequent rounds of
review, ensuring that the final themes accurately captured the
breadth of student feedback and strengthened the trustworthiness
of the analysis.
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Implementing Student Feedback
As part of the postcourse survey, we asked students to identify
areas for improvement and propose refinements to the elective.
We systematically reviewed all feedback and used it to guide
iterative course modifications. Student suggestions directly
informed several enhancements implemented in subsequent
offerings. For example, many students requested clearer
guidance before the oral presentation. In response, we added a
detailed grading rubric, sample presentation topics, and a
faculty-led question and answer session to clarify expectations.
Students also recommended streamlining the weekly workload.
To address this, we adjusted reading assignments and aligned
asynchronous modules more intentionally with live discussion
topics to reduce redundancy and cognitive load.

These changes demonstrated our commitment to continuous
quality improvement and student-centered course design. The
iterative refinement process, informed by both qualitative and
quantitative feedback, reflects the practical application of the
RE-AIM and Kirkpatrick frameworks to enhance course delivery
and educational effectiveness.

Study Duration
The study timeline encompassed data collection, analysis, and
dissemination of findings over an estimated 1-2 months
following the conclusion of the elective. Timely dissemination
of findings ensures prompt feedback and informed iterative
elective design and delivery improvements, thereby fostering
continuous quality enhancement in medical education at
TTUHSC El Paso.

Results

Knowledge Assessment (Pre- and Postcourse Quiz)
A total of 35 students completed the elective, and all quiz data
were analyzed in aggregate. Once the students completed the
course, they took a postelective quiz. Compared with their
performance on the pre-elective quiz, fourth-year medical
students demonstrated an improvement in their understanding
of basic immunology and cancer immunotherapy topics after
completing the elective. For example, students were able to
accurately identify the role of tumor-suppressor genes (Figure
1A), the function of KRAS (Figure 1B), and the roles of PD-L1
(Figure 1C) and Natural Killer cells (Figure 1D) within the
tumor microenvironment. In addition, students could correctly
pinpoint which cytokine therapy was FDA-approved for cancer
treatment (Figure 1E).

Figure 1 illustrates the enhanced understanding and knowledge
gained by students in these critical areas of cancer biology and
immunotherapy after completing the elective. Although the
2-tailed unpaired t test did not show statistical significance,
postelective quiz scores trended higher than pre-elective scores,
suggesting a potential improvement in knowledge. This trend
supports the educational value of the elective and highlights the
need for further study with paired data.

The study design did not link responses at the individual level,
and no power calculation was conducted to estimate detectable
effect size; therefore, the analysis remained exploratory rather
than inferential. The aggregate data nevertheless provided useful
information about baseline and end-of-course performance and
will guide future refinement of assessment methods, including
the use of paired data and sample-size estimation.
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Figure 1. Student proficiency in key concepts of tumor biology and immunotherapy. Compared with pre-elective performance, postelective assessments
demonstrated improved student ability to identify and apply foundational concepts in cancer biology and immunotherapy. Specifically, students more
accurately recognized the role of tumor-suppressor genes in regulating cell cycle control and preventing malignant transformation (A), as well as the
oncogenic function of KRAS in driving aberrant intracellular signaling pathways involved in tumor growth and survival (B). In addition, students showed
increased understanding of immune regulatory mechanisms within the tumor microenvironment, including the role of PD-L1 in mediating immune
checkpoint inhibition (C) and the contribution of natural killer cells to innate antitumor immune responses (D) Students also correctly identified the
Food and Drug Administration–approved cytokine therapy used clinically to enhance immune cell proliferation and activity, reflecting improved
recognition of immunomodulatory treatment strategies. (E) Together, these results indicate enhanced conceptual understanding across molecular, cellular,
and immunologic domains central to contemporary cancer immunotherapy following completion of the elective. FDA: Food and Drug Administration;
IL: interleukin-2; MHC: major histocompatibility complex; TGF: transforming growth factor.

Postcourse Survey
A total of 35 students completed the elective, and 20 students
completed the postcourse survey. Figure 2 and Multimedia
Appendix 3 summarize the distribution of responses. Students
consistently rated the elective favorably across all surveyed
domains.

Evaluation of student perceptions demonstrated meaningful
gains in their understanding of immune-related adverse events

and core immunotherapy mechanisms. Students expressed
increased confidence in identifying and describing the types of
immune-related adverse events observed in patients undergoing
immunotherapy (Figure 2, top). They also reported greater
mastery of fundamental CAR T-cell principles (Figure 2,
middle). Importantly, every student agreed that the course
improved their ability to distinguish between programmed
death-1 (PD-1), programmed death ligand-1 (PD-L1), and
cytotoxic T-lymphocyte antigen 4 (CTLA-4) (Figure 2 bottom).
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Figure 2. Exploring medical students’understanding of immune-related adverse events and cancer immunotherapy treatments. Students felt knowledgeable
about various types of immune-related adverse events observed in some patients receiving immunotherapy (top). Students felt more knowledgeable
about the basics of CAR T-cell therapy (middle). All students agreed that the cancer immunotherapy course enabled them to explain the differences
between PD-1, PD-L1, and CTLA-4 (bottom). CAR: chimeric antigen receptor; CTLA-4, cytotoxic T-lymphocyte antigen 4; PD-1: programmed death-1;
PD-L1, programmed death ligand-1.

Students agreed or strongly agreed that the course was
instrumental in learning current immunotherapy techniques
(Multimedia Appendix 3A). Students highlighted that the course
provided a solid foundation and deeper understanding of
cutting-edge immunotherapy practices. Overall, students felt
well prepared to apply these techniques in real-world settings.

In addition, the course significantly enhanced students’ ability
to think critically about developing novel cancer
immunotherapies. Nineteen out of twenty students agreed or
strongly agreed that the course’s comprehensive curriculum and
emphasis on innovative thinking fostered their analytical skills
and creativity (Multimedia Appendix 3B). Through
understanding basic science concepts and reviewing the current
literature, students were encouraged to explore and devise new
strategies for cancer treatment. This critical thinking approach
not only deepened their understanding of current immunotherapy
techniques but also inspired them to contribute to future
advancements in the field.

Finally, in a unanimous consensus, medical students have
expressed overwhelming satisfaction with the comprehensive
coverage of cancer immunotherapy in their recent course. Each
student acknowledged that the course effectively addressed and
filled significant gaps in their understanding of immunotherapy
(Multimedia Appendix 3C). From foundational concepts to
advanced applications, the material provided clarity on complex
mechanisms and cutting-edge research in the field. This
collective sentiment underscores the course’s success in
equipping future health care professionals with essential
knowledge and skills crucial for addressing the challenges of
modern cancer treatment.

Twenty students completed the postelective survey. Table 3
shows median scores with IQRs for all Likert-scale items.

Students reported overwhelmingly positive perceptions of the
cancer immunotherapy elective, with consistently high ratings
across all survey items. For every item, the median response
was 5 (Strongly agree), indicating strong endorsement of the
course’s effectiveness. Students agreed that the elective was
useful for their learning regarding current immunotherapy
techniques (median5, IQR 0) and that the introductory
immunology overview supported their understanding of later
content (median 5, IQR 0.25).

Students also felt that the course enhanced their ability to think
critically about developing novel immunotherapy approaches
(median 5, IQR 0) and improved their ability to explain
differences among PD-1, PD-L1, and CTLA-4 inhibitors
(median 5, IQR 0). Similarly, learners reported increased
knowledge of CAR T-cell therapy (median 5, IQR 0) and felt
that the amount of course material was appropriate to address
gaps in their prior knowledge (median 5, IQR 0).

Students further indicated that their understanding of
immune-related adverse events improved as a result of the
elective (median 5, IQR 0). The only item with notable response
variability was students’ confidence in identifying steps needed
to manage patients receiving immunotherapy during residency
(median 5, IQR 1.0), suggesting greater heterogeneity in
perceived readiness for clinical application.

Overall, these results demonstrate consistently strong satisfaction
with the elective and meaningful perceived gains in foundational
and applied cancer immunotherapy knowledge. Collectively,
these findings suggest high perceived educational value and
alignment between course objectives and learner-reported
outcomes. A summary of the highest-rated domains is
demonstrated in Table 3.
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Table . Twenty students completed the postelective surveya.

IQRMedianItem

05Q1. Course usefulness for learning immunother-
apy techniques.

0.255Q2. Immunology overview helped understanding.

05Q3. Course enabled critical thinking about novel
immunotherapy approaches.

05Q4. Ability to explain PD-1b, PD-L1c, and CT-

LA-4d differences.

05Q5. Increased knowledge of CARe T-cell thera-
py.

05Q6. Amount of information was appropriate.

05Q7. Increased knowledge of immune-related ad-
verse events.

1.05Q8. Ability to identify steps to manage patients
receiving immunotherapy.

aMedian scores and IQRs indicate overwhelmingly positive perceptions of the elective, with all items receiving a median of 5 (Strongly agree). These
findings reflect strong alignment between the course objectives and students’ reported gains in cancer immunotherapy knowledge.
bPD-1: programmed death-1.
cPD-L1: programmed death ligand-1.
dCTLA-4: cytotoxic T-lymphocyte antigen 4.
eCAR: chimeric antigen receptor.

Qualitative Themes From Open-Ended Responses
Inductive thematic analysis of open-ended survey responses
revealed 4 dominant themes that collectively illustrate how
students experienced the elective:

• Theme 1: Increased Conceptual Clarity reflected students’
reports of gaining a clearer understanding of immune
checkpoint pathways, mechanisms of T-cell activation, and
distinctions among PD-1, PD-L1, and CTLA-4.

• Theme 2: Strengthened Ability to Apply Concepts Clinically
captured students’ increased confidence in connecting
mechanistic immunology to therapeutic decision-making,
recognition of immune-related adverse events, and
understanding FDA-approved therapies such as CAR T-cell
therapy.

• Theme 3: Value of Structured, Faculty-Guided Discussion
highlighted the importance of guided prompts and faculty
facilitation in promoting deeper inquiry and enabling
sustained dialogue around ethics, access to care, cost
barriers, disparities in clinical trials, and social determinants
of health shaping immunotherapy outcomes.

• Theme 4: Recommendations for Course Enhancement
included requests for clearer expectations for oral
presentations, streamlined weekly readings, and expanded
case-based discussions, particularly those incorporating
literature focused on marginalized populations.

These qualitative insights not only informed targeted course
refinements but also aligned with the evaluative dimensions of
the RE-AIM and Kirkpatrick models described in the “Methods”
section. Students also expressed strong appreciation for the
structured discussion prompts, faculty engagement, and the
primer’s effectiveness in scaffolding learning.

Discussion

Principal Findings
This mixed methods evaluation demonstrated that a fourth-year
online cancer immunotherapy elective improved students’
foundational understanding of immunotherapy principles,
strengthened their ability to apply mechanistic knowledge to
clinical scenarios, and enhanced their confidence discussing
emerging therapies. Students showed measurable gains in core
immunology and immunotherapy concepts on the postelective
knowledge assessment, and their final oral presentations
provided evidence of higher-order reasoning, integration of
basic and clinical science, and accurate articulation of complex
mechanisms such as PD-1/PD-L1 and CTLA-4 pathways, CAR
T-cell engineering, and immune-related toxicities. Qualitative
analysis of postelective survey responses further revealed that
students valued the elective’s relevance, clarity, and emphasis
on clinical translation, noting that it addressed significant gaps
in their prior training and supported their ability to think
critically about current and emerging cancer immunotherapies.
Collectively, these findings indicate that the elective achieved
its intended goal of enhancing immunotherapy competency
among senior medical students.

Implications of Findings
The findings from this evaluation demonstrate that a structured,
2-week online cancer immunotherapy elective can enhance
medical students’ self-reported understanding of fundamental
immunotherapy concepts, mechanisms of action, and
FDA-approved treatments. Students also indicated that the
elective strengthened their ability to critique scientific literature
and articulate clinical applications, skills reinforced through
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structured discussion prompts and a scored oral presentation.
These results suggest that even a short, focused elective can
support competency development in emerging therapeutic
domains.

The mixed methods data further indicate that pairing
asynchronous foundational content (eg, the immunology primer)
with guided synchronous discussions and a final presentation
provides an effective instructional sequence for fourth-year
learners. Students consistently rated the course as useful,
relevant, and appropriately rigorous, reflecting the value of
integrating preexisting knowledge, analytic tasks, and
application-based assessments. This supports the feasibility of
using similar instructional designs to introduce other rapidly
evolving biomedical topics.

In addition, the elective’s structure, which included
evidence-based discussion prompts and opportunities for
students to explain mechanisms to peers, offered a model that
other institutions may adapt when integrating novel scientific
content into the curriculum. Implementing a peer-informed
approach to resource development (eg, the student-written
primer) may also enhance perceived relevance and learning
efficiency for medical students.

These implications extend primarily to curriculum design,
instructional sequencing, and feasibility of implementation in
undergraduate medical education. While the course addressed
selected ethical and access-related issues within immunotherapy
during discussions, the study did not evaluate growth in
students’ understanding of social determinants of health or
culturally competent care. Future research using targeted
assessments could explore these domains more explicitly.

Comparison With Literature
The integration of immunotherapy into undergraduate medical
education remains limited, yet our findings mirror a growing
body of evidence supporting earlier and more structured
exposure to advanced cancer therapeutics. Several studies have
reported that medical trainees feel underprepared to discuss
immunotherapy, interpret mechanism-of-action data, or counsel
patients about associated risks and benefits, a gap that our
elective similarly sought to address [38]. Recent educational
interventions have been developed during graduate medical
education, including short courses, case-based modules, and
interdisciplinary workshops.

Other research teams have emphasized the value of combining
foundational basic science reviews with clinical case discussions
to enhance long-term retention and clinical reasoning, an
approach consistent with our spiral design and primer-supported
structure [39,40]. These parallels support the relevance and
effectiveness of our elective’s hybrid instructional format.

There is also a small but emerging literature on the importance
of tailoring immunotherapy education to local contexts,
including programs serving diverse or medically underserved
communities. These studies underscore the need for cultural
and demographic relevance when teaching advanced
therapeutics, a theme that aligns with, but does not overextend
beyond, the reflections shared by our students regarding practice
readiness and communication skills [41-45].

Together, these converging findings suggest that structured,
evidence-informed immunotherapy curricula can enhance
medical students’ conceptual understanding and clinical
preparedness. They also highlight the broader national
momentum toward incorporating cutting-edge oncologic
therapeutics earlier in medical training. Future multi-institutional
studies will be essential to compare outcomes across diverse
curricular models and to determine best practices for sustainable
integration.

Strengths and Limitations
A major strength of this elective was its alignment with
up-to-date clinical and scientific standards in cancer
immunotherapy. Due to the field evolving rapidly, faculty
routinely reviewed and updated course content using
evidence-based guidelines from the American Society of Clinical
Oncology and the Society for Immunotherapy of Cancer. This
process ensured that students engaged with current
FDA-approved therapies, emerging research directions, and
clinically relevant case examples, thereby reinforcing the
scientific rigor and clinical applicability of the curriculum.

Another strength was the elective’s intentional design for a
modular, hybrid structure, blending asynchronous learning with
synchronous faculty-led discussion, allowing the course to adapt
to varying institutional schedules and curricular models. In
addition, its use of structured discussion prompts and a capstone
innovation project created flexible instructional components
that other medical schools could readily adopt or tailor to their
own contexts.

The course also benefited from strong interdisciplinary
collaboration. Faculty from immunology, oncology,
biochemistry, clinical genetics, and internal medicine jointly
developed and implemented the elective, ensuring cohesion
across basic science and clinical content. Student cocreation,
particularly in the development of the immunology primer,
added a peer-informed dimension that enhanced clarity,
relevance, and learner engagement.

Despite these strengths, several limitations warrant attention.
First, participation in both the elective and the postcourse survey
was voluntary, introducing potential self-selection and response
bias that may limit the generalizability of the findings. Second,
the retrospective nature of some perception-based survey items
may have contributed to recall bias. Third, although the pre-
and postcourse quizzes assessed knowledge gains, all data were
analyzed at the aggregate level to maintain anonymity. The
absence of individually paired responses limited our ability to
conduct more detailed analyses of individual learning trajectories
or matched-pair statistical testing.

The elective also faced implementation challenges, including
variable student schedules, faculty workload constraints, and
occasional technological barriers inherent to online instruction.
Students on clinical rotations sometimes experienced difficulties
synchronizing schedules with synchronous components. While
some students pursued optional shadowing opportunities with
oncologists, the elective did not include a formal clinical
rotation, representing a potential area for future enhancement.
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To address these challenges, we incorporated contingency
measures such as recorded sessions, flexible deadlines, and
alternative participation formats for discussion activities.
Regular faculty meetings and scheduled check-ins with students
allowed the instructional team to respond to emerging needs in
real time. Attrition was minimal, as all enrolled students
completed the elective; however, not all students completed the
postcourse survey.

Lessons Learned
Implementing this online cancer immunotherapy elective
provided valuable insights into curriculum development, learner
engagement, and program scalability. Early and meaningful
collaboration between basic scientists, clinicians, and students
was essential to ensure content relevance and clarity. Notably,
the cocreation of the immunotherapy primer by medical students
offered a peer-informed perspective that enhanced both
accessibility and professional development for the authors.

Flexibility in course delivery, through asynchronous modules
supplemented by live sessions, proved crucial for
accommodating students’ clinical schedules and different
learning styles. However, we learned that clear alignment
between asynchronous and synchronous content was essential
to avoid redundancy and promote continuity. Later course
iterations were adjusted to better integrate these components.

Embedding structured opportunities for innovation, such as the
final oral presentation task, fostered critical thinking and
interdisciplinary application. Students were encouraged to
propose novel therapeutic strategies, and faculty feedback
emphasized this capstone experience as one of the most valuable
elements of the elective.

Continuous improvement based on student feedback was also
key. The anonymous survey asked students to identify strengths
and areas for improvement, which led to enhancements in
discussion prompts, session timing, and technical delivery.
These efforts reinforced a culture of responsiveness and
reflective teaching and demonstrated the importance of iterative
design in building a sustainable, scalable intervention.

Future Directions
Future research should explore how this elective contributes to
long-term competence in cancer immunotherapy, especially
during postgraduate training. While short-term outcomes
demonstrated knowledge gain and student satisfaction, it remains
critical to assess whether these improvements translate to clinical
proficiency, leadership in immunotherapy initiatives, and
patient-centered decision-making.

A key next step is longitudinal tracking of alumni who
completed the elective, evaluating how early exposure to cancer
immunotherapy influences clinical performance, advocacy, and
continued professional development. This may include follow-up
surveys, interviews, or program director assessments to gauge
real-world application of course content.

Alternatively, conducting a cross-sectional cohort study
comparing students who completed the elective with those who
did not would offer insight into differences in long-term
knowledge retention, confidence in discussing immunotherapy
with patients, and likelihood of pursuing related research or
clinical specialties.

To improve generalizability, future iterations of the elective
should be piloted across additional medical schools with varying
curricular structures and student demographics.
Multi-institutional collaborations could help evaluate the
adaptability, feasibility, and sustainability of this instructional
model and identify institution-specific facilitators and barriers.
Incorporating paired pre-post knowledge assessments or
longitudinal tracking of clinical application skills may also
strengthen future evaluation designs.

Expanding the elective to include interprofessional learners,
such as pharmacy, nursing, and physician assistant students,
could enhance team-based education and cancer care delivery.
Finally, multisite implementation at diverse institutions will be
critical for testing the generalizability and adaptability of the
curriculum, and future iterations must remain agile to
incorporate emerging therapies and updated guidelines in this
rapidly evolving field.
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Multimedia Appendix 1
Pre- and postelective quiz instrument. This quiz assessed medical students’ baseline and postcourse knowledge of cancer
immunotherapy, including mechanisms of action, clinical applications, and immune-related adverse events. The same set of
questions was administered before and after the elective to evaluate knowledge gains and support course effectiveness analysis.
[PDF File, 143 KB - mededu_v12i1e71628_app1.pdf ]

Multimedia Appendix 2
Immunology primer overview. This primer provided foundational content on the immune system, including innate and adaptive
immunity, key immune cells, cytokine signaling, and tumor immunology concepts. It was designed to ensure that students entered
the elective with a baseline understanding necessary to engage in advanced cancer immunotherapy discussions.
[PDF File, 1298 KB - mededu_v12i1e71628_app2.pdf ]

Multimedia Appendix 3
Comprehensive impact of the immunotherapy course on medical students’ knowledge and critical thinking. (A) Students strongly
agreed that the course was instrumental in learning current immunotherapy techniques, providing up-to-date content and practical
applications that prepared them well for real-world settings. (B) The new immunotherapy course significantly enhanced students’
critical thinking in developing novel cancer treatments, with 19 out of 20 students affirming its impact. (C) Feedback from 20
medical students unanimously confirming that the content covered in the cancer immunotherapy course significantly filled gaps
and deficiencies in their knowledge of immunotherapy. Each student reported agreement with the comprehensive nature of the
course material, highlighting its effectiveness in addressing both fundamental concepts and advanced applications in the field of
cancer treatment.
[JPG File, 127 KB - mededu_v12i1e71628_app3.jpg ]
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Abstract

Background: Burnout and psychological distress are prevalent among physicians. Peer support appears to play a protective
role, yet little is known about training interventions that motivate physicians to approach peers in difficulty, as such effects are
often overlooked or assessed using nonvalidated tools.

Objective: We evaluated the effects of an online continuing professional development (CPD) course designed to increase
physicians’ intention to approach a colleague in difficulty.

Methods: Physicians who completed a 1-hour asynchronous online CPD course between March 2022 and May 2024 were
invited to participate in this mixed methods convergent study. The e-learning course aimed to increase physicians’ confidence
in approaching colleagues in difficulty by recognizing signs of psychological distress, offering support, and referring them to
appropriate resources. Participant characteristics were collected, and behavioral intention to approach a colleague in difficulty
along with its determinants were measured pre- and postcourse using the validated CPD-REACTION tool. Differences in mean
pre-post intention scores were assessed using 2-tailed paired t tests (n=466) and generalized estimating equations. Factors associated
with postcourse intention were examined using multivariate analysis (n=466). Four months later, the proportion of physicians
reporting adoption of the behavior was calculated (n=61). Qualitative responses to open-ended questions were analyzed thematically
using behavior change models, and behavior change techniques used in the course were identified. Quantitative and qualitative
results were triangulated. We reported results following STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) and SRQR (Standards for Reporting Qualitative Research) guidelines for quantitative and qualitative analyses,
respectively.

Results: Among 792 participating physicians, 466 (58.8%) completed online questionnaires pre- and postcourse. The average
participant age was 48 (SD 12.4) years; 43.5% (332/762) were women, and 86% (655/762) were specialists. The average precourse
intention score was 3.88 (SD 1.73) and average postcourse intention score was 4.92 (SD 1.40), for an adjusted mean difference
of 1.06 (95% CI 0.93-1.20; P<.001). Factors associated with postcourse intention were beliefs about capabilities (β=0.52; P<.001),

social influences (β=0.27; P<.001), and moral norm (β=0.26; P=.03; R2=0.22). Four months later, 41% (25/61; 95% CI
28.6%-54.3%) of participants reported having approached a colleague in difficulty. Frequently reported reasons for intention to
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adopt behavior were beliefs about capabilities, beliefs about consequences, and knowledge. Quantitative and qualitative results
converged on beliefs about capabilities but diverged regarding beliefs about consequences. A total of 7 behavioral change
techniques were identified in the CPD course: goal setting, increasing competence, planning, persuasive communication,
behavior-related information, modeling, and behavioral experiments.

Conclusions: This online CPD course increased physicians’ intention to approach a colleague in difficulty. The results highlight
beliefs about capabilities as a key determinant of this behavioral intention. The study suggests that online learning has strong
potential to raise awareness about peer support and ultimately build a culture of care among health care workers.

(JMIR Med Educ 2026;12:e80199)   doi:10.2196/80199

KEYWORDS

burnout; continuing medical education; continuing professional development; distance education; helping behavior; occupational
stress; peer support; physicians; psychological well-being; social support

Introduction

Burnout is prevalent among physicians [1-4]. In 2021, the
Canadian Medical Association reported that half of Canadian
physicians experienced at least 1 symptom of burnout on a
weekly basis or more frequently [1]. Physicians experience
greater social isolation compared to workers in other sectors
[5]. Social isolation is linked to higher levels of burnout in
physicians, but the direction of this relationship—whether it is
a cause, a consequence, or bidirectional—remains unclear [5].
Furthermore, the “second victim” phenomenon, or health care
providers’ distress after a patient adverse event, can lead to
burnout [6,7]. A patient adverse event is an unexpected but often
preventable event which results in consequences for the patient
of varying seriousness, including prolonging treatment, causing
discomfort, disability, or death [7]. Moral distress was also
associated with burnout in health care workers during the
COVID-19 pandemic [8]. Moral distress is experienced when
a health care worker “feels unable to act in accordance with
core values and obligations, or attempted actions fail to achieve
the desired outcome” [9]. Burnout impacts physicians’ health
and can have consequences on patient safety, satisfaction, and
physician retention [10-12]. Improving physician well-being is
important and the well-being of health care and social service
workers is one element of the Quintuple Aim framework, whose
goals are to improve population health, enhance care
experiences, reduce costs, improve clinician well-being, and
improve health equity [13].

A 2022 scoping review showed that peer support, informally
or formally provided by health care providers with similar work
conditions and experiences, can help health care providers after
a distressing patient adverse event [14]. Furthermore, physicians
themselves appear to find it the best form of support [15,16].
A 2024 trial found a peer support program protected health care
providers aged 30 years or younger from psychological distress,
although the effect was not significant for all age categories
combined [17]. In another study, a peer support program reduced
psychological distress among anesthesia professionals [18].

Components of a peer support conversation include initial
outreach, listening, reflecting, reframing, eliciting the peer’s
personal coping mechanisms, closing the discussion, and
referring the peer to available resources [19]. Experts
recommend that peer supporters should receive training on
listening skills, psychological first aid, and information about

referral options to fulfill their role adequately [20]. Many formal
peer-support programs have been implemented in health care
organizations and include dedicated training courses for peer
supporters [15,17,21-49]. Some of these training programs are
inspired by (1) the Stress First Aid model, initially developed
for high-risk occupations such as the military service [45,47-49];
(2) the psychological first aid training developed by George
Everly [22,44]; (3) the peer-support approach developed by
Shapiro and Galowitz [27,32,35,37,39] and (4) the Scott
Three-Tier Intervention Model of peer support
[15,21,23,28,30,41,42]. However, evaluation of the effect of
courses about peer support is often omitted in program
evaluations or assessed using cross-sectional surveys with
nonvalidated measures [15,22,26,27,30,34,38-40,43].
Furthermore, most courses studied are in-person workshops
rather than online continuing professional development (CPD)
courses [15,22,26,27,30,34,38-40,43]. Therefore, we sought to
assess the effect of an online CPD course on the intention of
physicians to approach a colleague in difficulty using a mixed
methods convergent research design and validated measures.
We also analyzed why participants considered approaching a
colleague in difficulty by conducting thematic analyses of
qualitative data and triangulating these findings with quantitative
results.

Methods

Study Design
We used a mixed methods convergent research design to
triangulate results obtained from quantitative and qualitative
methods [50]. Quantitative analysis involved a
quasi-experimental before-and-after study design to evaluate
the effect of an online CPD course that is part of the CPD
program of the Fédération des médecins spécialistes du Québec
(FMSQ). In this design, measurements before the CPD course
served as comparators for the same measurements taken after
the CPD course for the same participants [50]. We analyzed
responses to open questions with a qualitative thematic
deductive approach to understand why participants considered
integrating the targeted behavior into their professional practice
[50]. For both quantitative and qualitative analyses, we used
Godin’s integrated model for predicting health professionals’
behavior as a conceptual framework [51] and we used Michie’s
conceptual framework on behavior change techniques (BCTs)
to explore our qualitative data in detail [52]. As shown in Figure
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1 [52,53], these frameworks share the concept that behavioral
determinants lead to behavior adoption [51-53]. Both originate
from Ajzen’s Theory of Planned Behavior and have many
behavioral determinants in common [51-53]. Michie et al [52]
propose that BCTs can influence and target behavioral
determinants, which in turn translate into behavior change.
Possible behavioral change techniques include planning,
persuasive communication and others [52]. Details on these 2

conceptual frameworks are available in Multimedia Appendix
1 [51-54]. We reported results following the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guideline for quantitative results (Multimedia
Appendix 2) [55] and used the SRQR (Standards for Reporting
Qualitative Research) for qualitative results (Multimedia
Appendix 3) [56].

Figure 1. Framework combining Godin’s integrated model for predicting health professionals’ behavior and Michie’s framework on behavior change
techniques [52,53].

Participants and Recruitment
The study took place in Quebec, Canada, from March 1, 2022,
to June 20, 2024. Targeted participants were mainly specialists
from the FMSQ membership. However, general practitioners
who subscribe to the FMSQ’s online learning platform
MÉDUSE could also participate in the study. The study
population was physicians who registered for the course and
completed an online consent form. After registering, participants
were informed about the study by a system-generated message
displayed at the beginning of the online course. The CPD course
was not mandatory but was recognized by the Royal College
of Physicians and Surgeons of Canada as a 1-hour group
learning credit (Section 1) [57]. This convenience sampling was
based on time constraints and access to MÉDUSE. Inclusion
criteria were being a licensed physician in Quebec and
participating in the online CPD course. There were no exclusion
criteria.

Intervention
We describe the intervention according to the Template for
Intervention Description and Replication (TIDieR) guidelines
[58]. The intervention was a 1-hour asynchronous online CPD
course developed by the FMSQ to help physicians approach
colleagues in difficulty (eg, burnout, psychological distress,
second victim symptoms). Thus, this course focused on a form
of peer support. The term “colleague” included anyone in the

health and social services sector, including administrative staff.
The scientific committee comprised 3 physicians, 2 of whom
had peer support experience through their work with the Québec
Physicians’ Health Program (QPHP). The QPHP organization
also helped with course design. A scenario-based video, filmed
with professional actors, illustrates the QPHP’s 5-Step Caring
Approach: (1) becoming aware of context and stressors, (2)
recognizing the warning signs, (3) initiating a conversation with
the colleague, (4) providing compassionate support, and (5)
respecting your own limits and practicing self-care [59].
Approaching a colleague in difficulty corresponds to Tier 1 of
the Scott Three-Tier Model of Support, which includes
immediate team members of a health care worker experiencing
distress [21].

A CPD expert with more than 10 years of experience (MT) used
Godin’s integrated model for predicting health professionals’
behavior [51] for instructional design to increase participants’
willingness to approach a colleague in difficulty. For instance,
the model was used to increase participants’ beliefs in the
consequences of approaching a colleague in difficulty. In the
first module of the course, viewers are shown how a
compassionate approach, which enables a colleague to share
emotions related to stressful situations, can help mitigate the
impact of these sources of stress. In the second module,
physicians are shown the negative consequences that may occur
if a colleague in difficulty is not helped or if help is delayed.
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Participants completed an intervention plan during the CPD
course to use when approaching a colleague at their workplace.
Other educational strategies include narrated vignettes,
knowledge-check questions, additional readings, and reflective
writing, which often refers back to the scenario shown in the
video. During the online course, physicians are also provided
with a self-evaluation tool to identify when they or a colleague
may need help. The tool provides individual strategies to
maintain or improve mental health at each step along the
continuum from being healthy to having important mental health
problems [60].

During the course, participants have the option of downloading
10 summaries (ranging from 1 to 3 pages) of course content or
supplementary materials [59-67]. Bloom’s taxonomy defined
the course’s learning objectives [68]. The CanMEDS role
targeted by this course was the professional role, specifically
with the objective of emphasizing the commitment to
physicians’ health and well-being, which ultimately promotes
optimal patient care [69]. The CanMEDS framework highlights
skills that are essential throughout medical practice, providing
guidance for medical education and ongoing professional
development for practicing physicians, all within a
competency-based approach [69]. The course was made
available on MÉDUSE, the FMSQ’s online CPD platform [70].
Physicians completing the course were sent an automated
reminder after 2 weeks of inactivity, and the unfinished course
remained available on the physicians’ dashboard on MÉDUSE
as a reminder to complete it.

Outcomes
The primary outcome was the intention of physicians to
approach a colleague in difficulty. Godin defined intention,
from the work of Ajzen and Fishbein on the Theory of Reasoned
Action, as the motivation to adopt a specific behavior [51]. In

this study, this targeted behavior was approaching a colleague
in difficulty.

Intention to adopt a behavior is a precursor of behavior adoption
in the integrated model for predicting health professionals’
behavior [51]. Although intention is not a perfect proxy for
future behavior, directly observing peer support behavior among
health care workers is neither feasible nor ethical, as these
conversations are sensitive and confidential [71]. Using
self-reported behavioral intention as a proxy allowed for a
practical and more timely evaluation of the CPD course [71].
Self-reported behavior 4 months after course completion was
also measured but not used as a primary outcome because there
is often a loss to follow-up when measures are not taken soon
after course completion [72].

Data Sources and Measurements

Overview
The FMSQ collected physicians’ responses on the MÉDUSE
online learning platform from March 1, 2022, to June 20, 2024.
Data were obtained from three sources: (1) quantitative data,
(2) qualitative data, and (3) course content from the MÉDUSE
platform (Figure 2). Quantitative data and qualitative data were
collected using a questionnaire. The original version
administered in French is available in Multimedia Appendix 4
[73,74] and the English translation is available in Multimedia
Appendix 5 [73,74]. Physicians completed these online
self-administered questionnaires at three timepoints:
immediately before the course (T1), immediately after the course
(T2), and 4 months after the course (T3) (Figure 2).
Questionnaires at T1 and at T2 were administered by a
system-generated message displayed at the beginning of the
online course, and the questionnaire at T3 was sent automatically
by email by the MÉDUSE online platform.

Figure 2. Data sources and collection. CPD: continuing professional development.

JMIR Med Educ 2026 | vol. 12 | e80199 | p.216https://mededu.jmir.org/2026/1/e80199
(page number not for citation purposes)

Lizotte et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Quantitative Data Sources and Measurements
Before the CPD course, we collected data on the age, gender,
and medical specialty of participants using an online
questionnaire developed by the FMSQ. Before and immediately
after the course (T1 and T2), we used the French version of
CPD-REACTION to measure physicians’ intention to approach
a colleague in difficulty (dependent variable) and the
determinants of this intention. Finally, we measured their
self-reported behavior of approaching a colleague in difficulty
4 months after course completion (T3).

The CPD-REACTION is a measuring tool whose constructs
were developed through a systematic review and whose items
were validated using factor analysis [73]. Based on Godin’s
integrated model for predicting health professionals’ behavior,
the instrument measures intention to adopt a behavior and 4
determinants of intention [53,54,73]. It comprises 12 items
grouped into 5 constructs: intention to adopt a behavior (2 items)
and four determinants of intention: (1) moral norm (2 items),
(2) beliefs about capabilities (3 items), (3) beliefs about
consequences (2 items), and (4) social influence (3 items) [73].
Definitions of these determinants are available in Multimedia
Appendix 1. Each construct is determined by averaging 2 or 3
items from the instrument [73]. The Cronbach α coefficients
for each construct range from 0.79 to 0.89 [73], indicating good
reliability [75].

Qualitative Data Sources
Overall, participants were asked 8 open-ended questions.
Through 2 open-ended questions, physicians were asked about
their reasons for intending to adopt the new behavior as well as
factors influencing nonadoption of the behavior 4 months later.
The remaining 6 questions, which assessed participants’
appreciation of the CPD course, fall outside the scope of this
work.

Course Content in the MÉDUSE platform
Two reviewers (F Lizotte and EL) were given access to all
course content described in the intervention section above. The
methodology for the analysis of this data is detailed in the
section title “Identifying Behavioral Change Techniques Present
in the Course.”

Data Analysis
For both quantitative and qualitative analyses, we used Godin’s
integrated model for predicting health professionals’ behavior
as a conceptual framework [51]. In addition, we used Michie’s
conceptual framework on BCTs to analyze qualitative responses
in detail as well as course content [52]. We analyzed all
quantitative data with SAS software (version 9.4; SAS Institute
Inc). We performed verification with nonparametric tests using
R software (R Foundation for Statistical Computing). The NVivo
15 software (Lumivero) was used for qualitative analyses.

Participants’Intention and Its Determinants to Approach
a Colleague in Difficulty, Pre-, and Postcourse
First, we performed descriptive statistics for all variables,
including participant characteristics. Then, we calculated the
difference between the pre- and postintention mean for each
participant using 2-tailed paired t tests, assuming normality

given our large sample size [76]. To confirm the robustness of
the results, we also calculated the statistical significance of
intention differences using a nonparametric Wilcoxon
signed-rank test [77]. We did the same for each of the 4
determinants of intention to adopt the new behavior (social
influences, beliefs about capabilities, beliefs about
consequences, and moral norm). Finally, we verified that the
results did not differ according to participants’ survey response
pattern or participant characteristics (gender, age, and domain
of practice). We adopted the age categories used by the Canadian
Medical Association in its survey on the wellness of Canadian
physicians, as these categories reflect different stages of a
medical career [78]. To describe effect size, we calculated Cohen
dz for within-subjects designs by dividing the mean of the
within-person differences with the SD of those differences [79].

Estimation of the Effect of the CPD Course on
the Intention to Approach a Colleague in Difficulty
We used generalized estimating equations (GEE) with a
Gaussian distribution and identity link to estimate the marginal
effect of the training program on intention scores over time (pre-
vs postcourse [80]). The model included time (pre or post) as
the main predictor, with an exchangeable working correlation
structure to account for within-individual correlation, and was
adjusted for age, sex, domain of practice, and baseline
determinants of intention. We included age as a categorical
variable since that variable did not respect the postulate of
linearity.

Predicting Intention Postcourse
To predict intention to approach a colleague in difficulty after
the course, we built a multiple linear regression model [81].
Behavioral intention was the dependent variable, while the 4
determinants of this intention and 3 sociodemographic
characteristics (age, gender, and domain of practice) were
independent variables. A full model including all candidate
variables from Godin’s framework was first fitted [51]. Using
the backward elimination method, variables with a coefficient
P value greater than .05 were successively eliminated for a more
parsimonious model [82]. Sensitivity analyses were performed
at critical α values of .10 or .20 to verify whether different
choices changed the predictive performance of our model or
the variables included in the final model. We presented the full
and the fitted models.

Intention and its determinants were measured as aggregate
multiple ordered responses of Likert items from 1 to 7 [73].
Thus, these composite scores approximate continuous latent
variables and are commonly analyzed with linear models
[83,84]. Simulation and methodological work have shown that
treating such multi-item Likert scales (with ≥5 response options)
as continuous yields valid estimates and tests in reasonably
sized samples [83,84]. We checked for collinearity, normality
of residuals, homoscedasticity, and linearity of residuals.

Power Analysis
Most participants were already recruited, so the sample size
could not be changed. Therefore, we performed a post hoc power
analysis. Based on 2 studies examining the effect of CPD
courses on physicians’ intentions to adopt new behaviors, we
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should have been able to detect a mean difference of at least
0.5 in intention before vs after the course [72,85]. The statistical
power of our paired t test for the primary outcome (mean
difference in intention) was 99.9% at a significance level of
α=.05 to detect this mean difference of at least 0.5. This
indicates that the sample size used in this study was sufficiently
large to detect a meaningful effect. We analyzed all quantitative
data with SAS software (version 9.4; SAS Institute Inc). We
performed verification with nonparametric tests using R software
(R Foundation for Statistical Computing).

Physicians’ Reasons for Intention to Adopt the New
Behavior From Qualitative Data
Through 2 open-ended questions, physicians were asked about
reasons for intention to adopt the new behavior as well as factors
influencing nonadoption of the behavior 4 months later. The
answers were analyzed using a thematic deductive approach
[50]. We created an initial codebook by integrating 2 conceptual
frameworks: Godin’s integrated model for predicting health
professionals’ behavior [51] and Michie’s BCTs with their
respective behavioral domains [52]. Two researchers (F Lizotte
and EL) organized 10% of the data into themes. Emergent
themes were then discussed and added inductively to the
framework. We documented these choices in a journal held by
F Lizotte. The 2 reviewers (F Lizotte and EL) then coded data
independently for greater credibility of the results and compared
their analyses [50,86]. During qualitative analysis, F Lizotte, a
medical resident, reflected critically about certain themes with
EL, who has a background in psychology, and RCC with
training in sociology, to improve the trustworthiness of the
results. EL was completely blinded to the quantitative analysis
process. To obtain consensus on results, any coding differences
between the 2 reviewers (F Lizotte and EL) were resolved
through discussion with RCC, whose main expertise was
qualitative analysis. We described intercoder reliability of
thematic analysis of open-ended questions using percentage
agreement [87].

Triangulating Quantitative and Qualitative Data
We triangulated quantitative and qualitative data to enhance the
credibility and validity of the research findings and offer
practical theory-based recommendations for CPD course
development on peer support [50,88]. We compared 4
determinants of intention, measured with CPD-REACTION
and obtained using quantitative methods, with the reasons to
adopt the new behavior obtained using qualitative methods
[50,88]. We observed where results converged, diverged, or
provided additional information [88].

Self-Reported Behavior Adoption 4 Months After CPD
Course
We calculated the proportion of physicians who self-reported
approaching a colleague in difficulty 4 months after the online
CPD course. We compared the mean intention of those who
adopted the behavior with those who did not using Wilcoxon
rank tests because of the small sample sizes of the data at T3
and verified the results using paired t tests.

Identifying Behavioral Change Techniques Present in
the Course
We developed an observation grid (Multimedia Appendix 6
[51,89,90]) from the conceptual framework by Michie et al [52].
Using this grid, 2 independent reviewers (F Lizotte and EL)
identified BCTs present in the online CPD course. We analyzed
whether the behavioral domains targeted by the BCTs identified
in the course were the same as the determinants of intention
that had significantly changed after the CPD course. This
analysis explored which components of the course might be the
active ingredients in changing physicians’behavioral intentions.
Using the entirety of the interrater data, we calculated Cohen
kappa to describe interrater reliability for BCT identification
[91]. We chose Cohen kappa as the interrater reliability statistic,
as it has the advantage of taking into account agreement by
chance and can be applied to categorial nominal variables of
the observation grid [87].

Handling of Missing Data
Item-level missing data were handled by following the
CPD-REACTION Questionnaire User Manuel [74]. A
nonresponse to 1 of the 2 items measuring a construct of the
CPD-REACTION resulted in missing data for the observation
of the measured variable [74]. A missing response to an item
in the 3-item measure of the determinants of intention was
handled with mean imputation [74]. Only 0.25% of responses
to items on the CPD-REACTION questionnaire administered
at T1 were missing, with item-level missingness ranging from
0.00% to 0.90% (Multimedia Appendix 7). Similarly,
approximately 0.27% of responses were missing for items on
the CPD-REACTION questionnaire administered at T2, with
a range of 0.00% to 1.07% depending on the item (Multimedia
Appendix 7). There were no missing sociodemographic
characteristics of physicians who completed the
CPD-REACTION questionnaire before and after the CPD
course.

For wave-level missing data, the 466 participants with data at
T1 and T2 were included in the analysis (ie, perfect sets).
Sensitivity analyses were conducted to verify if results differed
if all data, regardless of data pairing, were analyzed. A complete
case analysis was performed in all models.

Ethical Considerations
We obtained ethical exemption from a hospital research ethics
committee (Comité d’éthique de la recherche sectorielle en santé
des populations et première ligne—Centre intégré universitaire
de santé et de services sociaux de la Capitale-Nationale
[CIUSSSCN]; project #2025-3127). The research project
participants had given their free and informed consent to take
part in the study. Before each questionnaire, a consent form
detailed the objective and intended use of the collected data for
research (Multimedia Appendix 4 contains the French version
and Multimedia Appendix 5 contains the English version). The
database was deidentified to protect the confidentiality of
participants. A password was required to access the data saved
in an Excel file, which has been stored on a secure server. Data
analysis was carried out on a CIUSSSCN computer that was
also password-protected. Participants experiencing emotional

JMIR Med Educ 2026 | vol. 12 | e80199 | p.218https://mededu.jmir.org/2026/1/e80199
(page number not for citation purposes)

Lizotte et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


difficulties could speak with peer supporters from the QPHP.
Physicians volunteered to participate and received no financial
compensation.

Results

Participant Flow and Characteristics
During the 28-month study period, 914 physicians were invited,
of whom 792 (87%) agreed to participate (Figure 3). A total of
30 participants were excluded because they did not answer a

single CPD-REACTION questionnaire item. We performed
analyses on 61% (466/762) of participants who completed the
CPD-REACTION questionnaires before and after the course
(T1 and T2). Finally, the frequency of self-reported behavior
was calculated on 8% (61/762) of participants who completed
both the self-reported behavior change questionnaire 4 months
after the course (T3) and the CPD-REACTION questionnaire
immediately after the CPD course (T2). We excluded 5
participants who did not complete the postcourse survey (T2)
from the analysis of data at T3, as it was only at T2 that we
could verify their completion of the course.

Figure 3. Study flowchart. CPD: continuing professional development.

Among the participants, the woman-to-man ratio was
approximately 1:1, and the majority of physicians (655/762, or
86%) were specialists (Table 1). The average age of participants
was 48 (SD 12.4) years, 43.5% (332/762) were women, and
86% (655/762) practiced in a specialty. Physicians who

responded both before and after the course (n=466) had similar
sociodemographic characteristics. We did not have
sociodemographic characteristics for the 97 physicians who
responded only to the T2 questionnaire without responding to
the T1 questionnaire.
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Table 1. Characteristics of participants.

Participants who completed the CPD-REACTION

questionnaire before and after the CPDa course (n=466)

Value (n=762)Sociodemographic characteristics of physicians

Gender, n (%)

241 (51.7)332 (43.5)Woman

222 (47.6)325 (42.7)Man

3 (0.7)8 (1.1)Other, nonbinary, or prefer not to disclose

0 (0)97 (12.7)Missing

Domain of practice, n (%)

208 (44.7)293 (38.5)Surgical specialty

71 (15.2)102 (13.4)Laboratory specialty

169 (36.3)246 (32.3)Medical specialty

9 (1.9)10 (1.3)General practitioner

9 (1.9)14 (1.8)Nonspecified specialty

0 (0)97 (12.7)Missing

466; 48.6 (12.3)665; 48.1 (12.4)Age (in years), n; mean (SD)

aCPD: continuing professional development.

Participants’ Intention (and its Determinants) to
Approach a Colleague in Difficulty, Pre- and
Postcourse
Intention means increased from 3.88 (SD 1.73) before to 4.92
(SD 1.40) after the course, as measured on a scale of 1 to 7.
This mean difference increase of 1.04 (P<.001) is statistically
significant (Table 2). This 1-point increase was also clinically
significant, with a Cohen dz value of 0.72 representing a
moderate effect size. Bivariate analyses of changes in the 4
determinants of intention (social influences, beliefs about
capabilities, beliefs about consequences, and moral norm) were
all statistically significant at an α level of .05. Determinants of

intention (beliefs about capabilities, social influences, and beliefs
about consequences) increased by statistically significant mean
differences ranging from 0.14 to 0.85. Moral norm decreased
by a statistically significant mean difference of 0.30 (P<.001).
Lower extreme values after the CPD course did not explain the
decrease in moral norm. The effect size on the increase in beliefs
in capacities and on the increase in social influences was
moderate. The effect size on the decrease in moral norm was
small, and the effect size on the increase in beliefs about
consequences was not clinically significant (Table 2). Mean
intention and determinants of intention were similar whether
participants had responded to both questionnaires (T1 and T2)
or to only 1 questionnaire (Table S2 in Multimedia Appendix
8 [73,74]).

Table 2. Comparison of behavioral intention before and after the continuing professional development (CPD) course.

Before vs after CPD courseAfter CPD course,
mean (SD)

Before CPD
course, mean
(SD)

Frequency,
n

CPD-REACTION constructsa

Cohen dz
dP valuec95% CIMean difference

(CSDb)

.72<.0010.91 to 1.171.04 (1.45)4.92 (1.40)3.88 (1.72)455Intention

.76<.0010.74 to 0.950.85 (1.11)5.49 (0.74)4.65 (1.17)459Beliefs about capabilities

.29<.001–0.40 to –0.21–0.30 (1.06)5.79 (0.77)6.09 (1.04)462Moral norm

.61<.0010.38 to 0.520.45 (0.74)3.81 (0.99)3.36 (0.99)464Social influences

.16<.0010.06 to 0.220.14 (0.90)5.67 (0.65)5.53 (1.04)465Beliefs about consequences

aResponse scale of the CPD-REACTION questionnaire ranged from 1 to 7 [73,74].
bCSD: combined SD.
cP values were calculated using 2-tailed paired t test.
dCohen dz estimates effect size (<0.2=not significant, 0.2-0.5=small, 0.5 to 0.8 medium, >0.8=large) [91].
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Subgroup Analyses of Principal Outcome: Difference
of Intention to Approach a Colleague in Difficulty
The increase in the mean difference of intention was
approximately 1 point and was statistically significant for all
categories of gender, age, and domain of practice (laboratory,
surgical, and medical domains) that included at least 10
participants (Multimedia Appendix 9). We did not interpret
subcategories containing fewer than 10 participants (eg, general
practitioners). Results of the multiple linear regression model
confirmed that the intention difference was not modified by
gender, age, or domain of practice when all variables were
included in the same model (Multimedia Appendix 9).

Effect of the CPD Course on the Intention to Approach
a Colleague in Difficulty
In the GEE model, participation in the CPD course was
associated with a higher intention to approach a colleague in
difficulty. On average, intention scores were 1.06 points higher
in participants after the CPD course compared to before the
CPD course (β=1.06; P<.001), after adjustment for determinants
and for sociodemographic characteristics (Table S1 in

Multimedia Appendix 8). Beliefs about capabilities (β=0.37;
P<.001), social influence (β=0.22; P=.002), and beliefs about
consequences (β=0.15; P=.03) before the CPD course showed
significant positive associations with mean intention, whereas
moral norm was not significant. No sociodemographic
characteristics were independently associated with intention to
approach a colleague in difficulty (Table S1 in Multimedia
Appendix 8).

Postcourse Determinants of Intention
In the final multivariate regression analysis model, beliefs about
capabilities (β=0.52; P<.001), social influences (β=0.27;
P<.001), and moral norm (β=0.26; P<.03) predicted physicians’
intention to approach a colleague in difficulty (Table 3). Our
model accounted for 22% of the variance of intention after the
course. Sensitivity analyses verified the stability of the other
variables and showed consistent results if we also included
physicians who had not responded to the precourse questionnaire
(Multimedia Appendix 10), except for the variable belief in
consequences, whose statistical significance changed when we
modelized physicians who had not responded to the precourse
questionnaire.

Table 3. Predictive factors of physicians’ intention to approach a colleague experiencing difficulties.

Fitted multivariate modelc (n=457)Full multivariate modelb (n=457)Variablesa

P valueβ (95% CI)P valueβ (95% CI)

<.0010.52 (0.28 to 0.75).0050.39 (0.12 to 0.67)Beliefs about capabilities

<.0010.27 (0.15 to 0.39)<.0010.25 (0.12 to 0.37)Social influence

.030.26 (0.03 to 0.48).020.26 (0.03 to 0.49)Moral norm

N/AN/Ad.060.22 (–0.01 to 0.45)Beliefs about consequences

.39eAge (in years; reference: 35-54)

N/AN/A.21–0.22 (–0.56 to 0.13)<35

N/AN/A.38–0.11 (–0.37 to 0.14)>54

.25eDomain (reference: surgical)

N/AN/A.200.23 (–0.12 to 0.57)Laboratory

N/AN/A.030.29 (0.03 to 0.55)Medical

N/AN/A.360.39 (–0.45 to 1.23)Family medicine

N/AN/A.480.30 (–0.54 to 1.13)Other

.54eGender (reference: women)

N/AN/A.33–0.12 (–0.37 to 0.12)Men

N/AN/A.54–0.44 (–1.86 to 0.97)Other, nonbinary, or prefer not to disclose

aWe included psychosocial variables measured after the course.
bR2=0.24.
cR2=0.22.
dN/A: not applicable, as variables with a coefficient P value greater than .05 were successively removed using the backward elimination method.
eGlobal P value.

Postulates of independence of observations and
homoscedasticity were respected. Postulates of normality and
linearity of residuals were not respected. We verified the
correlations between the independent variables and found they

did not explain our model’s low predictive capacity (Multimedia
Appendix 10).
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Physicians’ Reasons for Intention to Adopt the New
Behavior From Qualitative Data
Of the 251 open-ended responses related to behavioral intentions
(T2), 153 verbatims expressed clear behavioral intentions (eg,
“I will help my peer”), 10 showed hesitation (eg, “I will try to”),
89 described reasons for intention to approach a colleague in
difficulty (eg, “I realize more fully my ability to act”), and 8
referred to other related behaviors. The above categories are
not mutually exclusive. Physicians most frequently intended to

(1) be more attentive to their colleagues’ signs of distress, (2)
approach a colleague with kindness or help or support a
colleague, and (3) be more available or listen more to colleagues
(Multimedia Appendix 11). The reasons for intention to change
behavior physicians most frequently cited were beliefs about
capabilities, beliefs about consequences, and knowledge of the
behavior (Table 4). For each of the 10 categories of reasons for
wanting to adopt the new behavior, intercoder percentage
agreement on thematic analysis varied between 98.1% and
99.5%.

Table 4. Reasons for intention to adopt new behavior of approaching a colleague in difficulty.

Agreement,
n (%)

Representative excerpts of verbatimReasons for intention to adopt new behavior

41 (98.4)Beliefs about capabilities • “I realize more fully my ability to act.”
• “I have more tools to approach a colleague in difficulty.”
• “I feel more comfortable doing it.”

16 (99.2)Beliefs about consequences • “This limits the consequences for the colleague and the team.”
• “To improve the collegiality of my department.”
• “I think that the current context of healthcare depends on the support we provide

to our colleagues, so it is essential to do it.”

11 (96)Knowledge • “Better knowledge of how to detect a colleague's distress and how to intervene in
such cases.”

• “Better understanding of the approach.”
• “I will better assess where my colleague stands on the distress scale.”

6 (98.5)Social/professional role and identity • “Necessary with my hospital duties.”
• “Feeling more legitimized to approach a colleague in difficulty.”
• “Better understanding and responsibility of collegiality.”

5 (97.9)Moral norm • “I like the idea that doing nothing is not an option.”
• “Not acting is not an option.”
• “…understanding that some approaches may be better than others, but anything is

better than doing nothing.”

4 (99)Past behavior or habit related to behavior • “It has provided me with new tools to continue supporting colleagues in difficulty.”
• “I already apply many similar principles.”
• “Continue to approach my colleague when they seem to be having difficulties.”

3 (99.5)Emotion related to behavior • “Being more willing to get uncomfortable.”
• “It reassures me.”
• “I feel more equipped and reassured about my reflections.”

2 (98.9)Environmental context and resources • “Colleague to help.”
• “Frequent problem.”

2 (98.1)Action planning • “Do not procrastinate.”
• “Do not hesitate to create opportunities outside of work.”

1 (99)Memory, attention, and decision processes • “Because I realize that often, I get too absorbed in my professional or personal
concerns to look around me. Being a witness allows for perspective and a new
outlook.”

The reasons physicians gave for not wanting to change their
practice were mostly related to their past behavior, for example,
that they were already helping a peer and thus had already
adopted the behavior (Multimedia Appendix 11). Other reasons
for not intending to change behavior were their environmental
context (eg, “I’m now in solo practice”) and that helping a peer
was not relevant to their particular medical practice. Four
months after the CPD course, the behavioral determinants most

frequently given for not approaching a colleague in difficulty
were having had no occasion to adopt the behavior, having no
colleagues in difficulty, and not being actively in practice or
not being in full-time practice (Multimedia Appendix 11).

Triangulated Quantitative and Qualitative Data
Qualitative and quantitative results showed most physicians
were motivated to approach a colleague in difficulty following
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the online CPD course. Both qualitative and quantitative results
pointed to beliefs about capabilities as being an important
determinant of intention. Beliefs about consequences was an
important theme in the qualitative data, but it was not an
important determinant of postcourse intention to approach a
colleague in difficulty. Sensitivity analysis of the 251 physicians
who provided open-ended responses related to behavioral
intentions (T2) also showed a divergence regarding beliefs in
consequences between qualitative and quantitative results.

Self-Reported Behavior Adoption 4 Months After CPD
Course
Among the 66 physicians who completed the self-administered
questionnaire at T3, 61 had completed CPD-REACTION
immediately after the course. Of these, 41% (25/61; 95% CI
28.6%-54.3%) reported approaching a colleague in difficulty
in the 4 months following the CPD course. Those who adopted
the behavior had a mean intention after the CPD course of 5.40

(SD 1.01), and those who did not adopt the behavior had a mean
intention of 5.00 (SD 1.40). This 0.4 (SD 1.26; P=.24) mean
behavioral intention difference is not statistically significant.

Behavioral Change Techniques Identified as Present
in the Course
A total of 7 BCTs were found in the online CPD course: goal
setting, increasing competence, planning, persuasive
communication, behavior-related information, modeling, and
behavioral experiments (Table 5). Cohen kappa measuring
interrater reliability was 0.53 (95% CI 0.14-0.91) for evaluation
of BCTs identified the course, which represents a moderate
strength of agreement [92]. Of these 7 BCTs, 4 were related to
behavioral intentions, 3 involved competence, 2 involved
behavioral regulation, and 2 were related to beliefs about
consequences (Multimedia Appendix 11). Beliefs about
capabilities, knowledge, social influences, and memory,
attention, and decision processes were each targeted by 1 BCT.

Table 5. Behavioral change techniques (BCTs) identified in the continuing professional development (CPD) course.

Domains targetedDefinitionBCT

Competence, behavioral intention, behavioral regulationClearly indicate the targeted behavior.Goal setting

Competence, beliefs about capabilities, behavioral inten-
tion

Enhance skills through problem-solving, decision-making,
and goal setting.

Increasing competence

Memory, attention, and decision processes, behavioral
regulation

Identify the components of the behavior and establish a
plan to execute each component, including when and where
the behavior will be performed (ie, scheduling behaviors).

Action planning

Beliefs about consequences, behavioral intentionA credible source presents arguments in favor of the behav-
ior. There must be a presentation of arguments; general
pro-behavior communication does not qualify.

Persuasive communication

Knowledge, beliefs about consequences, behavioral inten-
tion

Provide information about the antecedents or consequences
of the behavior, the connections between them, or relevant
BCTs.

Behavior-related information

Competence, social influencesObserve the behavior of others as a model for action.Modeling

No consensus on targeted domainsAsk individuals to test hypotheses about the behavior, its
causes, and its consequences by collecting and interpreting
data, including personal experiences.

Behavioral experiments

Discussion

Principal Findings
We assessed the effect of an online CPD course on physicians’
intention to approach a colleague in difficulty and analyzed why
participants considered integrating this peer support approach
or not into their practice. Mean behavioral intention increased
significantly after the course. Postcourse, significant
determinants of intention were social influences, beliefs about
capabilities, and moral norm. Most frequently stated reasons
for intention to change behavior were beliefs about capabilities,
beliefs about consequences, and knowledge of behavior.
Triangulation showed an alignment of quantitative and
qualitative results on beliefs about capabilities as a key factor
but diverged on beliefs about consequences. In the 4 months
following the CPD course, 41% (25/61) of physicians reported
approaching a colleague in difficulty. There was no significant
difference in the intention to approach a colleague in difficulty
between physicians who adopted this behavior at the 4-month

follow-up and those who did not. Those who did adopt the
behavior had a nonstatistically significant higher intention after
the CPD course than those who did not. Finally, we identified
7 BCTs in the online CPD course: goal setting, increasing
competence, planning, persuasive communication,
behavior-related information, modeling, and behavioral
experiments. These results lead us to make the following
observations.

Comparison of Participants’Behavioral Intention Pre-
and Postcourse With Prior Work
First, we found that, on average, physicians reported a stronger
intention to approach a colleague in difficulty after completing
the CPD course compared to before. This 1-point intention
increase was statistically significant and also clinically
significant, having a moderate effect size. This increase was
observed in bivariate analysis and confirmed with multivariate
analysis. This suggests that the CPD course motivated physicians
to approach colleagues in difficulty. Enhancing peer support
among physicians through CPD courses is particularly important
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as it can play a protective role regarding psychological distress
in physicians [17,18].

Also, to the best of our knowledge, this 1-point intention
increase represents a greater increase in intention than has been
observed in most other studies using the CPD-REACTION to
evaluate changes in health professionals’ intentions following
an intervention [72,85,93-102]. The before-after difference of
intention was more than double the difference observed in a
study by Ayivi-Vinz et al [85] who evaluated intention before
and after 9 online CPD courses taken by Quebec physicians,
all on topics other than this one. The 95% CIs of difference in
intention between their study and ours do not overlap [85]. Thus,
the observed difference between the 2 studies is statistically
significant. An important difference is that Godin’s integrated
model for predicting health professionals’ behavior was used
by the senior instructional designer (MT) to design the course,
while the 9 courses in the study by Ayivi-Vinz et al [85] were
developed by physicians who may not have used behavior
change models in course design. This may give support to the
importance of using theory to produce CPD courses. Another
explanation is that preintervention intention among the Quebec
physicians in the study by Ayivi-Vinz et al [85] was already
high at 5.5 out of 7, while in ours it was 3.9 out of 7, and thus
there was more room for improvement. Overall, this result
suggests that there are benefits of using behavior change
theories, especially for CPD courses targeting behaviors that
physicians are initially less inclined to adopt. It also suggests
that it is possible to increase behavioral intention in physicians
using online training formats.

Change in Determinants of the Intention to Approach
a Colleague in Difficulty
Social influences, beliefs about capabilities, and beliefs about
consequences increased. An unexpected postcourse decrease in
moral norm occurred. Moral norm had the highest mean among
the 4 determinants of intention both before and after the
intervention, indicating that participants already felt a moral
obligation to adopt the targeted behavior and thus there was
little room for improvement. Also, the apparent decrease had a
small effect size, which may not translate into clinical
significance. One possible explanation for this unexpected
decrease in moral norm is that participants may have given more
nuanced answers after the CPD course as they better understood
the ethical and deontological implications of approaching a
colleague in difficulty. In the precourse questionnaire, 38.3%
(177/462) of the physicians answered with the maximum score
of 7/7 for moral norm, compared to none after the intervention.
Nevertheless, further qualitative data analysis is needed to
explore this result. Analyzing which BCTs target moral norm
could also be important, as this is not studied by Michie et al
[52].

No Modifying Effect of Age, Gender, or Domain of
Practice on Primary Outcome
Second, we also examined whether participant characteristics
modified the impact of the course on their behavioral intention.
The before–after intention difference was the same regardless
of age, gender, and domain of practice (laboratory, surgical,
and medical domains). Thus, the course successfully reached

physicians regardless of their sociodemographic characteristics
and does not need to be adapted for a specific population. For
example, a previous study found that surgeons were the least
likely physicians to use peer support [34], hence the importance
of our finding that surgeons also responded favorably to the
online CPD course.

Comparison of Determinants of Intention Pre- and
Postcourse With Prior Work
Third, we found that determinants of intention to approach a
colleague in difficulty after the CPD course included social
influences, beliefs about capabilities, and moral norm. Beliefs
about capabilities was the strongest predictive variable of the
intention to approach a colleague in difficulty. This means
improving physicians’ perception of their self-efficacy in
adopting a behavior, as well as their perceived control over
performing that behavior, is important to motivate them to
approach a colleague in difficulty. Thus, CPD course developers
should target beliefs about capabilities through BCTs for peer
support training. Beliefs about capabilities was also the most
significant determinant of intention in Godin’s systematic review
on health care workers’ behaviors [53]. BCTs that are known
to be effective for this include: (1) increasing skills, (2) coping
strategies, (3) repetition or practice of the behavior, (4) feedback,
(5) planned self-affirmations, (6) motivational interviewing,
and (7) graded tasks (starting with tasks that are easy to
accomplish and gradually making them more difficult). In
previous studies, beliefs about capabilities, moral norm, and
beliefs about consequences were all predictive of intention to
adopt behaviors related to patient care (eg, “Prescribe opioids
in a safe manner when managing perioperative pain in my
patients”) postcourse [72,85]. Our results differ slightly from
these, with social influence also being predictive of this
intention. Approaching a colleague in difficulty is a social
behavior that can be adopted by a whole departmental team
[38]. Our results suggest that the social context may be a more
important influence on team-based behaviors than on clinical
behaviors, which are associated more with individual clinicians.

Comparing Predictive Capacity Postcourse With Prior
Work
Our model had a low predictive capacity (R²=0.22), explaining
only 22% of the variance in intention. In comparison, previous
literature showed that the predictive capacity of models
analyzing 1 single behavior varied between 19% and 62%,
depending on the type of behavior [53]. Bakwa et al’s [72] study
of multiple behaviors related to patient care among Quebec
physicians explained 82% of the variance in physicians’
intention to adopt the clinical behavior. However, Bakwa et al
[72] included multiple behaviors in the same model, while we
studied only 1 behavior, and moreover one that is specific to
the well-being of physicians rather than geared to a clinical task.
Indeed, existing studies mainly predict behaviors related to
patient care [53,72]. While variables of Godin’s integrated
model for predicting health professionals’behavior are sufficient
to predict such behaviors [51], approaching a colleague is not
a clinical behavior and may be influenced by factors not
measured by Godin’s model such as lack of time, lack of
privacy, and organizational culture [36,103]. This is significant
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because the Quintuple Aim—adopted by many health care
systems—now emphasizes 5 key outcomes, and not all of them
clinical: patient outcomes, patient experience, efficiency,
clinician well-being, and equity [13]. Therefore, further
development is needed regarding fostering behaviors related to
clinician well-being.

Triangulated Quantitative and Qualitative Data
Fourth, triangulating quantitative with qualitative results
confirmed that beliefs about capabilities was a key determinant
of intention to approach a colleague in difficulty. Interestingly,
results regarding beliefs about consequences diverged slightly:
while it was the second most frequent reason for intention to
change behavior stated in physicians’ open-ended responses, it
was not a statistically significant determinant of intention in
our quantitative results. One explanation is that statistical
significance varied according to the other variables included in
the model, perhaps because the P value for beliefs about
consequences was so close to the critical α value of .05. Another
possible explanation is that beliefs about consequences, as
described by Godin [51], seems to refer to the consequences
for oneself. Items for measuring beliefs about consequences
quantitatively were worded as follows “Overall, I think that for
me approaching a colleague in difficulty would be....” [73]. In
contrast, in our qualitative analysis, beliefs about the
consequences of adopting the behavior could also refer to its
consequences for the colleague being approached, the team, the
department, or for society (Table 5). Indeed, many physicians
taking part in this study perceived that the consequences of
approaching a colleague in difficulty would be beneficial for
the team and the department, a theme often mentioned in the
open-ended responses. Thus the perception of the consequences
of team-focused care may include organizational benefits, team
benefits, patient benefits, and benefits to individual team
members [104]. Also, approaching a colleague in difficulty is
a team-focused behavior that takes place between 2 health care
workers, while behaviors related to patient care occur between
a clinician and a patient (eg, prescribing medication). We
hypothesize that such team-focused behaviors may depend on
a wider variety of determinants, such as organizational culture,
than do individual behaviors related to patient care [36,104,105].
Whether peer support strategies can be applied without fear of
judgment or retaliation within the organization may depend on
its climate of psychosocial safety, or the perception among
employees that their psychological health is a priority for the
management [106,107]. A study by Tolin et al [38] reported
that physicians’perception of institutional support had a positive
impact on implementation of a physician-focused peer support
program. Broadening the item statements on beliefs about
consequences to include effects on others and adding questions
with regards to role and identity may be a good starting point
for improving measuring tools regarding team-based behaviors.

Other determinants to measure in future studies should include
social and professional role or identity and past behavior or
habits related to the behavior, both mentioned by participants
as determinants of intention and present in Godin’s integrated
model for predicting health professionals’ behavior (Table 4)
[51]. Our qualitative analysis identified the following further
potential determinants: (1) knowledge; (2) action planning; (3)

memory, attention, and decision processes; (4) environmental
context and resources; and (5) emotion related to behavior. The
first 3 of these determinants are also behavioral domains targeted
by the BCTs we identified in the CPD course.

Self-Reported Behavior Adoption 4 Months After CPD
Course
Fifth, 4 of 10 physicians reported having approached a colleague
in difficulty in the 4 months following the CPD course, and
those who did so had a higher intention to adopt the behavior
after the CPD course. No statistically significant difference in
intention to approach a colleague in difficulty was found
between those who did and those who did not adopt the behavior
(5.4 vs 5.0; P=.24). This unexpected finding is possibly due to
the limited statistical power of the analysis, estimated at 23%.
Also, environmental factors, such as practicing solo, were the
barriers most mentioned by physicians. Some of these physicians
who might have been willing to approach a colleague in
difficulty were simply not in the right environment to be able
to do so. Other studies report on peer support courses that are
part of comprehensive peer support programs that include an
organization-wide referral system [15,22,26,27,30,34,38-40,43].
Thus, a physician could be the only physician in a department
and still participate in a peer support program thanks to the
referral system. It would be valuable to further evaluate whether
formalizing peer support through these programs helps overcome
certain environmental barriers or, conversely, introduces new
barriers, compared to informal peer support outside of a
program, as occurred in our study.

Behavioral Change Techniques Present in the Course
Lastly, we identified 7 BCTs in the online CPD course. This is
the first time that BCTs have been identified in an FMSQ course
and triangulated with before-and-after measures of
CPD-REACTION. The results suggest that the BCTs effectively
targeted determinants of intention, such as beliefs about
capabilities and social influence, which had changed after the
course. However, this study, which analyzed only 1 course,
cannot make recommendations on which BCTs to use for which
behaviors. Nevertheless, our results offer significant
methodological progress in evaluating CPD course content,
which could lead to innovations in CPD course development.
Further studies on the use of theory-informed BCTs in CPD
course design to enhance clinician adoption of targeted
behaviors could further our understanding of effective course
development strategies.

Limitations
First, the quasi-experimental before-and-after study design is
vulnerable to confounding concomitant events that could
influence study outcomes because the design comprises only a
single group [50]. However, the short duration of the online
CPD course (1 hour) made it less likely for other events to
introduce bias. We chose this before-and-after study design as
it is better suited to the constraints of practice settings than
randomized control trials and better reflects the real-world CPD
context [50]. Furthermore, we confirmed bivariate analysis with
the GEE model to better measure the effect of the CPD course.
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Triangulation of quantitative with qualitative methods improved
the internal validity of the study [50,108].

Second, our results mainly apply to specialist physicians who
chose to follow a nonmandatory CPD course and thus had some
interest in the subject. The effect of the CPD course could have
differed if it were mandatory for all physicians, as seen in other
education programs [109]. Furthermore, general practitioners
were underrepresented in this study (n=9). Thus, we do not
know how general practitioners would respond to the CPD
course but have no reason to think that they would behave
differently than specialists. In addition, the well-being of all
health care professionals is paramount, and it is not clear if the
online CPD course would have any impact on other types of
health professionals.

Third, there was a possible social desirability bias whereby
physicians overrated their intention to approach a colleague in
difficulty [50]. Confidentiality and anonymity were ensured to
limit this bias. Of note, we measured intention using the same
instrument used by Bakwa et al [72] and by Ayivi-Vinz et al
[85] in their studies, so the desirability bias would have applied
to their results as well and does not explain the higher
before-and-after intention difference we observed in this study.

Fourth, this study does not allow us to confirm the reasons for
which results regarding beliefs about consequences diverged,
reasons to change behavior that were prominent in qualitative
results but unstable or nonsignificant in the multiple linear
regression. Although hypotheses are detailed in the Discussion,
further studies would be needed to validate them.

Fifth, another limitation is that we used a backward elimination
procedure, which can increase the risk of overfitting and biased
effect estimates. However, results in the full model and fitted
model were similar.

Sixth, we lacked statistical power to measure the difference in
intention to approach a colleague in difficulty between those
who did and those who did not adopt the behavior.

Lastly, self-reporting of behavior may also overestimate
behavior adoption, as participants may not have used the
approach taught in the course and may still report having
adopted the behavior. Furthermore, only a small proportion of
participants completed the self-reported behavior questionnaire
4 months after the course. This may indicate a selection bias in
favor of the most motivated physicians, which could
overestimate the proportion of those adopting the behavior. The
sensitivity analysis in Multimedia Appendix 8 shows that this
potential selection bias on number of questionnaires answered

does not affect the primary outcome (mean difference in
intention to approach a colleague in difficulty) but only the
secondary outcome of self-reported behavior 4 months after the
training.

Conclusions
To the best of our knowledge, this is the first study that uses
validated before-and-after intervention measures to examine
the effect of a CPD course on physicians’ intention to approach
a colleague in difficulty (experiencing distress, burnout, or
second-victim symptoms after a patient adverse event). The
CPD course produced an increase in physicians’ intention
regardless of age, gender, or domain of practice (laboratory,
surgical, and medical domains). Beliefs about capabilities was
an important determinant of intention to approach a colleague
in difficulty. Although the CPD course increased physicians’
intention to approach a colleague in difficulty, there is still a
gap in understanding what other factors predict this intention.
Within 4 months of the CPD course, 41% (25/61) of the
physicians reported approaching a colleague in difficulty using
strategies taught in the online CPD course. Identifying BCTs
in the CPD course design was a methodological innovation for
FMSQ course evaluation.

Although the CPD course demonstrated a positive effect on
physicians’ intention to approach a colleague in difficulty, more
research is needed to better understand the mechanisms through
which the intervention works. This could be done by translating
the course into English, making it available to English-speaking
physicians in Quebec and other Canadian provinces or
internationally, and measuring the effect of the CPD course on
approaching a colleague in difficulty in other contexts.
Furthermore, instructional designers should focus on enhancing
physicians’ beliefs about their capabilities to facilitate their
adoption of this peer support behavior. Instructional designers
could consider using BCTs, especially when targeted behaviors
are less widely accepted by clinicians or perceived as more
difficult to adopt. Evaluating the effect of BCTs on behavioral
intention could deepen our understanding of interventions aimed
at changing clinicians’ behaviors.

Our results suggest that peer support courses help build a culture
of care among physicians. By enhancing our knowledge of
interventions aimed at improving the peer support capabilities
of physicians, this project indirectly aimed to improve the
well-being of health care professionals. Peer-supported
professionals could then be better able to contribute to resilient
health care systems and to providing quality care to patients.
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Abstract

Background: Ophthalmology poses distinct learning challenges for medical students due to the complex anatomy of the eye
and the requirement of essential hands-on skills. Problem-based learning (PBL), a student-centered approach, fosters clinical
reasoning and self-directed learning. To address the time and logistical constraints of traditional teaching methods, this study
implemented a WeChat-based PBL model that leveraged the platform’s efficiency and interactivity to enhance student engagement
and skill acquisition in ophthalmology.

Objective: This study aimed to evaluate the effectiveness of WeChat-based PBL in ophthalmology education, focusing on its
impact on students’ self-perception of learning and clinical skills compared to traditional teaching methods.

Methods: This study involved 108 undergraduate students who successfully passed the Chinese National Entrance Examination.
Among them, 54 (50%) were randomly selected to participate in the WeChat-based PBL, while the other 54 (50%) received
traditional teaching. Students were placed into 6 groups (18 students for each group) using a random number table, and the new
teaching methods were tested outside their regular class time. Three groups were randomly selected to receive PBL using WeChat
as the platform, while the remaining 3 groups received conventional teaching.

Results: Our analysis indicated that although students in the WeChat-based PBL group scored marginally lower in memorization
compared to their peers in the traditional teaching group (traditional group: mean 37.6, SD 2.8; WeChat group: mean 32.0, SD
4.1; P=.006; n=54), they exhibited markedly superior levels of understanding (traditional group: mean 24.1, SD 1.8; WeChat
group: mean 28.0, SD 1.3; P=.007; n=54) and knowledge application (traditional group: mean 24.3, SD 1.9; WeChat group: mean
27.6, SD 1.3; P=.008; n=54). This suggests that the WeChat-based PBL method promotes deeper engagement, enabling students
to better comprehend essential concepts, even with a diminished emphasis on rote learning. Additionally, students in the WeChat
group reported increased collaboration (traditional group: mean 3.8889, SD 0.8393; WeChat group: mean 1.7222, SD 0.5961;
P<.001); motivation (traditional group: mean 3.5471, SD 0.7915; WeChat group: mean 1.8333, SD 0.5746; P=.004); knowledge
acquisition (traditional group: mean 3.6667, SD 0.7770; WeChat group: mean 1.8704, SD 0.7017; P<.001); self-learning ability
(traditional group: mean 3.5741, SD 0.7673; WeChat group: mean 1.8519, SD 0.4917; P<.001); clinical reasoning (traditional
group: mean 2.9444, SD 0.8777; WeChat group: mean 1.9630, SD 0.6132; P=.01); and problem-solving skills (traditional group:
mean 3.2037, SD 0.6553; WeChat group: mean 1.8519, SD 0.5287; P=.001) than the students in the traditional group.

Conclusions: Integrating PBL methods with WeChat has been shown to improve ophthalmic education outcomes compared to
traditional teaching, suggesting that this method may offer a superior alternative to conventional teaching.

(JMIR Med Educ 2026;12:e65279)   doi:10.2196/65279

KEYWORDS

problem-based learning; WeChat; China; ophthalmology; undergraduate; medical students

Introduction

Medical education increasingly incorporates innovative
strategies in undergraduate training to better prepare students
for the challenges of clinical practice. Key strategies such as
problem-based learning (PBL) [1,2], case-based learning [3],
team-based learning [4], flipped classroom–based learning [5,6],
and competency-based medical education [7] have been

emphasized to bridge the gap between theoretical knowledge
and clinical skills. These strategies are particularly relevant in
fields such as ophthalmology, which represents a distinct and
highly specialized discipline within clinical medicine [8]. The
intricate anatomy of the eye and the nonintuitive nature of its
structure necessitate the use of specialized equipment and tests
for accurate diagnosis and management [9]. These factors
contribute to the considerable hurdles medical students
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encounter while attempting to master this subject. Therefore,
effective teaching methodologies are vital for adequately
preparing students for clinical practice and developing their
competencies as future clinicians [10].

The conventional teacher-centered educational model often
relies on the passive transmission of knowledge from instructors
to students. While efficient for delivering core knowledge,
especially in large classes common in China, this method can
limit students’ engagement and active learning [11]. As a result,
students may struggle to operate ophthalmic instruments or
perform fundus examinations, thereby diminishing their
confidence in applying ophthalmology skills. Moreover,
although textbooks provide detailed descriptions of the clinical
manifestations and signs of ophthalmic diseases, students
frequently encounter challenges when attempting to apply this
theoretical knowledge to real-world clinical scenarios [12].

PBL, which inherently starts with a clinically based problem
as its name, is an active learning strategy that fosters
student-centered engagement [13]. Evidence shows that PBL
enhances learning motivation, promotes self-guided learning,
and improves the integration of theoretical knowledge with
clinical practice [14,15]. Students exposed to PBL report greater
satisfaction and participation compared with those in traditional
learning settings [16,17]. In today’s digital era, college students
are adept at using the internet and mobile networks to access
information, helping to overcome the temporal and spatial
limitations of traditional PBL methods. With the advancement
of mobile networks, WeChat has become a popular social
networking platform in China [18]. It supports multiple modes
of interaction—including texting, voice messages, images, and
multimedia—similar to WhatsApp in Western countries [19,20].
Moreover, WeChat is widely used for disseminating knowledge
to medical students due to its convenience and the extensive
availability of information [21,22].

This study addresses the challenges faced in conventional
ophthalmology education, where passive learning hinders the
development of practical skills and confidence among
undergraduate medical students. It aims to evaluate the
effectiveness and acceptability of a WeChat-based PBL
approach in enhancing students’ self-perceptions of learning,
initiative, organization, clinical skills, and knowledge mastery.
The central research question guiding this inquiry is: How does
the integration of WeChat in PBL influence the learning
outcomes of medical students in ophthalmology? This
randomized controlled trial will involve the comparison of
student outcomes between those engaged in traditional teaching
methods and those using the WeChat platform for online PBL,
allowing for a robust assessment of the intervention’s

effectiveness. We hypothesize that the use of WeChat for online
PBL will significantly improve student engagement and
competency in ophthalmology. The findings of this study will
provide valuable insights for medical educators, curriculum
developers, and policymakers seeking to improve medical
education methodologies in China and beyond.

Methods

Ethical Considerations
This study was conducted in accordance with the Declaration
of Helsinki and received approval from the institutional review
board and ethics committee of the Second Xiangya Hospital
(Z0005-01). In accordance with institutional guidelines for
educational research, the intervention was classified as minimal
risk and considered part of the routine evaluation of teaching
quality. All participants were informed of the study’s purpose,
procedures, and the planned use of the collected data, and all
provided written informed consent before participation.
Participant anonymity was strictly protected, with all data
deidentified and analyzed only in aggregated form. No study
procedures posed risks beyond those ordinarily encountered in
standard educational activities.

Study Participants
A total of 108 fifth-year undergraduate students from Xiangya
Medical College of Central South University, all of whom had
passed the Chinese National Entrance Examination, participated
in the study. The cohort consisted of 42 (38.9%) male and 66
(61.1%) female participants, aged 20 to 22 years. Participants
were randomly assigned into 6 groups of 18 students each using
Microsoft Excel to generate random numbers to ensure unbiased
distribution. In this study, students were informed of their group
assignments due to the nature of the teaching intervention, but
evaluators responsible for assessing the examination results
were blinded to group allocation to minimize assessment bias.
The new teaching methods were implemented outside their
regular class schedules, primarily during evenings and
weekends. This approach presented unique challenges, including
an increased workload for both students and instructors, as it
required students to allocate additional time beyond their
standard academic hours to participate in the study. Additionally,
coordinating schedules among all faculty members and students
involved posed challenges, which required careful planning and
communication to ensure participation without conflicting with
existing institutional educational policies. Both intervention
and control groups received instruction in dedicated classrooms
at the hospital, which facilitated a conducive learning
environment (Table 1).
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Table . Timeline of the WeChat-based problem-based learning activities.

Learning objectivesDuration (h)ActivityWeek

Students are randomly assigned to
study groups of 10 and establish
WeChat groups, through which
group members communicate about
the study content

2The instructor posts guiding ques-
tions and students form study groups

1

Identify and explain major factors
and search for medical literature and
books on your own to find the an-
swers to the guiding questions pro-
vided by the instructor

4Explore contributing factors2

Apply learned concepts to hypothet-
ical scenarios and communicate
with group members and the instruc-
tor through the WeChat group

4Apply concepts to scenarios3

Students create relevant course Mi-
crosoft PowerPoint presentations
according to the assigned groups,
which cover all the answers to the
instructor’s guiding questions and
the knowledge points obtained from
self-study of the teaching content of
this course

5Solve the guiding problems and
present the key points

4

Evaluate the effectiveness of various
solutions by presenting them to each
other during the formal class

4Evaluate proposed solutions5

Research Methods
We selected primary angle-closure glaucoma (PACG) as the
topic for applying the WeChat-based PBL approach in this
study, as the diagnosis and treatment of PACG represent crucial
skills that students must acquire. The textbook used for this
study was Ophthalmology, 9th edition, published by the People’s
Medical Publishing House [23].

WeChat-Based PBL

Establishment of Learning Groups
Three groups (18 students for each group) were randomly
selected to take part in the WeChat-based PBL program. In each
group, 1 volunteer self-selected by students was responsible for
recording each student’s speech and the outcomes of the panel
discussions.

Problem Introduction Phase
In alignment with the national syllabus and the ophthalmology
textbook, 3 representative clinical cases were selected from the
2022-2023 glaucoma service database of the Second Xiangya
Hospital. Each vignette depicted a distinct stage or mechanism
of PACG (including asymptomatic primary angle closure, acute
angle closure attack, and plateau-iris configuration) covering
the essential diagnostic and therapeutic spectrum required for
undergraduate training. To guide case selection and design,
chapter-level learning objectives were first extracted,
encompassing (1) anterior-chamber anatomy and angle
structures, (2) the pathophysiology of pupillary-block versus
nonpupillary-block mechanisms, (3) biometric risk factors, (4)
gonioscopic and imaging diagnosis, (5) laser and surgical
indications, and (6) emergency management of acute attacks.

Each objective was then translated into a practical key decision
point (eg, interpreting a gonioscopy record, determining when
laser peripheral iridotomy is indicated, or choosing between
phacoemulsification and trabeculectomy). All selected cases,
provided by the instructors, were distributed to students 1 week
prior to the lecture to facilitate preparatory discussion and
independent learning.

Preclass Guidance Phase
Instructors provided curated readings including key sections
drawn from the textbook, supplemented with selected review
articles, clinical guidelines (eg, Asia-Pacific Glaucoma
Guidelines, 3rd Edition), and representative case reports from
the hospital’s glaucoma database. Additionally, each vignette
was accompanied by inquiry-based questions that directed
students to identify risk factors, compare pathogenic
mechanisms, and determine appropriate management strategies,
encouraging active and evidence-based learning. These questions
could direct students’ literature searches toward key concepts
and clinical decision-making points related to PACG. Each
group participating in the WeChat-based PBL established its
own discussion team on the WeChat platform, fostering an
environment of active participation. To encourage full student
engagement, instructors emphasized the importance of
collaboration and implemented a system that recognized
contributions, motivating students to prepare thoroughly before
classes. Through this platform, instructors and students engaged
in interactive discussions on the provided cases, sharing their
diagnostic reasoning, proposing treatment plans, and exploring
the latest global developments in disease management. For
example, instructors could prompt a discussion by asking
specific diagnostic questions, thereby guiding students to reflect
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critically. During class sessions, instructors monitored and
reviewed the discussions and the online outputs, often projecting
key discussion points or summaries from WeChat onto a shared
screen for collective evaluation and real-time feedback.

Discussion and Summarization Phase
Each WeChat-based PBL session lasted 2 hours and was
supported by the platform’s features for sharing text, images,
voice recordings, videos, and documents, which enabled
immediate and efficient communication. All instructors followed
a structured facilitator’s guide, identical across groups, and
distributed 1 week before the session. The guide provided a
minute-by-minute timetable covering the entire 2-hour process
(10 min recap, 45 min group presentation, 30 min cross-groups
challenge, 25 min instructor synthesis, and 10 min reflection),
ensuring balanced pacing and consistent coverage across groups.

At the beginning of each session, a representative student from
each group presented their understanding of the assigned disease
and summarized unresolved problems identified during preclass
discussions. This was followed by an open, interactive
discussion in which students from other groups exchanged
perspectives and clinical reasoning. To maintain alignment with
curricular standards, the instructor’s guide specified 5
“must-cover” learning objectives mapped to the national
ophthalmology syllabus (eg, explain the mechanism of pupillary
block, justify the timing of laser iridotomy, and interpret

ultrasound biomicroscopy images). It also included prompt
questions addressing common misconceptions identified during
the pilot phase, and a 1-slide “take-home” summary that
instructors were required to display at the end of the session.

After the session, instructors completed a structured checklist
to document which objectives had been achieved. They were
instructed to intervene only when discussion drifted more than
2 minutes off task or when critical misconceptions arose;
otherwise, they guided students by inquiry-based questioning
to ensure that all checklist objectives were discussed. The
structured facilitation process, combined with WeChat’s
interactive features, fostered active participation, peer
collaboration, and efficient knowledge integration, greatly
enhanced the PBL learning experience.

Traditional Teaching Group
The traditional teaching model involved the instructor
predominantly delivering comprehensive explanations of
foundational knowledge, adhering to a prescribed multimedia
teaching outline. In this model, students were not divided into
smaller groups and were not required to give formal
presentations during the course. Both groups completed the
same quizzes and questionnaires, and the results did not affect
course grades or performance. The study design is summarized
in Figure 1.
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Figure 1. The flowchart shows the 2 different models of teaching and learning in ophthalmology for Chinese medical students. PBL: problem-based
learning.

Teaching Efficacy Evaluation and Statistical Analysis
The efficacy and satisfaction of both teaching methods were
evaluated through a combination of questionnaire surveys for
subjective assessment and examinations for objective evaluation.

Subjective Evaluation
The questionnaire (Table 2) was designed and modified based
on the Course Experience Questionnaire by Ramsden [24] and
the Study Process Questionnaire by Biggs [25]. All the students
completed questionnaires to assess their perceptions and
self-evaluated competence at the end of the teaching course.
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Table . Specific questions used in the questionnaire

QuestionsTopic area

The course improves my learning motivation • “Can you analyze the impact of the study findings on the field?”

The course helps me to acquire knowledge • “Can you define the main terms used in the study?”

The course is helpful for passing the final examination • “What are your thoughts on the effectiveness of the methods used in
the study?”

The course encourages me to express my opinions • “In this course, do you feel that your opinions are respected?”
• “In this course, do you often take the initiative to express your opin-

ions?”

This course occupies too much of my spare time • “How much time do you spend in WeChat-based problem-based
learning by using this method to communicate with teachers and
group members?”

The course improves my communication skills • “During discussions, does the instructor give you sufficient time to
express your opinions?”

The course improves my self-learning skills • “What are the key concepts discussed in the study material?”

The course improves my clinical thinking ability • “How would you apply the concepts learned to a real-world scenario?”

The course improves my ability to analyze and solve problems • “How much do you agree that this course has provided you with the
tools and techniques to effectively solve problems?”

• “How often have you used the analytical skills you learned in the
course to solve real-world problems outside the classroom?

Objective Evaluation
Both groups then undertook an identical closed-book
examination comprising essay questions, true or false questions,
judgment questions, and case analyses to assess students’
memory, comprehension, and clinical application abilities. The
examination questions were formulated based on the 9th edition
of Ophthalmology, an ophthalmology textbook published by
the People’s Medical Publishing House [23]. Notably, both the
examination format and evaluation criteria were standardized
across both groups. To maintain objectivity in scoring the
theoretical examination, 3 instructors performed a blinded
evaluation of the students’ responses.

Statistical analyses were performed using SPSS (version 11.0;
IBM Corp) software. Measurement data were expressed as
means (SDs). Questionnaire data were analyzed using the

Mann-Whitney U test, and examination scores across the two
groups were compared using the independent samples 2-tailed
t test. A P value <.05 was considered statistically significant.

Results

Participants’ Demographic Data
Figure 2 shows a flowchart of participation for the 108 medical
students in this study. Among them, 54 (50%) students were
randomly selected to participate in the WeChat-based PBL,
while the other 54 (50%) received traditional teaching. Among
the participants, there were 42 (38.9%) male and 66 (61.1%)
female individuals who were aged 20 to 22 years. The mean
age of the WeChat-based group was 20.426 (SD 0.602) years,
and the mean age of the traditional teaching group was 20.296
(SD 0.571) years. There was no significant difference in gender
and average age between the two groups (Table 3).

JMIR Med Educ 2026 | vol. 12 | e65279 | p.239https://mededu.jmir.org/2026/1/e65279
(page number not for citation purposes)

Fang et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flowchart.

Table . Participants’demographic data of the Second Xiangya Medical College of WeChat-based problem-based learning (PBL) and traditional teaching
groups.

P valueTraditional teaching (n=54)WeChat-based PBL (n=54)Characteristics

.12a20.296 (0.571)20.426 (0.602)Age (y), mean (SD)

.48bSex, n (%)

22 (40.7)23 (42.6)    Male

32 (59.3)31 (57.4)    Female

aFor age, independent sample t106=1.188.
bFor sex, χ21=1.0.

Comparison of the WeChat-Based PBL Method and
Traditional Teaching Method
The closed-book examination was administered 1 week after
course completion to allow students sufficient time for review
while minimizing long-term memory effects. This clarification
has been included in the revised manuscript. Examination
questions were designed by 3 instructors and included 6 types
of questions: single-choice questions, multiple-choice questions,
noun definitions, short-answer questions, essay questions, and
comprehensive questions. The exam assessed 3 cognitive
levels—memorization, understanding, and application, which
accounted for 50%, 20%, and 30% of the total score,
respectively. The memorization section evaluated students’
ability to recall fundamental facts, definitions, and terminology.
The understanding section assessed their capacity to interpret
information, explain concepts in their own words, and
demonstrate deeper comprehension beyond simple recall. The
application section examined students’ ability to apply their
knowledge and understanding to new or practical situations,
such as problem-solving, formula application, and case analysis.

Notably, the sections on understanding and application
emphasized students’ flexible mastery of knowledge and its
practical implementation. The goal was to enable students to
apply theoretical knowledge in clinical contexts, thereby
improving their diagnostic and treatment skills as well as their
ability to analyze and solve clinical problems.

Our analysis indicated that although students in the
WeChat-based PBL group scored marginally lower in
memorization compared to their peers in the traditional teaching
group (traditional vs WeChat groups: 37.6, SD 2.8 vs 32.0, SD
4.1; t106=-8.426; P=.006; n=54), they exhibited markedly
superior levels of understanding (traditional vs WeChat groups:
24.1, SD 1.8 vs 28.0, SD 1.3; t106=12.753; P=.007; n=54) and
knowledge application (traditional vs WeChat groups: 24.3, SD
1.9 vs 27.6, SD 1.3; t106=10.899; P=.008; n=54). However,
when considering the total score, there was no significant
difference between the two groups (traditional vs WeChat: 85.8,
SD 4.9 vs 87.4, SD 5.1; t106=1.694; P=.60; n=54).

All 108 (100%) students responded to the questionnaire for the
comparison of students’perceptions between the WeChat-based
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PBL and lecture-based class (Table 4). More students believed
(rather than did not believe) that the WeChat-based PBL class
enhanced their learning motivation (traditional group: mean
3.5471, SD 0.7915; WeChat group: mean 1.8333, SD 0.5746;
P=.004), helped them acquire knowledge (traditional group:
mean 3.6667, SD 0.7770; WeChat group: mean 1.8704, SD
0.7017; P<.001), and improved their performance on the final
examination (P=.001). They also believed that it encouraged
them to express opinions (traditional group: mean 3.5556, SD
0.7181; WeChat group: mean 1.9630, SD 0.5482; P=.001),
enhanced their communication skills (traditional group: mean
3.8889, SD 0.8393; WeChat group: mean 1.7222, SD 0.5961;

P<.001), improved their self-learning ability (traditional group:
mean 3.5741, SD 0.7673; WeChat group: mean 1.8519, SD
0.4917; P<.001), improved their clinical thinking (traditional
group: mean 2.9444, SD 0.8777; WeChat group: mean 1.9630,
SD 0.6132; P=.012), and enhanced their ability to analyze and
resolve problems (traditional group: mean 3.2037, SD 0.6553;
WeChat group: mean 1.8519, SD 0.5287; P=.001). However,
a majority of students in the WeChat-based PBL class felt that
the course occupied too much of their spare time (traditional
group: mean 3.7963, SD 0.7618; WeChat group: mean 1.9630,
SD 0.5482; P<.001).

Table . Comparison of students’ perceptions and self-evaluation between WeChat-based problem-based learning (PBL) method and traditional teaching
method. The results were ranked as a Likert scale from 1 to 5 (1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree).

Effect sizeP valueMann-Whitney U testControl (traditional
teaching), mean (SD)

WeChat-based PBL,
mean (SD)

Questions

2.5169.00410123.5741 (0.7915)1.8333 (0.5746)The course improves
my learning motivation

2.4264<.0019143.6667 (0.7770)1.8704 (0.7017)The course helps me to
acquire the knowledge

0.6325<.001975.53.2593 (0.8284)2.7593 (0.7507)The course is helpful
for passing the final
examination

2.4930.0019633.5556 (0.7181)1.9630 (0.5482)The course encourages
me to express my opin-
ions

0.6083<.0017143.7963 (0.7618)3.3148 (0.8201)This course occupies
too much of my spare
time

2.9765<.0017253.8889 (0.8393)1.7222 (0.5961)The course improves
my communication
skills

2.6725<.001930.53.5741 (0.7673)1.8519 (0.4917)The course improves
my

self-learning skills

1.2964.01210722.9444 (0.8777)1.9630 (0.6132)The course improves
my clinical thinking
ability

2.2706.0019323.2037 (0.6553)1.8519 (0.5287)The course improves
my ability to analyze
and solve problems

Discussion

Principal Findings
This study aimed to assess the effectiveness of WeChat-based
PBL in ophthalmic education compared with traditional teaching
methods. Our analysis revealed that while students in the
WeChat-based PBL group exhibited slightly lower scores in
memorization than those in the traditional teaching group, they
demonstrated significantly higher levels of understanding and
application of knowledge. This suggests that the WeChat-based
PBL approach fosters deeper engagement, allowing students to
grasp critical concepts more effectively, despite having less
focus on rote memorization. Moreover, students in the WeChat
group reported enhanced collaboration, motivation, and
willingness to participate actively in their learning process.

WeChat has been used as a platform for PBL because of its time
efficiency and convenience [26-28]. Students were able to
present questions and engage in discussions with instructors at
any time and from any location via WeChat. Moreover, it allows
the sharing of images, videos, links, and other related resources.
This capability greatly aids discussion and ensures that all
members can access case-related or problem-related resources
promptly. Everyone can share their opinions and suggestions,
receiving feedback from others anytime and anywhere. This
timely and efficient communication via WeChat offers a better
understanding among team members [26,27,29]. Successful
collaboration guarantees the productivity of the team, and
instructors can actively participate in students’ discussions and
debates, responding to questions and offering advice to enhance
the efficiency of the learning process [26,27].
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Although the primary benefit of WeChat-based PBL is
time-saving and convenience, as traditional PBL can be a
time-intensive approach [30], the perception that WeChat-based
PBL occupied too much spare time underscores the need for
careful consideration of time management and workload in
educational program design. One of the reasons could be the
additional time dedicated to self-learning [31] and discussion
among the team members increased the pressure and burden on
the students. Increased preparation time can lead to deeper
understanding and better retention of the material as students
engage with content more thoroughly before class discussions.
This proactive approach enhances participation during PBL
sessions and ultimately improves learning outcomes. To
optimize learning efficiency while preventing overload, several
refinements are warranted. Specifically, preclass materials
should be streamlined to emphasize key concepts and reduce
redundancy, and brief in-class reviews can help reinforce
complex topics, minimizing postclass study demands. Periodic
guided learning sessions can also be scheduled to help balance
students’ independent study and supervised learning time. These
refinements aim to alleviate cognitive load while maintaining
the effectiveness of the teaching model. Moreover, it is essential
to refine the new teaching approach to effectively integrate the
advantages of the PBL model with the interactive capabilities
of the WeChat platform. Furthermore, instructors should also
receive appropriate training to embrace this innovative teaching
approach [32]. Dolmans and Wolfhagen [33] have highlighted
that a tutor’s actions significantly influence both the productivity
and effectiveness of a PBL group’s efforts. To enhance the
effectiveness of tutors in PBL tutorials, ongoing training that
encourages reflective practice on their development as educators
is recommended [34,35]. These efforts can effectively strike a
balance between optimal learning outcomes and manageable
student workload.

At the same time, the increase in students’ out-of-class learning
hours also implied additional workload for instructors. Although
instructor workload in asynchronous chat facilitation was not
quantitatively measured, informal feedback indicated a moderate
increase. Instructors reported spending an additional 15 to 20
minutes per day monitoring discussions and providing timely
feedback. Despite this, they generally considered this extra time
acceptable and valuable, as it enabled closer observation of
students’ reasoning and early identification of misconceptions.
The main challenges involved balancing prompt responses with
other duties and managing message overload during peak
activity. Nonetheless, most instructors agreed that the improved
engagement and learning outcomes justified the additional effort.
A rotating instructor schedule for online facilitation and setting
clearer expectations for response timelines may help balance
instructional workload while maintaining effective
student-teacher interaction.

Our statistical analysis revealed that the WeChat-based PBL
group exhibited slightly lower scores in memorization than the
traditional teaching group. However, their levels of
understanding and application of knowledge were higher than
the traditional teaching group. This discrepancy may be
attributed to the engagement of students in the WeChat-based
PBL group with a broader array of relevant information,

extending beyond textbook content. Consequently, while the
WeChat-based PBL group demonstrated a better performance
in understanding and application of knowledge, their
memorization of textbook-specific information was slightly
weaker. Nevertheless, the WeChat-based PBL group showed
advantages in mastering key knowledge points and achieving
higher total scores.

However, several factors must be considered while
implementing WeChat-based PBL. For instance, it is advisable
to keep the number of students in each team small, as smaller
groups facilitate easier administration and instruction. Teachers
should contact students at least 1 week in advance to provide
questions or case reports, ensuring both teachers and students
are well prepared to achieve optimal educational outcomes. By
adapting to real-time situations, teachers can enhance students’
interest in learning, invigorate the classroom dynamics, and
correct students’ misconceptions. Teachers should act as a
resource and facilitator, responding promptly to students’
inquiries throughout their research. Overall, the WeChat-based
PBL model marks a significant departure from the traditional
didactic “cramming education” approach, fostering a more
engaging and active learning environment. Therefore,
WeChat-based PBL should be increasingly incorporated into
future ophthalmology education to enable continuous
identification and refinement of relevant issues [36].

Limitations
There are several limitations that should be acknowledged. First,
while students covered the same core content on PACG,
differences in teaching methodologies could have influenced
memorization outcomes and overall comprehension. This
research was performed targeting a single textbook chapter on
PACG. Therefore, the conclusion requires further verification
in other subject fields. Second, questionnaire results indicated
that students in the WeChat-based PBL group spent more
extracurricular time preparing course materials. Therefore,
understanding their perceptions and attitudes toward this
additional workload is particularly important. However, as the
students involved in this study have already graduated, it was
not possible to collect further feedback from them. This
limitation prevents a more comprehensive understanding of
their long-term perceptions of the learning burden and its
potential impact on sustained engagement and clinical
competency development. Future research will include
longitudinal follow-up surveys or interviews to further evaluate
students’ attitudes, learning experiences, and workload
perceptions. Third, the necessity for student participation in
additional discussions and presentations may have affected their
independent study time and overall academic performance.
Fourth, the lack of blinding may have introduced biases, as
awareness of the teaching method could have influenced both
students’ and instructors’ expectations and engagement levels.
Fifth, the generalizability of our findings is also limited by the
single-institution context and the sample size of 108 fifth-year
undergraduate medical students, which may not reflect broader
educational settings or diverse student populations. Finally, in
our study, we did not compare the effects of traditional PBL
and WeChat-based PBL methods. Further research should
compare the functions between these two approaches in future
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studies. Moreover, future research should explore the long-term
impacts of WeChat-based PBL on learning outcomes across
different medical disciplines and institutions. Further empirical
testing is necessary to assess the effectiveness of this approach
in various contexts and to identify best practices for
implementation. Optimizing digital communication tools such
as WeChat holds great promise for enhancing educational
experience and fostering collaborative learning in medical
education.

Conclusions
In summary, compared to traditional teaching, integrating PBL
methods combined with WeChat as a communication platform
improved the effectiveness of ophthalmic education. Although

students invested more time in preclass, they did not perceive
it as a waste of their spare time. Instead, they recognized that
the WeChat-based PBL mode facilitated more effective
communication among students and between students and
teachers. It enhanced their motivation to learn; promoted
knowledge acquisition; encouraged expression of opinions; and
improved self-learning abilities, clinical reasoning, and
problem-solving. This innovative teaching mode may represent
a superior alternative to conventional teaching methods.
However, further exploration to optimize the students’ spare
time for effective online communication is warranted. This new
method merits continued refinement and evaluation based on
the findings of this study.
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Abstract

Background: Ultrasound-guided regional anesthesia (UGRA) remains underused in low- and middle-income countries due to
barriers to training and equipment. Recent advances in portable ultrasound devices and international partnerships have expanded
access to UGRA, enhancing patient safety and quality of care.

Objective: This study describes the development and outcomes of a hybrid UGRA training program for anesthesiologists at
the Hospital Nacional de Coatepeque (HNC) in Guatemala.

Methods: An educational pilot program for UGRA was developed based on local needs and feedback, comprising 4 weeks of
online modules, an in-person educational conference, and 1 month of supervised clinical practice. Evaluation followed the
Kirkpatrick framework using preprogram and postprogram surveys adapted from the Global Regional Anesthesia Curricular
Engagement model. Outcomes included participants’ satisfaction, change in knowledge and skill, and procedural performance.
Knowledge and skill assessments were compared before and after the training, and clinical data were recorded for 10 months.
Nonparametric tests were used to assess changes and associations with performance outcomes.

Results: All 7 anesthesiologists at HNC completed the training program. Knowledge test scores improved by a median percentage
increase of 20.8% (IQR 13.5%-28.1%; r=0.899; P=.02), and procedural skill rating scores increased by a median percentage of
147.1% (IQR 96.9%-197.3%; r=0.904; P=.03) at 1 month and 131.4% (IQR 90.5%-172.3%; r=0.909; P=.04) at 4 months after
the program. Participants self-reported high satisfaction and substantial clinical improvement and motivation. A total of 54
peripheral nerve blocks were performed under direct supervision in the first month, with 187 blocks recorded over 10 months.
The supraclavicular brachial plexus block was the most frequently used (66/187, 35.3%) and replaced the standard general
anesthetic for upper extremity surgery in 70 patients. The procedure success rate was 96.3% (180/187), and there were no observed
patient complications.

Conclusions: This hybrid curriculum enabled the successful implementation of UGRA at a public hospital in Guatemala, safely
expanding clinical capabilities and reducing reliance on general anesthesia for upper extremity surgery. This practical training
model provides a framework for implementing UGRA in similar resource-limited hospitals.

(JMIR Med Educ 2026;12:e84181)   doi:10.2196/84181
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Introduction

Ultrasound-guided regional anesthesia (UGRA) has become
the standard of care for safe and effective perioperative pain
management in high-income countries. It is frequently used as
the primary anesthetic in patients undergoing extremity surgeries
[1]. Beyond the operating room, regional anesthesia is
increasingly performed by nonanesthesia clinicians, including
emergency physicians, to provide timely pain relief in acute
care settings [2,3]. Ultrasound-guided peripheral nerve blocks
(PNBs) are now used in emergency departments for conditions
such as hip and rib fractures and wound management,
demonstrating the growing interdisciplinary role of UGRA
worldwide [4-6]. However, limited availability of ultrasound
equipment and the lack of formal training programs contribute
to the underuse of PNBs in low- and middle-income countries
(LMICs) [7-10]. The emergence of portable, reliable, and
cost-effective ultrasound devices offers new opportunities to
expand the use of UGRA in diverse and resource-limited settings
[11]. Advancing global regional anesthesia capacity can improve
patient care by providing an alternative to general anesthesia,
reducing cost and resource consumption, and enhancing patient
comfort and safety [1,12].

Addressing the need for training opportunities is critical to the
adoption of regional anesthesia techniques in LMICs.
International partnerships help improve global capabilities by
promoting educational activities and access to supplies.
Although several initiatives have attempted to implement UGRA
in diverse settings, few have been formally evaluated, and
published evidence on their impact in LMICs remains limited
[12]. Brouillette et al [13] described the successful development
of an in-person educational program called the Global Regional
Anesthesia Curricular Engagement (GRACE). In this program,
anesthesia providers in Ghana were trained in UGRA techniques,
demonstrating positive outcomes and increased procedure
volume. Other collaborations have explored fully remote training
models delivered via online communication platforms [14,15].
However, to our knowledge, the use of a hybrid training
curriculum for UGRA, combining online didactic instruction
with in-person, hands-on training, has not been described.
Furthermore, most existing reports focus on programs based in
African countries at large teaching hospitals with preexisting
ultrasound capabilities and delivered in English. There is a
paucity of evidence describing educational initiatives developed
specifically for medical professionals in Latin America.

Our program was delivered in Guatemala, a Central American
country where approximately 90% of the population relies on
the public health sector, and approximately half of the country’s
17 million inhabitants live in rural or impoverished communities
[16]. Geographic and financial barriers limit access to advanced
medical technologies such as ultrasound, which are largely
concentrated in metropolitan areas [17]. Additionally, most
physician training opportunities are offered in large urban
hospitals near the capital of Guatemala City [17]. As a result,
smaller public hospitals across the country have limited capacity
and access to UGRA. Despite these challenges, there is
substantial interest and growing demand for ultrasound-guided
procedures nationwide.

In the southwestern region of Guatemala, the Hospital Nacional
de Coatepeque (HNC) serves as the regional public hospital,
facing high surgical demands amid notable resource constraints.
In 2023, a needs assessment was performed through a
partnership between the department of anesthesiology at the
University of Colorado (CU) and HNC and identified a lack of
UGRA capabilities in the region. In response, the department
of anesthesiology at the HNC requested a formal training
program to build local expertise and improve the quality of
perioperative care. Our objective was to develop a tailored
hybrid training program to establish a sustainable UGRA service
at HNC. This evaluation assessed the outcomes and impact of
this pilot program. We hypothesized that the implementation
of this hybrid training model would increase clinical knowledge
and confidence, enhance skill acquisition, and enable the
successful adoption of PNBs in this resource-limited setting in
Guatemala.

Methods

Overview
We conducted a prospective pilot study of a novel pilot training
program for UGRA delivered at HNC in Coatepeque,
Guatemala, from April 2024 through June 2024. The evaluation
design and materials were adapted from the GRACE model
developed by Brouillette et al [13], with the authors’permission.

Setting
HNC is the only public surgical hospital in the town of
Coatepeque, Quetzaltenango, Guatemala, and serves as the
primary referral center for an estimated 150,000 people in this
region. A large proportion of patients come from underserved,
agriculture-based communities that experience some of the
highest rates of poverty and poorest health outcomes in the
country [18]. This hospital has 2 main operating rooms and an
additional operating room in the obstetric unit for cesarean
deliveries. Based on internal hospital records, approximately
5300 surgeries are performed annually across general surgery,
obstetrics and gynecology, and orthopedics and traumatology.
Trauma and orthopedic extremity procedures represent a major
portion of surgical volume due to the high incidence of motor
vehicle accidents in this area. Neuraxial anesthesia is used
preferentially when feasible, although general anesthesia is
typically required for upper extremity surgery. However, due
to limitations in supplies, monitoring equipment, and
postoperative nursing capacity at this hospital, the use of
long-acting opioid analgesics, deep sedation, and general
anesthesia is avoided when possible to optimize patient safety
[19].

Needs Assessment
The initial site needs assessment was conducted in February
2023 and identified both strong interest and need for UGRA.
A follow-up visit with faculty from CU in August 2023 focused
on developing a collaborative action plan, gathering feedback,
taking inventory of available supplies, and obtaining approval
from hospital leadership. The primary barrier to implementation
was the absence of an ultrasound machine due to limited
purchasing access. The anesthesia department already
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maintained a supply of nerve block needles and local anesthetics
for infrequent use of nerve stimulation for distal lower extremity
blocks. Standard emergency medications were available, except
for lipid emulsions. However, no procedure logs or patient
consent forms were in place because a regional anesthesia
workflow had not yet been established.

To inform curriculum design, an online survey was distributed
to HNC anesthesiologists to assess baseline experience and
learning preferences (Multimedia Appendix 1). Before training,
participants were asked to complete the questionnaire to capture
demographic information, self-reported practices, educational
needs, and motivations for participation.

Program Design and Implementation

Curriculum Development
Information gathered from site assessments, planning meetings,
and the online survey was used to develop a hybrid training

curriculum. The curriculum was designed collaboratively with
local stakeholders and regional anesthesia specialists from CU
and subsequently revised based on feedback. All 7 physician
anesthesiologists at HNC were invited to participate and
provided written consent. The program consisted of three core
components: (1) online self-directed learning modules, (2) an
in-person educational conference, and (3) clinical practice with
direct supervision and bedside teaching (Figure 1). Training
was conducted over a 2-month period from April 2024 to May
2024, with a follow-up site visit 4 months after clinical
implementation. To simplify the program and emphasize
high-yield applications, a limited number of blocks were selected
based on the needs assessment and team discussions. These
included interscalene and supraclavicular blocks of the brachial
plexus, femoral, saphenous (adductor canal), and popliteal
blocks.

Figure 1. Flowchart of the program design and evaluation.

Online Modules
The online learning curriculum was delivered as 4 weekly
learning modules on a web-based platform to provide open
access to independent learning. As no existing materials met
our program objectives for topics or in the Spanish language,
we created a dedicated website to address this need [20]. Content
for weekly modules was derived from open access resources,
such as publications from the New York School of Regional

Anesthesia (Multimedia Appendix 2). Additionally, the option
for virtual chats or question-and-answer sessions was offered
weekly on Fridays at the end of each module.

Educational Conference
The educational conference consisted of a 2-day, 16-hour
in-person program that included lectures, clinical
demonstrations, and hands-on workshops. Sessions were open
to anesthesiologists, nurse anesthetists, nursing staff, and
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surgeons (refer to Multimedia Appendix 3 for conference
outline).

Clinical Practice
Clinical practice was initiated following the conference, with
HNC participants performing nerve blocks during work hours
under the supervision of CU preceptors. The program faculty
comprised multiple physician anesthesiologists with fellowship
training or proficiency in regional anesthesia, ensuring the
presence of at least one supervising preceptor during a 4-week
period for continuity. Following 1 month of direct supervision,
ongoing training and support were offered remotely to address
emerging needs. A week-long follow-up visit was completed 4
months after clinical implementation to provide additional
support and evaluations.

Equipment Donation
To support program initiation, CU faculty donated essential
supplies, including a portable ultrasound machine, tablet, nerve
block needles, gel, lidocaine, bupivacaine, and lipid emulsion.
In response to site visits and internal requests, hospital
leadership committed to increasing local supplies and purchased
additional nerve block needles and local anesthetics.
Additionally, operating room schedules of the surgical services
were adjusted to increase time allotted to orthopedic surgery
and increase PNB volume during the clinical practice phase.

Evaluation Framework

Evaluation Approach
The evaluation framework and instruments were adapted from
the GRACE model, with approval from the study authors [13].
This model used the method proposed by Kirkpatrick and
Kirkpatrick [21], a globally recognized and validated approach
for evaluating the effectiveness of educational and training
programs across disciplines [22]. This model evaluates outcomes
across four levels: (1) reaction, (2) learning, (3) behavior, and
(4) outcomes.

Reaction
Participant reactions were assessed through postprogram
satisfaction surveys to solicit perceptions and feedback related
to the training. This survey was adapted from the original
GRACE satisfaction survey, which contained 10 statements
where trainees rate their level of agreement on a 5-point Likert
scale and 3 open-ended questions for program feedback and
suggestions. Two open-ended questions were also added to
describe the most and least helpful components of the training
(Multimedia Appendix 4).

Learning
Participant learning was evaluated by analyzing changes in
knowledge and clinical skills. Knowledge tests were
administered before the program and 1 month after clinical
implementation of UGRA. The knowledge test consisted of 24
multiple-choice questions that were adapted from the original
GRACE instrument. Modifications were made to remove content
not taught in this program, provide clarifications, and include
items addressing identified knowledge gaps (Multimedia
Appendix 5). This test was administered through an online

secure platform (Qualtrics XM Platform). Procedural skill
acquisition was assessed using a validated global rating scale
(GRS) for UGRA developed by Chuan et al [23]. This
instrument evaluates 7 domains—preparation, respect for tissue,
handling, time and motion, instrument handling, flow,
knowledge, and overall performance—graded on a 5-point scale
(Multimedia Appendix 6). Participants were observed during
procedures and graded at program initiation, 1 month, and 4
months. To further capture participants’ perceptions of the
program, additional postsurvey questions were included to
self-report changes in confidence, knowledge, and procedural
skills using a 5-point Likert scale. All adapted GRACE
evaluation instruments were translated into Spanish by 2
language-certified researchers and reviewed for cultural and
linguistic accuracy by a local physician coinvestigator.

Behavior
Participants were prompted to report their level of interest, plans
to continue performing PNBs, and perceived impact on patient
care on the postprogram survey at program completion. The
number of procedures performed by the anesthesiologist was
recorded to assess adoption into practice.

Clinical Outcomes
Clinical outcomes were analyzed by total number and type of
PNB, success and complication rate, and anesthesia method for
10 months after clinical implementation. Block success was
defined a priori by the local department of anesthesiology at
the HNC as a patient’s ability to tolerate surgery without general
anesthesia or an analgesic block with moderate to complete pain
relief. To address the lack of workflow, a block documentation
form and clinical log were developed in Spanish based on the
New York School of Regional Anesthesia Universal
Documentation Sheet for Peripheral Nerve Blocks to record
and track procedure information, and patient consent forms
were adapted from CU consent documentation (Multimedia
Appendices 7 and 8) [24]. Additionally, a safety surveillance
system was implemented to evaluate for complications and
ensure resolution of the nerve block and lack of new
neurological symptoms before discharge. Additional training
was provided to nursing staff by a specialized CU postanesthesia
care unit nurse to manage and identify complications in patients
who received PNBs.

Statistical Analysis
Descriptive statistics were calculated and reported as
frequencies, percentages, and means with SDs. Preprogram and
postprogram knowledge test and GRS scores were summarized
using medians and ranges. Changes in scores between
preprogram and postprogram tests were assessed using paired
Wilcoxon signed-rank tests. Likert scale outcomes across
multiple time points were evaluated with the Friedman test,
followed by pairwise Wilcoxon signed-rank tests for post hoc
comparisons. Effect sizes for the Friedman test (Kendall W)
and for Wilcoxon signed-rank tests were quantified with 95%
CIs estimated using the percentile bootstrap method from 1000
resamples [25,26]. Standardized effect sizes were interpreted
using Cohen general guidelines (0.2=weak, 0.5=medium, and
0.8=strong) while recognizing that these thresholds are context
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dependent and should be interpreted cautiously. Interrater
reliability (IRR) for preprogram GRS items, assessed across 2
fixed raters, was quantified using a 2-way mixed-effects
intracorrelation coefficient and weighted κ, with 95% CIs
obtained using the percentile bootstrap method from 1000
resamples. Two-sided P values <.05 were considered statistically
significant, with post hoc comparisons corrected for false
discovery rate. Given the small sample size, these results may
not be generalizable and should be interpreted as exploratory.
Statistical analyses were performed using R (version 4.5.1; R
Foundation for Statistical Computing). The cohort sample size
was determined by the number of anesthesiologists available
to perform PNBs at HNC.

Ethical Considerations
This evaluation received approval from the local research ethics
committee (001-2024) and was considered exempt by the
Colorado Multiple Institutional Review Board (24-0212). All
participants provided written informed consent before
enrollment. To protect participant privacy, all data were

deidentified and managed in accordance with institutional data
security standards, with access restricted to authorized study
personnel. Results are reported in aggregate to prevent individual
identification. Participants did not receive financial or other
compensation for participation in the study.

Results

Overview
All anesthesiologists from the HNC completed the training,
with a 100% (7/7) response rate for surveys and evaluations.
Baseline participant characteristics are provided in Table 1
(complete preprogram survey responses are provided in
Multimedia Appendix 9). While all participants had previously
performed PNBs using landmark or nerve stimulator techniques,
none had previous experience with ultrasound guidance.
Learning style preferences varied, although all participants
favored workshops and hands-on clinical practice. Reported
barriers included a lack of training opportunities and limited
supplies.

Table 1. Baseline participant demographics (N=7).

ValuesCharacteristic

Participant demographics

7 (100)Participants, n (%)

4 (57.1)Female, n (%)

9.1 (5.1)Experience (y), mean (SD)

Have you used ultrasound previously? n (%)

0 (0)Yes

7 (100)No

Do you have previous experience with blocks? n (%)

7 (100)Yes

0 (0)No

What blocks have you performed?a n (%)

2 (28.6)Supraclavicular

5 (71.4)Axillary

4 (57.1)Peripheral nerve (radial, medial, and ulnar)

5 (71.4)Ankle

2 (28.6)Sciatic

1 (14.2)Scalp

What is your primary motivation for participating in this program?a n (%)

6 (85.7)Learning new clinical skills

5 (71.4)Patient outcomes

2 (28.6)Work satisfaction

4 (57.1)Patient satisfaction

3 (42.8)Decreased resource use

aMultiple responses were allowed per participant.

Each participant completed the full online curriculum, attended
both in-person workshops, and performed multiple supervised
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UGRA procedures during the clinical practice period. The
number of blocks performed by each participant varied widely
in the 10 months following implementation (range 14-41).

Reaction Outcomes
The overall satisfaction scores for the program were high (Table
2). The most frequently cited strengths were the integration of

theory with personalized hands-on practice. No component was
identified as unhelpful; however, participants suggested
increasing collaboration with surgical specialties and extending
the duration of trainers on-site.

Table 2. Participants’ reactions to the training program.

Scorea, mean (SD)Survey question

4.71 (0.49)Performing my own blocks during work hours was useful

4.86 (0.38)The content of the program was satisfactory

4.86 (0.38)The online study program helped prepare me for the in-person sessions

4.86 (0.38)The conference presentations were useful

5.00 (0)The program was applicable to my practice

5.00 (0)The program should continue at HNCb

5.00 (0)It was useful to practice with ultrasound during the workshops

5.00 (0)The clinical teaching and supervision were helpful during procedures

5.00 (0)The knowledge test was a fair evaluation of the course material

5.00 (0)This program should be implemented in other hospitals

aResponses rated using a 5-point Likert scale (1=strongly disagree; 5=strongly agree).
bHNC: Hospital Nacional de Coatepeque.

Learning Outcomes
As shown in Figure 2, all participants demonstrated improved
knowledge of UGRA. Knowledge test scores increased from a
median of 45.8% (11/24; IQR 33.2%-54.0%) to 66.7% (16/24;
IQR 58.3%-87.5%), representing a median absolute
improvement of 20.8 (IQR 16.7%-41.7%; P=.02) percentage
points with a large effect size (r=0.90, 95% CI 0.896-0.913).
Similarly, all participants reported perceived gains in knowledge
and confidence with UGRA (Table 3). Procedural skills
improved following training across all domains, with median
GRS scores increasing from 1.2 before the program to 3.4 at 1
month and 3.0 at 4 months (Figure 3). This corresponded to a
median percentage increase of 147.1% (IQR 96.9%-197.3%;

P=.03) at 1 month and 131.4% (IQR 90.5%-172.3%; P=.04) at
4 months, with large effect sizes at both time points (r=0.90,
95% CI 0.90-0.92 at 1 month; r=0.91, 95% CI 0.90-0.95 at 4
months). IRR for average preprogram scores showed
moderate-to-high agreement with wide confidence intervals
(intracorrelation coefficient=0.69, 95% CI 0.31-0.88; κ=0.63,
95% CI 0.47-0.93). The IRR for individual skills is provided
in Multimedia Appendix 10, although the IRR could not be
meaningfully calculated for some skills due to minimal
variability. Only preprogram items had multiple raters due to
the limited on-site availability of research personnel, providing
preliminary evidence of measurement reliability. IRR was not
assessed for postprogram items.
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Figure 2. Participant knowledge test scores before training and 1 month after training.

Figure 3. Change in procedural skills before and after the program at 1 and 4 months, measured by average global rating scale scores. *Using a 5-point
scoring system (1=poor performance; 5=superior performance).
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Table 3. Participants’ self-reported changes after participating in the training program.

Scorea, mean (SD)Survey question

4.29 (0.76)I feel that I have improved my ability to perform blocks

4.43 (0.79)My knowledge of PNBsb has increased

4.57 (0.53)I feel more comfortable using and interpreting ultrasound

4.86 (0.38)I have a stronger desire to implement blocks in my practice

4.57 (0.53)I plan to continue using PNBs in my practice

5.00 (0)I feel that PNBs improve patient care at HNCc

aResponses rated using a 5-point Likert scale (1=strongly disagree; 5=strongly agree).
bPNB: peripheral nerve blocks.
cHNC: Hospital Nacional de Coatepeque.

Behavior Outcomes
All participants reported high motivation to continue performing
UGRA and intention to integrate PNBs into their practice (Table
3). All anesthesiologists continued to perform ultrasound-guided
nerve blocks through the follow-up period after implementation.

Clinical Outcomes
A total of 54 blocks were performed in the first month under
direct supervision, and 187 total procedures were recorded

during the 10 months following implementation (Table 4).
Patient demographic and case information are provided in
Multimedia Appendix 11. The overall procedure success rate
was 96.3% (180/187), with no reported patient complications.
The supraclavicular block was the most frequently performed
(66/187, 35.3%). General anesthesia was avoided in 95.9%
(70/73) of the patients for upper limb surgery through successful
brachial plexus blocks. On the postprogram survey, all 7
anesthesiologists strongly agreed that UGRA improves patient
care at HNC.

Table 4. Ultrasound-guided nerve blocks performed during the first 10 months after program implementation by type (n=187).

Blocks, n (%)Block type

10 (5.3)Interscalene

66 (35.3)Supraclavicular

35 (18.7)Femoral

25 (13.4)Adductor canal

40 (21.4)Popliteal

11 (5.9)Other

Discussion

Principal Findings
We describe the successful design and implementation of a
hybrid training program at a resource-limited hospital in
southwestern Guatemala. This program resulted in substantial
growth in knowledge and technical skills, practice change, and
enhanced patient care for a 10-month period. The educational
model developed for this context offers a framework for
introducing UGRA services in LMICs where clinical capabilities
are lacking.

Educational Program Design
This program featured a unique educational setting, requiring
input from local stakeholders to ensure alignment with daily
clinical practice and local needs. Unlike previous initiatives,
such as the original GRACE program, which aimed to expand
preexisting UGRA capacity, anesthesiologists at HNC had no
previous exposure to ultrasound or ultrasound-guided
procedures. This lack of training presented challenges due to
the steep learning curve and high-stakes environment in which

these procedures are performed, reflecting the reality for much
of the anesthesia workforce in LMICs [12]. Additionally, the
paucity of available Spanish-language UGRA resources
necessitated the translation or development of all surveys,
lectures, and training materials in Spanish.

Multiple approaches have been used to deliver education in
UGRA [27]. International programs have relied on either
in-person training or predominantly online or virtual formats,
with variable success [13,15,28-30]. Each method has inherent
advantages and limitations. In-person training provides direct
interaction with learners, hands-on skill development, real-time
adaptation and feedback, and access to resources and equipment
but is constrained by travel, time away from clinical duties,
short program duration, and higher costs [31]. Conversely,
online-only training offers flexibility, continuity, lower costs,
and the ability to record and revisit content. However, it is
limited by reliance on visual learning, time-zone variability,
and internet connectivity and lacks in-person teaching and
supervision. The duality of our methodology leverages the
benefits of both approaches while minimizing the challenges
and limitations.
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Given the limited exposure to UGRA and trainer availability,
a hybrid design was selected to maximize learning and skill
development. Initial self-directed learning was used to establish
foundational knowledge, particularly for theoretical concepts
such as ultrasound physics, pharmacology, and management of
complications. Concepts were then reinforced with classroom
instruction and followed by workshops and clinical practice to
support technical skill acquisition. This “flipped classroom”
approach prepares learners for hands-on experiential learning
and has become a standard in medical education [32]. Evidence
suggests that combining self-directed learning with expert
clinical instruction reduces procedural errors and improves
performance [33,34]. Using this multifaceted approach, HNC
anesthesiologists achieved proficiency and confidence with
UGRA after 1 month and, importantly, maintained these skills
even after direct trainer support had ended. Blended learning
has been effectively integrated into other medical contexts
[35-38]. Increasing access and familiarity with e-learning tools
and resources will continue to expand opportunities for
student-centered medical education worldwide.

Impact on Patient Care
A notable impact of UGRA in this setting was the avoidance
of general anesthesia for upper limb surgery through
ultrasound-guided brachial plexus blocks. This was achieved
in 70 (95.9%) of the 73 patients over the 10-month follow-up
period. Regional anesthesia has well-documented advantages
over general anesthesia, such as fewer perioperative respiratory
events, reduced opioid use, superior pain management, and
improvement in some procedure-specific outcomes [39]. These
benefits are more pronounced in resource-limited settings, where
constraints in supplies, equipment, and staffing reduce safety
margins. Large datasets from Médecins Sans Frontières (Doctors
Without Borders) facilities in LMICs similarly reported lower
mortality with regional anesthesia in comparison to general
endotracheal anesthesia [40]. Analgesic blocks were also
performed during training and clinical practice and were
perceived by both patients and surgeons to provide superior
pain control compared with the existing nonopioid regimens,
although formal evaluation is warranted. Nevertheless, all
anesthesia participants unanimously agreed on the postprogram
survey that PNBs improved patient care at their institution.

Patient safety was a priority for this pilot program.
Ultrasound-based interventions require careful technique to
achieve consistent and safe outcomes. Given that improper
ultrasound application or technique may lead to unintended
physiological effects or nerve injury, hands-on training becomes
essential to ensure safe use [41,42]. In our program, no
complications were observed, and the block failure rate of 3.7%
was consistent or superior compared to published rates ranging
from 5% to 10% [43-45].

Lessons Learned
Implementing a regional anesthesia service at a resource-limited
public hospital in Guatemala required adaptability and creative
problem-solving. The preoperative workflow presented
challenges, as patients typically arrived directly at the operative
area with minimal preparation time, limiting the window for
block placement and onset. Through pharmacological

adjustments, the combination of the shorter-acting lidocaine
with bupivacaine anecdotally accelerated the onset of blocks.
Consent was typically not obtained by the anesthesia team;
therefore, a new process was established to obtain authorization
for procedures, especially parental consent in the case of minors,
where parents were required to provide consent. In patients who
were illiterate, we integrated the local protocol of reading the
consent form information, allowing for questions, and then
obtaining fingerprint stamps on forms. Technical limitations
with portable ultrasound devices further complicated
implementation. The prolonged procedure times during skill
development led to probe overheating or battery depletion, and
limited penetration of deeper structures hindered visualization
in some blocks. The anesthesiologists’unique 24-hour schedule
every sixth day also required careful planning to ensure
consistent practice and skill reinforcement. Despite variation
in the number of blocks performed by trainees, consistent
improvements in knowledge and skills were observed across
all participants. Finally, establishing this new service
necessitated collaboration with departments beyond
anesthesiology and surgery to address issues involving supply
chain, documentation processes, emergency preparedness
protocols, postoperative monitoring, and nursing education on
the wards.

Multiple strategic decisions contributed to the program’s
success. First, the smaller cohort size, extended trainer presence
on-site, and longer follow-up period increased direct interaction
with experts, maximizing learning and enabling assessment of
clinical practice and outcomes. Second, multidisciplinary
coordination allowed for adjustment of the surgical schedule to
dedicate one operating room to orthopedics, increasing block
volume and creating greater opportunities for supervised
practice. Third, limiting the focus to a few high-yield blocks
proved effective for trainees with minimal baseline experience,
as it allowed for focused application of learning and
consolidation of skills. As proficiency grew with these limited
blocks and ultrasound maneuvering, we then observed the
adoption of new blocks among the group at HNC. Fourth, the
development of data collection tools, such as the procedure log,
assisted with real-time monitoring of progress, quality
improvement, supply procurement, and research efforts. Finally,
active engagement with hospital leadership and the Ministry of
Public Health and Welfare, Guatemala not only reinforced the
program’s value but also generated public recognition, laying
the foundation for potential expansion across the national health
system.

Future Directions
While the initial results are encouraging, future efforts must
continue to prioritize sustainability, ensuring progress is both
durable and scalable. This includes implementing strategies for
long-term follow-up, identifying and training local experts, and
maintaining buy-in from local stakeholders [12]. Our group has
engaged in regular communication and quarterly visits to
reinforce relationships and provide mentorship. A long-term
partnership with the CU Global Anesthesia program will include
ongoing peer-to-peer support, faculty engagement, research
collaborations, and resident rotations. Ultimately, the shared
objective of this program is to develop local experts who can
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then train and support colleagues in the region. This
“train-the-trainer” model has the potential to foster a
self-sustaining system of local expertise and training cascades
to build long-term capacity within the health system [46,47].
Efforts are underway to expand UGRA training to residency
programs, equipping anesthesiologists early in their careers and
integrating these techniques into both public and private practice,
thereby expanding the scope and consistency of anesthesia care
nationwide. Additionally, given the growing role of UGRA,
future training initiatives could include collaboration with
emergency physicians at HNC to integrate ultrasound-guided
nerve block techniques into emergency care, allowing patients
to benefit from regional anesthesia earlier in their clinical course.

Collaboration with local stakeholders, including nursing staff,
surgeons, and hospital administration, is essential to the
long-term success of this program. Hospital leadership
engagement is critical to ensure the purchasing of supplies and
medications needed to maintain a successful and safe UGRA
program. To sustain interdisciplinary commitment, research
should prioritize patient satisfaction, clinical outcomes,
system-level impact, and cost analyses, thereby demonstrating
value in patient care and resource optimization [48].

These data can also support efforts to increase access to
ultrasound technology. Although donation-based models have
helped bridge initial gaps, there remains a need for improved
purchasing mechanisms and sustainable supply chains for
portable devices in Guatemala and other Latin American
countries where demand is high. Advances in technology
continue to create new opportunities for training and patient
safety, and recent studies demonstrate that technology-assisted
models can enhance clinical decision-making and expand
training capacity across multiple medical disciplines, even in
resource-limited settings [49]. Technology-driven clinical
training models increase accessibility, standardization, and
clinical accuracy. This hybrid UGRA program, combining
structured digital content with hands-on practice, offers a
pragmatic approach to overcoming training barriers in LMICs.

Limitations
There are multiple limitations to this study. First, training was
delivered at a single hospital site with a small cohort of
anesthesiologists. While this helped ensure quality control and
exposure to practice with trainers, this limits generalizability
to other departments, residency programs, or hospital systems.
Second, there is a risk of information biases inherent in the

observational study methods, such as recall or observer bias.
Self-reporting may yield incomplete or inaccurate data;
assessments of technical competency were performed by the
training team with single raters for follow-up assessments, which
may introduce expectancy and Hawthorne bias. Future studies
should incorporate blinded, independent assessors or video
adjudication to enhance objectivity and IRR. Additionally,
although evaluation materials were adapted from validated
sources, the translated GRACE instruments were not formally
validated for cultural or psychometric equivalence, which may
limit measurement accuracy. Program fidelity measures, such
as detailed module completion analytics, were not available for
all participants, which may limit precise quantification of
exposure. However, attendance and active participation were
confirmed for all anesthesiologists.

The costs of delivering in-person training can be prohibitive
and should be considered when planning similar educational
initiatives. Previous UGRA programs have reported costs up
to US $5000 per trainer per trip [13]. This program minimized
costs by integrating the hybrid educational model. Thus, costs
were lower and estimated to be an average of US $1500 to US
$2000 per trainer per trip. We believe that this model offers a
pragmatic and cost-efficient approach for future international
collaborations.

Conclusions
This evaluation demonstrates the successful implementation of
a hybrid training model for UGRA at a public hospital in
Guatemala, advancing perioperative pain management in a
resource-limited setting. By combining online modules,
in-person didactics, and supervised clinical practice, the program
achieved substantial improvements in anesthesiologists’
knowledge, procedural skills, and confidence. Despite a lack
of previous capabilities, this program resulted in the adoption
of UGRA, with sustained clinical practice observed over a
10-month follow-up period. These outcomes reflect both a
tailored curriculum and strong local engagement, highlighting
the model’s value, safety, and potential scalability in LMICs.
The avoidance of general anesthesia in upper limb surgeries
underscores UGRA’s potential to improve patient safety and
optimize resources within the public health system. Future
efforts should prioritize local expert development,
interdisciplinary collaboration, and increased access to
ultrasound devices to ensure the long-term sustainability and
expansion of UGRA, thereby transforming anesthesiology care
for underserved communities across Guatemala.
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Abstract

Background: The Icarus Paradox in health care refers to the tension between the ambition to succeed as a specialist doctor and
the limitations of the medical education system. Indonesia aspires to produce quality doctors, yet limited infrastructure and
resources hinder the educational journey of prospective specialists.

Objective: This study aimed to identify the Icarus Paradox in Indonesia's specialist medical education by examining prospective
specialist medical students and the quality of health services and by analyzing how this paradox is reflected in society’s perspectives.

Methods: Using a convergent mixed methods design, this study integrated quantitative content analysis of 5047 online reviews
across multiple platforms with qualitative thematic and cognitive analysis using NVivo 14, combining sentiment classification
and topic coding.

Results: Twitter contributed 573 (11.3%) of 5047 reviews, with 218 (38%) negative, 251 (43.8%) neutral, and 104 (18.2%)
positive entries. TikTok generated 282 (5.6%) reviews, the majority being neutral (n=225, 79.5%). YouTube produced 96 (1.9%)
reviews, with 89 (92.7%) neutral entries. News platforms exhibited the largest volume (n=3040, 60.2%) of reviews, with 2885
(94.9%) neutral, 105 (3.5%) positive, and 50 (1.6%) negative entries. Blogs and websites contributed 353 (7%) and 692 (11.3%)
reviews, respectively, with neutral sentiment dominating (n=329, 93.2%, for blogs and n=599, 86.6%, for websites). Three
cognitive perspectives demonstrated the Icarus Paradox in the Indonesian medical education system: education system, society’s
views of students, and health care services. Although there are aspirations to improve education and health care quality, these
ambitions often collide with structural challenges, such as resource shortages, heavy workloads, and limited accessibility, which
link directly to cognitive themes of stress, resilience, and ethical dilemmas. We proposed a conceptual model to illustrate these
dynamics.

Conclusions: Our findings offer insights into the Icarus Paradox in Indonesia’s medical education system, highlighting its
complexity and reinforcing the need for systemic reform. Beyond academic relevance, the findings also emphasize the importance
of strengthening student mental health support, ensuring equitable access to health care, and enhancing regulatory oversight of
training. This was not a clinical trial. Although limited by reliance on online reviews, the results underscore the urgent need for
targeted policy interventions in medical education and health care services.

Trial Registration: ClinicalTrials.gov registration: NCT123456

(JMIR Med Educ 2026;12:e60452)   doi:10.2196/60452
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Introduction

Background
The Icarus Paradox, originally used in management studies to
explain how strengths can become liabilities, offers a useful
lens to examine paradoxical dynamics in specialist medical
education [1]. Although such programs are designed to produce
highly competent professionals, they often generate conditions
that undermine performance and well-being. These paradoxes
arise from three interconnected sources.

First, systemic educational design—marked by rigid curricula,
competitive entry pathways, and limited infrastructure—restricts
flexibility and adaptability. Second, entrenched institutional
cultures characterized by hierarchy, conformity, and
normalization of bullying shape learning environments where
silence is often preferred over expression [2-6]. Third, the
expectation that trainees endure prolonged working hours,
intensive workloads, and psychological pressure with minimal
support places substantial demands on individual resilience.
These interactions illustrate how a system striving for excellence
may inadvertently create vulnerabilities that undermine its goals.

Paradox theory underpins this study, emphasizing the
simultaneous coexistence of mutually contradictory yet
interdependent elements that persist over time [7,8]. A paradox
is defined as “contradictory yet interrelated elements that exist
simultaneously and persist over time” [9]. In the context of
specialist medical education, these tensions emerge when

academic rigor, resilience, and institutional pride—typically
considered strengths—lead to burnout, intimidation, or
compromised well-being.

Medical students and residents frequently face extreme academic
pressure that may lead to burnout or depression [10]. Burnout
is characterized by emotional exhaustion, depersonalization,
and reduced personal accomplishment [11], while depression
comprises persistent sadness, loss of interest, or suicidal
ideation. Although overlapping, the two conditions are
conceptually distinct. Resident doctors are particularly
vulnerable to both, and their compromised well-being negatively
affects patient care quality [11]. Media coverage frequently
portrays emergency conditions in specialist medical education,
illustrating the severity of burnout and distress among trainees
[12-14]. Policymakers have expressed growing concern over
declining patient care quality linked to these systemic issues
[15].

A national survey conducted by the Ministry of Health of
Indonesia in 2024 reported that among 12,121 participants in
the Program Pendidikan Dokter Spesialis (PPDS; Specialist
Doctor Education Program) at 28 vertical education hospitals,
2716 (22.4%) showed depressive symptoms [16]. Additionally,
6182 (51%) reported fatigue or low energy, 4606 (38%)
experienced sleep disturbances, 4242 (35%) reported reduced
interest in daily activities, and 400 (3.3%) indicated suicidal
ideation or self-harm thoughts (Figure 1) [16]. These results
underscore the significant mental health challenges facing
trainees.

Figure 1. PPDS mental health screening at vertical education hospitals. PPDS: Program Pendidikan Dokter Spesialis (Specialist Doctor Education
Program).

The same survey revealed that the specialties with the highest
depressive symptoms were pediatrics, with 1672 (13.8%)
trainees; orthopedics and traumatology, with 1491 (12.3%)
trainees; and internal medicine, with 1091 (9.0%) trainees [16].
This situation raises concerns regarding both trainee well-being
and patient care quality. Media reports frequently highlight

psychological crises among specialist medical trainees, echoing
public worries about inadequate institutional support. High
academic expectations combined with insufficient psychosocial
resources leave many trainees struggling with anxiety,
exhaustion, and a profound sense of entrapment.
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These challenges reflect worldwide patterns. In the United
States, a prospective study found that depressive symptoms
increase progressively across medical training, with fourth-year
students having more than eight times the odds of emotional
exhaustion compared to first-year students [17]. More than
one-third of US family medicine residents report burnout,
particularly women and those with high educational debt [18].
In Canada, over half of resident doctors experience burnout,
especially those working over 80 hours per week [19]. A scoping
review reported a wide variation in the prevalence of burnout
and depression among physicians and residents, with the
evidence consistently indicating greater vulnerability among
women [20].

Regional data reveal similar patterns: Iranian medical students
experience significant burnout associated with academic
pressures [21]; Hong Kong students commonly report burnout
linked to poor sleep and limited exercise [22]; and Thai clinical
students report high emotional exhaustion and depersonalization,
particularly among males and those with lower academic
performance [23]. The British Medical Association highlights
excessive demands and poor working conditions as major
contributors to declining physician well-being worldwide [24].

Although these issues occur worldwide, Indonesia’s case is
particularly severe due to rigid systemic design, hierarchical
cultures, and limited psychosocial support. These characteristics
intensify paradoxical tensions consistent with broader paradox
scholarship, which argues that unresolved tensions often
generate both innovation and dysfunction [7,8].

Aims of the Study
This study had two primary aims. Theoretically, it used the
Icarus Paradox to explain how exclusivity and academic
excellence within Indonesia’s specialist medical education
system can inadvertently produce negative outcomes for trainee
well-being and service quality. Practically, it examined public
perspectives captured through online media to identify
institutional gaps in responsiveness to societal expectations,
health care market needs, regulatory dynamics [25-28], and
medical technology advancement [29]. In doing so, the study
asked how the Icarus Paradox manifests within Indonesia’s
specialist medical education system from the viewpoint of the
public, and how these insights can guide policymakers and
training institutions toward reforms that balance quality,
responsiveness, and trainee well-being [29].

Theoretical Background
Paradoxical dynamics have become increasingly prominent in
contemporary organizations as scholars examine how
contradictory yet interrelated elements coexist and shape
behavior over time. Such tensions surface when organizations
must respond to opposing demands that are both legitimate,
generating cycles of alignment, resistance, and adaptation. These
dynamics appear across institutional logics, identity structures,
and organizational processes, with senior leaders experiencing
them as strategic contradictions and employees encountering
them in daily routines and socioemotional relationships [30].
Although paradox scholarship has generated numerous
influential studies [31-33], its rapid adoption also raises concerns

about conceptual stretching, overconfidence in prevailing
interpretations, and labeling practices that may reinforce
dominant theoretical positions [34].

This study adopted the Icarus Paradox as its core theoretical
lens. Rooted in Greek mythology, the metaphor describes how
Icarus’s success in flying ultimately led to failure when he
ignored warnings and flew too close to the sun [35-37]. In
strategic management, the Icarus Paradox explains how
organizations’ strengths can become vulnerabilities when past
success fosters overconfidence, rigidity, or reluctance to adapt
[35,38]. Institutions that excel may inadvertently undermine
their own survival by persisting with established routines despite
environmental shifts [39]. This phenomenon, often referred to
as “vicious inertia,” reflects a broader tension between stability
and adaptation—an enduring hallmark of paradox theory.
Comparable dynamics emerge in education, where aspirations
for excellence collide with resource scarcity, rigid structures,
and uneven institutional preparedness [40].

Paradoxical tensions are also evident in medical education. High
academic standards and professional expectations are essential
for producing competent physicians, yet they simultaneously
generate psychological burden among trainees. Medical students
frequently report stress, burnout, and depression [41,42], and
Indonesia’s specialist medical trainees experience particularly
elevated levels of distress, with consequences for well-being
and professional performance [10]. These tensions represent
strategic paradoxes—institutions prioritizing excellence and
productivity at the expense of trainee mental health. Identity
paradoxes also emerge as students’ aspirations to become
empathetic, capable physicians conflict with the exhaustion,
self-doubt, and emotional strain encountered during training.
Institutional logic paradoxes further arise when cultures valorize
endurance and sacrifice, while health systems increasingly
demand empathy, patient-centeredness, and clinician well-being.

These psychological strains carry serious implications. Burnout
and depressive symptoms reduce clinical performance, increase
the likelihood of errors, and diminish empathy toward patients
[43]. If unaddressed, these conditions often persist into residency
and professional practice, reinforcing negative cycles within
the health care workforce [11]. Medical education paradoxes
therefore represent tangible, lived realities that directly influence
patient safety and service quality.

Addressing these tensions requires intentional institutional
support. Access to mental health services, resilience education,
and curricula integrating well-being are foundational [42,43].
Another paradox emerges from the gap between expected
graduate competencies and actual system-level outcomes:
training aspires to produce highly capable specialists, but health
care performance does not always match societal expectations
[44]. Continuous reform is therefore essential to align
educational structures with evolving health care needs, while
recognizing human limitations.

Social media has recently played a dual role in illuminating
these paradoxes. On the one hand, it facilitates collaboration
[27], resource sharing [45], knowledge exchange [46], and peer
support that strengthens students’sense of belonging [26,47,48].
On the other hand, it can propagate misinformation, amplify
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stress, and distract from academic focus [49]. Online
engagement also provides a space for public commentary
[50,51], revealing lived experiences of medical trainees and
societal expectations of the health care system. Thus, social
media functions both as a catalyst and a mirror of the paradoxes
embedded within specialist medical education.

Methods

Study Design
This study was registered at ClinicalTrials.gov (NCT123456).
The research used a convergent mixed methods design [52], in
which quantitative and qualitative approaches were conducted
simultaneously and coalesced to provide a rich understanding
of the Icarus Paradox within the specialist medical trainee
education system in Indonesia. In this design, quantitative
sentiment analysis and qualitative thematic analysis were
conducted independently but merged at the interpretation stage
to facilitate triangulation of findings.

Data Collection
Data collection was carried out over 30 days (March 24-April
23, 2024) using Brand24 [50,53,54], a social listening and
monitoring tool that enables focused and comprehensive analysis
of conversations on platforms such as Twitter [55], online news
portals, blogs, videos, discussion forums, and websites [56,57].
Brand24 was selected over other monitoring tools because it
provides reliable access to Indonesian language data, allows
automated tracking of multiple keywords, and has been
previously validated in academic studies [50].

The search was conducted using a set of keywords relevant to
Indonesia’s specialist medical education system, including
“PPDS,” “resident doctor,” “specialist candidate,” “collegium,”
“medical student,” and “medical education.” The data collected
were stored in Microsoft Excel format, containing metadata,
such as the posting time, ID or username, source, review content,
sentiment category, number of replies, number of likes, number
of reposts, number of followers, and influence score.

To ensure the relevance of the dataset, irrelevant or duplicate
content was systematically removed. Posts were excluded if
they were (1) purely promotional or advertisements, (2)
unrelated to medical education despite containing a keyword,
(3) spam or bot-generated content, or (4) duplicates of

previously captured entries. This filtering step ensured that only
meaningful and contextually relevant discussions were retained
for analysis.

Data Analysis
The analysis process involved both quantitative sentiment
analysis and qualitative thematic analysis.

For quantitative sentiment analysis, Python was used with text
mining and natural language processing (NLP) libraries, such
as NLTK, spaCy, Pandas, and Scikit-learn [58,59]. Sentiment
classification grouped posts into three categories: positive,
neutral, and hostile. Additional preprocessing steps included
removing hashtags, emojis, hyperlinks, and user mentions, as
these elements did not add meaningful semantic value for
sentiment classification. The output of this analysis included
statistics, graphs, proportions, and trends.

Since the dataset was originally in Indonesian, translation into
English was necessary for subsequent qualitative coding.
Translation was performed using Google Translate, combined
with manual verification by bilingual members of the research
team to ensure contextual and semantic accuracy. This step
reduced the risk of misinterpretation and enhanced the reliability
of findings.

For qualitative thematic analysis, data were imported into NVivo
14 [60]. Coding was performed using a hybrid approach:
inductive coding allowed themes to emerge directly from the
data, while deductive coding was informed by paradox theory
and the Icarus Paradox framework. To enhance intercoder
reliability, multiple researchers were involved in the coding
process, and discrepancies were resolved through discussion
until a consensus was reached. Codes with similar content were
grouped into broader themes to identify dominant narratives.

Integration of Findings
The final stage involved integrating the results from both strands
of analysis. Quantitative sentiment trends were compared with
qualitative thematic insights to contextualize dominant narratives
about specialist medical education. This integration enabled the
development of a perspectives-based conceptual model,
summarizing how the Icarus Paradox manifests in Indonesia’s
specialist medical education system and how public perceptions
highlight areas requiring reform. A summary of all stages of
the method is shown in Figure 2.
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Figure 2. Convergent mixed methods study design. PPDS: Program Pendidikan Dokter Spesialis (Specialist Doctor Education Program).

Ethical Considerations
This study used publicly available, nonidentifiable online data
and did not involve interaction with human participants;
therefore, Institutional Review Board (IRB) approval was not
required. The authors adhered to applicable ethical standards
for research using public online data and removed any
potentially identifying information during analysis.

Results

Online Review Data
Data were collected for 30 days (March 24-April 23, 2024)
using Brand24 as the primary social listening and analytics
platform [50,53,54]. This tool was selected because of its ability
to capture Indonesian language data across multiple platforms,
provide sentiment classification, and export structured datasets
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for further quantitative and qualitative analyses. In total, 5047
reviews were retrieved based on the specified keywords,
distributed across digital platforms such as Twitter (X), TikTok,
video-sharing sites, online news portals, podcasts, forums, blogs,
and websites.

The platform with the highest number of reviews was news
portals, with 3040 (60.2%) reviews; followed by websites, with
692 (13.7%), Twitter with 573 (11.3%), and blogs with 353
(7%) reviews. TikTok and video systems additionally
contributed significantly, with 282 (5.6%) reviews and 96 (1.9%)
opinions, respectively. Podcasts accounted for the best 6 (0.1%)
evaluations, and forums contributed 5 (0.1%) reviews, making
them the least represented platforms. These percentages provide
a clearer picture of the dominance of such structures, with news
portals rising to become the number one space for public
discourse on professional clinical education in Indonesia. The
variation highlights how exclusive audiences use more than one
online channel to share their perspectives and worries,
underscoring the subject’s relevance in numerous segments of
digital media.

Sentiment Analysis
Sentiment classification of the collected data was conducted
using the Brand24 platform [61]. Brand24 integrates artificial
intelligence (AI)–driven deep learning with rule-based lexicon
techniques, enabling both high accuracy and methodological
transparency. Its multilingual sentiment model supports analysis
in more than 100 languages, including Indonesian, and its
performance has been validated using the F1-score metric. Based
on evaluations of 50,000 mentions, overall accuracy increased
[61].

The processed data reflected a mixture of negative, neutral, and
positive sentiments across platforms, as summarized in Table
1. The online review dataset showed substantial variation in the
volume and distribution of sentiments between media sources.
Of the 573 (11.3%) reviews contributed by Twitter, 218 (38%)
were categorized as negative, 251 (43.8%) as neutral, and 104
(18.2%) as positive entries. Of the 282 (5.6%) reviews generated
by TikTok, the majority (n=225, 79.5%) were categorized as
neutral. For video-based platforms, such as YouTube, which
produced 96 (1.9%) reviews, 89 (92.7%) reviews were
categorized as neutral.

Table 1. Distribution of review data by platform.

Total (N=5047), n (%)Positive reviews (n=346), n (%)Neutral reviews (n=4389), n (%)Negative reviews (n=312), n (%)Platform

573 (11.3)104 (30.1)251 (5.7)218 (69.9)Twitter (X)

282 (5.6)38 (11.0)225 (5.1)19 (6.1)TikTok

96 (1.9)6 (1.7)89 (2.0)1 (0.3)Videos

3040 (60.2)105 (30.3)2885 (65.7)50 (16.0)News portals

6 (0.1)06 (0.1)0Podcasts

5 (0.1)05 (0.1)0Forums

353 (7.0)13 (3.8)329 (7.5)11 (3.5)Blogs

692 (13.7)80 (23.1)599 (13.6)13 (4.2)Websites

News platforms exhibited the largest volume of data, amounting
to 3040 (60.2%) reviews; however, most were neutral (n=2885,
94.9%), accompanied by 105 (3.5%) positive and 50 (1.6%)
negative sentiments. Blogs and websites contributed 353 (7%)
and 692 (11.3%) reviews, respectively, with neutral sentiment
dominating both categories (n=329, 93.2%, for blogs and n=599,
86.6%, for websites).

Overall, these findings indicated substantial cross-platform
variation in sentiment distribution. Despite differences in
volume, most platforms show a predominance of neutral
sentiment, suggesting that public discourse on specialist medical
education tends to be descriptive or informational rather than
overtly evaluative.

These data show that Twitter has the highest proportion of
negative sentiment, whereas TikTok has the highest proportion
of positive sentiment relative to its volume. Meanwhile, news
portals are overwhelmingly neutral, reflecting the reporting

style of professional media outlets. Podcasts and forum
platforms do not show any negative or positive sentiment, while
video and web-based platforms have a low number of negative-
and positive-sentiment reviews. Furthermore, news platforms
show a fairly low number of negative- and positive-sentiment
reviews, with neutral sentiment dominating. Overall, the
percentage of negative sentiment of around 6.2% (n=312
reviews) is smaller than the percentage of positive sentiment of
6.9% (n=346 reviews).

Figure 3 shows the trend in daily positive and negative reviews
for 1 month. At the beginning of the month, the number of
positive and negative reviews was relatively low and stable.
However, starting April 16, there was a significant increase in
the number of positive and negative reviews. This is in line with
reports in the mass media regarding the results of PPDS mental
health screening [16] on that date [12], which may have
triggered an increase in online activity related to the topics
discussed in the research.
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Figure 3. Sentiment-based review history for 1 month.

Coding Review Topics
After carrying out data cleaning, 292 (5.8%) reviews with
negative sentiment and 317 (6.3%) reviews with positive
sentiment were obtained. These data were then analyzed using
NVivo 14.

Negative-Review Topic Coding
As the initial aim of this research, each sentiment in the review
was coded to find review themes. We used the autocode feature
provided by NVivo 14 to automatically recognize and mark text
or other qualitative data based on predetermined rules. NVivo
applies techniques such as text analysis and content analysis to
identify patterns in text and tag or code data accordingly [62].

To ensure the credibility of the coding process, the results of
autocode generation were followed by manual validation carried
out by two independent coders. An intercoder agreement check
was conducted, and discrepancies were resolved through
discussion to strengthen the reliability of the coding.

The autocode results produced 28 negative-review topic codes,
as presented in Table 2. To improve interpretability, these topics
were subsequently grouped into six broader clusters: medical
workforce, educational system and training, health care
institutions and patients, financial and resource constraints,
media and public discourse, and other student life factors.

The largest cluster was “educational system and training” (n=8,
28.6%, topics), followed by “medical workforce” (n=7, 25%,
topics). This highlights that criticisms are not only about
individuals (doctors, students, residents) but also about structural
issues in programs and curricula. Smaller clusters, such as
“media and public discourse” and “student life factors,” capture
contextual influences that extend beyond institutional
boundaries, underscoring the multifaceted nature of the
challenges.

Discussion topic data generated by NVivo 14 related to negative
community reviews revealed a variety of topics highlighted in
these reviews. Of the 28 topics identified, based on the number
of references and reviews (Figure 4a), the data showed that the
topics of discussion tended to be spread out, with significant
variations in the number of references and reviews. Most topics
had an equal number of references and reviews, with some
topics, such as “doctors” and “specialists,” having a slight
difference in the number of references and reviews. However,
when looking from a coverage perspective (Figure 4b), most
topics had low scores, indicating that these topics were not
widely discussed in the data. Nevertheless, it was still important
to pay attention to them because some topics could affect the
validity and representativeness of analysis results.
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Table 2. Topics in negative reviews.

ClusterTopic feature wordsTopicTopic number

Medical workforceintern doctors, resident doctors, alone specialist doctors, emergency room
doctors, previous doctors, procuring specialist doctors, prospective doctors,
teachers, specialist doctors

Doctors1

Medical workforcelung specialist, alone specialist doctors, dermatology specialists, otolaryn-
gology specialists, procuring specialist doctors, teachers, specialist doctors

Specialists2

Educational system and trainingmedical student status, boarding student, dental students, nursing studentsStudents3

Health care institutions and pa-
tients

vertical hospitals, hospital environment, hospital management, large hospitalsHospitals4

Medical workforceteaching staff, teachers, specialist doctorsTeaching5

Educational system and traininginternal medicine, traditional medicineMedicine6

Educational system and training8th pregnancy program, expert master education program, study programPrograms7

Medical workforcelung specialist, lung diseaseLungs8

Medical workforcenursing student, senior nurseNursing9

Health care institutions and pa-
tients

sleep patients, trigger patientsPatients10

Student life factorspatient sleep, sleeping pillsSleep11

Media and public discoursemedia briefings, social mediaMedia12

Health care institutions and pa-
tients

vertical hospitalsVertical hospitals13

Health care institutions and pa-
tients

community health center, first-class health clinicHealth14

Educational system and trainingexpert master education program, medical education providersEducation15

Educational system and trainingexpert master candidates, expert master education programExpert master16

Student life factorsfollowing suit, really suitableSuitable17

Financial and resource constraintsreceived money, scientific moneyMoney18

Educational system and trainingmedical student statusMedical student
status

19

Medical workforceinternal doctorsInternal doctors20

Educational system and traininggood results, solid resultsResults21

Health care institutions and pa-
tients

community health center, local communityCommunity22

Financial and resource constraintswork strikes, working hoursWorking23

Medical workforceresident doctorResident doctors24

Financial and resource constraintsurine bag, urine hunterUrine25

Financial and resource constraintsformalin smell, n't smellSmells26

Educational system and trainingstage compositor, stage rotationStages27

Financial and resource constraintsboarding house, halfway houseHouse28
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Figure 4. References and reviews (a) and coverage (b) for each negative-review topic.

Positive-Review Topic Coding
Autocoding carried out by NVivo 14 on positive reviews
produced 17 topic codes, as summarized in Table 3.

Based on the number of references and reviews (Figure 5a), the
data showed significant variations in the number of references
and reviews for each topic. Most topics had an equal number
of references and reviews, but some had quite striking
differences, such as the topics “doctors” and “services,” which

had a higher number of reviews than the number of references.
However, from a coverage perspective (Figure 5b), the majority
of topics had quite high scores, indicating that these topics were
widely discussed in the data. Topics such as “doctors” and
“services” even had coverage values above 3% (17 reviews),
indicating that they are the main focus of positive community
reviews. Even though some topics had lower coverage values,
the majority of them were still quite high, showing the variety
of positive topics discussed in public conversations.
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Table 3. Topics in positive reviews.

Operational definitionTopic feature wordsTopicTopic number

Mentions of doctors in a positive sense, reflecting profes-
sionalism, expertise, or accessibility

professional doctor candidates, resident doctors, aspiring
doctors, general doctors, eye specialists, online doctor
apps

Doctors1

References to the quality, diversity, or efficiency of health
care services

superior service, pediatrician services, integrated ser-
vices, rehab services

Services2

Positive perception of medical students’ role, contribution,
or progress

medical students, studentsStudents3

General statements about health promotion, prevention, or
community health benefits

various health problems, health centers, health fields,
health practitioners

Health4

Praise for successful surgical procedures or advanced sur-
gical options

cardiac, cataract, orthopedic, preventive surgerySurgery5

Recognition of specialist expertise or availability in various
fields

pediatric specialists, beauty specialists, eye specialistsSpecialists6

Appreciation of effective or innovative treatment modalitiesbeauty treatment, canal treatment, treating skin, treat-
ment techniques

Treatment7

Positive portrayal of practitioners’ skills and dedicationgeneral practitioner, health practitioner, health care
practitioner

Practitioners8

Highlighting the adequacy, modernity, or comfort of health
care facilities

equivalent facilities, sophisticated facilities, surgical
facilities

Facilities9

Positive feedback on ease of access and quality of medical
consultations

direct consultation, online doctor consultation applica-
tion, psychological consultation services

Consultation10

Reinforcement of outstanding service quality in medical
practice

superior serviceSuperior ser-
vice

11

References to the diversity of medical and health disciplineshealth fields, medical fields, various fieldsFields12

Positive associations with medical aesthetics and wellnessbeauty specialist, beauty treatment, well-maintained
beauty

Beauty13

Praise for the availability and functionality of medical or
therapeutic rooms

physiotherapy rooms, reflection rooms, speech therapy
rooms

Rooms14

Mentions of structured and accessible medical practicesspecialist pediatrician practice services, practice sched-
ule

Practice15

Positive recognition of medical or educational programs23 study programs, male pregnancy program, profession-
al program

Programs16

Appreciation of having diverse and appropriate health care
or program options

menu choices, the right choiceChoices17

Figure 5. References and reviews (a) and coverage (b) for each positive-review topic.
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Cognitive Perspectives and Themes
Cognitive perspectives were established to help explain how
society responds to the Icarus Paradox and how these
perceptions influence their behavior regarding medical
education. The cognitive perspective in the research context
refers to the way individuals understand, interpret, and give
meaning to information obtained from their environment. This
includes how people process the information they obtain from

online media, such as news articles, comments on social media,
blogs, and discussion forums, as well as how their views are
formed, influenced, and expressed through these platforms [27].
The combination of all topics in positive and negative reviews
is then sorted to develop appropriate themes. Each corresponding
theme is then grouped into a cognitive perspective. Based on
all the reviews collected in this research, we defined four
cognitive perspectives: education system, policy, society’s views
of students, and health care services (Table 4).

Table 4. Cognitive perspectives and themes by review topic.

Positive topicsNegative topicsCognitive perspective and themes

Education system

Professional challenges •• Topic 1: doctorsTopic 1: doctors
•• Topic 12: fieldsTopic 24: resident doctors

• Topic 25: urine

—aEconomic challenges • Topic 18: money

—Workload • Topic 19: medical student status
• Topic 20: internal doctors

—Medical understanding • Topic 8: lungs

—Teacher qualifications • Topic 5: teaching
• Topic 17: suitable

Medical education •• Topic 4: healthTopic 7: programs
•• Topic 16: programsTopic 13: vertical hospitals

• Topic 15: education
• Topic 16: expert master

Policy

—Government policy • Topic 23: working
• Topic 27: stages

Society’s views of students

About students •• Topic 3: studentsTopic 3: students
• Topic 28: houses

Community involvement •• Topic 6: specialistsTopic 12: media

Health care services

Quality of health services •• Topic 2: servicesTopic 2: specialists
•• Topic 5: surgeryTopic 4: hospitals
•• Topic 8: practitionersTopic 6: medicine

• •Topic 9: nursing Topic 9: facilities
•• Topic 11: superior serviceTopic 14: health

• •Topic 21: results Topic 13: beauty
•• Topic 15: practiceTopic 26: smells

Patient experience •• Topic 7: treatmentTopic 10: patients
•• Topic 10: consultationTopic 11: sleep
•• Topic 14: roomsTopic 22: community
• Topic 17: choices

aNot applicable.

The “education system” perspective explains prospective
doctors’ direct experience with the medical education system
and health facilities, which will shape their perceptions and
assessments of the quality and effectiveness of the system. The

information they obtain from online media can influence how
they interpret and remember their own experiences. This
perspective explains several themes, such as professional
challenges, economic challenges, workload, medical
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understanding, teaching qualifications, and medical education.
The “policy” perspective explains the public’s response to
assessing the quality of medical education and health services,
which is linked to the impact of government policy. Information
about government policies, societal responses, and changes in
the health system may influence the public’s perceptions of the
medical education system. This perspective focuses solely on
the theme of government policy. Furthermore, the “society’s
views of students” perspective influences perceptions of medical
education and the medical profession, shaped by the social
support individuals receive from their environment. The
perspectives of friends, family, and the medical community can
influence how individuals understand and respond to the
challenges they face in their medical education and careers.
This perspective explains themes such as student views, as well
as the themes of community engagement and public health. The
“health care services” perspective explains public reviews

regarding the experience of receiving services and the results
obtained when visiting a doctor. This perspective explains
themes such as the quality of health services and the patient
experience. The entire cognitive perspective, along with its
respective themes, is further explained in the coding process of
the negative and positive reviews next.

Visualization of topic flow across cognitive perspectives,
themes, sentiments, and issues was produced using a Sankey
diagram (Figure 6). The diagram shows that five topics
(program, doctor, student, specialist, and health) contained
both positive and negative sentiments, indicating contradictory
reviews and the presence of paradoxical dynamics. Three topics
(program, doctor, student) displayed opposing sentiments within
the same theme and perspective, whereas two topics (specialist
and health) exhibited sentiment divergence across different
themes or perspectives.

Figure 6. Sankey diagram of topic distribution for cognitive perspectives and themes.

The topic program centered on the theme of “medical education”
within the “education system” perspective. Positive reviews
emphasized the value of educational opportunities, such as
clinical clerkships and diverse study programs offered by
Indonesia’s medical schools. These were seen as mechanisms
to broaden competence and strengthen professional readiness.
At the same time, negative sentiment highlighted recurring
concerns, including bullying cases in the PPDS and the closure
of certain specialties, such as radiology. These contradictory
views—progressive ambition versus internal
dysfunction—reflect the Icarus Paradox, where efforts to elevate
educational excellence may simultaneously generate harmful
systemic pressures [35,36].

The topic doctors related to “professional challenges” within
the “education system” perspective. Positive sentiment
acknowledged the achievements of doctors and medical students,
recognition of expertise, and optimism surrounding innovations,
such as online consultation platforms. However, negative
sentiment pointed to structural barriers, such as shortages of
specialist lecturers, harsh working conditions, low compensation
for interns, and ethical concerns related to patient rights. These
tensions illustrate the conflict between professional ideals and
the realities imposed by institutional limitations.

The topic students was discussed under the “society’s views of
students” perspective. Positive sentiment highlighted recognition
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of student accomplishments, the use of simulators and models
in training, and hopes for producing compassionate and resilient
physicians. Conversely, negative reviews drew attention to
workload imbalance, ethical dilemmas when shifting roles, and
perceptions of injustice in training environments. These
competing narratives reflect the paradox of aspiring to
excellence, while navigating a system that can undermine
fairness and well-being.

Sentiment patterns for the topic specialists also revealed
contrasting perspectives. Positive sentiment, categorized under
“community involvement,” underscored the indispensable role
of specialists in delivering quality care, especially in underserved
areas. Public comments highlighted trust in specialists’ ability
to accelerate recovery and address complex conditions. In
contrast, negative sentiment, linked to the “health care services”
perspective, emphasized limited specialist availability,
particularly in remote regions, as well as funding and resource
constraints. These shortages translate directly into service gaps,
as illustrated by cases in which patients cannot obtain urgently
needed specialist care.

Finally, the topic health contained both positive and negative
sentiment across differing themes. Positive reviews, aligned
with the “medical education” theme under the “education
system” perspective, highlighted improvements in training
quality, innovations in medical research, and the contribution
of diverse specialists to system enhancement [63]. Negative
sentiment, viewed from the “health care services” perspective,

reflected dissatisfaction with access barriers, cost concerns, and
perceived shortcomings in primary-level care. Public comments
described challenges in securing treatment for family members
and skepticism toward provider competence in community
clinics.

Collectively, these topic-based findings revealed how
paradoxical tensions manifest simultaneously across multiple
perspectives in Indonesia’s specialist medical education
ecosystem, providing critical insight into structural, educational,
and service-related challenges.

Conceptual Model
Based on the results of our analysis, we proposed a conceptual
model that links these four cognitive perspectives. This model
can serve as a basis for formulating comprehensive policies and
strategies to enhance medical education, improve public
perception of the medical profession, and overall health services.
With an integrated and holistic approach, it is hoped that the
Icarus Paradox identified in this study can be overcome, thereby
improving the overall quality of the health system. The proposed
conceptual model is shown in Figure 7. Perspectives with white
circles have the Icarus Paradox effect, while perspectives marked
with gray circles do not have the Icarus Paradox effect. The
“education system” perspective in this conceptual model is the
primary component in producing quality health services, which
is largely determined by the input and role of regulations, as
well as “society’s views of students” regarding prospective
medical students.
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Figure 7. Conceptual model linking the four cognitive perspectives in this study: (1) education system, (2) policy, (3) society’s views of students, and
(4) health care services.

Discussion

Principal Findings
This study identified three major cognitive
perspectives—education system, health care services, and
society’s views of students—frequently reflected in public
reviews, while policy issues appeared less prominently. Findings
illustrate the Icarus Paradox as it emerges across these
perspectives, where ambition and the pursuit of excellence
coexist with constraints and systemic limitations. Rooted in
classical interpretations of overreach and human limitation
[37,38], the paradox becomes visible in how communities
describe tensions within Indonesia’s specialist medical education
system. In contrast, the policy perspective generated
comparatively uniform sentiment, suggesting limited public
engagement with regulatory matters.

The Icarus Paradox in Specialist Medical Education
The Icarus Paradox describes how attributes that drive success
can, when overstretched, evolve into vulnerabilities [7,37,38].
Indonesia’s specialist medical education system reflects this
dynamic. Programs such as clinical clerkships and PPDS training
offer essential experiential learning and uphold high academic

and professional standards [11,44,64]. These strengths, however,
may escalate into risks when demands become excessive. Heavy
workloads, hierarchical structures, and competitive environments
contribute to burnout, intimidation, and uncertainty, exemplified
by bullying cases and program closures, such as in radiology
[10,11]. Public discourse captured in this study also shows
admiration for educational excellence, alongside accounts of
program instability and insufficient institutional support,
illustrating how the system’s strongest features can
simultaneously generate tension.

Addressing these paradoxes requires structural and cultural
reforms, including more inclusive learning environments,
transparent governance, and stronger mentoring systems
grounded in empathy and collaboration [65]. Updating curricula
to align with evolving scientific and educational developments
is equally vital. Such measures may help sustain academic
quality, while minimizing the unintended consequences of
overly rigid standards.

The Icarus Paradox in the Student Context
Among students, the paradox emerges when determination,
resilience, and idealism—traits celebrated at the start of medical
training—become sources of vulnerability under excessive
pressure. Students often begin their education with strong
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motivation and aspirations to contribute meaningfully to society
[66]. Yet system demands, extended working hours, ethical
dilemmas, and limited supervision due to dual lecturer-clinician
roles can erode well-being and moral sensitivity [41]. Review
data reveal disillusionment when expectations of professional
fairness conflict with realities, such as inequitable pathways
into practice or nonformal short-course alternatives.

Such tensions reflect how ambition without adequate support
can lead to burnout and ethical distress. Strengthening mental
health support, promoting fairness in training systems, and
integrating ethical guidance are essential to prevent resilience
from becoming a liability [65].

The Icarus Paradox in the Health Care Context
Paradoxes also materialize within health care delivery [67].
Advances in training, the expansion of simulations, and
improvements in health facilities have contributed to
better-prepared professionals and broader service coverage.
Government initiatives, such as infrastructure development,
Jaminan Kesehatan Nasional (JKN; National Health Insurance
Program) implementation, and adoption of digital health and
telemedicine, have improved access in many regions. However,
unchecked growth and technological progress can introduce
new weaknesses, including practitioner burnout, ethical
compromises, or neglect of basic primary care, particularly in
underserved communities [8,25].

Persistent disparities between urban and rural areas reflect this
tension. Although capacity has increased nationally,
specialist-to-population ratios and hospital bed availability
remain considerably lower in remote regions [2,68-70]. These
gaps demonstrate how reforms designed to elevate care quality
can inadvertently reinforce inequality.

Addressing such paradoxes requires integrating
community-based training, strengthening support for rural
deployment, and ensuring equitable resource allocation [26].
Civil society involvement can help promote fairness and public
accountability.

The “education system” perspective illustrates how efforts to
sustain high academic standards and broaden learning
opportunities in specialist training can inadvertently generate
strain. Although diverse programs and research initiatives aim
to enhance the quality and relevance of specialist medical
education, these strengths may create vulnerabilities when
demands exceed student capacity. Heavy academic loads, tight
schedules, and competitive selection for placements or
specialties can intensify stress and disrupt students’ balance
between academic, social, and personal lives. Limited
institutional attention to student well-being, insufficient support
systems, and cultures that tolerate intimidation or academic
mistreatment may further exacerbate these pressures, reinforcing
the system’s paradoxical nature.

These dynamics reveal the tension between the ideal of academic
excellence and the structural challenges embedded in training
environments. Understanding this paradox is essential when
evaluating how effectively the educational system prepares
future doctors for real-world health care demands.

The “society’s views of students” perspective similarly reflects
tensions between public expectations of medical professionalism
and students’ lived realities. High academic pressure, limited
access to qualified supervisors, financial burdens, and long
working hours often conflict with students’ aspirations,
contributing to fatigue and reduced well-being. These constraints
show how ambition in medical training may collide with
structural and ethical limitations, creating conditions consistent
with the Icarus Paradox.

Although the “policy” perspective does not directly display
paradoxical tension, it remains crucial in mitigating risks
emerging from the other three perspectives. Well-designed
regulations can support improvements in medical training
quality, shape public perceptions of the profession, and promote
equitable access to health services.

The “health care services” perspective represents the system’s
final output and illustrates tensions between the need for
high-quality health care and persistent resource constraints.
Limited numbers and uneven distribution of specialists,
especially in remote regions, hinder timely access to appropriate
care. Funding shortages, inadequate human resources, and
complex bureaucratic processes further complicate service
delivery. These factors generate a paradox in which aspirations
for excellent, equitable care conflict with systemic limitations
[67].

Overall, the conceptual model highlights how progress within
education, professional expectations, and health care delivery
can unintentionally produce new vulnerabilities. Recognizing
and managing these paradoxes is essential for creating a more
resilient and equitable medical education and health care system.

Implications
The findings of this study carry significant implications for
medical education, health service quality, and the role of
specialist medical trainees [26]. First, within medical education,
the Icarus Paradox, reflecting tensions between ambition and
structural limitations, shapes student experiences and
underscores the urgency of curriculum reform. Greater emphasis
is needed on clinical skill development [71], communication,
and leadership, which are essential for effective future practice.
Educational institutions must also enhance academic and
emotional support systems to help students manage stressors
that arise during training.

Second, gaps in health service quality between urban and rural
regions remain substantial. This highlights the need for increased
investment in rural health infrastructure and the equitable
placement of medical personnel. Elevating service standards
nationwide requires consistent quality assurance, adequate
staffing, and measures ensuring equal access to care.

Third, specialist medical trainees play a vital role as agents of
change within both the education system and the broader health
care landscape. Students must be equipped to navigate
contemporary medical challenges and encouraged to engage in
system improvement. Sufficient institutional support will enable
them to contribute effectively to positive transformation in
health services.
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Fourth, the findings emphasize that oversight and governance
in specialist medical education must be strengthened.
Historically, weaknesses in program supervision have received
attention only after issues were identified by the Ministry of
Health. This implies a strong need for more rigorous monitoring
by both government and universities.

Fifth, reliance solely on university-based specialist medical
training may limit the number and diversity of specialists needed
nationwide. Expanding hospital-based specialist medical training
is therefore essential. Since the number of hospitals exceeds the
number of medical schools, such an expansion could broaden
access, improve specialist distribution to underserved regions,
and reduce the training burden on universities. Increasing
practitioner involvement in specialist medical education would
also enrich training quality. Strengthening hospital-based
pathways represents an important step toward addressing
disparities and enhancing the national medical education system.

Overall, these implications highlight the need for systemic
adjustments in medical education and health care delivery.
Recognizing the presence of the Icarus Paradox helps identify
areas for improvement and guides targeted reforms. Positive
aspects, such as the growing role of hospital-based training,
should be sustained and expanded, while structural weaknesses,
such as inadequate governance and uneven specialist
distribution, must be addressed. With joint commitment from
the government, health care institutions, academics, and society,
Indonesia can build a more inclusive, sustainable, and
community-oriented health system [26], ultimately improving
medical education and health service outcomes nationwide.

Limitations and Further Research
Despite offering valuable insights into the Icarus Paradox within
medical education and health services, this study has several
limitations. First, the findings rely heavily on online review
data, which may not represent the full population. Individuals
without internet access or those who do not use online review
platforms may be underrepresented, and the anonymous nature
of such reviews may affect data reliability.

Second, the study primarily captures community perceptions
of the medical education system and specialist medical trainees,
which introduces potential subjective bias. Different individuals
may express varying experiences and expectations, which may
influence sentiment data.

Third, this study does not directly measure clinical performance
indicators or objective metrics of service quality. The data
analyzed are predominantly qualitative and descriptive. To
obtain a more comprehensive understanding of health service
quality, future research should integrate quantitative measures
with qualitative insights.

Further research can address these limitations in several ways.
First, studies may incorporate broader respondent groups,
including patients [25], medical practitioners, and students,
through structured surveys or interviews to enhance
representativeness. Second, advanced analytical techniques,
such as deeper text mining or longitudinal sentiment tracking,
can identify emerging patterns in digital public discourse. Third,
expanding the study scope to examine interactions between

variables, such as health care access, medical training quality,
and patient satisfaction, over extended time periods (beyond 30
days) will enrich understanding.

Finally, empirical testing of the proposed conceptual model can
offer deeper insights into the complex dynamics of Indonesia’s
health system. Such research can guide policymakers and
educational institutions in designing interventions that enhance
system effectiveness and mitigate paradoxical tensions.
Ultimately, further investigation will contribute to a more
comprehensive understanding of strategies needed to strengthen
medical education and health care delivery in Indonesia.

Conclusion
Indonesia’s specialist medical education system continues to
face complex challenges that can be understood through the
lens of the Icarus Paradox, where strengths that drive success
may simultaneously give rise to failure. Ambition, resilience,
and rigorous training enable medical students to pursue
excellence, yet these same strengths can lead to burnout,
intimidation, and psychological strain when not supported by
adequate institutional resources. As Eriksson et al [7] describe,
such dynamics reflect an “inverted Icarus” pattern in which
progress carries inherent vulnerabilities. Prospective specialist
medical students therefore stand at a critical juncture,
symbolizing both the promise of advancement and the risks
embedded in systemic pressure.

Health service quality also reflects this tension. Although
national initiatives, such as infrastructure expansion and the
JKN universal health coverage program, have increased access,
disparities remain significant. For example, although the
doctor-to-population ratio in Jakarta is approximately 1:1000,
in some rural provinces, such as East Nusa Tenggara, the ratio
drops below 1:7000 [72]. These inequalities illustrate how the
push to expand services may exceed the capacity to ensure
equitable quality of care. In education, national surveys indicate
that more than half of PPDS students report mental health
distress and excessive workloads, demonstrating that high
standards often translate into substantial personal cost.

Addressing this paradox requires coordinated and targeted
reforms. At the policy level, priority actions include (1)
redistributing specialist doctors through structured incentives
for underserved regions; (2) revising PPDS curricula to
incorporate mental health resilience, mentorship, and leadership
training; (3) expanding investment in simulation-based learning
to reduce overreliance on hospital workloads; and (4)
strengthening regulations against intimidation and unsafe
learning environments.

At the same time, progress is attainable. Initiatives, such as
scholarships for PPDS candidates from remote regions, the
development of eLearning platforms in medical schools, and
improvements in provincial teaching hospitals, indicate ongoing
reform efforts. These programs show that although paradoxical
tensions persist, Indonesia is gradually moving toward solutions
that balance ambition with sustainable practice.

With collaborative efforts involving government, universities,
hospitals, and society, the Icarus Paradox in medical education
and health services can be mitigated. This will support
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Indonesia’s movement toward a more inclusive, equitable, and
resilient health care system, one in which the aspiration to

produce excellent medical professionals does not compromise
their well-being or widen disparities in health service delivery.
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Abstract

Background: Physician empathy is important not only for improving patient satisfaction and health outcomes but also for
increasing physician job satisfaction and protecting against burnout. However, amid concerns over declining empathy levels in
medical education, there is a need for innovative teaching approaches that address the empathy gap, a critical element in
patient-centered care.

Objective: This study aimed to use a mixed-methods analysis to explore the effectiveness of a virtual reality (VR) intervention
versus traditional lecture methods in enhancing empathy among medical students.

Methods: Overall, 50 first- and second-year medical students were randomized to either a VR intervention, which simulated
patient experiences, or a control group receiving traditional empathy lectures. Both groups watch 2 videos with reflections gathered
after each video to capture students’ experiential learning. Empathy was measured using the Jefferson Scale of Empathy-Student
Version before and after the intervention.

Results: Quantitative analysis revealed significant increases in empathy scores post intervention for both groups (lecture group:
mean increase 4.71, SD 11.01; VR group: mean increase 5.6, SD 10.02; P<.001), indicating that both interventions enhanced
empathy. The VR group exhibited a significant difference in qualitative empathy coding after the second video (U=165.5; P<.001)
compared to the lecture group. Qualitative feedback from the VR group emphasized a more profound emotional and cognitive
engagement with the patient perspective than the lecture group.

Conclusions: This study supports the integration of VR into medical education as a complementary approach to traditional
teaching methods for empathy training. VR immersion provides a valuable platform for students to develop a deeper, more
nuanced understanding of empathy. These findings advocate for further exploration into VR’s long-term impact on empathy in
clinical practice.

(JMIR Med Educ 2026;12:e76504)   doi:10.2196/76504
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Introduction

Empathy can be interpreted as the emotional engagement of the
observer with the circumstances of another [1]. In medical
settings, higher physician empathy has been associated with
improved patient outcomes, including greater patient satisfaction
and increased adherence to medical recommendations and
treatments [2]. For example, individuals with diabetes whose
physicians score higher on measures of empathy demonstrate
better glucose and cholesterol control than those whose
physicians score lower, controlling for other physician and
patient factors [3]. For physicians, empathy has also been linked

to higher supervisor ratings of clinical competence and fewer
malpractice claims [4,5]. Despite the known benefits of empathy,
research also shows that empathy tends to decline during
medical school, particularly during clinical training, with male
students showing larger decreases [5]. These studies highlight
the importance of understanding how empathy develops and
changes throughout the course of one’s medical education and
suggest a need for interventions to support its maintenance.

Studies have demonstrated the effectiveness of many different
modes of empathy training for increasing empathy ratings in
medical students [6,7]. To train individuals in empathy,
traditional interventions have often taken the form of
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perspective-taking. These interventions involve having
participants imagine another’s situation and put themselves “in
that person’s shoes.” Perspective-taking has also been shown
to promote empathy in a range of nonmedical contexts [8-10].

Compared to traditional perspective-taking, virtual reality (VR)
interventions offer a fully immersive experience, giving the
user the visual and emotional feeling of being present for the
interaction and embodying another [11,12]. One study compared
traditional perspective-taking to a VR perspective-taking
intervention using a virtual environment to promote increased
empathy for homeless persons. Participants who underwent the
VR intervention showed more positive, longer-lasting attitudes
toward the homeless and signed a petition supporting the
homeless at a significantly higher rate than those who engaged
in a traditional perspective-taking task [11]. Studies also suggest
VR interventions are less cognitively taxing than imagining
another’s perspective and allow for improved methodology as
all participants engage in the same exercise [13-15].

Despite this evidence, few studies have applied VR technology
to teaching medical students and physicians. With medical
students increasingly using technology resources to enhance
their classroom learning [16,17], finding ways to integrate
technology into empathy training may be an effective method
to engage medical students [18,19]. Given the benefits of
immersive perspective-taking in other contexts, we designed
an innovative VR experience to facilitate patient
perspective-taking among medical students and compared it to
traditional teaching methods (a video lecture). Based on prior
findings promoting empathy for several different human
conditions in lay populations and the theoretical advantages of
VR for perspective-taking, we hypothesize that engaging in
patient perspective-taking through VR will result in greater
increases in empathy among medical students than the traditional
teaching method.

Methods

Study Design and Video Development
To compare the efficacy of a VR experience to traditional lecture
learning, we used a randomized controlled mixed-methods
convergent parallel design. In this study design, both qualitative
(structured reflection responses) and quantitative data (Jefferson
Scale of Empathy for medical students [JSE-S] pre- and posttest

scores) were collected simultaneously in a single phase. Each
type of data were analyzed separately, then merged to identify
points of convergence [20]. This design allows us to integrate
the strengths of both approaches, providing a more
comprehensive understanding of how the VR intervention
influenced empathy, while also allowing the qualitative data to
contextualize and enrich the quantitative findings [20].

The lecture videos were PowerPoint lectures designed and
narrated by a biomedical sciences professor and research team
member (LAF) with expertise in empathy. Lecture video 1 (V1)
described the science behind empathy and its importance in
health care. Lecture video 2 (V2) provided strategies for students
to enhance empathy in clinical practice.

To make the VR videos and reflection questions as authentic
as possible, these items were presented to a panel of patients
and providers trained in giving feedback to researchers. The
panel members made suggestions for script and question
improvements. After incorporating the received feedback into
the revised script, the VR videos were filmed using a Garmin
VIRB Ultra 360 camera (Garmin, Ltd.) with hired actors playing
the roles of a patient and physician. VR Video 1 presented a
third-person perspective of a “normal” patient-physician
interaction during a routine office visit. VR Video 2 showed
the same interaction but through the first-person perspective of
the patient, and the patient’s inner thoughts were projected as
text on the screen for students to read. An example of the
patient’s thoughts is, “How am I going to afford a dietician?
Will my insurance pay for that?” Videos for the lecture and VR
group were designed to be the same length to control for time.

Data Collection
Using a random number generator, students were randomly
assigned to either the lecture group (n=25) or VR group (n=25).
In the lecture group, students were given a tablet to watch the
2 PowerPoint lecture videos on empathy. In the VR group,
students wore a VR headset to watch the 2 VR videos depicting
a patient-physician interaction. Prior to watching their respective
videos, students completed an initial demographics survey and
the Jefferson Scale of Empathy for medical students (JSE-S).
After watching the first video, students answered 3 open-ended
reflection questions on their learning experience. Students then
watched the second video and again completed the 3 reflection
prompts and the JSE-S. Figure 1 depicts this methodology.
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Figure 1. Study design overview. Flowchart depicting participant randomization into virtual reality or lecture video group and timeline of assessment
(demographics survey, Jefferson Scale of Empathy pre- and postvideos, and reflection prompts). VR: virtual reality.

Throughout their viewing of the videos, students in both groups
were also equipped with Empatica E4 wristbands (Empatica,
Inc.) to measure physiological markers of empathy such as
galvanic skin response and heart rate variability. While
physiological markers have been used in prior research to
complement self-reported empathy measures, technical artifacts
in our dataset rendered the recordings uninterpretable; these
data were therefore not included in our final results [21].

Instruments
The validity of the JSE in evaluating empathy in physicians and
medical students has been well-established [22,23]. We used
the student version (JSE-S), which was developed to measure
medical students’attitudes toward empathy in patient-physician
interactions. The JSE comprises 20 items, rated on a 7-point
Likert-type scale (1=strongly disagree, 7=strongly agree), with
higher total scores indicating greater empathy (maximum
score=140). An example of a typical item is, “Patients feel better
when their health care providers understand their feelings.” The
JSE-S has demonstrated strong internal consistency, construct
validity, and predictive associations with clinical competence
and patient-centered outcomes [24,25]. Although the JSE-S
primarily assesses attitudes toward empathy rather than direct
empathic behavior, it is widely accepted as a valid proxy for
empathy in medical education research [26]. Empathy in clinical
contexts is understood as a multidimensional construct
encompassing cognitive, affective, and attitudinal components
[22]. The attitudinal dimension captured by the JSE-S reflects
physicians’ and students’ willingness and value orientation
toward understanding patients’ experiences, which are key
determinants of empathetic engagement in practice. Thus, while
the JSE-S measures empathy-related attitudes, its theoretical
foundation and empirical validation support its continued use
as a reliable instrument for assessing empathy development in
medical students.

To complement the JSE-S and provide qualitative insight into
students’ experiences, participants also responded to structured

reflection questions. These served as our qualitative data
collection tool, analogous to an interview guide. The lecture
group questions asked students to describe the video, to describe
how the video made them feel, and to explain how they would
apply the information in future practice. The VR group questions
asked students to describe the video, to describe how the video
made them feel, and to explain how they thought the patient
felt during the interaction. While these reflections are
self-reported and may be influenced by social desirability or
awareness of study aims, they provide rich, contextual data that
complement the quantitative JSE-S measures.

Statistical Analysis
We conducted qualitative analysis based on the participants’
responses to the reflection prompts using a thematic analysis
approach as outlined by Braun and Clarke [27-29]. Written
responses were imported into Microsoft Excel for data
management. Given the dataset in this study was relatively small
(n=50 participants, 100 reflections), Microsoft Excel was
sufficient for systematically organizing codes and themes, while
analytic rigor was ensured through team-based coding and
consensus review. Initial codes were created by reading the text
provided by the participants and assigning a code identifier.
Coding was an iterative process in which each instance of a
code was compared to previous instances to confirm or modify
the code and its definition. Once all the data were coded,
emergent themes were abstracted by grouping similar codes
together. Codes and themes were each reviewed by members
of the research team (AM, VH, ABK, and SST). Any
discrepancies were resolved through discussion until consensus
was reached. This process represents a “modified” application
of thematic analysis, and codes were later used to derive
quantitative empathy scores as described below. Major themes
and illustrative quotes from the participants’ responses are
reported in the results section to provide further context and to
support our findings.
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We then determined quantitative scores based on the level of
empathy present in the participants’ responses. We assigned
empathy scores to each participant based on their responses to
video 1 (V1) and responses to video 2 (V2), and we also
assigned an overall empathy score based on their responses to
both videos 1 and 2 (V3). Empathy was scored on a 3-point
scale (1=no signs of empathy, 2=some signs of empathy, 3=high
signs of empathy). We used our codes to assign these empathy
scores. High signs of empathy were indicated by codes such as
“patient focused” and “emotive words,” while low signs of
empathy were indicated by codes like “surface level” and
“misperception.” We also used a 3-point scale to assign each
participant a score for level of change in assigned empathy
scores from video 1 to video 2 (1=negative change, 2=no
change, and 3=positive change).

The data were quantitatively analyzed by LAF using IBM SPSS
Statistics (version 29.0). Descriptive statistics (counts and
frequencies for categorical data; means and SD values for
continuous data) were performed. We used Mann-Whitney tests
to compare the assigned empathy scores at V1, V2, and V3
between the lecture and VR groups. JSE-S scores pre- and
posttest were analyzed using paired-sample 2-tailed t tests to
determine whether JSE-S scores changed over time for all
participants. A factorial analysis of variance assessed whether
time (pre or posttest) and group (lecture or VR) affected JSE-S
scores. To confirm a relationship between the JSE-S and our
assigned empathy scores, we ran a Spearman correlation
between posttest JSE-S score and V3 for both lecture and VR
groups. We considered P<.05 as statistically significant.

Ethical Considerations
From January to February of 2020, 50 first- and second-year
medical students at the University of South Carolina School of
Medicine Greenville participated in our study. The study was
reviewed and approved by the University of South Carolina
Office of Research Compliance (Institutional Review Board
approval number: Pro00089391). Participation was voluntary,
and students received a $30 gift card as compensation. All

participants provided written informed consent prior to
participation. Upon arrival, study personnel explained the study
procedures and reviewed the informed consent document with
each participant, answering all questions before consent was
obtained. To minimize response bias, recruitment materials and
the consent process described the study as an investigation of
the role of virtual reality in medical education, which was
accurate but did not fully disclose that empathy was a primary
outcome of interest. Participants were verbally debriefed
immediately following completion of their participation and
informed of the study’s full purpose. The study posed minimal
risk to participants. Potential risks included mild skin irritation
from the polyurethane E4 wristband and nausea or headache
associated with use of the virtual reality headset. Participants
were informed they could discontinue use of either device or
withdraw from the study at any time without penalty. Identifying
information was collected solely for recruitment purposes and
was not linked to study data. Recruitment information was stored
on a password-protected Microsoft Teams site accessible only
to study personnel. All study data were deidentified, assigned
a unique participant identification number, and stored in a
HIPAA-compliant REDCap database on a secure network
accessible only to authorized members of the research team.

Results

Participant Characteristics
Of the 50 preclinical medical students that participated in our
study, the overall mean age was 24.14 (SD 2.66) years. The
majority of participants were female (37/50, 74%) and
non-Hispanic White (31/50, 62%). There were similar numbers
of participants in each class year, with 24 of 50 (48%) M1
students and 26 of 50 (52%) M2 students. Eight of 50 (16%)
participants identified as first-generation students, and 14 of 50
(28%) participants were from rural backgrounds. The specialty
of interest varied among the participants, but the highest number
of students (11/50, 22%) chose obstetrics and gynecology.
Additional demographic information is depicted in Table 1.
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Table . Participant demographic data.

Total, (N=50)VRa, (n=25)Lecture, (n=25)Variables

24.14 (2.66)24.36 (3.46)23.92 (1.53)Age (years), mean (SD)

Sex, n (%)

12 (24)4 (16)8 (32)    Male

37 (74)21 (84)16 (64)    Female

1 (2)0 (0)1 (4)    Transgender

Race and ethnicityb, n (%)

9 (18)7 (28)2 (8)    Asian

9 (18)5 (20)4 (16)    Black or African American

1 (2)0 (0)1 (4)    Hispanic or Latino

31 (62)13 (52)18 (72)    Non-Hispanic White

2 (4)0 (0)2 (7.7)    Another or not listed

1 (2)1 (4)0 (0)    Decline to answer

Class year, n (%)

24 (48)11 (44)13 (52)    M1

26 (52)14 (56)12 (48)    M2

Marital status, n (%)

44 (88)21 (84)23 (92)    Single or never married

6 (12)4 (16)2 (8)    Married

8 (16)4 (16)4 (16)First generationc, n (%)

14 (28)7 (28)7 (28)Rural, n (%)

Specialty, n (%)

2 (4)2 (8)0 (0)    Dermatology

3 (6)1 (4)2 (8)    Emergency medicine

3 (6)2 (8)1 (4)    Family medicine

8 (16)2 (8)6 (24)    General surgery

3 (6)1 (4)2 (8)    Internal medicine

1 (2)0 (0)1 (4)    Internal medicine-pediatrics

1 (2)0 (0)1 (4)    Interventional radiology

11 (22)6 (24)5 (20)    Obstetrics and Gynecology

1 (2)0 (0)1 (4)    Ophthalmology

4 (8)2 (8)2 (8)    Orthopedic surgery

2 (4)1 (4)1 (4)    Otolaryngology

6 (12)5 (20)1 (4)    Pediatrics

5 (10)3 (12)2 (8)    Undecided

aVR: virtual reality.
bResponse options allowed respondents to check more than 1 option.
cIn our study, defined as a student whose parents or guardians did not complete a four-year degree.

Quantitative Analysis: JSE-S
JSE-S scores were assessed prior to and following each testing
session (pre or posttest) for both the lecture and VR groups.
Prevideo JSE-S scores were not significantly different between
the groups, with the lecture group averaging 113.73 (SD 10.57)

and the VR group averaging 113.39 (SD 10.24). Postvideo
averages of the JSE scores between the 2 groups were again not
significantly different, showing that the lecture group averaged
118.44 (SD 11.01) and the VR group averaged 118.99 (SD
10.02). A paired-samples t test was used to determine whether
JSE-S scores changed across time for all participants. Results
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indicate that JSE scores significantly increased after the empathy
training sessions compared to before the sessions (t49=7.28;
P<.001). A factorial analysis of variance assessed whether time
(pre or post) and group (lecture or VR) affected JSE-S scores,
with results indicating no significant effect of either (F1,48=0.17;

P=.68). These results indicate that while there was no
statistically significant difference in JSE-S scores observed
between the lecture and VR groups, both groups were effective
in significantly increasing empathy scores. Refer to Figure 2
for comparison of JSE-S scores across time for both groups.

Figure 2. Average scores across time (pre or post) by group (lecture or VR). The Jefferson Scale of Empathy-Student Version was administered to
participants prior to viewing both videos (pre) and after viewing both videos (post). Jefferson Scale of Empathy-Student Version score was compared
across time in lecture versus VR groups using a paired-sample t test (***P<.001). SD bars are shown. JSE-S: Jefferson Scale of Empathy-Student
Version; VR: virtual reality.

Qualitative Analysis of Reflection Responses
Qualitative analysis of participants’ reflection responses in the
lecture group versus the VR group revealed 4 major themes
relating to empathy and its learning that diametrically opposed
each other: (1) markers of empathy, (2) student engagement,
(3) learning empathy, and (4) deeper meaning found (Figure
3). The lecture group responses overall demonstrated lack of
empathy, lack of engagement, lack of learning, and lack of
deeper meaning. While lecture group students seemed to
cognitively acknowledge the importance of empathy, their
responses were generally sarcastic and demonstrated low levels
of empathy. For example, when asked how the lecture video
made them feel, 1 student responded simply with, “bored.”
Another stated, “this video made me feel sleepy…this is all
stuff we have heard before.” When asked how they would apply
the lecture content to future clinical practice, 1 student
responded with “be empathetic like I was supposed to be
before?” In contrast, the VR group responses showed empathy,
engagement, higher learning, and deeper meaning. VR group

students experienced a range of empathetic emotions after the
VR experience, with 1 student stating that they felt “frustrated,
upset, overlooked, angry, defeated, and many other negative
feelings” on behalf of the patient. The VR group participants
were highly engaged, commenting, “I felt like stepping in and
asking the patient for input,” and “I felt like I wanted to be
Sam’s advocate and ask questions…the provider should’ve
asked.” Because the VR videos promoted perspective-taking,
the students found deeper meaning. One individual stated, “I
think the patient…needed to talk about his feelings just as much,
if not more than his abdominal pain.” The VR group also
demonstrated learned empathy in their responses. After watching
the first video, 1 participant commented, “I felt that the
physician was doing a good job being pleasant.” After the
second video, the same participant stated, "I felt like I had been
transported into the patient’s shoes; I felt worried when he felt
worried, and I became frustrated when the doctor didn’t give
him any feasible solutions because I identified with him at that
point.”
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Figure 3. Major themes and representative quotations. Qualitative coding of participant reflection responses revealed 4 major themes. Example quotations
representative of each theme are shown to compare lecture versus VR groups. VR: virtual reality.

Quantitative Scoring of Qualitative Coding and
Comparison to JSE-S Scores
A Mann-Whitney analysis was used to compare the assigned
empathy scores at V1 (after video 1) and V2 (after video 2)
between the lecture and VR groups. Results indicate that there
was no significant difference in qualitative coding for empathy
scores between the 2 groups after the first video (V1). However,
after the second video (V2), there was a significant difference
between qualitative scores, with those in the VR group having
significantly higher empathy coding scores than the lecture
group (U=165.5; P<.001). A Mann-Whitney analysis also

showed that overall qualitative empathy coding for the
participants (V3) was significantly higher for those in the VR
group as compared to those in the lecture group (U=202.5;
P=.03), based on empathy scores of 1.96 and 2.52 in the lecture
and VR groups, respectively.. The overall qualitative coding
for empathy (V3) was assessed with the post-JSE-S scores to
determine if the 2 scores were related to each other (a
quantitative rating of empathy in the JSE-S compared to the
quantitative scoring of the qualitative coding). Spearman
correlation between posttest JSE-S and V3 for both the lecture
and VR groups was significantly, positively correlated
(ρ49=0.29; P=.03). Refer to Figure 4 for more information.
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Figure 4. Qualitative scoring of comments after video 1 (V1) and video 2 (V2). V1 is defined as participants’ assigned empathy score after viewing
Video 1. V2 is defined as participants’ assigned empathy score after viewing Video 2. A Mann-Whitney analysis compared the assigned empathy scores
between V1 and V2 in the lecture and VR groups (***P<.001). SD error bars are shown. VR: virtual reality.

Discussion

Principal Findings
This study presents early findings that the VR experience
uniquely engaged students and elicited more empathetic
responses compared to the traditional lecture. In our mixed
methods evaluation, the intervention or VR group demonstrated
qualitatively higher markers of empathy, more student
engagement, found deeper meaning, and demonstrated more
learning of empathy than the lecture group. The intervention or
VR group also showed significantly higher overall assigned
empathy scores than the lecture group. These findings indicate
that immersive VR experiences may enhance empathy
development beyond conventional lecture-based methods.

Quantitative and Qualitative Findings
The JSE-S is widely used and has been validated by numerous
empirical studies as an instrument to measure empathy [22,30].
Our quantitative analysis conducted using this tool demonstrated
a significant increase in JSE-S scores after both the VR and
traditional lecture training sessions compared to before the
sessions. Seeing an increase in JSE-S scores in both groups
posttest is not a surprising result considering students were
primed on the topic of physician empathy while completing the
questionnaire and since traditional teaching methods have
already been proven effective in teaching empathy to some
degree [6,31,32]. However, the VR intervention’s efficacy in

fostering empathy demonstrates noninferiority to traditional
lecture-based learning and underscores the importance of
experiential learning, as outlined in adult learning theory, and
provides a new dimension to empathy theory in medical
education. Adult learning theory emphasizes the significance
of self-directed, experiential learning processes, where adults
learn best when engaged in activities that relate closely to
real-life scenarios or challenges they might face [33]. The
immersive nature of VR, by providing medical students with a
first-person perspective of patient experiences, leverages these
principles effectively, offering a profound, emotive learning
experience that traditional didactic methods may lack. This
approach aligns with the constructs of empathy theory, which
posits that empathy involves not just cognitive understanding
but also affective sharing and emotional resonance with others
[34].

Qualitative analysis helped us better understand the experiential
differences between the groups. Themes from the qualitative
responses relate clearly to the literature on empathy and adult
learning. Individuals in the VR group described experiencing
a variety of emotions while watching the VR video, while the
lecture group described their experience using more cognitive
language. This suggests that the VR intervention met our intent
to promote perspective taking. Furthermore, adult learning
theorists emphasize the role emotions can play in helping
learners connect a construct with prior knowledge and past
experiences [35]. Beyond enriching their learning through
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perspective taking, the VR intervention appeared to uniquely
engage students more than the lecture. The theme of deeper
meaning found in the VR group’s reflections aligns with the
concept of “presence” in VR environments, the true feeling of
“being there” in the virtual space. This sense of presence is
critical for generating impactful, empathetic responses, as it
bridges the gap between knowing about another’s experience
and feeling with them. Literature on VR and empathy
underscores the role of presence in enhancing the emotional
impact of VR experiences, suggesting that it is this immersion
that enables learners to connect with content on a deeper
emotional level, fostering a genuine understanding and
appreciation for the patient’s perspective [36].

By connecting the quantitative increases in JSE-S scores with
the rich qualitative reflections, a clear pattern emerges:
immersive VR experiences not only improve self-reported
empathy but also foster deeper emotional engagement,
perspective-taking, and understanding of patient experiences.
This combined evidence highlights the main contribution of the
study, showing that VR interventions can meaningfully
complement and enhance traditional teaching methods.

Implications for Medical Education
For this topic in particular, embodied and applied experience
seems to provide much more nuance to the concept of empathy
versus the cognitive acknowledgment that empathy is important
in practice. Through the comments, the intervention appeared
to help many students more fully understand how empathy can
promote better health care. Furthermore, this study’s findings
resonate with previous research indicating the potential of VR
to overcome some of the limitations associated with traditional
empathy training methods. For instance, studies have
demonstrated VR’s effectiveness in reducing cognitive load
and allowing for a more standardized and immersive learning
experience, characteristics that are particularly advantageous
in the context of medical training where the cognitive demand
is high and the need for consistent, reproducible training
experiences is paramount [11].

Limitations and Future Directions
Our review consisted of a single-institution study at 1 academic
center, meaning more work is needed to make more widespread
application of our results possible. We note that our participants
were predominantly female (37/50, 74%). This reflects the
voluntary nature of our participant recruitment, as a greater
number of female students elected to enroll compared to their
male counterparts. Prior literature has documented sex and
gender differences in empathy [37]; thus, we acknowledge the
overrepresentation of female participants in our study as a factor
that may have influenced the observed results. Furthermore, we
did not follow up with participants after the end of the study to
assess empathy during clinical rotations and in practice. We
feel this would have provided a better understanding of the
long-term impact of our empathy training intervention on
participants’ empathy throughout their medical training. We
also recognize some limitations in our use of the JSE-S,
including the fact that we may have applied the scale too early
following our intervention, thus potentially limiting its
reliability. Compared to other interventions to promote empathy

in health care learners, this intervention was quite brief; a
systematic review of such interventions found that the average
length was 10 hours [38].

While traditional teaching methods have been shown to help
increase empathy in medical students, the profound differences
noted in our qualitative data, however, lead us to question
whether full immersion through a VR experience may be a
helpful additional tool in allowing students to develop a deeper
understanding. Future directions warrant testing a combined
approach of traditional lecture alongside a VR intervention to
see if a combination provides an even greater increase in
empathy than either one alone. We would also like to assess the
long-term impact of these interventions on students as they
progress through their clinical years.

Although the JSE-S is widely used and validated, it primarily
assesses attitudes toward empathy rather than direct empathetic
behavior, and participants may respond in a socially desirable
manner. No filler items were included to mask the study’s
purpose, but participants were not explicitly informed of the
study hypotheses to minimize expectance effects. We
acknowledge the Hawthorne effect, in which participants modify
behavior because they know they are being observed, could
have influenced responses. However, the randomized controlled
design, balanced group assignments, and inclusion of both
qualitative and quantitative data help mitigate potential bias and
strengthen the validity of the findings. Future studies might
incorporate validated infrequency or social desirability scales,
such as the Infrequency Scale from the Zuckerman-Kuhlman
Personality Questionnaire to further account for response bias.

Conclusions
Our study underscores the transformative potential of VR
interventions in enhancing empathy among medical students.
By allowing learners to experience the patient’s perspective
firsthand, VR offers an emotionally engaging, experiential form
of learning that complements traditional didactic methods. Our
findings, demonstrating higher JSE-S scores and richer
qualitative reflections in the VR group, indicate that immersive
learning environments can promote deeper perspective taking
and maintain empathic growth. These findings illuminate the
importance of adopting innovative, technology-enhanced
educational strategies to cultivate a more empathetic health care
workforce. They also suggest that technology-enhanced
approaches may help counter the well-documented decline in
empathy during medical training. Integrating VR into medical
curricula could provide a scalable, standardized way to
strengthen the humanistic foundations of physician education
while aligning with contemporary adult learning principles.
Future research should examine the long-term effects of such
interventions and explore combinations of VR with reflective
or clinical teaching to reinforce empathetic skills in practice.
Our work lays a foundational step toward reimagining empathy
training in medical education by leveraging immersive
technology to cultivate emotional understanding and advance
a more holistic model of physician training that integrates
scientific expertise with the empathy essential to compassionate,
patient-centered care.
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Abstract

Background: The medical education of French family medicine residents involves active, socioconstructivist-inspired small-group
courses useful for skill acquisition. This is challenged by the increasing gap between the growing number of residents and the
limited number of teachers. Blended courses have the potential to address this issue by reducing the duration of face-to-face
sessions while preserving small-group courses.

Objective: This study aimed to compare the effects of blended vs traditional, face-to-face, active, socioconstructivist learning
on the acquisition of knowledge and skills by family medicine residents.

Methods: We conducted a randomized controlled trial to compare a blended course and a traditional course. The blended course
involved 2.5 hours of asynchronous e-learning and a 3-hour face-to-face session. The traditional course involved 5.5 hours of
face-to-face teaching. Both courses were grounded in socioconstructivist principles and actively engaged residents. The primary
outcome was residents’ self-assessment of knowledge and skills. Secondary outcomes included satisfaction with knowledge- or
skill-related learning objectives and academic achievement at 6 months.

Results: We included 155 family medicine residents (n=78, 50.3% in the blended course and n=77, 49.7% in the traditional
course). There was no significant difference between groups regarding the primary outcome (mean difference 0.40 [maximum
mean difference 20] points, 95% CI −0.21 to 1.02; P=.19; Cohen d=0.21). No significant differences were observed for the
secondary outcomes except for knowledge self-assessment, which was higher in the blended course but not educationally
meaningful (mean difference 0.40 [maximum possible 10] points, 95% CI 0.07-0.71; P=.02; Cohen d=0.39).

Conclusions: Blended courses can help sustain socioconstructivist small-group teaching methods while accommodating a
growing family medicine resident population, with no deleterious impact on knowledge and skill self-assessments.

Trial Registration: ClinicalTrials.gov NCT06409273; https://clinicaltrials.gov/ct2/show/NCT06409273

(JMIR Med Educ 2026;12:e86387)   doi:10.2196/86387

KEYWORDS

primary health care; family practice; education; medical; graduate; internship and residency; distance; computer-assisted instruction;
educational technology; self-assessment; educational measurement; randomized controlled trial
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Introduction

The World Health Organization emphasizes the critical role of
efficient primary care systems in ensuring population health
[1]. However, many countries face a shortage of family
physicians, which limits access to primary care services [2-4].
To address this issue, some countries, including France, have
recently increased the number of medical students [5-7]. In
France, family medicine residents are medical graduates enrolled
in a 4-year family medicine residency program [8]. Their
curriculum is competency-based, guided by a national
framework [9]. The constructive alignment of competency-based
educational objectives, learning activities, and assessment
implies, among other things, the provision of active,
socioconstructivist-inspired courses [10,11]. Social
constructivism emphasizes the role of social interactions and
collaboration for effective learning [12]. As a result, residents
engage in a variety of collaborative learning activities with 3
to 25 participants per group. Reports of these activities,
individual narrative medicine work, and assessments are
collected in a portfolio. However, from the perspective of health
profession educators, it is difficult to maintain feasibility with
increasing class sizes [13]. This difficulty is particularly acute
for family medicine residents because their growing number
has outpaced the availability of teaching hours, threatening the
quality of their education.

Face-to-face traditional learning relies on nondigital materials
and human interaction [14]. Blended learning (BL) combines
face-to-face education with asynchronous or synchronous
e-learning [15]. BL is often used to shift from a teacher-centered,
behaviorist instructional model to a student-centered,
socioconstructivist instructional model [16]. In blended courses,
face-to-face sessions reinforce knowledge and develop skills
through the collective mobilization of knowledge acquired
during e-learning [17]. Two meta-analyses found that BL had
a more positive effect on knowledge acquisition compared to
traditional education in health professions (including medical
students) but with large heterogeneity in the results [18,19].
This heterogeneity can be explained by differences in student
populations and missing details about the instructional approach.
Moreover, these studies did not evaluate the effect of BL on
skill acquisition. While BL appears to improve satisfaction
among both students and teachers, no meta-analysis has
specifically evaluated this outcome. Teachers have reported that
BL has the potential to increase interactions with students [20]
and allow educators to develop more content [21] and they felt
greater job satisfaction with this modality [22]. Students have
generally been satisfied [23].

While existing studies suggest that BL is generally effective,
its effectiveness compared with an already active,
socioconstructivist, face-to-face course remains unexplored.
Moreover, its effect on skill acquisition among postgraduate
medical trainees (residents) remains underexplored. In this
study, we compared the effects of a blended course

(asynchronous active e-learning with shorter socioconstructivist
face-to-face sessions) vs a fully face-to-face socioconstructivist
course on the acquisition of knowledge and skills by family
medicine residents. While implementing BL could mitigate the
shortage of teachers by shortening face-to-face sessions, reduced
in-person interaction may limit feedback and engagement,
potentially leading to lower knowledge and skill acquisition.

Methods

Study Design
We conducted a single-blind randomized controlled trial with
2 parallel arms. The experimental arm received a blended course
comprising an asynchronous e-learning module (2.5 hours; 45%
of the course) followed by a face-to-face session (3 hours; 55%
of the course). The control arm received the usual face-to-face
traditional course (5.5 hours; 100% of the course). The trial was
conducted between May 2024 and November 2024 at Université
Claude Bernard Lyon 1 (France). It followed the CONSORT
(Consolidated Standards of Reporting Trials) guidelines [24]
and was prospectively registered on ClinicalTrials.gov
(NCT06409273).

Sample and Setting
All first-year family medicine residents at Université Claude
Bernard Lyon 1 were administratively enrolled, with no
exclusion criteria. The course was delivered over a single day.
Residents were assigned to 1 of 2 available dates. Participants
were told that the study compared different teaching methods,
with no further detail. They were block randomized using
random sequences of block sizes of 4 and 8 in a 1:1 allocation
ratio. Randomization was performed by the first author using
random permuted blocks generated online [25]. On each
teaching date, 4 groups were formed (2 per arm), with a
maximum of 23 participants per group. Classrooms were
configured similarly, with tables arranged in a U shape and
spaces reserved for breakout work.

The 5 teachers were randomized via coin toss to 1 of the 2 study
arms. Teachers who taught on both dates crossed over to the
other arm on the second day. For each arm, we developed
detailed, time-stamped scripts to ensure instructional fidelity
and equivalence of content and duration.

Educational Intervention and Conceptual Framework
The course prepared residents to complete the thesis required
for full qualification in France. This is a professionally oriented
doctoral thesis publicly defended before an examination board.
It is required for the award of the national Doctor of Medicine
degree, which permits registration with the French Medical
Council for independent practice. Distinct from a PhD, it is a
concise, supervised scholarly work demonstrating the
candidate’s ability to design, conduct, and communicate research
relevant to medical practice. We specified 5 process-oriented
learning objectives: 3 for knowledge acquisition and 2 for skill
development (Table 1).
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Table . Learning objectives across study arms.

Study armLearning objective

Traditional courseBlended course

Knowledge oriented

Face-to-facee-Learning    Identify the practical organization and regula-
tory requirements of the medical thesis    

Face-to-facee-Learning    Understand the different steps of a research
project

Face-to-facee-Learning    Summarize the medical thesis application form
requirements

Skill oriented

Face-to-faceFace-to-face    Frame the research question for a thesis project

Face-to-faceFace-to-face    Assess the feasibility of a medical thesis
project

The blended course sequenced active knowledge construction
online with supervised skill development in person. We made
the alignment between the 2 sessions explicit to residents to
underscore the coherence between the learning objectives and
the learning methods. The blended course arm began with an
e-learning session grounded in self-regulated learning (SRL).
SRL has been defined as self-generated thoughts, feelings, and
actions that are planned and cyclically adapted to the attainment
of personal goals [26]. Process-oriented learning objectives
(Table 1) for knowledge acquisition were designed to activate
the SRL forethought phase (goal setting and strategy selection)
[27]. We aimed to help residents identify immediate next steps
(securing a supervisor, conducting a literature review, and
framing a research question), whereas strategy selection focused
on learning how to choose an appropriate research method.
Formative checkpoints and immediate feedback were embedded
through interactive HTML5 Package activities—videos with
decision points (“crossroads”), multiple-choice questions,
drag-the-words items, and navigation hot spots. This design
supported ongoing self-monitoring and adaptive control
(comparison to standards and adjustment), thereby reducing
discrepancies between current understanding and target
performance. The accompanying explanatory text and curated
external links to websites or documents enabled resource
management and self-paced elaboration, further supporting
SRL. The e-learning module was implemented online in the
course management system Moodle (Moodle HQ; Multimedia
Appendix 1).

The traditional course arm began with the collaborative
construction of a knowledge base anchored in the
knowledge-oriented learning objectives. Teachers acted as
facilitators, providing key information and externalizing group
thinking in mind maps that made success criteria and progress
visible for monitoring.

Skill-oriented learning objectives were addressed identically in
both arms during a face-to-face session. For the
socioconstructivist activities, peer evaluation of thesis projects
was organized in breakout groups, which discussed the research
question and feasibility. These activities provided external
feedback according to standards explicitly set by teachers,

closing the control loop and supporting the SRL reflection phase
(self-evaluation and calibration). To stimulate motivational
processes and goal setting, we highlighted the timeline leading
up to the thesis [28].

Data Collection and Outcomes
Data were collected at the end of the teaching day via
individualized links to an online form (Multimedia Appendix
2). Participants provided demographics (gender, age, research
experience, and progress stage of the thesis project before
teaching) and completed two 7-point Likert questionnaires:
self-assessed learning (3‐8 items per objective) and satisfaction
(1 item per objective). To ensure content validity and
constructive alignment, all items were copied verbatim from
prespecified intended learning outcomes (Multimedia Appendix
3), yielding a criterion-referenced measure. Item order was
randomized.

The primary outcome was a composite score of 20 points
reflecting residents’ self-assessment of knowledge and skills.
It was the sum of 2 secondary outcomes: a knowledge
self-assessment score (10 points) and a skill self-assessment
score (10 points).

The secondary outcomes were as follows:

1. Overall satisfaction (20 points); sum of secondary outcomes
4 and 5

2. Self-assessment of knowledge acquisition (10 points), with
equal weight given to each knowledge-oriented learning
objective

3. Self-assessment of skill acquisition (10 points), with equal
weight given to each skill-oriented learning objective

4. Satisfaction with knowledge-oriented learning objectives
(10 points)

5. Satisfaction with skill-oriented learning objectives (10
points)

6. Academic achievement (submission of a thesis proposal
form at 6 months; yes or no)

Statistical Analysis
Analysis was performed using R (version 4.4.3; R Foundation
for Statistical Computing) in RStudio (version 2024.12.1; Posit
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PBC) [29]. Because the primary outcome was assessed only at
the end of the intervention, participants with missing outcome
data were excluded from the analysis, resulting in a modified
intention-to-treat approach with a complete-case analysis.
Missing outcomes were not imputed, and reasons for missing
data were documented. Multiplicity across secondary outcomes
was controlled using a hierarchical fixed-sequence procedure
that followed the prespecified order listed above (1 to 6). Each
hypothesis was tested 2 sided at α=.05, and testing stopped at
the first nonsignificant result (subsequent analyses were
exploratory).

We modeled the primary outcome using multivariable linear
regression, estimating the arm effect (blended vs traditional)
while adjusting for a prespecified set of the following predictor
variables. Precourse framing of a research question and prior
research experience were included as proxies for baseline
research preparedness. Full completion of another Moodle
e-learning course was included as a proxy for familiarity with
digital learning environments. Unblinding was included to
account for potential expectancy or performance effects linked
to perceived allocation. Teacher and course day were included
to account for contextual instructional and organizational
variability. Age and gender were included as standard
demographic covariates. Model assumptions were checked
(Multimedia Appendix 4). We report β coefficients with 95%

CIs and adjusted R2. For power, a sample size of 144 (72 per
arm) was planned to provide 85% power to detect a 2-point
difference on a 20-point scale (SD 4; 2-sided α=.05). The SD
was conservatively inflated given limited prior data. Internal
consistency per objective was estimated using the Cronbach α.

Ethical Considerations
This trial received ethics approval from the Comité d’Ethique
de la Recherche du Collège Universitaire de Médecine Générale
(CUMG-IRB 2024-04-30-02). Participants received oral and
written information about the study and provided written
informed consent. The data collected complied with the
European Union’s General Data Protection Regulation and with
the data management policy of Université Claude Bernard Lyon
1 as confirmed by the university’s data protection officer. No
compensation was provided to participants.

Results

Overview
We included 163 family medicine residents randomized to the
blended (n=84, 51.5%) and the traditional (n=79, 48.5%) course.
A total of 155 participants completed the online form at the end
of the day: 78 (50.3%) in the blended course, and 77 (49.7%)
in the traditional course (Figure 1). Table 2 presents the
participants’ characteristics. The mean age of the participants
was 25.7 (SD 3.54) years, and most (112/155, 72.3%) were
women. Most participants (114/155, 73.5%) had an idea for
their thesis topic. A minority had framed their research question
(24/155, 15.5%) or already had a thesis supervisor (22/155,
14.2%). In total, 29.7% (46/155) of the participants reported
having research experience, and 3.9% (6/155) had completed
a full master’s degree or a PhD in addition to their medical
studies. Less than a quarter of the participants (32/155, 20.6%)
had already completed a full e-learning course on the
university’s digital learning platform (Moodle). Nearly a third
of the participants (48/155, 31.0%) were unblinded at the end
of the course. Five teachers offered the course, and 3 of them
taught in both arms.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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Table . Baseline participant demographics.

Traditional course (n=77)Blended course (n=78)

25.6 (2.8)25.8 (4.1)Age (y), mean (SD)

Gender, n (%)

22 (28.6)19 (24.4)    Men

54 (70.1)58 (74.4)    Women

1 (1.3)1 (1.3)    Nonbinary

Research experience (master’s or PhD), n (%)

57 (74.0)45 (57.7)    None

18 (23.4)28 (35.9)    Master’s—first year

1 (1.3)4 (5.1)    Master’s—full

0 (0.0)1 (1.3)    PhD

Achieved before the course, n (%)

52 (67.5)62 (79.5)    Idea for thesis subject

14 (18.2)10 (12.8)    Research question formulated

12 (15.6)10 (12.8)    Found a thesis supervisor

11 (14.3)21 (26.9)    Other e-learning course completed on Moodle

25 (32.5)23 (29.5)    Unblindeda

aAware of group allocation.

The proportion of postrandomization exclusions was low (8/163,
4.9%) and similar in both group allocations (Multimedia
Appendix 5). It was due to missing outcome data, mostly
because of work-related early departure.

Primary Outcome
Knowledge and skill self-assessment did not differ significantly
between the blended and traditional courses (mean difference

0.40 [maximum possible 20] points, 95% CI −0.21 to 1.02;
P=.19; Cohen d=0.21; Table 3). This result remained not
statistically significant after adjustment (Table 4). The most
significant predictor of the primary outcome was having
formulated a research question before the course, with a β
coefficient of 1.87 (95% CI 1.06-2.68; P<.001). Unblinding
during the day and teacher identity were not significantly
associated with the primary outcome (P=.13).

JMIR Med Educ 2026 | vol. 12 | e86387 | p.297https://mededu.jmir.org/2026/1/e86387
(page number not for citation purposes)

Meunier et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Table . Education outcomes.

P valueCohen dMean difference (95%
CI)

Traditional course
(n=77)

Blended course (n=78)Outcome measure (KPa

level)

.19b0.210.4 (–0.21 to 1.01)14.26 (1.94)14.66 (1.92)Self-assessment of
knowledge and skills
(20 points; KP level:
2), mean (SD)

.70b,c0.060.16 (–0.68 to 1.01)14.77 (2.55)14.93 (2.80)Overall satisfaction (20
points; KP level: 1),
mean (SD)

.01b,c0.380.4 (0.07 to 0.71)7.09 (1.04)7.49 (0.98)Self-assessment of
knowledge acquisition
(10 points; KP level:
2), mean (SD)

.76c,d0.0090.01 (–0.27 to 0.27)7.17 (1.17)7.18 (1.20)Self-assessment of skill
acquisition (10 points;
KP level: 2), mean
(SD)

.34c0.080.12 (–0.00005 to 0.55)7.42 (1.30)7.54 (1.53)Satisfaction with
knowledge-oriented
educational objectives
(10 points; KP level:
1), mean (SD)

.64c,e0.030.04 (–0.00007 to 0.83)7.36 (1.46)7.40 (1.48)Satisfaction with skill-
oriented educational
objectives (10 points;
KP level: 1), mean
(SD)

>.99d—g1.09 (0.39 to 3.1)f10 (13.0)11 (14.1)Submission of a thesis
application form at 6
months (KP level: 3),
n (%)

aKP: Kirkpatrick [30].
bStudent t test (2 sided).
cOnce a hypothesis was tested and found not to be significantly different from the null hypothesis, all subsequent tests and results were considered
exploratory. The secondary objectives described earlier were ranked according to this procedure.
dFisher exact test (2-sided).
eMann-Whitney U test.
fOdds ratio reported for this value.
gNot applicable.
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Table . Effect of the study arm (blended or traditional course) on the primary outcome while adjusting for prespecified predictor variables.a

P valueβb (95% CI)Predictor variable

<.0011.87 (1.06 to 2.68)Research question framed before the course (yes)

.40−0.27 (–0.92 to 0.37)Research experience (yes)

.13−0.52 (–1.20 to 0.16)Unblinding (yes)

.250.69 (–0.48 to 1.87)Teacher 1

.040.91 (0.06 to 1.87)Teacher 2

.82−0.13 (–1.33 to 1.05)Teacher 3

.71−0.16 (–1.01 to 0.69)Teacher 4

.790.09 (–0.63 to 0.82)Another e-learning course completed on Moodle
(yes)

.07−0.08 (–0.16 to 0.01)Age

.430.26 (–0.40 to 0.93)Gender—man

.281.41 (–1.20 to 4.03)Gender—nonbinary

.940.02 (–0.72 to 0.76)Course day (day 2)

.55−0.23 (–0.99 to 0.53)Arm (traditional course)

aAfter adjustment for prespecified predictor variables, there were no significant differences between the blended and traditional courses regarding the

primary outcome (P=.55). Given the exploratory nature of the variable selection procedure, adjusted estimates should be interpreted cautiously. R2 is

the proportion of the variance explained by the model (multiple R2=0.21; adjusted R2=0.13; P=.001 for the model).
bCoefficient representing the expected change in the primary outcome per 1-unit increase in the predictor variable.

Secondary Outcomes
As an exploratory result, the knowledge self-assessment was
significantly higher in the blended course (mean difference 0.40
[maximum possible 10], 95% CI 0.07-0.71; P=.01; Cohen
d=0.38).

The skill self-assessment by residents was not significantly
different between the traditional and blended courses (P=.76).
Their overall satisfaction or specific satisfaction regarding
knowledge- or skill-oriented learning objectives did not differ
between the traditional and blended courses. The submission
of a thesis proposal form was also not found to be different
between the 2 groups (11/78, 14.1% in the BL arm and 10/77,
13.0% in the traditional course arm).

Internal Consistency
Items assessing each educational objective showed acceptable
Cronbach α values (>0.70) for all but one educational objective,
which exhibited lower internal consistency (Cronbach α=0.47;
Multimedia Appendix 6).

Discussion

Principal Findings
Among French family medicine residents, self-assessed
knowledge and skills did not differ between the blended and
traditional courses. The between-arm mean difference was small,
and the 95% CI was narrow, indicating low uncertainty around
the estimated difference. At 6 months, academic achievement
(thesis proposal submission) did not differ between arms. The
only statistically significant finding—an exploratory, slightly

higher knowledge score in the blended arm—was not
educationally meaningful.

Comparison With Other Studies
To our knowledge, no randomized controlled trial has evaluated
whether partially replacing an already active, socioconstructivist
face-to-face course with a blended format affects residents’
self-reported knowledge and skills. A mixed methods
randomized controlled trial compared a blended evidence-based
medicine course with a lecture-based (behavioral) traditional
course and found no significant difference in objectively
measured knowledge and skills. However, the blended group
reported higher self-efficacy, attitudes, and self-reported
behaviors. Focus groups suggested a clear learner preference
for the blended, integrated approach [31]. In health profession
education, a meta-analysis comparing flipped classrooms with
traditional, lecture-based (behavioral) courses found modest
improvements in learning [32]. Flipped classrooms are a
common BL configuration comparable to our study intervention
combining preclass online preparation with active in-class work.
Other observational studies have demonstrated the relevance
of BL in medical education, most notably since the COVID-19
pandemic [33,34]. A recent meta-analysis of systematic reviews
recommended further research to determine the relative benefits
of BL in each individual context. It also confirmed our
exploratory finding of improved knowledge acquisition with
BL [35]. Moreover, a randomized controlled trial with
undergraduate medical students demonstrated the noninferiority
of BL vs traditional education in technical skill performance
(life-saving trauma skills) and retention [36]. A randomized
controlled trial of postgraduate medical students was conducted
to compare BL to traditional education, and it showed
significantly greater efficacy of BL for developing defibrillator
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technical skills [37]. Our trial extends the evidence to academic
skills related to developing a research project (thesis); it suggests
that shortening face-to-face time through a structured e-learning
component can yield comparable educational outcomes when
the face-to-face component remains active and
socioconstructivist.

More broadly, syntheses of digital education in the health
professions consistently report large benefits vs no intervention
[38] but little or no differences vs nondigital instruction [39].

Implications
This study may reassure teaching teams that BL can produce
short-term educational outcomes comparable to those of
traditional active and socioconstructivist education among
residents, particularly in settings with constrained teaching
capacity. Still, the implementation of BL does not address all
the issues associated with the growing disparity between the
number of teachers and residents. First, BL may not always be
appropriate, either because of a misalignment between
educational objectives aimed at developing complex
competencies and the learning modality or because of the
substantial resources required to develop online courses that
effectively address such competencies [40]. For example, a
course focused on professional communication competencies
might be better suited to face-to-face relational simulation as
the sole learning modality. Second, monitoring residents’
acquisition of generic knowledge, skills, and competencies
based on a national framework still necessitates frequent,
individualized human contact. Third, strategies facilitating
students’ SRL may imply their supervision at the asynchronous
e-learning phase, which would not allow for a significant
reduction in teaching time.

The transition from traditional to blended education represents
a substantial organizational shift. Teachers must allocate time
to review asynchronous assessments and prepare collective
feedback for the face-to-face session. It is important to estimate
the time required for residents to complete all e-learning
modules to avoid unintentionally increased workload. Strategies
to promote SRL are also needed to optimize educational
outcomes [41,42]. For example, providing dedicated time and
space at the university to complete the e-learning module may
help residents allocate time for it. Furthermore, working
independently at home may increase feelings of stress and
anxiety, as was observed during the COVID-19 pandemic [43].

Limitations and Strengths
One limitation of this study was the reliance on self-assessment
rather than objective measures. Incorporating objective
performance measures would enhance validity and mitigate
self-report bias, for example, through standardized
pretest-posttest knowledge tests and rubric-based scoring of
residents’ performance on key skills (framing a research
question and assessing feasibility) rated by trained assessors.
Still, formative self-assessment is integral to self-regulation,
enabling feedback on progress relative to intended learning
outcomes [44,45]. Moreover, the e-learning module was an
initial version. A well-established, iteratively refined module
might have produced higher scores among residents randomized
to the BL arm. The e-learning module was completed
immediately before the face-to-face session, which constrained
residents’ autonomy to plan their study and is partly misaligned
with SRL. This design ensured full completion of the e-learning
module, reduced the risk of early unblinding or contamination
between groups before the face-to-face session, and standardized
learning conditions (same setting and time on task). However,
it did not capture real-life environmental variability, and the
immediate sequencing in BL may also have facilitated
knowledge activation for the subsequent face-to-face session.
Although a high proportion of participants were unblinded by
the end of the teaching day—a potential limitation—this variable
was not associated with the primary outcome in multivariate
analysis. The complete-case analysis may have introduced
attrition bias; however, the proportion of missing outcome data
remained low (8/163, 4.9%) and similar in both group
allocations.

Regarding strengths, the narrow 95% CI suggests that an
educationally meaningful difference of ≥10% (≥2/20 points)
between groups would have been detected even though the study
was not designed to test equivalence or noninferiority. A formal
noninferiority trial is still needed. Furthermore, the lack of
significant teacher effects on the primary outcome indicates that
the standardized, timed script effectively minimized
instructor-specific variability.

Conclusions
Self-assessment of knowledge and skills by family practice
residents did not differ between blended and traditional courses.
This study can reassure educators that BL may produce
short-term educational outcomes (knowledge and academic
skills) comparable to those of traditional active and
socioconstructivist education among residents, particularly in
settings with constrained teaching capacity.
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Abstract

Background: Game-based learning has emerged as an effective learning strategy in health care education. However, no games
have been specifically designed to support cognitive improvement for diverse learning styles in oral microbiology and immunology.

Objective: This study aimed to develop and evaluate an educational card game designed to support diverse learning styles in
oral microbiology and immunology, using a duel-style format.

Methods: An explanatory sequential mixed methods study was conducted with 40 third-year dental students, where half of
them were assigned to the first group, starting as the host, while those in the other group began as the microbe. Participants
alternated between the microbe and host roles during gameplay. Active engagement through playing as the microbe facilitated
knowledge acquisition through observation, supporting inductive learning. On the other hand, the host role aimed to promote the
application of knowledge for decision-making, facilitating deductive learning. Quantitative data were collected using pre- and
postknowledge assessments and satisfaction questionnaires. Qualitative insights were obtained through semistructured interviews
exploring learning experiences when playing as the microbe compared to the host.

Results: Students demonstrated significant improvements in knowledge scores across the 3 assessments (P<.001), with no
difference between groups (P=.85). They also perceived the game positively in all 3 aspects (usefulness, ease of use, and enjoyment).
Qualitative findings revealed that role variation supported both inductive and deductive learning processes. Participants valued
the combination of pedagogical and entertaining components, leading to the game’s motivation and engagement. A conceptual
framework demonstrated key emerging themes relevant to the game design and implementation, including learner profile, learning
setting, game design, learning process, and learning outcomes.

Conclusions: The card game demonstrated its potential in enhancing knowledge acquisition and student engagement in oral
microbiology and immunology. Role-switching between the host and microbe was perceived by participants to facilitate different
learning experiences. Further research is recommended to investigate long-term retention and broader practicality.

(JMIR Med Educ 2026;12:e80048)   doi:10.2196/80048

KEYWORDS

active learning; card game; educational game; game-based learning; microbiology; immunology

Introduction

Oral microbiology provides essential insights into bacteria,
viruses, and fungi in the oral cavity, while immunology focuses
on the mechanisms by which the human body defends itself
against these pathogens. This knowledge enables health care
professionals, including dental practitioners, to understand
pathogen transmission, immune interactions, and strategies for
disease management and prevention [1-3]. The COVID-19

pandemic, for example, significantly impacted dental practices
by introducing new protocols to reduce viral transmission
through respiratory droplets [4,5]. Studying microbiology and
immunology is therefore important for understanding infectious
diseases, and it has proven essential for health care education.

Traditional teaching methods have served as the main method
of education worldwide. While this approach can reduce anxiety
by minimizing the need for active student participation, it can
limit engagement due to the predominantly 1-way
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communication [6,7]. Disengagement in traditional classrooms
has been shown to negatively impact academic performance
[8-10]. On the other hand, active learning strategies, which
promote critical thinking and student interaction, are associated
with better engagement [11,12]. In addition, not all students
have the same learning preferences [13]. Some of them prefer
direct participation and decision-making, while others may learn
more effectively by observing patterns. Educational tools
designed for both learning preferences may support diverse
learning needs.

Game-based learning has been considered an innovative strategy
to address the limitations of traditional teaching methods by
incorporating game mechanics into educational settings.
Game-based learning has been applied in medical and dental
education [14-17], including microbiology and immunology
[18,19]. This approach is widely recognized due to its ability
to enhance student engagement and motivation in various
disciplines of dental education, such as dental public health
[20], human anatomy [21], oral diagnosis [22,23], orthodontics
[24], endodontics [25], patient safety [26], clinical
administration [27], and teledentistry [28]. These games can be
implemented through various formats, ranging from digital
simulations to physical formats such as board and card games.

Despite the growing number of educational games, most of
them are not designed to accommodate a range of learning
preferences or gameplay experience levels. In other words, they
may not explicitly support both inductive (structured
observation) and deductive learning (active problem-solving),
which are 2 distinct approaches through which students engage
with and make sense of content. This study aimed to develop
and evaluate an educational card game designed to support
diverse learning needs in oral microbiology and immunology,
using a duel-style format in which players alternate between
the roles of microbe and host to simulate infection and immune
response dynamics. Specifically, the objectives were to assess
the game’s effectiveness in improving knowledge acquisition
and to investigate how learners engaged differently when
beginning as the microbe compared to the host.

Methods

Game Development

Game Concept
The “Invasion” game was designed to support teaching and
learning in oral microbiology and immunology, where players
alternate roles between microbes and hosts. This game served
as a novel educational tool to engage dental students more
deeply with the learning content. The game was designed to
align with the expected learning outcomes in oral microbiology
and immunology, requiring learners to apply their knowledge
of microbial pathogenesis and human immune responses to

infection. The role alternation within the game provides different
forms of engagement, encouraging learners to interact with the
content either through structured observation as microbes
(inductive learning) or through direct decision-making as hosts
(deductive learning). A physical card format was chosen because
it encourages face-to-face interaction, peer discussion, and active
participation, which strengthens the learning experience when
students switch between roles. In addition, compared with a
digital format, this design helps students remain focused on the
learning activity itself rather than being distracted by
technological navigation.

Instructional Design and Learning Tasks
The pedagogical framework of this game is based on the
constructivist learning theory, where learners are expected to
actively construct new knowledge through problem-solving and
critical reflection, based on their existing understanding.
Engagement with the game elements can allow students to
develop a deeper understanding of microbiological and
immunological concepts. The dual-role format supports different
types of cognitive engagement. Playing as the microbe
emphasizes reflective observation and the construction of clues
(inductive learning), while the host role requires active
problem-solving and the application of knowledge to identify
pathogens and apply appropriate responses (deductive learning).
Another important component of the game is the feedback
mechanism. Each action taken by the player provided an
opportunity for formative assessment, allowing for real-time
correction and learning from mistakes. The feedback mechanism
can support learners to adjust their strategies and understandings
during the gameplay. Through this process of testing, feedback,
and adjustment, students can engage in a learning cycle that
mirrors scientific reasoning and clinical decision-making.

Game Interface and Interaction
According to the gameplay mechanics, the game begins with
the microbe player selecting 3 “Microbe” cards, along with their
corresponding “Key” cards and 7 “Hint” cards (Figure 1). The
host, in turn, starts the game with 5 heart points and a set of 7
“Protection” cards. During gameplay, the microbe presents
“Hint” cards, prompting the host to select 1 of 3 actions: play
up to 3 “Protection” cards in response to the clues, discard 3
“Protection” cards in exchange for a “Key” card offering more
detailed information, or use an “Attack” card to guess the
identity of a microbe. A correct guess leads to the revelation of
that microbe, while an incorrect guess results in a loss of heart
points calculated as the number of “Hint” cards played minus
the number of correctly placed “Protection” cards. Game
completion occurs when the host successfully identifies 3
microbes, resulting in a host victory, or when all heart points
or “Attack” cards are used, which means the microbe player
wins.
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Figure 1. Examples of “Microbe” cards used in the “Invasion” game.

To further support gameplay, a cardboard was designed as an
organizing component (Figure 2). The cardboard provided
designated spaces for different types of cards (eg, microbe, host,
or support actions), guiding players in organizing card placement
throughout the game. It was intended to reduce confusion during

gameplay, thereby enhancing usability and the overall learning
experience. Its purpose was to minimize the cognitive load
related to card management, allowing players to focus more on
the learning tasks.

Figure 2. The cardboard with designated spaces for card placement in the “Invasion” game.

Effective gameplay requires the microbe player to present hints
in a way that is strategically challenging to test the host’s
interpretation skills. In turn, the host must analyze the clues,
make careful decisions about resource use, and minimize
incorrect guesses in order to preserve their heart points. These
interactive dynamics create a learning environment that reflects
the cognitive and analytical challenges involved in diagnosing
and managing microbial infections in clinical practice. By

placing students in alternating roles with distinct cognitive
demands, the game supports the development of microbiological
understanding, analytical thinking, and adaptability, which are
skills essential for clinical reasoning and for meeting the varied
learning needs of students. This gameplay structure is designed
to engage students in different types of thinking, depending on
their assigned role. A summary of the game components is
provided in Table 1.
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Table . Description of card types used in the game.

DescriptionUsed byCard type

Represent various microbes selected for their
clinical relevance in dentistry. These cards define
the core challenges posed by the microbe player
during gameplay.

MicrobeMicrobe cards

Provide the host with strategies to prevent or re-
duce damage from incorrect microbial identifica-
tion. Each card contains information on treat-
ments, immune responses, or behavioral changes.

HostProtection cards

Contain clues related to the microbe’s character-
istics, such as virulence factors, clinical manifes-
tations, and transmission routes. They support
progressive disclosure of information to the host.

MicrobeHint cards

Offer more specific and detailed information
about a microbe than “Hint” cards, enhancing
the host’s ability to make accurate identifications.
Obtained through card exchange.

MicrobeKey cards

Allow the host to make an informed guess about
the identity of a microbe based on accumulated
clues. Limited to 5 per game, requiring careful
use.

HostAttack cards

Research Design
This study used an explanatory mixed methods design to
evaluate the “Invasion” game and to examine differences in
learning experiences and outcomes when students engaged in
gameplay as either a microbe or a host.

The quantitative phase used an experimental design with partial
randomization to assess knowledge acquisition and compare
learning outcomes based on gameplay role order. A total of 40
participants were allowed to self-select their partners, forming
pairs based on personal preference to reflect natural peer
interactions, commonly found in educational settings [21].
Within each pair, roles were randomly assigned using a coin
toss method to determine which player would begin as the host
or the microbe. Prior to gameplay, participants completed a
preknowledge test (Pretest), followed by 1 round of the
“Invasion” game in their assigned role. A postknowledge test
(Posttest 1) was administered immediately after the first round.
In the second round, participants switched roles and completed
another postknowledge test (Posttest 2). A satisfaction
questionnaire was also completed at the end of the second round.
All test items, game materials, and instructions were provided
in English.

For the qualitative phase, all participants took part in short
semistructured interviews to explore their experiences and

learning processes while engaging with both gameplay roles.
This approach provided clarification on how the game’s
dual-role structure facilitated distinct forms of engagement,
with students tending to adopt a more reflective and
observational approach when playing as the microbe, and a
more analytical and decision-driven approach when playing as
the host. All 40 participants were interviewed to ensure full
representation of perspectives across both gameplay roles and
to enhance the integration of qualitative insights with
quantitative findings. This decision was made because the
approach was intended not only to achieve thematic saturation
but also to ensure that the qualitative data contextualized the
quantitative results, while the brief and focused nature of the
interviews made it feasible to include all participants. The
semistructured format allowed for a consistent set of guiding
questions while providing flexibility to probe deeper into
participant reflections. Interviews were conducted immediately
after the quantitative phase to ensure relevance and recall.

All procedures were completed in a single session, where each
game round (host or microbe) lasted approximately 25‐30
minutes. All participants completed their activities under the
same conditions, and knowledge assessments were completed
independently within a fixed time frame. This standardized
approach ensured consistency and comparability of learning
experiences across groups. The full study protocol is illustrated
in Figure 3.
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Figure 3. Diagram presenting the outline of the study design.

Research Participants
The research population consisted of third-year undergraduate
dental students enrolled in the 2024 academic year at the Faculty
of Dentistry, Mahidol University. They were eligible if they
had successfully completed 3 prerequisite courses: Fundamentals
of Medical Microbiology for Dental Students, Essential
Immunology for Dental Students, and Oral Microbiology and
Immunology. Completion of these courses ensured a baseline
understanding of core concepts relevant to the game content.
While all game materials and knowledge assessments were
designed in English, students with insufficient English
proficiency to understand the game instructions were excluded
from the study to ensure that language barriers did not affect
gameplay engagement or performance. This exclusion was
determined through an orientation session in which students
were asked to demonstrate comprehension of the English
instructions. Additionally, any participant who failed to complete
a required task within the allocated time was withdrawn.

The required sample size was determined using G*Power
software (version 3.1; Heinrich-Heine-Universität Düsseldorf).
According to a previous study [21], the mean and SD of the
pretest score were 9.37 and 2.40, respectively, while those of
the posttest score were 11.37 and 1.96. With a statistical power
of 95% and a significance level of P=.85, the required sample
size per group was 18, resulting in a minimum total of 36
participants. To compensate for a potential 10% dropout rate,
the sample size was set at 40 participants (20 per group).

Participant allocation followed a 2-step process. Students first
formed pairs through voluntary matching. Within each pair, a
coin toss was used to randomly assign 1 participant to begin as
the host and the other as the microbe. This randomization step
helped mitigate potential bias introduced by voluntary pairing.
Allowing students to choose their own partners made the activity

feel more natural, while randomly assigning gameplay roles
ensured a fair comparison between the host and microbe roles.
By assigning roles randomly, the study preserved experimental
control and enabled the qualitative phase to capture the
experiences of participants who may have been placed in roles
misaligned with their learning preferences. This role mismatch
provided valuable insight into the cognitive and emotional
challenges encountered by different learners, offering a more
comprehensive understanding of the game’s effectiveness and
highlighting both the strengths and limitations of its design
across diverse learner profiles.

Data Collection Tools

Knowledge Assessments
To evaluate knowledge acquisition, 3 structured assessments
were administered at different stages of the study: Pretest,
Posttest 1, and Posttest 2. Pretest aimed to assess students’
baseline understanding and help identify individual learning
gaps prior to the intervention. Posttest 1 and Posttest 2 were
used to measure knowledge gains following participation in the
learning activities. Each assessment consisted of the same 20
multiple-choice questions to ensure consistency in content and
difficulty. However, to minimize the influence of recall bias,
both the order of the questions and the arrangement of answer
choices were randomized across the assessments.

Content validity was confirmed through expert review by 3
microbiologists who were not involved in the study. These
experts evaluated each question for its relevance and alignment
with the expected learning outcomes. The Index of
Item-Objective Congruence (IOC) was used, with items scoring
below 0.5 being revised based on expert feedback. Face validity
was assessed by a group of fourth-year dental students who had
completed the same microbiology and immunology courses
required for inclusion in the study. Involving these senior
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students helped ensure that the test items were appropriate and
clearly worded, and this approach prevented contamination of
the research participants.

Satisfaction Questionnaire
To investigate user perceptions of the learning experience, a
self-administered questionnaire comprising 18 items was used.
Each item was rated on a 5-point Likert scale, ranging from 1
(“Strongly disagree”) to 5 (“Strongly agree”), and adapted from
previously validated instruments [22,27,28]. The questionnaire
assessed 3 key dimensions commonly used in the evaluation of
serious games: perceived usefulness, ease of use, and enjoyment.
Content validity was established through expert review by 3
dental educators, who evaluated each item for relevance and
alignment with the intended constructs. Items with an IOC below
0.5 were revised through iterative feedback until acceptable
agreement was achieved.

Semistructured Interviews
To complement the quantitative findings on how different
gameplay roles supported varied learning approaches,
semistructured interviews were conducted using a topic guide
developed by the research team. The topic guide comprised 5
main areas, with flexibility to probe further based on
participants’ responses. These questions examined students’
reflections on the learning experience, the influence of assigned
roles (microbe or host) on learning and engagement, and
suggestions for improvement. Interview responses were
audio-recorded with permission and transcribed using a verbatim
technique. This process ensured that the learning experiences
were captured with depth and fidelity.

Data Analysis
Quantitative data were analyzed using IBM SPSS Statistics for
Windows, version 29.0. Descriptive statistics were used to
summarize participant characteristics and assessment scores. A
2-way repeated-measures ANOVA was conducted to examine
the effects of assigned role order (host and microbe) and time
(Pretest, Posttest 1, and Posttest 2). Bonferroni-adjusted post
hoc tests were used to explore pairwise differences across time
and between groups. Assumptions of normality and sphericity
were verified prior to analysis to ensure that the requirements
for repeated-measures ANOVA were met. Data from the
satisfaction questionnaire were analyzed using means and SDs.
Statistical significance was set at P<.05.

Qualitative data were analyzed using thematic analysis. Two
researchers independently reviewed the transcripts to identify
recurring patterns, followed by discussion and consolidation of
themes with the corresponding author. The analysis specifically
examined how the 2 gameplay roles (host and microbe)
contributed to learners’ knowledge improvement. This focus
aligned with the research objective of supporting diverse learner
profiles through role variation. Credibility, consistency, and
transparency were prioritized throughout the analytic process
to ensure the rigor of interpretation.

Ethical Considerations
This study received ethical approval from the Institutional
Review Board of the Faculty of Dentistry and the Faculty of
Pharmacy, Mahidol University (MU-MOU CoA
2025/013.1002). Before data collection, all participants were
provided with a detailed information sheet and given written
informed consent. To protect confidentiality, all data were
anonymized, and no personally identifiable information was
available during analysis. No compensation was provided to
participants.

Results

Research Participants
A total of 40 third-year undergraduate dental students
participated in the study. Participants were randomly assigned
to 2 groups of 20 students each. Group A consisted of students
who began as the microbe (6 male and 14 female), while Group
B included those who started as the host (3 male and 17 female).
All participants completed the assigned tasks, and no dropouts
occurred during the study.

Knowledge Assessments
Participants in both groups demonstrated progressive
improvements in knowledge scores across the 3 assessments
(Table 2). For Group A, the mean score increased from 9.85
(SD 3.72) at Pretest to 12.4 (SD 3.65) at Posttest 1, and further
to 14.55 (SD 3.38) at Posttest 2. Similarly, Group B improved
from 9.55 (SD 2.44) at Pretest to 11.8 (SD 3.07) at Posttest 1,
and then to 15.9 (SD 2.05) at Posttest 2. These results suggest
that both groups experienced consistent knowledge gains
following each round of gameplay.

Table . Knowledge assessments across time points by group.

95% CIMean score (SD)AssessmentGroup

8.43 to 11.279.85 (3.72)PretestA

10.87 to 13.9312.4 (3.65)Posttest 1

13.29 to 15.8214.55 (3.38)Posttest 2

8.13 to 10.979.55 (2.44)PretestB

10.27 to 13.3311.8 (3.07)Posttest 1

14.64 to 17.1715.9 (2.05)Posttest 2
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Effects of Time and Group (A 2-Way
Repeated-Measures ANOVA)
A 2-way repeated-measures ANOVA was conducted to examine
improvements in knowledge scores over time of assessments
and whether there were differences between the 2 groups
(host-first vs microbe-first). According to Table 3, the analysis
demonstrated a significant main effect of time (F2,76=54.02;
P<.001), indicating that there were improvements in knowledge

scores across the 3 assessments. However, the interaction
between time and group was not statistically significant
(F2,76=1.94; P=.15), suggesting that both groups demonstrated
a similar pattern of improvement over time. The
between-subjects analysis showed no significant main effect of
group on knowledge scores (F1,38=0.038; P=.85), indicating
that initial group assignment did not influence overall
performance (Table 4).

Table . Results of 2-way repeated-measures ANOVA examining within-subjects effects.

ηp2P valueF test (df)Mean squareType III sum of
squares

Source

.587<.00154.02 (2, 76)307.008614.017Time

.049.151.94 (2, 76)11.02522.050Time × group

———a5.683431.933Error (time)

aNot applicable.

Table . Results of 2-way repeated-measures ANOVA examining between-subjects effects.

ηp2P valueF test (df)Mean squareType III sum of
squares

Source

.001.850.04 (1, 38)0.6750.675Group

———a17.693672.317Error (group)

aNot applicable.

Pairwise Comparisons of Assessment Time Points
Given the absence of a significant interaction between time and
group and no main effect of group, Bonferroni-adjusted pairwise
comparisons were conducted by combining data from both
groups. As shown in Table 5, knowledge scores increased
significantly between each assessment point: from Pretest to

Posttest 1 (P<.001), from Posttest 1 to Posttest 2 (P<.001), and
from Pretest to Posttest 2 (P<.001). These findings reflect a
cumulative learning effect over time. To further explore learning
progression within each role-assigned group,
Bonferroni-adjusted pairwise comparisons were performed
separately within each group (Table 6).

Table . Bonferroni-adjusted pairwise comparisons of knowledge scores across assessment time points.

P valueSEMean difference (95% CI)Comparison

<.0010.517−2.4 (−3.696 to −1.104)Posttest 1Pretest

<.0010.545−5.525 (−6.889 to −4.161)Posttest 2Pretest

<.0010.537−3.125 (−4.47 to −1.78)Posttest 2Posttest 1
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Table . Bonferroni-adjusted pairwise comparisons of knowledge scores across assessment time points within each group.

P valueSEMean difference (95%
CI)

ComparisonGroup

.0040.732−2.55 (−4.382 to
−0.718)

Posttest 1PretestA

<.0010.770−4.70 (−6.629 to
−2.771)

Posttest 2Pretest

.020.759−2.15 (−4.052 to
−0.248)

Posttest 2Posttest 1

.010.732−2.25 (−4.082 to
−0.418)

Posttest 1PretestB

<.0010.770−6.35 (−8.279 to
−4.421)

Posttest 2Pretest

<.0010.759−4.10 (−6.002 to
−2.198)

Posttest 2Posttest 1

User Satisfaction
Participants from both groups perceived the game as a positive
experience in all aspects: perceived usefulness, ease of use, and

enjoyment (Table 7). Although Group B demonstrated slightly
higher scores across all categories, there were no statistically
significant differences between the groups (P>.05).

Table . Comparison of user satisfaction between the 2 groups.

P valueMean difference (95% CI)Group B, mean (SD)Group A, mean (SD)Perceptions

.910.02 (−0.31 to 0.27)4.53 (0.40)4.51 (0.50)Perceived usefulness

.630.07 (−0.34 to 0.21)4.64 (0.34)4.58 (0.51)Perceived ease of use

.850.03 (−0.39 to 0.32)4.67 (0.55)4.63 (0.55)Perceived enjoyment

Learner Experiences When Engaging Within the
Gameplay
Semistructured interviews were conducted to gain in-depth
information about the gameplay experiences of participants,
exploring how their initial roles (host-first or microbe-first)
influenced their learning engagement and perceptions of the
game. The following key themes emerged from the thematic
analysis, highlighting factors that shaped learners’ experiences
during gameplay.

Theme 1: Learner Profile

Background Knowledge

Participants reported that their background knowledge
significantly influenced their engagement and effectiveness
during gameplay. Several students described challenges when
their prior understanding was limited, particularly when they
were required to make decisions. To manage these difficulties,
participants strategically chose when to read detailed card
descriptions, focusing more deeply on unfamiliar or difficult
topics.

I read the description on the ‘Microbe’ and ‘Hint’
cards in detail only if I had limited knowledge about
that card. If I was familiar with that microbe, I just
read it briefly and sometimes just the heading.
[Participant 15, Group A, Female]

When I was the host, it was challenging to identify
the microbes, because my microbiology knowledge
wasn't that strong. Imagining just one microbe out of

many possibilities felt difficult. [Participant 32, Group
B, Male]

Personal Preferences

Personal preferences toward the game can be considered as
having a key role in shaping their engagement and emotional
responses. Preferences for specific roles were likely to be
influenced by individual perceptions of stress, decision-making
enjoyment, and familiarity with game-based learning. Those
who preferred less cognitive demand tended to favor the microbe
role, while others were more motivated by the host role’s active
decision-making component. Their preference for card games
also contributed to positive attitudes, enhancing their overall
willingness to engage and learn.

I prefer learning in a more relaxed setting, so playing
as the microbe suited me, as it didn’t require as much
intense thinking. [Participant 12, Group A, Male]

I enjoy making decisions and being in control, so the
host role felt more engaging and aligned with how I
like to learn. [Participant 31, Group B, Female]

I’ve always loved card games, so learning
microbiology and immunology through one just made
sense to me. It didn’t feel like studying, as I was
having fun, but I could tell I was actually learning
something useful at the same time. [Participant 32,
Group B, Male]
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Theme 2: Learning Process
Participants demonstrated differing patterns of engagement
depending on whether they began the game as the microbe or
the host, with each sequence influencing how they processed
and applied microbiology and immunology content.

Host Before Microbe
Participants who began as the host described the experience as
cognitively demanding but motivating. Without access to
structured content at the outset, learners were required to draw
on prior knowledge, make inferences, and formulate hypotheses,
which align with higher-order thinking. This initial challenge
appeared to increase engagement and stimulate curiosity.

I liked being the host first—it was challenging because
I had no idea which microbes were involved. I had
to gather information from both sides and think it
through before attacking. [Participant 32, Group B,
Male]

Guessing what the microbe was felt exciting. I was
genuinely happy when I got it. [Participant 28, Group
B, Female]

In subsequent rounds, these learners reported reflecting on their
earlier performance, identifying knowledge gaps, and actively
revisiting content to improve.

When I became the microbe, I went back and reviewed
the Matching Key to see if I had used the right
‘Protection’ card before. I also wanted to know what
other protections were possible because I had made
mistakes in the last round. [Participant 36, Group B,
Female]

Microbe Before Host
Students who started as the microbe described this role as a
preparatory stage, providing them with a broad overview of key
concepts. This role encouraged exposure to content in a
lower-pressure context, which later supported more confident
and efficient decision-making when switching to the host role.
The structure of the game allowed them to gradually transition
from recognition-based learning to recall and application.

Playing as the microbe first gave me an advantage.
It helped me remember the content for each microbe.
So, when I switched to the host role, I could recall
those features more quickly. [Participant 15, Group
A, Female]

Some participants also reported using short-term memorization
techniques during the microbe phase, which helped build a basic
conceptual scaffold for identifying pathogens in the host round.
These findings suggest that beginning as the microbe may
support initial content familiarization, enabling learners to make
more informed and confident decisions when transitioning to
the more cognitively demanding host role.

Since I started as the microbe, I tried to memorize
the Matching Key. It helped me get a rough idea of
which microbes stood out, so when I switched to host,
I could answer based on what I remembered from the
last round. [Participant 5, Group A, Female]

Theme 3: Game Design
The design of the game played an important role in shaping
both the cognitive and emotional aspects of learning. Participants
reflected on how the game’s structure, feedback mechanisms,
visuals, and interactive elements supported their engagement
and understanding.

Pedagogical Components

Learning Content

Participants reported they could learn about microbes and
immunology from the information on the cards, whether by
reviewing their own cards or observing those played by their
opponents. They also noted that repeatedly experiencing the
cards during gameplay deepened their understanding and helped
them retain key concepts.

The cards had clear explanations. Sometimes I
learned more from looking at my opponent’s cards.
[Participant 14, Group A, Female]

Level of Difficulty

Participants generally perceived the level of difficulty as
appropriate for their academic background. The content was
challenging enough to stimulate interest, but it was not too
complex to create frustration. This balance helped sustain
motivation throughout gameplay. However, some noted that
repeated play led to familiarity with answers, reducing difficulty
over time.

The content was just the right level of difficulty; it
wasn’t too hard or too easy. [Participant 8, Group A,
Female]

The game was fun, but when I started to remember
the answers, it became easier, so I’d love to see more
variety in the microbes to keep it challenging.
[Participant 36, Group B, Female]

Feedback Mechanism

The review phase where players checked their “Protection”
cards against the correct answers was consistently mentioned
as a key learning moment. This immediate feedback helped
participants reflect on their decisions, correct misunderstandings,
and reinforce correct associations between microbes and immune
responses.

I learned a lot from checking whether the Host’s
‘Protection’card matched the microbe. Even if it was
wrong, I still got to learn from that mistake.
[Participant 13, Group A, Male]

Entertaining Components

Visual Engagement
The visual design of the game, including colorful illustrations
and a playful layout, added to its appeal and enhanced the
learning atmosphere. Many participants described the cards as
cute or attractive, which positively influenced their willingness
to engage.
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The game design was really well done. The pictures
were cute and made the whole experience more
inviting. [Participant 21, Group B, Female]

Active Decision-Making Elements
Gameplay was structured to allow active involvement from both
players. While the host engaged in decision-making, the microbe
observed and predicted responses. This dynamic encouraged
deeper analysis and reflection on the game’s logic and strategy.

Watching my friend play gave me time to see how the
game worked overall. I was thinking about the clues
they used and whether the microbe I had in mind
matched what they played. [Participant 4, Group A,
Female]

Social Interaction
Interactions between players, including discussion, guessing,
and bluffing, contributed to enjoyment and emotional
investment. Participants appreciated the playful tension between
roles, which made learning more immersive and memorable.

I liked playing as the microbe because I could watch
my friend guess and have fun trying to throw them
off with my clues. I didn’t enjoy guessing as much,
but I loved being the one giving hints. [Participant 10,
Group A, Female]

Theme 4: Learning Setting
The physical and contextual conditions under which gameplay
occurred played a notable role in shaping students’ comfort,
focus, and willingness to engage with the learning material.
Participants appreciated the autonomy offered by the flexible
setting and timing, as well as the availability of technical support
when needed.

Learning Atmosphere
Allowing participants to choose their preferred learning
environment fostered a greater sense of comfort and autonomy.
Many students reported feeling less anxious and more willing
to take intellectual risks when playing outside a formal

classroom setting. The absence of an authoritative figure reduced
pressure and created space for experimentation and open
guessing.

I liked that we could choose where to play … even if
I wasn’t sure about an answer, I felt okay taking a
guess without worrying that someone would judge
me for getting it wrong. [Participant 22, Group B,
Male]

Flexibility in Learning Schedule
The flexibility to decide when to engage with the game
contributed to a more focused and self-directed learning
experience. Participants appreciated that they could play when
they felt most ready, which made learning feel more like a
voluntary activity than a scheduled obligation.

The game didn’t force us to play at a specific time. I
could just pick it up whenever I wanted, and that made
it feel like something I chose to do … not something
I was made to do. [Participant 15, Group A, Female]

Real-Time Gameplay support
Access to facilitators or staff members during gameplay
reassured participants and minimized concerns about game
mechanics. This allowed them to devote more attention to the
educational content rather than the rules. The ability to clarify
doubts in real-time improved confidence and supported sustained
engagement.

Having staff there to answer questions made me less
worried about the rules, so I could actually focus on
the content and not get stuck on how to play.
[Participant 27, Group B, Female]

Theme 5: Learning Outcomes
Gameplay provided opportunities for cognitive engagement
across multiple dimensions, from foundational knowledge
acquisition to higher-order reasoning (Table 8). Participants
described improvements in knowledge, critical and strategic
thinking, and conceptual understanding, highlighting the game’s
educational value beyond passive content delivery.

Table . Frequency of reported learning outcomes achieved from the game.

FrequencyLearning outcomes

40Knowledge recall

34Knowledge acquisition

30Critical thinking

26Strategic thinking

22Knowledge application

Knowledge Recall
As students alternated roles and revisited familiar content, their
ability to retrieve specific microbial characteristics improved.
The act of seeing clues repeatedly triggered memory recognition,
reinforcing their confidence and retention.

Seeing the clues helped trigger my memory when I
looked at the ‘Key’card, the name of the microbe felt

familiar. And when it was revealed, it confirmed that
I remembered it right. [Participant 22, Group B, Male]

Knowledge Acquisition
The game facilitated the acquisition of microbiology and
immunology knowledge through its structured and interactive
format. Repeated exposure to microbial features and host
responses during gameplay helped build a stronger conceptual

JMIR Med Educ 2026 | vol. 12 | e80048 | p.314https://mededu.jmir.org/2026/1/e80048
(page number not for citation purposes)

Sipiyaruk et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


foundation. Many participants reported gaining new information
simply by observing their opponent’s moves.

Reading the details on the cards played by my
opponent gave me new information and helped me
figure out the microbe. [Participant 8, Group A,
Female]

Critical Thinking
Participants engaged in critical thinking by interpreting
incomplete information and making evidence-based guesses.
Particularly in the host role, students described the need to
synthesize clues and evaluate possible answers, moving beyond
memorization to diagnostic reasoning.

When I played as the host, I had no idea what the
microbe was at first. I had to slowly piece things
together using the information I had. [Participant 17,
Group A, Male]

Strategic Thinking
The game structure encouraged participants to develop and
adjust strategies based on observations of their opponent. This
adaptive thinking extended beyond factual recall to prediction,
planning, and real-time decision-making.

My opponent rarely played ‘Protection’ cards. He
used a different strategy, like discarding cards to
draw a keyword because it gave them a better
advantage. [Participant 18, Group A, Female]

Knowledge Application
Participants not only recalled learning content but also applied
their knowledge during gameplay. They demonstrated an ability
to connect microbiological information to real-life

decision-making, such as selecting appropriate treatments or
interventions.

I learned which medications go with which types of
microbes. [Participant 9, Group A, Female]

Conceptual Framework for the Implementation of the
Game in Dental Education
This conceptual framework explains how the emerging themes
show the connections between the core elements of game design,
learner characteristics, and the learning setting in supporting
students to achieve expected learning outcomes (Figure 4). The
game should be designed with a balance between pedagogical
and entertaining components, supporting students in
understanding key concepts while maintaining their motivation
throughout the learning process. The learning process is at the
center of the framework, where students move between playing
as the host and the microbe. By switching roles, students
encounter different kinds of challenges, which encourages them
to think in new ways and gradually build their knowledge
through the game. The game’s rules allow for repeated practice
and reflection, helping students remember what they learn and
apply it in various situations. The framework highlights the
importance of learners’ background knowledge and personal
preferences, as well as the influence of the learning settings.
Factors such as the learning atmosphere, flexible scheduling,
and support during gameplay all play a role in shaping the
learning experience. These elements work together with the
game design to affect how students participate, interact with
each other, and respond to challenges in the game. When these
factors are well aligned, the game not only helps students
understand the subject content but also supports critical thinking
and strategic decision-making skills.
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Figure 4. Conceptual framework for the implementation of a dual-role duel card game.

Discussion

Effectiveness of Game-Based Learning on Knowledge
Enhancement
The “Invasion” game demonstrated its potential as a
supplementary learning tool for enhancing knowledge in oral
microbiology and immunology. The progressive improvement
in scores from Pretest to Posttest 1, and subsequently to Posttest
2, suggests that repeated gameplay contributed to knowledge
enhancement. As students moved through the rounds, they were
exposed to more diverse sets of microbes, with some organisms
appearing more than once. This repetition likely reinforced
recall, aligning with established principles of spaced learning
and retrieval practice [29]. Participants reported varied learning
experiences; some were able to recall prior coursework, others
acquired new information, particularly related to antimicrobial
treatments, and many developed a broader understanding of
how microbiological knowledge applies within clinical contexts.
The game was reported by participants to encourage strategic
thinking and decision-making skills, which are important for
developing clinical reasoning [30-32]. Participants perceived
that the dual-role structure of the game, alternating between
structured observation and active problem-solving, provided
different learning experiences. Students learned not only through
success but also through failure perspectives [33,34]. Lost heart
points from incorrect guesses can be considered as immediate
feedback, prompting them to reflect and adjust their approach.
This process reflects the role of failure theory, where knowledge
is built through doing, failing, and refining strategies. These
findings align with previous research [21,23,28], showing that

game-based learning can enhance understanding through
engagement, feedback, and active participation.

Impact of Role Sequence on Cognitive Processing
Although knowledge improvement between groups did not
differ significantly, qualitative findings suggest that the sequence
in which students engaged with gameplay roles experienced the
learning process differently. Students who began as the microbe
interacted with the material in a more observational manner,
generating clues and observing how their partner responded.
This role offered an opportunity to reflect on microbial
characteristics without the immediate demand for
decision-making. This process aligns with inductive learning,
where knowledge is built from observed patterns and structured
clues. In contrast, those who started as the host were required
to analyze clues and make diagnostic judgments from the
beginning, enhancing deeper cognitive processing [35,36]. This
approach reflects deductive reasoning, in which learners begin
with a hypothesis and test it through gameplay. The
effectiveness of each sequence may depend on individual learner
traits such as cognitive readiness, prior knowledge, or preferred
learning approach [37,38]. While some students appeared to
benefit from first observing how the content functioned in
context, others were more engaged when challenged to act at
an early stage. Across both pathways, students reported
cognitive improvement through the interactive and engaging
environment, highlighting the importance of role variation in
supporting diverse learning styles.
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Influence of Learner Diversity on Gameplay
Experiences
In addition to role assignment, other factors also influenced
how students experienced the game and developed cognitive
skills through play. Background knowledge and prior experience
of learners appear to be important factors in shaping their
engagement with the game [28]. Those with a stronger
background knowledge tended to participate more confidently
throughout the activity [39]. It is possible that students who felt
less familiar with the content were more likely to prefer the
microbe role, where they could rely more on the structured clues
provided by the cards. In addition, individual learning
preferences can shape students’ approach to gameplay [40-42];
some preferred roles that felt less cognitively demanding, while
others were more engaged by strategic decision-making and
competitive challenge. The learning context, including peer
interaction and minimal technical barriers, can further support
student engagement with the game tasks [20,21]. These findings
highlight the importance of designing educational games that
incorporate role variation and provide flexibility to support
learners across a range of backgrounds and preferences.

Pedagogical Implications and Curriculum Integration
The “Invasion” game was developed to align with the
pedagogical goals of dental education by accommodating diverse
learning preferences and cognitive styles. Its dual-role format
allows students to alternate between reflective observation as
the microbe and active problem-solving as the host, supporting
both inductive and deductive reasoning [43,44]. This structured
variation enables learners to engage with microbiology and
immunology content through multiple perspectives, promoting
deeper understanding and flexible thinking. Within the dental
curriculum, the “Invasion” game can be considered a
supplemental learning tool alongside didactic lectures to
reinforce basic biomedical knowledge, similar to other
game-based strategies successfully applied in preclinical dental
education [21]. This is consistent with the argument that
game-based learning should not be implemented as a mandatory
learning method for learners [45]. The adaptable structure of
the “Invasion” game allows flexible integration into tutorials,
self-directed study, or flipped classrooms, while its emphasis
on peer interaction and strategic decision-making fosters
motivation, collaboration, and active learning. Beyond dental
education, the dual-role format could also be applied in other

health education contexts, such as medical, nursing, and
pharmacy curricula, where collaborative learning and clinical
decision-making are equally essential, although the present
content is more directly aligned with oral microbiology and
immunology.

Limitations and Recommendations for Future
Research
While this mixed methods study provided a comprehensive
integration of quantitative and qualitative insights into student
learning, certain limitations should be acknowledged. The study
was conducted at a single institution with a relatively small
sample size, which may limit the generalizability of the findings
to broader educational contexts. While the test items were
randomized in sequence, the repeated use of the same items
across all assessment points may have introduced a memory
effect, enhancing posttest performance. Future studies could
minimize this issue by using different but equivalent test items
for pre- and postassessments, supported by analyses of item
difficulty and parallel forms reliability. The short duration of
the intervention did not allow for evaluation of long-term
retention or application to real-world clinical tasks. Future
research should incorporate diverse settings, larger cohorts,
varied assessment formats, multiple gameplay sessions over
time, and delayed postknowledge assessments to better evaluate
the long-term educational impact of serious games.

Conclusions
This study demonstrated that a dual-role educational card game
can effectively support diverse learning preferences in oral
microbiology and immunology by offering both structured
observation and active problem-solving. The game not only
enhanced knowledge acquisition but was also perceived by
participants to foster strategic thinking and learner engagement
through its dynamic role-based format. By alternating between
the roles of microbe and host, students engaged with content in
different ways, enabling both inductive and deductive learning
processes. These findings highlight the value of incorporating
flexible, learner-centered tools into the dental curriculum to
bridge theoretical science and clinical reasoning. Future research
is recommended to investigate the adaptability of this game in
broader health education contexts and to evaluate long-term
knowledge retention through repeated gameplay sessions over
time and follow-up assessments.
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Abstract

Background: The use of artificial intelligence (AI) to analyze health care data has become common in behavioral health sciences.
However, the lack of training opportunities for mental health professionals limits clinicians’ability to adopt AI in clinical settings.
AI education is essential for trainees, equipping them with the literacy needed to implement AI tools in practice, collaborate
effectively with data scientists, and develop skills as interdisciplinary researchers with computing skills.

Objective: As part of the Penn Innovation in Suicide Prevention Implementation Research Center, we developed, implemented,
and evaluated a virtual workshop to educate psychiatry and psychology trainees on using AI for suicide prevention research.

Methods: The workshop introduced trainees to natural language processing (NLP) concepts and Python coding skills using
Jupyter notebooks within a secure Microsoft Azure Databricks cloud computing and analytics environment. We designed a 3-hour
workshop that covered 4 key NLP topics: data characterization, data standardization, concept extraction, and statistical analysis.
To demonstrate real-world applications, we processed chief complaints from electronic health records to compare the prevalence
of suicide-related encounters across populations by race, ethnicity, and age. Training materials were developed based on standard
NLP techniques and domain-specific tasks, such as preprocessing psychiatry-related acronyms. Two researchers drafted and
demonstrated the code, incorporating feedback from the Methods Core of the Innovation in Suicide Prevention Implementation
Research to refine the materials. To evaluate the effectiveness of the workshop, we used the Kirkpatrick program evaluation
model, focusing on participants’ reactions (level 1) and learning outcomes (level 2). Confidence changes in knowledge and skills
before and after the workshop were assessed using paired t tests, and open-ended questions were included to gather feedback for
future improvements.

Results: A total of 10 trainees participated in the workshop virtually, including residents, postdoctoral researchers, and graduate
students from the psychiatry and psychology departments. The participants found the workshop helpful (mean 3.17 on a scale of
1‐4, SD 0.41). Their overall confidence in NLP knowledge significantly increased (P=.002) from 1.35 (SD 0.47) to 2.79 (SD
0.46). Confidence in coding abilities also improved significantly (P=.01), increasing from 1.33 (SD 0.60) to 2.25 (SD 0.42).
Open-ended feedback suggested incorporating thematic analysis and exploring additional datasets for future workshops.

Conclusions: This study illustrates the effectiveness of a tailored data science workshop for trainees in psychiatry and psychology,
focusing on applying NLP techniques for suicide prevention research. The workshop significantly enhanced participants’confidence
in conducting data science research. Future workshops will cover additional topics of interest, such as working with large language
models, thematic analysis, diverse datasets, and multifaceted outcomes. This includes examining how participants’ learning
impacts their practice and research, as well as assessing knowledge and skills beyond self-reported confidence through methods
such as case studies for deeper insights.

(JMIR Med Educ 2026;12:e75125)   doi:10.2196/75125
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Introduction

Artificial intelligence (AI) applications in behavioral medicine
now span a wide range, including detecting at-risk populations,
assisting clinicians in decision-making, and providing feedback
to improve the quality of interventions [1]. Exposure to data
science and AI education is crucial for medical trainees, as it
prepares them to implement AI tools in their practice with the
necessary literacy, collaborate effectively with data scientists,
and explore careers as interdisciplinary researchers [2,3].
Medical trainees recognize the importance of AI and support
its inclusion in their curriculum [4,5]; however, they also report
low levels of knowledge and skills in addition to anxiety about
using AI [5-7]. As a result, AI literacy among clinicians remains
low, hindering the adoption of AI in clinical settings [8,9].

Self-learning methods, such as online articles and media
resources, have been found to be the most common way for
students to learn AI, with more than 70% relying on these
approaches [2,10]. However, only 36% of students have
exposure to formal AI training [2]. Previous studies have
highlighted the need for guided and structured AI education
tailored to health trainees, such as formal curricula and
workshops [3,8]. Despite this need, barriers to implementing
formal AI education persist, primarily due to limited time within
an already demanding medical curriculum. A trainee-centered
approach to structured learning opportunities may help reduce
their burden. This includes integrating AI training into the
existing didactic schedule [11] and adopting a human-centered
design from recruitment to workshop facilitation.

Trainees in psychiatry and psychology may face even more
limited opportunities for AI training tailored to their specialty
and interests. Most existing AI education programs focus on
general AI concepts and broad medical applications rather than
addressing field-specific needs [3]. While some programs have
been tailored for a specific domain such as radiology, a
systematic review showed a lack of AI education programs
specifically designed for psychiatry and psychology trainees
[3]. Clinicians’ learning of data science should be directly
applicable to their area of expertise, helping them generate ideas
for their research applications. For instance, AI education
programs for psychiatry and psychology trainees should be
designed around mental health–related questions, data sources,
and AI applications to ensure meaningful translation into their
research and clinical practice.

One area to consider in AI education for psychiatry and
psychology trainees is the application of AI in suicide
prevention. Researchers are leveraging AI to identify patients
at risk for suicidal thoughts and behaviors in clinical settings
and the wider population [12]. Research in this space can scan
electronic health records (EHRs) to identify elevated suicide
risk, improve ED suicide screening, and decrease racial
disparities in suicide [12]. This underscores the importance of
becoming familiar with these technologies as future clinicians.

In particular, analyzing text data and developing natural
language processing (NLP)–based AI can deepen the
understanding of the complexity of suicidal ideation and
behaviors, allowing for the design of contextually sensitive
suicide prevention strategies. For instance, clinical notes from
EHR and NLP have demonstrated their strengths in enhancing
suicide prevention strategies [13,14]. Developing AI education
focused on suicide risk would offer trainees valuable insights
into leveraging AI for both their research and practice.

Finally, developing and implementing AI education for medical
trainees requires incorporating a structured evaluation process
to assess its effectiveness. However, among 41 existing AI
education development studies in medicine, only 5 included
formal evaluation methods, such as structured surveys and
assessments, whereas the remaining 36 studies solely described
the education programs without measuring their impact [8].
Without rigorous evaluation, it is difficult to determine whether
these programs effectively enhance knowledge and skills among
trainees. One study specifically highlighted the importance of
a competency-based curriculum in enhancing AI knowledge
and skills, ultimately increasing the adoption of AI in clinical
practice [8].

To address these gaps, we developed and implemented a 3-hour
workshop to introduce psychiatry and psychology trainees to
the applications of AI in suicide research. Specifically, we
incorporated NLP to highlight the potential of leveraging clinical
text data for psychiatry research and adopted a program
evaluation framework to systematically assess the program’s
efficacy.

Methods

Overview
We designed, disseminated, and evaluated a 3-hour training
workshop to introduce psychiatry and psychology trainees to
data science and AI. The workshop was conducted using Python
Jupyter notebooks, Microsoft Azure Databricks, and Zoom
(Zoom Communications). We began with a brief introduction
and presurvey (5 min), followed by a Databricks setup session
originally planned for 15 minutes. Although participants’
accounts and workspace access had been configured in advance,
the setup process took approximately 30 minutes, which was
15 minutes longer than expected. A site reliability engineer was
present to help manage the situation effectively; however, we
needed to cancel the welcome speech by a psychiatry faculty
member. The introductory remarks were intended to highlight
the need for NLP research in suicide prevention. Once all
participants’ environments were set up, we began the first phase
of the hands-on coding practice, which focused on data
characterization and preprocessing (1 h 20 min). We took a
10-minute break and then continued with the second phase,
which covered concept extraction and statistical analysis (1 h
20 min). The session concluded with a wrap-up that included
a postsurvey and office hour sign-up (10 min).
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Ethical Considerations
It was determined by the University of Pennsylvania Institutional
Review Board that this project is a quality improvement
initiative that does not meet the definition of human subjects’
research. Hence, further institutional review board review is not
required. Before starting the survey, participants were informed
that the data would be used to develop or enhance future
workshops and that survey participation was voluntary. No
identifiable information was collected from the survey, and
participants did not receive any compensation.

Computing Environment
To optimize our instruction time during the workshop, we
required an environment preconfigured with the appropriate
security for storing and analyzing deidentified clinical data,
access to workshop materials, and the necessary software
packages for processing data. We leveraged a secure cloud
computing environment within Microsoft Azure and created a
workspace designed to meet Health Insurance Portability and
Accountability Act security requirements and provide controlled
access to the study materials. Lessons were constructed in
Jupyter notebooks using the Microsoft Azure Databricks
analytics platform and written in Python that explained rationale
and demonstrated the processing steps in context.

Workshop Materials
The main workshop materials included practice data and
prewritten code in Jupyter notebooks. The coding practice
primarily focused on running prewritten code rather than writing
new code, as the registration survey indicated that most
participants had little to no experience with Python coding and
NLP. However, we also offered participants the flexibility to
modify the code during or after the workshop if they wished.
Most importantly, we prioritized creating an interactive learning
environment rather than delivering 1-directional instruction.
For example, we regularly checked in with participants to assist
with any issues they encountered during the coding practice,
and 3 data scientists, in addition to the instructors, were available
to provide support.

Specifically, the objective of the workshop materials was to
demonstrate the application of data science, AI, and NLP to
answer 3 biomedical research questions (RQs) using a dataset
of chief complaints from the EHR:

• RQ1: How many chief complaints are related to suicidality?
• RQ2: Is the prevalence rate of suicidality statistically

different between White and Black or African American
populations?

• RQ3: Does the prevalence rate of suicidality increase with
age?

To answer these questions, we organized the workshop materials
to address 4 subtasks in data science and AI: data
characterization, data standardization, concept extraction, and
statistical analysis. For data characterization, we demonstrated
how to generate frequency distributions, identify missing data,
and handle outliers within the dataset. For data standardization,
we applied general standardization techniques with Python
function str, including addressing lexical variation with case

reduction (eg, replacing “SUICIDE” with “suicide”). We used
the WordNetLemmatizer for lemmatization to address term
variation within the same concept. For instance, “suicide,”
“suicidal,” and “suicidality” were standardized to “suicide.”
We detected negation using negex (eg, “no suicide thought”
was classified as “negated”). We also applied domain- and
context-specific standardization. For example, in medical
settings within the state of Pennsylvania, “302” refers to
involuntary commitment for emergency evaluation and
treatment, whereas “201” refers to voluntary commitment. These
context-specific terms were replaced with descriptive and
general terms (eg, “302” was replaced with “involuntary
commitment”).

For concept extraction, we developed a dictionary containing
suicide-related terms (eg, “suicide ideation” and “fatal self-harm
behavior”) and applied them using regular expressions. Finally,
for statistical analysis, we demonstrated how to calculate the
prevalence rate of suicidality between demographic groups and
apply a t test to determine if there is a significant difference in
prevalence rates between the groups, namely White and Black
or African American populations. We also demonstrated how
to examine the predictive effect of age (independent variable)
on suicidality (dependent variable) using logistic regression.
Two researchers drafted and demonstrated the code, and
feedback from the Methods Core of the Penn Innovation in
Suicide Prevention Implementation Research Center was
integrated to improve the materials. The Methods Core’s mission
is to support the Penn Innovation in Suicide Prevention
Implementation Research Center’s suicide prevention research
by applying computational, implementation science, and
human-centered design approaches. Their role in the
development and dissemination of this workshop was to provide
feedback from both data science and clinical perspectives,
ensuring that the workshop met the needs of psychiatry and
psychology trainees and was developed in a user-friendly format.
This included reorganizing NLP tasks to distinguish between
content that target audiences may already know (eg, mental
health–related terms) and content they may not know (eg,
NLP-specific language). Feedback also recommended
introducing types of clinical data (eg, chief complaints),
referencing existing studies related to the research problem (eg,
health disparities), and designing psychological research
questions (eg, predicting suicide risk by race, ethnicity, and
age).

Trainee-Centered Recruitment
Human-centered design was used to design the recruitment
flyer, which prioritized clarity and appeal through the use of a
logical visual hierarchy and accessible language and by
highlighting speaker credentials to build trust and credibility.
A QR code, which directed users to the Research Electronic
Data Capture registration survey, was included in the flyer to
simplify the registration process and minimize barriers to action
in an effort to maximize participation. A digital flyer was shared
via the Department of Psychiatry’s email listserv at the
University of Pennsylvania to recruit workshop participants.
We did not restrict the number of workshop participants.
Participation was open to any trainees (ie, students, postdoctoral
researchers, and residents) in the Departments of Psychology
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and Psychiatry. With the aim of reducing the burden on trainees
participating in the data science workshop alongside their regular
training requirements, we collaborated with the resident training
office. To enhance dissemination efforts, we aligned the
workshop schedule with the annual resident training calendar,
leveraged prescheduled didactics time for trainees, and remained
flexible toward other obligations. The 3-hour training workshop
took place in August 2024 during a prescheduled weekday
didactic session for trainees.

Workshop Evaluation
We adopted the Kirkpatrick program evaluation model [15], a
model for evaluating the impact of training programs (Figure
1). The Kirkpatrick program evaluation model entails 4 levels
of evaluation: level 1 (reaction), level 2 (learning), level 3
(behaviors), and level 4 (results). Specifically, we evaluated the
impacts of our learning modules for participating trainees using
level 1 (reaction) and level 2 (learning). Level 1 (reaction)
assesses whether trainees found the training helpful. Level 2
(learning) assesses whether the trainees acquired the intended
knowledge and skills from the program.

Figure 1. Kirkpatrick model for program evaluation [15].

At level 1, participants’ overall satisfaction was assessed using
2 questions: (1) “Overall, did you find the workshop helpful?”
rated on a 4-point Likert scale, ranging from 1 (not helpful) to
4 (very helpful); and (2) “How likely are you to recommend
this workshop to others?” rated on a 4-point Likert scale, ranging
from 1 (very unlikely) to 4 (very likely). Participants were also
asked to identify specific components of the training they found
helpful, with options including the introduction to overall NLP
concepts, coding demonstrations, and materials that were
provided. Each component was rated as 1 (helpful) or 0 (not
helpful).

At level 2, the confidence level of NLP knowledge and Python
coding skills was measured with 8 questions (eg, “How
confident are you in the following concepts or skills?”) with a
4-point Likert scale, ranging from 1 (not confident) to 4 (very
confident). Specifically, confidence in NLP knowledge was
assessed using 4 questions, each evaluating participants’
confidence in data characterization, data standardization, data
transformation from unstructured to structured data, and concept
extraction. Participant confidence in their Python coding skills
was measured with 4 questions assessing participants’
confidence in performing tasks such as data standardization,
data transformation, statistical analysis, and visualization using
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Python. We evaluated changes in confidence level before and
after the workshop using paired t tests for the 6 participants
with pre- and post-training data. Additionally, open-ended
questions such as “Are there other topics you wish future
workshops to cover?” were included to gain insights into ways
to revise the workshop.

Results

Level 1: Reaction Evaluation
A total of 10 trainees participated in the workshop virtually.
They included residents, postdoctoral researchers, and graduate
students from the psychiatry and psychology departments. All
participants completed the presurvey, whereas 6 (60%)
participants completed the postsurvey. Only 2 (20%) of the 10
participants had experience with Python or NLP training before
this workshop.

The participants found the workshop to be helpful overall (mean
3.17, SD 0.41) and expressed a willingness to recommend it to
others (mean 3.17, SD 0.41). All participants found the coding
demonstration and the learning materials helpful, and 5 (83%)
of 6 participants found the introduction to NLP concepts helpful.

Level 2: Learning Evaluation—NLP Knowledge
Participants’confidence in their overall knowledge significantly
increased (P=.002) from 1.35 (SD 0.47) before the workshop
to 2.79 (SD 0.46) after the workshop (Figure 2). Participants’
confidence in each individual topic area also significantly
improved. Participants’ confidence in characterizing clinical
text data increased (P=.01) from 1.40 (SD 0.70) to 2.83 (SD
0.70). Confidence in text data preprocessing increased (P=.002)
from 1.30 (SD 0.67) to 2.83 (SD 0.32). Confidence in
transforming from unstructured to structured data improved
(P=.01) from 1.50 (SD 0.53) to 2.67 (SD 0.42). Their confidence
in extracting concepts from text data increased (P=.004) from
1.20 (SD 0.42) to 2.83 (SD 0.97).

Figure 2. Confidence levels in natural language processing (NLP) knowledge before and after the workshop. *P<.05, **P<.01.

Level 2: Learning Evaluation—Python Coding Skills
Participants’ confidence in their overall coding abilities also
significantly improved (P=.01), increasing from 1.33 (SD 0.60)
to 2.25 (SD 0.42) as demonstrated in Figure 3. Participants
reported significant improvements in confidence across all 4
individual Python coding skills. Confidence in standardizing
text data increased (P=.01) from 1.10 (SD 0.75) to 2.33 (SD

0.52). Similarly, confidence in transforming unstructured data
into structured data improved (P=.01) from 1.20 (SD 0.52) to
2.17 (SD 0.41). Confidence in conducting statistical analysis
(ie, descriptive statistics) using Python increased significantly
(P=.01) from 1.40 (SD 0.75) to 2.33 (SD 0.52). Confidence in
visualizing analysis results increased significantly (P=.04) from
1.60 (SD 0.75) to 2.17 (SD 0.41).
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Figure 3. Confidence levels in python coding before and after the workshop. *P<.05.

In addition to the quantitative findings, qualitative feedback
included the positive experiences of participants with the
workshop. Overall, the feedback from the open-ended questions
by trainees was positive and insightful (eg, “I’m glad you did
this workshop, I hope there are more to come with some more
hands-on experiences, but I think this served as a good
introduction to the process and rationale behind the code.”).
Feedback also included suggestions for incorporating thematic
analysis and exploring additional datasets for future workshop
development, which are discussed further in the following
section.

Discussion

Principal Findings
This study illustrates the effectiveness of a tailored data science
workshop for trainees in psychiatry and psychology, focusing
on applying NLP techniques and clinical notes for suicide
prevention research. The workshop significantly enhanced
participants’ skills and confidence in conducting data science
research, especially for those with substantial clinical experience
but limited AI research training.

We received constructive comments from trainees through
open-ended questions to guide future training efforts ranging
from data-driven use cases, Python coding, and advanced NLP
skills. In terms of data-driven use cases, trainees thought the
workshop could be enhanced by “ ...work[ing] independently
with data sets like national available data sets” and “starting
our own projects working with real data.” We could incorporate
more experiential training by providing more diverse datasets,
including national datasets such as the National Longitudinal
Study of Adolescent to Adult Health dataset or recommending
that users bring their own dataset to apply these approaches.
One trainee expressed an interest in “how to learn basics of

coding - like any resources that would be helpful”; links to
Python coding support could be provided or a Python coding
bootcamp could be offered for trainees with less coding skills
before the workshop. Another trainee recommended
incorporating thematic analysis, for example, incorporating
clustering techniques for deriving latent patterns in data.
Additionally, future workshops could cover advanced NLP
methods, including large language models (eg, GPT-4) to
complete NLP subtasks. We could also incorporate exploring
multifaceted outcomes, including clinical pathways,
readmissions, and mortality, to demonstrate how to identify
actionable insights from data.

Limitations
Our study has several limitations. First, we implemented this
study among trainees from a single institution. Feedback might
vary if trainees had more or less experience with NLP and
Python coding skills at another institution. Second, in terms of
assessing learning, we measured confidence rather than actual
knowledge or skill in level 2. We could also assess actual levels
of knowledge and skills beyond self-reported confidence using
methods such as case studies for deeper insights. Third, in the
future, we intend to examine whether trainees acquired level 3
(behaviors) and level 4 (results) learning. We could assess how
participants’ learning impacts their practice and research in the
long term. This includes whether participants applied the gained
knowledge and skills to their clinical practice, research
engagement, and health care improvements in the long term
[16]. For instance, it would be valuable to assess whether
participants are more likely to adopt NLP-based clinical support
tools after the workshop (level 3) and whether increased use of
these tools enhances the efficacy of clinical workflows in health
care systems at a systemic level (level 4). The knowledge and
skills gained may also encourage participants to initiate

JMIR Med Educ 2026 | vol. 12 | e75125 | p.326https://mededu.jmir.org/2026/1/e75125
(page number not for citation purposes)

Donnelly et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


independent research or engage in grant writing (level 3) to
improve suicide prevention services over time (level 4). Fourth,
our pilot study included a relatively small sample size. We aim
to increase the size of the course by making it accessible to other
trainee cohorts, including informatics, nursing, and engineering
students with interest in health and AI. Finally, this study was
an open trial without a controlled experimental approach.
Adopting controlled methodologies, such as randomized

controlled trials, will be beneficial for validating these findings
in future studies.

Conclusions
We successfully developed and implemented a 3-hour virtual
workshop to educate psychiatry and psychology trainees on
using data science and AI for suicide prevention research. Our
preliminary results suggest the workshop enhanced participants’
knowledge and coding abilities, establishing a strong foundation
for future advanced curriculum and learning objectives.
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Abstract

Background: Artificial intelligence (AI) shows promise in clinical diagnosis, treatment support, and health care efficiency.
However, its adoption in real-world practice remains limited due to insufficient clinical validation and an unclear impact on
practitioners’ competence. Addressing these gaps is essential for effective, confident, and ethical integration of AI into modern
health care settings.

Objective: This study aimed to evaluate the effectiveness of informed AI use, following a tailored AI training course, on the
performance of general practitioners (GPs) and internists in test-based clinical competence assessments and their attitudes toward
clinical AI applications.

Methods: A pre-post intervention study was conducted with 326 physicians from 39 countries. Participants completed a baseline
test of clinical decision-making skills, covering diagnosis, treatment planning, and patient counseling; attended a 1.5-hour online
training on effective AI use; and then took a similar postcourse test with AI assistance permitted (GPT-4.0). Test performance
and time per question were compared before and after the training. Participants also rated AI accuracy, efficiency, perceived need
for structured AI training, and their willingness to use AI in clinical practice before and after the course.

Results: The average test scores improved from 56.9% (SD 15.7%) to 77.6% (SD 12.7%; P<.001), and the pass rate increased
from 6.4% (21/326) to 58.6% (191/326), with larger gains observed among GPs and younger physicians. All skill domains
(diagnosis, treatment planning, and patient counseling) improved significantly (all P<.001), while time taken to complete the test
increased slightly from before to after the course (mean 40.25, SD 16.14 min vs 42.29, SD 14.02 min; P=.03). By the end of the
intervention, physicians viewed AI more favorably, reporting increased confidence in its accuracy and time efficiency, greater
appreciation for the need for structured AI training, and increased confidence and willingness to integrate AI into patient care.

Conclusions: Informed use of AI, based on tailored training, was associated with higher performance in test-based clinical
decision-making assessments and greater confidence in using AI among GPs and internists. Building on previous research that
often lacked structured training, focused primarily on model performance, or was limited in clinical scope, this study provides
empirical evidence of both competence and perceptual improvement following informed AI use in a large, multinational cohort,
enhancing the generalizability. These findings support the integration of structured AI training into medical education and
continuing professional development to improve clinical performance and promote competent use of AI in clinical practice.
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Introduction

Artificial intelligence (AI) has demonstrated significant potential
in disease diagnosis, treatment recommendations, patient
engagement, and medical writing and education [1-3]. Extensive
research has explored and compared the accuracy of AI models
across these domains [4-7]. In addition, AI has revolutionized
diagnostic radiology by enhancing image analysis and
interpretation [8]. However, despite these promising
applications, most AI models and software remain within the
realm of research rather than real-world settings, reflecting a
notable gap in implementation [9,10].

Before widespread adoption, AI applications in health care
require not only algorithm validation but also clinical validation,
comparing AI-based interventions with standard treatments and
existing clinical practices [11]. A limited number of studies
have evaluated the effect of AI assistance in clinical settings
and demonstrated improvements in the quality, efficiency, and
effectiveness of health care services [12,13]. In contrast, there
is an abundance of studies that have evaluated the impact of AI
assistance in controlled experimental settings rather than
real-world clinical scenarios. Feigerlova et al [14] highlighted
the limitations of these studies, including small sample sizes,
single-center designs, inadequate control for confounding
factors, and the absence of well-defined clinical competence
frameworks.

In addition, existing studies often do not include training on
appropriate AI use. To enable AI integration into clinical
practice, tailored AI training for health care practitioners is
required [15]. The situation is even more critical for primary
care physicians, as Liaw et al [16] have highlighted the lack of
attention given to training primary care physicians in the use
of AI-based tools and emphasized the necessity of such training
to maximize benefits and minimize potential harms. Ideally,
this training should be followed by objective assessments of
improvements in clinical competence after AI use. However,
evidence on the objective improvements in clinical competence
with AI assistance after structured AI training remains scarce.

Beyond technical accuracy and the need for training, the
successful adoption of AI in clinical settings is heavily
influenced by health care professionals’ perceptions and
attitudes. Acceptance is an indispensable prerequisite for the
widespread implementation of AI [15]. Although many studies
have assessed health care professionals’general attitudes toward
AI integration into medical practice [15], to the best of our
knowledge, no study has specifically examined how tailored
AI training impacts practitioners’ perceptions of AI and their
willingness to incorporate it into clinical workflows. A recent
systematic review identified key factors that influence health
care workers’ trust in AI tools for making informed clinical
decisions [17]. However, none of the 27 included studies

implemented interventions with pre-post repeated-measurement
designs; instead, their assessment methods were predominantly
semistructured qualitative interviews, focus groups, or
Likert-scale cross-sectional surveys. Collectively, many previous
studies were limited by small sample sizes, narrow clinical
scope, a lack of structured AI training, evaluation in simulated
rather than real-world clinical contexts, and a lack of pre-post
intervention assessments of perceptual change. These
accumulated limitations and gaps in knowledge highlight the
significance of our study.

Unlike previous research, our study approximates real-world
clinical practice by integrating AI as a decision-support tool for
general practitioners (GPs) and internists who were tested using
real clinical case scenarios. Through a structured, tailored
training course with systematic pre-post course assessments,
we objectively evaluate test-based clinical competence of GPs
and internists following informed AI use. We assess
improvements in the skills of diagnosis, management, and
patient counseling. We also uniquely assess shifts in GPs’ and
internists’ perceptions of AI diagnostic accuracy, treatment
recommendation efficacy, time efficiency, confidence, and
willingness to integrate AI into clinical practice. In addition to
these novelties, our study is multinational, large-scale, and
outcome-driven, addressing key limitations of previous research.

By providing a replicable model for evaluating AI-assisted
clinical decision-making, this study establishes a framework
for optimizing AI use in health care settings, helping to bridge
the gap between research-based AI performance and real-world
clinical effectiveness. The aim of this study was to evaluate the
test-based clinical competence and perceptions of GPs and
internists, following informed AI use after a tailored AI training
course.

Methods

Study Design and Procedures
This quasi-experimental study used a pre-post test design to
evaluate the impact of informed AI use on clinical competence
among GPs and internists. Conducted entirely online, the course
and assessments were asynchronous, allowing participants to
complete the training and tests at their preferred time. Each
participant completed a precourse test before accessing the
recorded modules, followed by a postcourse test, in which AI
assistance was permitted (ChatGPT [version 4.0; OpenAI]), to
measure changes in clinical competence. In this study, informed
AIuse refers to physicians using AI tools after receiving a
tailored AI training course on how to effectively and responsibly
integrate these tools into their practice. Participants’
self-reported previous use of AI in clinical practice was recorded
and categorized for analysis (Multimedia Appendix 1).

JMIR Med Educ 2026 | vol. 12 | e75534 | p.330https://mededu.jmir.org/2026/1/e75534
(page number not for citation purposes)

Qunaibi et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.2196/75534
http://www.w3.org/Style/XSL
http://www.renderx.com/


Ethical Considerations
This study was conducted in accordance with ethical guidelines
and approved by the institutional review board of MedOne
Academy (MO-IA-24/25-EDU-1). All participants were
informed about the study objectives and the voluntary nature
of their participation, with the right to withdraw at any time.
Electronic informed consent was obtained, and participants were
assured of data confidentiality. Participants’ names and email
addresses were collected solely for administrative purposes to
assign and link precourse and postcourse assessments. These
identifiers were not used for analysis and were not shared with
any third party. All study data were analyzed in coded and
anonymized form. Access to identifiable information was strictly
limited to the first and corresponding authors. All data were
stored on secure, password-protected systems accessible only
to authorized members of the research team. Participants did
not receive any financial or material compensation for
participation in this study.

Participants
Participants included GPs, encompassing family medicine
specialists and internists, including those pursuing subspecialty
training after internal medicine. These classifications apply
throughout the study. Details of participant recruitment,
eligibility verification, and enrollment timeline are provided in
Multimedia Appendix 2.

Assessment Tool

Overview
This study used a structured assessment tool comprising
multiple-choice questions (MCQs) designed to evaluate clinical
competence across three key areas: (1) diagnosis and patient
assessment, (2) treatment planning and personalized medicine,
and (3) patient counseling. Each test set (A and B) included
items covering these same domains to ensure content
consistency across assessments. The MCQs were developed by
2 of the study authors (AKF and BFI), who are physicians, and
reviewed and revised by 2 additional expert physicians (Kamel
Hatahet and Suleiman Al Ashi), to ensure their relevance to
participants and the adequacy in assessing the 3 studied
competencies. The test sets underwent expert review for face
and content validity, and their clarity and timing were further
verified in the pilot phase as described subsequently. Multimedia
Appendix 3 includes the source references from which the
clinical cases were derived, along with selected adapted sample
cases and their corresponding MCQs with answer keys.

Crossover Design and Validation
A crossover design was implemented, with participants allocated
to 2 groups for the precourse test: group A received 25 MCQs,
and group B received 23 MCQs of comparable difficulty.
Participants who registered through the MedOne Academy
platform were alternately allocated to group A or group B to
maintain balanced group sizes and comparable baseline
characteristics. No significant difference was observed in the
GP-to-internist distribution between the 2 test-order groups
(P=.11), supporting the comparability of participant
composition. After the course, participants switched question
sets. This crossover design was selected because it allowed each
participant to serve as their own control, thereby reducing
variability due to individual differences and maintaining
statistical power with a feasible sample size while ensuring that
all participants received the educational intervention. Conducting
a conventional randomized controlled design would have
required a nonintervention control group, which was impractical
and would likely have compromised motivation and completion
rates, as the course itself served as the primary educational and
engagement incentive.

The difficulty level was preassessed by the 4 contributing
experts (AKF, BFI, Kamel Hatahet, and Suleiman Al Ashi) to
ensure equivalence, and the comparability of participant
performance across both test sets A and B was statistically
confirmed, as detailed in the Results section and Table S1 in
Multimedia Appendix 4.

Assessment Administration and Scoring Criteria
Each test was allotted a maximum duration of 1 hour. A passing
threshold of 80% was applied, consistent with established
benchmarks in medical certification (Multimedia Appendix 5).
Clear and standardized instructions on AI use were provided to
participants to ensure uniform conditions across assessments.
These instructions, along with the technical setup implemented
to maintain the reliability of experimental conditions, are
detailed in Multimedia Appendix 6. Additionally, participants
completed the same set of perception questions before and after
the course to assess how the course and study experience
influenced their attitudes toward AI in clinical practice. These
questions assessed participants’ perceptions of AI accuracy in
diagnosis and treatment planning, its time-saving potential in
clinical settings, the perceived need for structured AI training,
and their willingness and confidence to incorporate AI into
clinical practice (Multimedia Appendix 7). Each participant
was given up to 2 weeks to complete the entire study process
after enrollment. A summary of the study flow is illustrated in
Figure 1.
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Figure 1. Study flow diagram. Participant recruitment and piloting (including test refinement), followed by precourse perception survey and competence
test, artificial intelligence training course, and postcourse competence test and perception survey. Blue indicates preparatory phases, orange the
intervention, and green postintervention assessments.

GPT-4.0 was selected as the designated large language model
(LLM) for participants to use in the postcourse test. Its selection
was based on published evidence demonstrating the superior
performance of GPT models on medical examination–style
questions compared with other contemporary LLMs [7].

Intervention (Tailored AI Course)
The training program, titled AI Skills in Medicine, was designed
as an asynchronous 1.5-hour online workshop prepared and
presented by the main author (EAQ). It introduced AI
applications in diagnosis, management, predictive analytics,
and triage and emphasized ethical and responsible
implementation. The course also included brief segments on
privacy, account customization, and optimal AI use in clinical
reasoning. Participants were instructed to evaluate AI outputs
and their underlying rationale carefully rather than accepting
them as is. This approach aligns with the viewpoint of
Izquierdo-Condoy et al [18], who argued that, when thoughtfully
embedded within educational frameworks, generative AI tools
can enhance cognitive abilities, supporting rather than replacing
clinical reasoning. By addressing these various modules, the
program covered the competencies suggested by previous
research [16] to maximize potential benefits and minimize harms
associated with AI incorporation in clinical practice. A detailed
outline of the 4 modules and learning objectives is provided in
Multimedia Appendix 8.

Pilot Study
Before the main study, a pilot group of 15 GPs and internists
was recruited to follow the same study procedure, including
attending the course and completing the tests. This phase
allowed researchers to evaluate the clarity and timing of the
tests as well as the applicability of the test platform. On the
basis of participant feedback, the assessment process and
training content were refined. For instance, open-ended
questions were removed after observing excessive time
consumption and noting that poor scores often reflected time
constraints rather than knowledge gaps. The 15 pilot participants
were excluded from the final analysis.

Studied Parameters

Primary Outcome: Clinical Competence Assessment
This study assessed multiple parameters to evaluate the impact
of informed AI use comprehensively. Primary outcomes were
the clinical competence scores obtained in the precourse and
postcourse tests, the difference between postcourse and
precourse scores, the pass or fail status based on an 80%
threshold in both tests, and the total test completion time (min)
before and after the course.

Secondary Outcomes: Skill-Specific Performance
Measures
Secondary outcomes focused on skill-specific performance and
included the number of correct answers per skill domain
(diagnosis, treatment planning, and patient counseling) and the
average time per correct answer per skill. The latter was
calculated by summing the time spent on correct answers across
all relevant case scenarios within each skill domain and dividing
by the number of correct responses.

Perception Outcomes and Assessment
Perceptual changes were also evaluated, covering participants’
perceptions of AI accuracy in diagnosis and treatment planning,
its time-saving potential, the perceived benefit of structured AI
training, and their willingness to incorporate AI into clinical
practice. The perception shift was defined as the change in
responses to these perception items before and after the
intervention.

All outcomes were analyzed to determine improvements in
clinical competence and shifts in attitudes following the tailored
AI training and informed AI use.

Statistical Analysis
Categorical variables were presented as frequencies and
percentages, and continuous variables were reported as means
with SDs or medians with IQRs, depending on data distribution
assessed using the Kolmogorov-Smirnov test. Baseline
differences in categorical variables were analyzed using the
chi-square goodness-of-fit test, whereas the Wilcoxon
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signed-rank test (Mann-Whitney U test) or the independent
samples t test was applied for continuous variables, as
appropriate. The validity of the crossover design was assessed
using the chi-square test, Mann-Whitney U test, or independent
sample t test, as appropriate. The McNemar test or
paired-samples t test was used to evaluate differences in the
number of participants who passed or failed, test scores (%),
and completion time (min) before and after AI use, as
appropriate. An independent samples t test or 1-way ANOVA
determined which group benefited most from AI assistance.
Spearman rank correlation assessed the association between
participants’ age and score differences. The Wilcoxon
signed-rank test with effect size analysis was used to evaluate
changes in scores, time, and perceptions before and after AI
use, stratified by skill domains (diagnosis, treatment planning,
and patient counseling). Perception differences between groups
were analyzed using the Mann-Whitney U or Kruskal-Wallis
test, as appropriate. All statistical tests were 2 tailed, and

statistical significance was set at P<.05. No imputations were
made for missing data points. All data used in the study were
analyzed using SPSS (version 25.0; IBM Corp).

Results

Recruitment and Baseline Characteristics
A total of 2336 individuals completed the recruitment form, of
whom 1665 (71.3%) met the eligibility criteria by belonging to
the target specialties and providing valid medical licensure. The
remaining 671 (28.7%) individuals were excluded for lacking
licensure or for being medical students, specialists, or
professionals outside the core medical field. Of the eligible 1665
participants, 326 (19.6%) completed the precourse test, attended
the course, and took the postcourse test. Of the 326 participants,
250 (76.7%) also completed the precourse and postcourse
perception assessments. All 326 participants were included in
the final analysis (Figure 2).

Figure 2. Recruitment, eligibility screening, and participant inclusion flowchart. Of 2336 individuals who expressed interest, 671 (28.7%) were ineligible
and 1665 (71.3%) were eligible. Among eligible individuals, 1339 (80.4%) did not enroll or did not complete the postcourse test, and 326 (19.6%)
completed both tests and attended the artificial intelligence training course. Of these, 76 (23.3%) did not complete both perception assessments and 250
(76.7%) completed all study components. Red boxes indicate attrition or exclusion at each stage.

Table 1 summarizes the demographics of the 326 participants
(male: n=193, 59.2%; median age 31, IQR 27.75-38 y). Most
(n=229, 70.2%) were GPs. Most participants (n=208, 63.8%)
reported little to no previous use of AI in clinical practice, and

308 (94.5%) had no previous AI training. Nearly half (n=173,
53.1%) served both inpatients and outpatients. The baseline
median score on the precourse test was 57% (47.9%-69.6%),
with a median completion time of 41.0 (27.0-56.0) minutes.
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The participants were distributed across 39 countries, with the
highest participation from Saudi Arabia, Syria, Egypt, Algeria,

and Jordan.

Table 1. Participant demographics and baseline characteristics (n=326)a.

ValuesVariable

Sex, n (%)

193 (59.2)Male

133 (40.8)Female

Specialty, n (%)

229 (70.2)GPb

97 (29.8)Internist

Use of AIc in clinical practice, n (%)

139 (42.6)Not at all

69 (21.2)Rarely

87 (26.7)Sometimes

18 (5.5)Often

13 (4)Almost every day

Familiarity with AI, n (%)

84 (36.7)GP (n=229)

34 (35.1)Internist (n=97)

Received previous training in AI use, n (%)

18 (5.5)Yes

308 (94.5)No

Type of patients served, n (%)

96 (29.4)Outpatients

57 (17.5)Inpatients

173 (53.1)Both

Test results before the AI training course, n (%)

305 (93.6)Fail

21 (6.4)Pass

31.00 (27.75-38.00)Age (y), median (IQR)

30.00 (27.00-37.00)GPs

35.00 (29.00-40.00)Internists

57.00 (47.85-69.60)Precourse score (%), median (IQR)

56.00 (44.00-64.00)Precourse score of GPs

68.00 (52.00-74.00)Precourse score of internists

41.00 (27.00-56.00)Time taken for precourse test (min), median (IQR)

bGP: general practitioner.
cAI: artificial intelligence.

aData are presented as counts (percentages) for categorical
variables and as medians (IQRs) for continuous variables.

Validation of the Crossover Design
To validate the crossover design, precourse scores (P=.65),
postcourse scores (P=.65), and score differences (P=.15) were
compared between groups A and B, along with pass and fail

comparisons between test sets A and B at both time points
(pretest: P=.31; posttest: P=.19; Table S1 in Multimedia
Appendix 4). None of these comparisons yielded a statistically
significant difference, confirming the validity of the study
design.
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Effect of the Informed AI Use on Participants’
Competence
Table 2 illustrates the impact of informed AI use on participants’
competence. The proportion of participants who passed the test
after taking the course and being allowed to use AI increased

significantly (P<.001). The mean score improved from 56.88%
(SD 15.65%) to 77.56% (SD 12.71%), with a mean difference
of 20.68% (P<.001). The mean time taken to complete the test
increased slightly (by approximately 2 minutes) from before to
after the course (40.25, SD 16.14 vs 42.29, SD 14.02 minutes;
P=.03).

Table 2. Effect of informed artificial intelligence use on the participants’ competencies (n=326). Comparison of participants’ performance before and
after the artificial intelligence training course.

P valueTest statisticMean differenceAfter courseBefore courseVariable

<.001χ2
1=153.55aTest results, n (%)

—b135 (41.4)305 (93.6)Fail

—191 (58.6)21 (6.4)Pass

<.001t=325–19.58c20.6977.56 (12.71)56.88 (15.65)Score (%), mean (SD)

.03t=325–2.17c2.0442.29 (14.02)40.25 (16.14)Time taken (min), mean (SD)

aMcNemar χ2.
bNot applicable.
cPaired samples t test.

Score improvements were analyzed across participant
characteristics (Table S2 in Multimedia Appendix 4), revealing
no significant differences except between GPs and internists,
with the former showing significantly greater improvement than
the latter (23.7%, SD 19.1% vs 13.7%, SD 17.3%; P<.001).
Spearman correlation analysis revealed a statistically significant
weak negative correlation between participants’ age and score
difference (ρ=–0.143; P=.01).

Skill-Specific Performance Outcomes
To determine whether the observed improvement was broad
across all competencies or specific to certain skill areas,
individual skill-specific performance was analyzed. Significant
score increases were observed across skills of diagnosis,
treatment planning, and patient counseling (Table 3; Figure 3;
P<.001 for all). However, the average time per correct answer
per skill increased significantly after informed AI use (Table
S3 in Multimedia Appendix 4).

Table 3. Score comparison for each skill (n=326)a.

Effect size, rP valuebz scorePostcourse score (%), median (IQR)Precourse score (%), median (IQR)Skill

0.738<.001–12.5784.62 (76.90-92.30)61.54 (46.15-69.23)Skill 1: diagnosis

0.686<.001–12.3980.00 (70.00-85.71)57.10 (42.14-70.00)Skill 2: treatment planning

0.420<.001–7.7566.67 (50.00-100.00)50.00 (33.33-100.00)Skill 3: patient counseling

aComparison of participants’ precourse and postcourse scores across 3 assessed competencies: diagnosis, treatment planning, and patient counseling.
Data are presented as median (IQR).
bWilcoxon signed-rank test.
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Figure 3. Skill-specific median scores before and after informed artificial intelligence (AI) use (N=326). Median scores (% for diagnosis, treatment
planning, and patient counseling before and after the AI training course. Wilcoxon signed-rank tests showed statistically significant differences for all
skills (P<.001).

Effect of the AI Course and Informed AI Use on
Participants’ Perceptions
As shown in Figure 4 and Table S4 in Multimedia Appendix 4,
participants’ perceptions of AI accuracy, time efficiency, and
integration into clinical practice improved markedly in the
postcourse perception assessment, reflecting changes observed
after both the course and informed AI use. All 5 perception
changes (questions 1-5) were statistically significant (Table S5
in Multimedia Appendix 4). The proportion of participants who
believed AI to be highly accurate in diagnosis (question 1) and

treatment planning (question 2) (>80% of the time) increased
substantially. More participants also recognized AI’s time-saving
potential (question 3), with a significant shift toward believing
that AI can reduce health care professionals’ workload by 50%
or more. Additionally, structured AI training (question 4) was
perceived as highly beneficial, with a notable rise in participants
rating it as significantly effective. Confidence in and willingness
to incorporate AI into clinical practice (question 5) also
increased, with a greater proportion of participants feeling very
willing and confident after the course and informed AI use.
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Figure 4. Changes in participants’ perceptions of artificial intelligence (AI) before and after the course. Stacked bar charts show participants’ responses
to 5 perception questions administered before and after the AI training course. Each bar represents the percentage of participants selecting each response
category. Dark green indicates very positive perceptions (>80%, significantly, or very willing), light green indicates intermediately positive perceptions
(50%-80% or moderately; >50% for question 3), orange indicates conservative perceptions (<50% or slightly), and red represents uncertain or negative
responses (“I do not know,” “no time saving,” or “not confident”).

No significant difference in perception shift was observed based
on participants’ sex, specialty, type of patients served, or
previous AI training. However, participants who were unfamiliar
with AI before the course exhibited a greater shift in their
perception of AI diagnostic accuracy (P=.01) and greater
willingness and confidence to incorporate AI tools into clinical
practice (P<.001; Table S6 in Multimedia Appendix 4).

Discussion

Principal Findings
This study aimed to examine the effect of informed AI use,
following a tailored course, on test-based clinical
decision-making and the perceptions of GPs and internists. We
have shown that informed AI use was associated with higher

clinical decision-making scores using clinical scenarios that
simulated daily practice. Furthermore, participants reported
higher perceived AI accuracy as a diagnostic and therapeutic
assistant, increased perceived time-saving efficiency, a stronger
belief in the need for structured AI training programs, and
greater confidence in incorporating AI into clinical practice.

Our study has several strengths and novel elements. It included
structured, tailored AI training; assessed both objective changes
in competence and subjective shifts in perceptions; and
specifically targeted GPs and internists, a group previously
underrepresented in AI research [19]. Additionally, it uniquely
bridged education and objective assessments through structured
precourse and postcourse tests. Moreover, this study was
multinational and large scale, and it covered a comprehensive
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range of clinical competencies rather than a single isolated skill,
addressing key limitations cited in previous research [14].
However, because participation was voluntary and completion
required finishing both assessments, the analyzed sample likely
represents a more AI-motivated subset of eligible registrants,
which may limit the generalizability of the observed effects.

Furthermore, this study directly addresses a widely recognized
training gap in medical education. Oftring et al [20] emphasized
that the growing number and impact of medical AI applications
necessitate more AI-focused curricula and research on their
educational impact, as most current practitioners and trainees
remain underprepared for AI integration into clinical practice.
Similarly, Ichikawa et al [21] found that US Colleges of
Osteopathic Medicine largely lack AI policy guidance or training
for students and faculty, highlighting the urgent need to
implement need-driven training in their programs.

The observed improvement in competence scores (57%-78%)
is substantial. Whether AI assistance alone, without structured
training, can reliably enhance physicians’performance remains
debated. AI has been shown to improve diagnostic accuracy in
specific tasks such as detecting breast lesions on ultrasound
[22], increasing fracture detection sensitivity [23], and
interpreting pediatric radiographs [24]. However, Goh et al [25],
in a study closest to ours in terms of participant specialties,
found that unguided access to LLMs did not improve overall
diagnostic reasoning among family medicine, internal medicine,
or emergency medicine physicians.

Overall, the substantial improvement observed in our study is
unlikely to be attributable to AI use alone, separately from the
tailored course. Our training course focused on informed use
of AI as a decision-support tool, helping participants
double-check their reasoning, consider broader differentials,
interact with AI-generated answers, and retrieve relevant
literature and clinical guidelines, ultimately enhancing their
responses to clinical scenarios. In addition, the substantial
improvement in scores cannot be attributed to increased
test-taking time, as completion time increased only slightly after
the course, indicating that GPs and internists became more
accurate with minimal impact on efficiency.

In contrast, a large-scale study by Yu et al [26] involving 140
radiologists and including training on AI use reported
heterogeneous effects of AI assistance across 15 chest X-ray
diagnostic tasks. Although the study specified that physicians
received onboarding training on the AI system, it did not provide
details on its content or structure. It is possible that a more
clearly structured and tailored training approach, such as the
one implemented in our study, might have produced more
consistent improvements.

An interesting finding was that GPs demonstrated significantly
greater improvement in test scores than internists (23.7% vs
13.7%, respectively). Given that baseline familiarity with AI
was comparable between both groups, this discrepancy may be
partly explained by the significantly lower baseline scores
among GPs, which allowed a wider margin for improvement.
GPs were significantly younger than internists, and younger
generations are digital learners, engage more frequently in online
communities [27], and use technology more fluently than older

cohorts [28]. This interpretation also aligns with our findings
of greater score improvement among younger participants and
reflects the relatively young age of our study cohort (median
31.00 y).

The observation of no significant difference in participant score
improvement based on familiarity with AI use in clinical practice
aligns with findings reported by Yu et al [26] among
radiologists, in which familiarity with AI tools failed to reliably
predict the impact of AI assistance.

One surprising finding was the increased time per correct answer
across all 3 competencies (diagnosis, treatment planning, and
patient counseling) after AI use. This may reflect more
deliberate and reflective reasoning, as participants were
instructed to verify AI-generated suggestions and references
against their own clinical judgment rather than accept outputs
uncritically. Additionally, many participants were new to
structured AI use; most (308/326, 94.5%) had no previous AI
training, and approximately two-thirds (208/326, 63.8%)
reported little to no previous AI use. Therefore, a short
adaptation period was anticipated during their first guided
application of AI in case-based testing.

The crossover design minimized familiarity bias and was
validated by demonstrating no significant difference in precourse
scores, postcourse scores, score improvements, and proportions
of pass versus fail between the 2 test-order groups. This
approach enhanced internal validity by enabling each participant
to serve as their own control.

Beyond objective competence improvements, the observed
changes in participants’ perceptions of AI’s accuracy, time
efficiency, and potential integration into clinical practice
emphasize the importance of structured training and guided AI
use in realistic clinical scenarios. Following the intervention,
the percentage of participants who perceived high accuracy
(>80%) of optimally used AI platforms in diagnosis and
treatment planning domains nearly tripled. This finding aligns
with Abbas et al [7], who reported comparable accuracy of GPT
models on National Board of Medical Examiners clinical subject
examination questions.

The notable postcourse increase in physicians’ willingness and
confidence to incorporate AI into clinical practice reflects one
of the most impactful outcomes of this study, suggesting the
potential value of structured AI training. The systematic review
by Tun et al [17] identified training and familiarity as perceived
facilitators of clinician trust in AI tools in making informed
clinical decisions. Our data empirically demonstrate this effect.
If health professionals lack sufficient trust in AI tools, they may
disregard their recommendations, limiting the potential to
enhance patient outcomes and optimize clinical workflows [21].
Through its tailored AI course, this study aimed to help
participants understand AI capabilities and limitations, enabling
them to integrate its assistance beneficially neither erroneously
ignoring its outputs nor following them uncritically.

A novel aspect of our study is its pre-post assessment of attitude
changes following the intervention, which, to our knowledge,
has not been previously applied among physicians in the context
of AI integration. Our study uniquely provides evidence linking
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structured training and competence improvement with enhanced
perception of AI, highlighting the potential of targeted
educational interventions to promote informed AI acceptance
in clinical practice.

Implications and Future Directions
Our study highlights the potential of informed AI use after a
tailored AI training course to enhance GPs’ and internists’
diagnostic and management skills. Despite the Federation of
State Medical Boards advocating for AI competence in medical
education, structured AI training remains largely absent [19].
Similarly, 82% of medical professionals in a survey by Tezpal
et al [29] recognized the need for AI education. To address this
gap, AI training should be integrated into medical education,
residency programs, and continuing medical education to ensure
responsible and effective AI use. Given the rapid evolution of
AI technologies, ongoing updates and refresher courses are
essential.

Future research should investigate whether these test-based
competence gains are sustained over time and whether they
translate into measurable improvements in patient outcomes
and clinical decision quality. Finally, further research should
explore customized AI training for specialties such as emergency
and critical care medicine, given the crucial role of timely and
accurate decisions in these specialties.

Limitations
Our study design does not allow isolation of the effect of the
tailored AI training course from AI use without training, as it

did not include a nonintervention control arm. Adding a third
arm comparing informed versus noninformed AI use was
impractical due to expected low motivation and completion
rates among participants asked to repeat time-intensive tests
without the educational incentive. A similar approach was taken
in previous research assessing AI assistance among 140
radiologists, in which onboarding training was not isolated from
AI impact [26].

Our participants were already inclined toward AI adoption, as
evidenced by their willingness to enroll in our time-intensive
study. This suggests that their baseline openness to AI was likely
higher than that of physicians more broadly. Thus, the observed
shift may underestimate the potential impact of informed AI
use based on a tailored AI training course.

Conclusions
This study provides evidence that informed AI use, guided by
a tailored AI course, is associated with higher clinical
decision-making competence among GPs and internists in
test-based clinical scenarios. Beyond higher scores across
diagnosis, treatment planning, and patient counseling domains,
participants reported higher perceived AI diagnostic and
therapeutic accuracy, greater perceived time efficiency, and
increased willingness and confidence to integrate AI as a
decision-support tool into clinical practice. These findings
support the integration of structured AI training into medical
education and continuing professional development to facilitate
informed and responsible AI use, with plausible potential to
improve patient care.
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MCQ: multiple-choice question
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Abstract

Background: Artificial intelligence (AI), particularly large language models (LLMs) such as ChatGPT (OpenAI), is rapidly
influencing medical education. Its effectiveness for students with varying levels of prior knowledge remains underexplored.

Objective: This study aimed to evaluate the performance of medical students with and without formal pharmacology knowledge
when using AI-LLM GPTs, internet search engines, e-books, or self-knowledge to solve multiple-choice questions (MCQs).

Methods: A cross-sectional study was conducted at a tertiary care teaching hospital with 100 medical students, divided into a
“naive” group (n=50; no pharmacology training) and a “learned” group (n=50; completed pharmacology training). The study
was started after approval from the Institutional Ethics Committee of Jawaharlal Nehru Medical College Hospital, Aligarh Muslim
University (1018/IEC/23/8/23). Each participant answered 4 sets of 20 MCQs using self-knowledge, e-books, Google, or
ChatGPT-4o. Scores were compared using analysis of covariance with self-knowledge scores as a covariate.

Results: Learned students significantly outperformed naive students across all methods (P<.001), with the largest effect size
in the AI-LLM GPT set (partial η²=0.328). For both groups, the performance hierarchy was AI-LLM GPT > internet search
engine > self-knowledge ≈ e-books. Notably, the naive students who used AI scored higher (mean 13.24, SD 3.31) than the
learned students who used Google (mean 12.14, SD 2.01; P=.01) or e-books (mean 10.22, SD 3.12; P<.001).

Conclusions: AI-LLM GPTs can significantly enhance problem-solving performance in MCQ-based assessments, particularly
for students with limited prior knowledge, even allowing them to outperform knowledgeable peers using traditional digital
resources. This underscores the potential of AI to transform learning support in medical education, although its impact on deep
learning and critical thinking requires further investigation.

(JMIR Med Educ 2026;12:e81264)   doi:10.2196/81264

KEYWORDS

artificial intelligence; AI; large language models; LLM; medical education; ChatGPT; cognitive performance; subject-naive
learners

Introduction

Artificial intelligence (AI) is the ability of a digital computer
or computer-controlled robot to perform tasks commonly
associated with intelligent beings [1]. This includes the ability
to reason, discover meaning, generalize, and learn from past
experiences [2]. Since the development of digital computers in
the 1940s, it has been demonstrated that computers can be
programmed to perform extremely complex tasks, such as
proving mathematical theorems or playing chess, with great
proficiency [3]. AI involves the science and engineering of
creating systems capable of performing tasks that require

humanlike intelligence, including learning, judgment, and
decision-making [4]. AI has successfully solved complex
problems in various domains, including education. The
application of AI in natural language processing has led to the
creation of intelligent chatbots and virtual assistants capable of
understanding and producing human language [5].

Popenici and Kerr [6] investigated the impact of AI systems on
learning and teaching, highlighting potential conflicts between
students and instructors, such as privacy concerns, changes in
power structures, and excessive control. These studies have
called for further research into the impact of AI systems on
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learner-instructor interactions to identify gaps, issues, or barriers
that prevent AI systems from achieving their intended potential
[7].

In the modern era of education, technology has become an
integral part of the learning process. The advent of advanced
language models such as ChatGPT (OpenAI), along with the
vast availability of information on platforms such as Google
and e-books, enables educators to enhance students’educational
experiences [7].

Medical education demands not only the acquisition of factual
knowledge but also the development of critical thinking and
decision-making skills [8]. However, the effectiveness of
AI–large language model (LLM) GPT–driven tools in enhancing
these competencies remains underexplored, particularly
concerning the prior knowledge of learners [9]. Students with
strong foundational knowledge can use AI tools to deepen their
understanding and sharpen their reasoning. In contrast, those
with less prior knowledge may use them to fill gaps in their
learning or face some difficulties in comprehension [10].

This study used ChatGPT-4o as the representative AI-LLM
GPT tool for 2 reasons. First, ChatGPT was widely accessible
to students at the time of study and required minimal technical
expertise. Second, it represents the current generation of
general-purpose LLMs that students are likely to encounter in
real-world educational settings. The most notable advantage is
its breadth of training data, which expanded from 175 billion
parameters in GPT-3.5 to 1 trillion in the GPT-4.0 model [11].
Bing’s current AI model has 175 billion parameters, and
Microsoft’s Bard has 540 billion in comparison [12,13]. The
domain-specific LLMs, enriched with pharmacology databases
or specialized medical AI agents, may offer better performance
characteristics, but widespread use of such tools is still limited
due to paywall and validation issues.

The aim of this study is to compare the effectiveness of AI-LLM
GPT tools (ChatGPT-4o), internet search engines (Google),
e-books, and self-knowledge for answering pharmacology
multiple-choice questions (MCQs) among medical students
with different levels of prior pharmacology knowledge (naive
vs learned groups). The study explores the assistance provided
by AI-LLM GPT tools in the ability of problem solving using
a cross-sectional design.

Methods

Ethical Considerations
This was a cross-sectional study conducted at a tertiary care
teaching hospital. The study was started after approval from the
Institutional Ethics Committee of Jawaharlal Nehru Medical
College Hospital, Aligarh Muslim University
(1018/IEC/23/8/23). All participants were adult MBBS students
and provided written informed consent after receiving
information about the study purpose and procedures. Data were
collected anonymously using coded identifiers. No personal or

identifiable information was recorded or published. Participants
received no monetary or academic compensation.

Setting and Participants
Participants included 50 second-year medical students who had
just joined the second year and 50 third-year students who had
recently passed their second year (ie, N=100). The second-year
students, designated as the “naive group,” had no prior formal
exposure to pharmacology coursework. The third-year students,
designated as the “learned group,” had completed a
comprehensive 1-year pharmacology curriculum during their
second year. This curriculum consisted of 80 hours of didactic
lectures, 150 hours of interactive teaching, including practical
laboratory sessions, case-based learning modules, self-directed
learning modules, short group teaching, and regular assessments,
including sessional and professional examinations. Students
had completed this coursework approximately 2‐3 months
prior to participation in this study. The curriculum covered
topics such as general pharmacology, autonomic pharmacology,
cardiovascular drugs, and antimicrobials, aligned with the
medical council syllabus for undergraduate medical education.
All learned group participants had passed their second-year
pharmacology examination with a minimum score of 50%.

Study Development
Prior to the assessment, all participants received a 15-minute
standardized orientation session on using ChatGPT and were
provided with an eBook of Pharmacology. This training covered
basic prompt formulation and how to ask follow-up questions.
Students accessed ChatGPT through computer workstations in
a controlled examination hall environment to ensure
standardized conditions. For the Google search set, students
used desktop computers with standard Google Chrome or
Mozilla Firefox browsers. For the e-book set, students were
provided with PDF versions of a pharmacology textbook
accessible on the same computers. The training session was
conducted using a standardized presentation to maintain
homogeneity of assistance tool exposure. The self-knowledge
set required no external tools. All sessions were proctored to
ensure compliance with assigned methods for each question set.

The 80 MCQs were divided into four parallel sets (A, B, C, and
D), each containing 20 questions. To ensure equivalence across
sets, questions were matched for content area coverage (eg,
autonomic, cardiovascular, and chemotherapy) [1], question
type (theory, calculation, or image-based) [2], and estimated
difficulty level based on faculty assessment [3].

Students had 15 minutes to respond to each set of questions.
They were instructed to respond to the questions in a manner
that self-knowledge was used to answer questions in set A;
e-books were used to answer questions in set B; internet search
engine (Google) was used to answer questions in set C; and
AI-LLM GPT (ChatGPT) was used to answer questions in set
D. Each correct answer was given 1 mark, and no negative
marking was given. The methodology flowchart of this study
is shown in Figure 1.
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Figure 1. Methodology flowchart.

Statistical Analysis
Data analysis was done using SPSS (version 23; IBM Corp)
and R software package (R Foundation for Statistical
Computing). The mean (the average number of correctly
answered questions out of the 20 MCQs included in each
augmentation set such as self-knowledge, e-book, internet search
engine, and GPT-4o) between different groups was assessed
using the independent test. Intergroup and intragroup
comparisons were conducted using analysis of covariance
(ANCOVA), with self-knowledge group (set A) being a
covariate. A P value <.05 was considered to indicate statistical
significance.

Results

The intergroup comparison between the learned and naive
student groups was analyzed using ANCOVA. The estimated
marginal means, partial η² values, and statistical significance
for each group are presented in Table 1. The self-knowledge
set was used as a covariate in the analysis to control for baseline
differences in knowledge across the sets. This approach allowed
for a more accurate assessment of the effects of the augmented
resources methods (ChatGPT-4o, Google, and e-books) on
student performance.
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Table . Intergroup comparison between the learned and naive using analysis of covariance (N=100).

P valuePartial η²Estimated marginal
mean

Score, mean (SD)Augmentation resource and group

<.0010.328AIa-LLMb GPT (ChatGPT-4o)

13.1813.24 (3.31)Naive

15.4815.42 (1.89)Learned

<.0010.241Internet search engine (Google)

10.7610.82 (2.13)Naive

12.2012.14 (2.01)Learned

<.0010.195e-Books

5.785.82 (2.77)Naive

10.2610.22 (3.12)Learned

aAI: artificial intelligence.
bLLM: large language model.

The analysis of estimated marginal means revealed that the
learned students consistently outperformed the naive students
across all sets. In the AI-LLM GPT (ChatGPT-4o) set, the
learned students achieved an estimated marginal mean of 15.48
compared to 13.18 for the naive students, with a large effect
size (partial η²=0.328, P<.001). In the internet search engine
(Google) set, the estimated marginal mean for the learned
students was 12.20, whereas the naive students scored 10.76,
with a moderate effect size (partial η²=0.241; P<.001). The
learned students in the e-book set had an estimated marginal
mean of 10.26, whereas the naive students had 5.78, a moderate

effect size (partial n2=0.195; P<.001).

The post hoc analysis for the naive group shows that the
AI-LLM GPT-assisted method resulted in the highest
performance when compared to other methods like internet
search engine–based learning, self-knowledge, and e-books
methods. A significant difference was found in all pairwise
comparisons (P<.001) except for e-books versus self-knowledge,
which was not statistically significant (mean difference=−0.30;
P=.91). The performance hierarchy observed was AI-LLM GPT
versus self-knowledge (P<.001) > internet search engine versus
self-knowledge (P<.001) > self-knowledge ≈ e-books (P=.91),
showing the superior effectiveness of AI tools for naive learners.

The post hoc analysis for the learned group shows that the
AI-LLM GPT–assisted learning method resulted in the highest
performance when compared to other methods, whereas
self-knowledge and e-books methods showed the lowest and
statistically similar outcomes (mean difference=−0.72, P=.33).
Significant differences were observed between Google and
self-knowledge sets (P=.04), ChatGPT-4o and self-knowledge
sets (P<.001), Google and e-books sets (P<.001), ChatGPT-4o
and e-books (P<.001), and ChatGPT-4o and Google (P<.001),

indicating a superior performance across these comparisons.
The overall performance hierarchy observed was: AI-LLM GPT
> internet search engine > self-knowledge ≈ e-books, indicating
the superior effectiveness of AI-LLM GPT in enhancing learning
outcomes, even for participants with prior knowledge
(Multimedia Appendix 1).

The mean comparison between the sets, as presented in Figure
2, highlights that learned students consistently outperformed
naive students across all categories, as expected. The AI-LLM
set achieved the highest performance, with a mean score of 15.3
(SD 1.776). Conversely, the lowest mean was observed in the
e-books set, in which learned students scored 10.3 (SD 3.1) and
naive students scored 5.7 (SD 2.7).

Interestingly, the self-knowledge sets performed better than the
e-books sets, with naive group students achieving a mean score
of 6.0 (SD 1.9) and learned group students scoring a mean of
10.96 (SD 2.2). This may be due to the fact that students in the
e-book sets spent sufficient time searching for relevant chapters
instead of focusing on answering the questions. This led to some
questions being left unanswered that likely contributed to their
lower overall performance.

While ANCOVA analysis confirmed that the learned students
consistently outperformed the naive students when comparing
the same learning method (as shown in Table 1), an important
cross-method comparison emerged: the naive students who used
ChatGPT-4o achieved higher scores (mean 13.2, SD 3.3) than
the learned students who used self-knowledge (mean 10.96, SD
2.5), e-books (mean 10.22, SD 3.12), or Google (mean 12.14,
SD 2.01). This demonstrates that the advantage conferred by
using ChatGPT-4o was sufficient to overcome the knowledge
gap between the naive and learned students when the latter were
restricted to conventional resources.
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Figure 2. Box-violin plot showing the mean scores in the naive and learned groups.

Discussion

Principal Findings
AI is changing the face of medical education, as it suggests
some new solutions to the old forms of teaching, increases the
educational experience, and improves the results of students
[14,15]. AI-based solutions, including LLMs, such as ChatGPT,
virtual assistants, and AI-based simulation technologies, can
change how medical students learn and apply their knowledge
[16,17].

This study found that learned students consistently outperformed
naive students across all learning methods. However, the naive
students who used ChatGPT-4o achieved higher scores than the
learned students who used conventional resources (ie,
self-knowledge, e-books, or Google), suggesting that AI-LLM
tools may help bridge knowledge gaps more effectively than
traditional learning resources.

Our study demonstrates that AI-powered LLMs such as
ChatGPT can notably improve students’ performance on
pharmacology MCQs, particularly for those without prior subject
knowledge. Although our findings show that students achieved
higher MCQ test scores when using ChatGPT-4o, we cannot
conclude that this represents a genuine improvement in cognitive
performance, critical thinking, or clinical decision-making skills.
Higher scores may reflect the AI’s ability to rapidly retrieve
and present relevant information rather than deeper student
understanding. The findings indicated that learned students have
outperformed naive students in all 4 sets, and AI-LLM GPT
recorded the best performance. The greatest effect size was

observed in the AI group (partial η²=0.328), which indicates
the tremendous influence of AI-LLM in ensuring the students
improve their understanding and problem-solving skills. These
results are consistent with those of previous research in that AI
tools may enhance critical thinking and support learning under
the condition that they are properly used by a student who
already has a good knowledge grounding [18].

As opposed to other methods, the e-books set exhibited the
lowest performance. This can be explained by the fact that it
takes a lot of time to navigate and search relevant information
in the e-books. This reveals the difficulties of self-learning with
the help of conventional digital sources, especially in the case
of naive students who are probably not able to manage their
time efficiently. In contrast, the self-knowledge set outperformed
the e-books set, which means that dependence on inherent
knowledge, although restricted to a certain extent, can be more
helpful than the effective utilization of external means.

Although our quantitative data demonstrate that ChatGPT-4o
enhanced student performance, particularly for naive learners,
the mechanisms underlying this effectiveness warrant deeper
exploration. There may be several reasons for AI-LLM GPT
(ChatGPT-4o) to outperform other methods of assistance.

First, ChatGPT-4o provides immediate, targeted responses
without requiring students to navigate complex search results
or textbook indices. Informal feedback from participants
suggested that students who used Google often struggled to
identify authoritative sources among numerous search results,
whereas those who used e-books spent considerable time
locating relevant chapters. In contrast, ChatGPT-4o delivered
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direct answers to questions, reducing the cognitive load related
to information seeking.

Second, ChatGPT-4o’s conversational interface may facilitate
iterative learning. Students could ask follow-up questions to
clarify concepts, request examples, or seek a specific explanation
for a specific MCQ—a dynamic interaction not possible with
static e-books and more efficient than reformulating multiple
Google searches.

Third, the structured, synthesized format of ChatGPT-4o
responses may be particularly beneficial for naive learners who
lack the prior knowledge framework to evaluate and integrate
fragmented information from multiple sources. ChatGPT-4o
essentially predigests information, whereas Google and e-books
require students to perform this synthesis themselves—a task
that may be especially challenging without foundational
knowledge.

However, these remain as hypotheses. Future research should
use mixed methods approaches, including think-aloud protocols
during tool use, posttask interviews exploring student
decision-making processes, and screen recordings analyzing
search strategies and information evaluation patterns. Such
qualitative data would provide richer insights into how students
with different knowledge levels interact with various resources
and why certain tools prove more effective. The study of
recognizing the pattern of wrong responses in the AI-LLM GPTs
output may also generate an “array of errors” for further training
and improving LLMs.

These findings have substantial implications for both local and
global medical education practices. In our institutional context,
where students face high patient loads and limited access to
senior clinicians for immediate consultation, AI-LLM GPTs
could serve as readily available reference tools to support
clinical decision-making during training. However, integration
must be carefully structured to enhance rather than replace
foundational learning.

Globally, these results are particularly relevant for
resource-limited settings where access to comprehensive
textbooks, updated references, and expert faculty may be
constrained. AI-LLM GPTs could help democratize access to
medical knowledge, potentially reducing disparities between
well-resourced and under-resourced educational institutions.
However, this assumes reliable internet connectivity and
technological infrastructure, which remain barriers in many
settings.

From a pedagogical perspective, our findings suggest a paradigm
shift may be necessary in how we structure medical curricula.
Rather than focusing exclusively on memorization of
facts—information that AI can rapidly retrieve—educational
programs should prioritize teaching students how to (1)
formulate effective questions and search strategies, (2) critically
evaluate AI-generated responses for accuracy and clinical
appropriateness, (3) integrate AI-provided information with

clinical context and patient-specific factors, and (4) develop
metacognitive skills to recognize the limitations of both their
own knowledge and AI tools.

Importantly, although AI-LLMs demonstrated effectiveness for
MCQ performance, medical practice requires competencies
beyond factual knowledge, including physical examination
skills, procedural expertise, empathic patient communication,
ethical reasoning under uncertainty, and team-based care
coordination. Educational programs must ensure that AI
integration enhances rather than diminishes these essential
human dimensions of medical practice.

An important limitation is our focus on general-purpose
ChatGPT-4o rather than specialized medical or
pharmacology-specific AI agents. Domain-enriched LLMs that
integrate pharmacology textbooks or medical databases may
demonstrate different performance characteristics and potentially
offer more accurate, context-specific responses. However, our
choice reflects the current reality that most students have access
to general LLMs such as ChatGPT-4o rather than specialized
medical AI tools and makes the study more generalizable than
using domain-enhanced LLMs. Second, the cross-sectional,
single-day design prevents assessment of long-term learning
outcomes, knowledge retention, or the development of clinical
reasoning skills. Similarly, the sequential exposure to different
resources (sets A through D) may have introduced order effects
or learning transfer between sets. To minimize the learning
transfer, the questions have been chosen from diverse topics
and moderated to remove any repetition. However, the order
effect cannot be removed completely in these types of
cross-sectional–sequential studies.

AI will be able to deliver personalized learning and adjust to
the needs of students. This individualization helps the learners
make their progress through their priorities, repeating difficult
concepts or working through material as they become familiar
with each subject [19,20]. The AI-powered platforms can
monitor student performance in real-time and can track the areas
where the students might need more education or practice [21].
Such benefits help achieve the speed and the depth of knowledge
acquisition with a higher level of efficiency and more targeted
learning [22,23].

Conclusions
To conclude, this study shows that the learned group
outperformed the naive group in all sets, including AI-LLM
GPT, internet search engine, e-books, and self-knowledge in
problem solving. Ironically, the AI-LLM GPT naive group
outperformed the problem-solving skills of even the learned
group augmented with an internet search engine, showcasing
the disruptive potential of AI-LLM in medical education. Further
longitudinal studies examining knowledge retention, clinical
reasoning development, and the ability to solve novel problems
without AI assistance are needed to determine whether AI tools
genuinely enhance cognitive capabilities or primarily serve as
effective reference tools.
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Abstract

Background: Artificial intelligence (AI) literacy is increasingly essential for medical students. However, without systematic
characterization of the relevant components, designing targeted medical education interventions may be challenging.

Objective: This study aimed to systematically describe the levels of and factors associated with multidimensional AI literacy
among Chinese medical students.

Methods: A cross-sectional, descriptive analysis was conducted using data from a nationwide survey of Chinese medical students
(N=80,335) across 109 medical schools in 2024. AI literacy was assessed with a multidimensional instrument comprising three
domains: knowledge, evaluating students’ self-reported proficiency in core areas of medical AI applications; attitude, reflecting
their self-perceived views on using AI for teaching and learning; and behavior, capturing the self-perceived usage frequency and
application patterns. Multivariate linear regression was applied to examine the associations between individual factors (ie,
demographic characteristics, family background, and enrollment motivation) and environmental factors (ie, educational phase,
type of education program, and tier of education program) and AI literacy.

Results: Respondents showed moderate to high levels of AI knowledge (mean 76.0, SD 26.9), followed by moderate AI attitude
scores (mean 71.6, SD, 24.4). In contrast, AI behavior scores were much lower (mean 32.5, SD, 28.5), indicating little usage of
AI tools. Of the individual factors, male students reported higher levels of AI attitude and behavior; both intrinsic and extrinsic
motivation were positively associated with all three dimensions; advantaged family background was positively related to AI
attitude and behavior, but not knowledge. Among the environmental factors, attending the prestigious Double First-Class universities
was positively associated with higher AI usage. Enrollment in long-track medical education programs was associated with higher
AI attitude and behavior, while being in the clinical phase was negatively associated with both AI knowledge and behavior.
Environmental factors moderated the associations between individual characteristics and AI literacy, potentially attenuating
disparities.

Conclusions: Medical students reported moderate to high AI knowledge, moderate AI favorability, and low AI use. Individual
characteristics and environmental factors were significantly associated with AI literacy, and environmental factors moderated
the associations. The moderate AI literacy overall highlights the need for AI-related medical education, ideally with practical use
and nuanced by socioeconomic factors.

(JMIR Med Educ 2026;12:e80604)   doi:10.2196/80604

KEYWORDS

medical education; artificial intelligence; AI Literacy; medical student; multidimensional constructs; China

Introduction

Artificial intelligence’s (AI’s) rapid advancement in diagnostic
support, treatment decision-making, personalized care, and
health system management is quickly reshaping health care
service delivery [1-4]. To prepare medical trainees in using
these tools [5], medical training programs need to efficiently
leverage their limited resources to set up the relevant training
approaches and programs to meet the most important needs.

However, instead of identifying such gaps, research has mostly
focused on applying AI in medical education across tasks,
including, for example, admission, research, and evaluation
[6-17]. The developments of AI-targeted curricula and
competencies have so far advanced without high-quality
evidence of trainees’ needs [18-22], highlighting the
questionable appropriateness of such proposals.

Among the various AI skills and competencies, clarifying
trainees’ AI literacy appears is especially important. AI literacy
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refers to a set of competencies that enable individuals to
critically evaluate AI technologies, communicate and collaborate
effectively with AI, and use AI as a tool across various contexts
[23]. While various frameworks for AI literacy exist, there is
growing consensus that it comprises cognitive knowledge,
attitudes, and practical behaviors toward AI tools [5,24-26].

Building on this consensus, we defined AI literacy as a
multidimensional construct encompassing knowledge, attitude,
and behavior, integrating both classical and contemporary
theoretical models. Specifically, this tripartite structure aligns
with the ABC model of attitudes in social psychology
(Affect–Behavior–Cognition), which conceptualizes human
responses as comprising cognitive, affective, and behavioral
components [27-29].

Current evidence on AI literacy in medical trainees has been
hindered by theoretical and methodological deficiencies. First,
the theoretical weakness stems from the lack of recognition that
AI literacy has multiple dimensions. Most have focused on AI
knowledge [30-33] or attitudes toward AI applications [34-38].
This misses the important dimension of AI behaviors
[5,24,25,39,40], which account for the actual usage patterns of
AI tools. Second, methodologically, the few studies that captured
all three dimensions suffered from capturing only a small
number of medical schools and sample size [41,42]. This limits
their generalizability. Third, the studies often fail to examine
the factors associated with subdimensions of AI literacy, which
limits the ability to design targeted interventions within a limited
budget. Existing studies have often focused mainly on
individual-level variables, overlooking environmental factors
associated with the digital divide [41,43-45].

We addressed these gaps by drawing on the comprehensive
quantitative database of Chinese medical students, the 2024
China Medical Student Survey (CMSS). We report the
distribution of AI literacy across cognitive, attitudinal, and
behavioral dimensions among 80,355 Chinese medical students
and their associated individual and environmental factors. This
large sample size across all three dimensions of AI literacy
provides a more meaningful representation of the potential
educational needs. We further analyzed the potential factors
associated with AI literacy, enabling medical educators to design
targeted interventions.

Methods

Data Source and Study Sample
Since 2019, China’s National Center for Health Professions
Education Development has conducted an annual nationwide
survey of medical students in China known as the CMSS. It
aims to support medical education development by collecting
comprehensive information across the entire educational
journey, including students’ demographic backgrounds,
preadmission experiences, academic training, and postgraduation
plans [46]. The survey takes place between May and July each
year. Additional details on the context of medical education in
China and the CMSS are provided in Items 1 and 2 in
Multimedia Appendix 1. All data analyses adhered to the

(STROBE) Strengthening the Reporting of Observational
Studies in Epidemiology guidelines for cross-sectional studies.

This study used data from the 2024 CMSS, which included
participants from 109 medical schools across 28 provinces in
China. The survey achieved a 73.9% response rate
(80,355/108,710 surveyed) and captured 109 of 202 medical
schools (109/202, 53.9%). The geographical distribution of
participating institutions roughly reflected the national pattern.
Comparing the dataset and the national distribution, respectively,
49.5% (54/109) and 45.0% (91/202) of the schools were from
the eastern region, 28.4% (31/109) and 30.7 % (62/202) from
the central region, and 22.0% (24/109) and 24.3% (49/202)
from the western region. As for the tiers of institutions, the data
included universities’designation as ‘Double First-Class’ (DFC)
institutions. These institutions garner priority investment in
China’s bid to establish world-leading educational institutions
[47] (see Item 3 in Multimedia Appendix 1 for more details).
Further, the proportion of DFC universities was similar in the
dataset and nation was (25.7%, 28/109 vs 23.3%, 47/202),
respectively.

Ethical Considerations
The project was approved by the Peking University Institutional
Review Board (Beijing, China; approval Number:
IRB00001052- 20069). Participation was voluntary, and
completion and submission of the questionnaire were considered
to constitute informed consent. To protect participant privacy
and confidentiality, no personally identifiable information was
collected, and all responses were analyzed in an anonymized
form. The data were stored securely and were accessible only
to the research team. Participants did not receive any financial
or other compensation for their participation.

Measurement of AI Literacy
AI literacy is a multidimensional construct comprising cognitive,
attitudinal, and behavioral dimensions [24,25,40]. In this study,
we refer to the cognitive dimension as “AI knowledge” to
improve clarity and align with common usage in educational
research. AI knowledge was assessed through four items
evaluating students’ self-perceived proficiency in core areas of
medical AI: basic concepts of AI, machine learning tools,
multimodal medical data analysis, and ethics issues related to
AI. Responses were rated on a three-point scale coded as 1
(low), 2 (medium), and 3 (high) proficiency. Students’ attitude
towards AI was measured using two items: students’
self-perceived view of using AI tools in (1) teaching and (2)
learning. Responses were rated on a three-point scale, coded as
1 (negative), 2 (neutral), and 3 (positive), respectively. AI
behavior refers to actual use of AI tools rather than behavioral
intention and was evaluated through self-perceived usage
frequency and application patterns. Usage frequency was
assessed on a six-point scale (ranging from “never used” to
“multiple times daily,” coded one to six, where higher scores
indicated more frequent academic use). Usage patterns were
measured with two items: extent of using AI for (1) professional
knowledge learning and (2) writing tasks (options included
“never used,” “generating initial drafts,” “writing specific
sections,” “editing and polishing,” “outlining,” and
“brainstorming ideas”). The Cronbach α values for cognitive,
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attitudinal, and behavioral dimension were 0.81, 0.86, and 0.79,
respectively, indicating high internal consistency. The
Kaiser-Meyer-Olkin values were 0.76, 0.70, and 0.75 for the
three dimensions. Additionally, Bartlett’s test of sphericity was
significant (P<.001), supporting the construct validity of the
measurement scales. Further confirmatory factor analysis
showed that the measurement instrument loaded well onto the
three identified dimensions of AI literacy. Relevant statistics
include comparative fit index (CFI)=0.994, Tucker-Lewis index
(TLI)=0.991, Root Mean Square Error of Approximation
(RMSEA)=0.025, and statistically significant loading on all
factors (P<.001).

Factors Associated With AI Literacy
Existing research suggests that both individual and
environmental factors associate with access to, and use of digital
technologies [45]. For individual factors, we examined
demographic characteristics, family background, intellectual
ability, and enrollment motivation [47-49]. Demographic
characteristics included sex (female or male), ethnicity (Han
Chinese or other), only child (yes or no). Family background
included hometown (urban or rural), father’s education, mother’s
education, having at least one parent as a physician (yes or no),
and high-income families (total family income from the previous
year>150,000 RMB, approximately US $21,385, yes or no).
We used the National College Entrance Examination scores to
measure the respondents’ intellectual ability. We assessed
enrollment motivation influencing students’ choice of clinical
medicine following previous work [47]. Intrinsic motivation
was measured by students’ reported interest in medicine,
confidence in achieving success in the field, and strong
performance in relevant high school subjects. Extrinsic
motivation was evaluated through responses about employment
prospects, encouragement (or requirements) from significant
others, and anticipated convenience in accessing health care
resources for themselves and family members.

Regarding environmental factors, we considered students’
affiliation with DFC universities, enrollment in long-track
programs (ie, 5+3 or 8 y medical education program instead of
5 y medical education program; yes or no), and the educational
phase (preclinical or clinical).

Statistical Analysis
We used the principal component analysis to aggregate the AI
knowledge and AI attitude items, followed by Min-Max

normalization to standardize the scores. Based on expert
consultation and author consensus, we aggregated the AI
behavior index using a weighted arithmetic mean of three key
indicators: (1) usage frequency (50% weight), (2) extent of AI
integration in professional knowledge learning (30% weight),
and (3) AI utilization in writing tasks (20% weight). For
robustness check, we also applied equal weights across all three
indicators. We then applied the Min-Max normalization method,
scaling the data so that the minimum and maximum values
correspond to 0 and 100, respectively. Given that students were
clustered within schools, we first fitted an unconditional (null)
multilevel model to estimate the intraclass correlation coefficient
(ICC) and assess the proportion of variance in the standardized
AI literacy scores attributable to between-school differences.
The ICCs for the three dimensions of AI literacy—knowledge,
attitude, and behavior—were 4.0%, 1.0%, and 4.1%,
respectively. These results indicate that only a small proportion
of the total variance was explained by school-level clustering,
suggesting minimal between-school effects. Therefore, we
proceeded with multivariate linear regression to examine the
associations between individual factors (ie, demographic
characteristics, family background, and enrollment motivation)
and environmental factors (ie, educational phase, type of
education program, and tier of education program) and AI
literacy. We conducted subgroup analyses and examined formal
interaction terms based on institutional tier. Both classical and
school-clustered standard errors were used to calculate 95% CI,
and statistical significance was set at a two-sided P< 0.05. All
analyses were performed using Stata (version 18.0; StataCorp
LLC) between December 19, 2024, and March 18, 2025.

Results

Participant Characteristics
Of the 80,355 medical students included, most were Han (69,333
students, 86.3%) and female (41,227, 51.3%). A total of 28,885
students (35.9%) reported being the only child; 48,716 (60.6%)
were from urban areas; 29,152 (36.3%) reported having at least
one parent as a physician. In addition, 13,736 (17.1%) came
from high-income families, 36,041 (44.9%) were in the clinical
phase of training, and 5823 (7.2%) were enrolled in long-track
medical education programs (Table 1).
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Table . Characteristics of participants.

Participants, N=80,355Variables

P valueTotal (N=80,355)DFC (n=12,938)Non-DFCa (n=67,417)

Sex, n (%)

.6241227 (51.3)6664 (51.5)34563 (51.3)Female

39128 (48.7)6274 (48.5)32854 (48.7)Male

Ethnicity, n (%)

<.00111022 (13.7)1413 (10.9)9609 (14.3)Others

69333 (86.3)11525 (89.1)57808 (85.7)Han Chinese

Only child, n (%)

<.00151470 (64.1)7197 (55.6)44273 (65.7)No

28885 (35.9)5741 (44.4)23144 (34.3)Yes

Hometown, n (%)

<.00131639 (39.4)4063 (31.4)27576 (40.9)Rural

48716 (60.6)8875 (68.6)39841 (59.1)Urban

<.00111.1 (3.8)12.0 (4.0)11.0 (3.7)Father’s education, mean
(SD)

<.00110.2 (4.2)11.1 (4.4)10.0 (4.1)Mother’s education, mean
(SD)

Physician parent, n (%)

<.00151203 (63.7)8057 (62.3)43146 (64.0)No

29152 (36.3)4881 (37.7)24271 (36.0)Yes

Family income, n (%)

<.00166619 (82.9)9597 (74.2)57022 (84.6)Middle and low

13736 (17.1)3341 (25.8)10395 (15.4)High

<.001554.5 (54.1)593.7 (54.9)546.9 (50.6)NCEEb score, mean (SD)

Enrollment motivation,
mean (SD)

.1569.9 (18.4)70.1 (18.6)69.9 (18.4)Intrinsic motivation

<.00168.3 (18.7)67.7 (19.1)68.4 (18.6)Extrinsic motivation

Long-track programsc, n (%)

<.00174532 (92.8)10107 (78.1)64425 (95.6)No

5823 (7.2)2831 (21.9)2992 (4.4)Yes

Educational phase, n (%)

<.00144314 (55.1)6875 (53.1)37439 (55.5)Preclinical

36041 (44.9)6063 (46.9)29978 (44.5)Clinical

aDFC: Double First-Class universities
bNCEE: National College Entrance Examination
cLong-track programs: the 5+3 medical education program and 8-year medical education program

When stratified by DFC status, students from DFCs came from
relatively more advantaged families—with higher household
incomes, more parental education, and greater likelihood of
urban origin—and also had significantly higher college entrance
examination scores (Table 1).

Distribution of the Three Dimensions of AI Literacy
In our analysis of the three dimensions of AI literacy among
Chinese medical students (Table 2), the scores declined from
knowledge (mean 76.0, SD 26.9) to attitude (mean 71.6, SD
24.4) and then further to behavior (mean 32.5, SD 28.5). When
we stratified by institutional tier, students from DFC universities
reported lower AI knowledge (mean 72.6, SD 28.6 vs mean
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76.5, SD 26.7; P<.001) but higher attitude (mean 72.6, SD 24.6
vs mean 71.4, SD 24.4; P<.001), and behavior (mean 35.0, SD

28.4 vs mean 32.1, SD 28.5; P<.001).

Table . Summary results for three dimensions of AI literacy.

P valueTotal (N=80,355)DFC (n=12,938)Non-DFCa (n=67,417)Variables

<.00176.0 (26.9)72.6 (28.6)76.5 (26.7)AI knowledge, mean (SD)

<.00171.6 (24.4)72.6 (24.6)71.4 (24.4)AI attitude, mean (SD)

<.00132.5 (28.5)35.0 (28.4)32.1 (28.5)AI behavior, mean (SD)b

<.00132.8 (29.5)35.4 (29.5)32.3 (29.5)AI behavior, mean (SD)c

aDFC: Double First-Class universities.
b expert -assigned weights.
cequal weights.

Figure 1 further illustrates the item-level patterns within each
dimension of AI literacy. The descending trend—from higher
scores in knowledge to lower scores in attitude and the lowest
in behavior—was consistent across institutional tiers. Notably,

students from DFC universities scored higher on AI behavior
subcomponents, especially in professional learning and writing
tasks. More detailed results on each institution are provided in
Figure S1 in Multimedia Appendix 1.

Figure 1. Components of the three dimensions of AI literacy by institutional tier AI: artificial intelligence; DFC: Double First-Class universities. DFC
represents advantaged universities, and non-DFC represents less advantaged universities.

The figure shows the distribution of the subcomponents of the
three dimensions of AI literacy by institutional tier. The AI
knowledge dimension comprised students’ self-reported
proficiency in core areas of medical AI, including (1) basic
concepts of AI, (2) machine learning tools, (3) multimodal
medical data analysis, and (4) ethics issues related to AI. The
AI attitude dimension included students’view of using AI tools

in (1) teaching and (2) learning. The AI behavior dimension
was measured by usage frequency and application patterns,
including AI use for professional knowledge learning and
writing tasks.
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Factors Associated With AI Knowledge
Figure 2 shows the results of regression analyzes of the
individual and environmental factors associated with AI literacy
(more details including robustness check results are available
in Tables S1-S4 in Multimedia Appendix 1). Male students
were slightly more likely to report higher AI knowledge (β=0.02,
95% CI –0.02 to 0.06; P=.30). Both intrinsic (β=0.17, 95% CI

0.14 to 0.19; P<.001) and extrinsic motivation (β=0.12, 95%
CI, 0.10 to 0.14; P<.001) were positively associated with AI
knowledge. Students enrolled in long-track programs reported
lower AI knowledge than those in the five-year programs
(β=−0.10, 95% CI −0.19 to −0.01; P=.04). When stratified by
DFC status, these patterns remained largely consistent. However,
students from DFC universities reported significantly less AI
knowledge (β=−0.10, 95% CI −0.16 to −0.03; P=.003).

Figure 2. The individual and environmental factors associated with AI literacy in the full sample. AI: artificial intelligence; DFC: Double First-Class;
NCEE: National College entrance examination. DFC represents advantaged universities, and non-DFC represents less advantaged universities. Long-track
programs include the 5+3 medical education program and 8-year medical education program.

Factors Associated With AI Attitude
Male students (β=0.05, 95% CI 0.04 to 0.06; P<.001)
demonstrated significantly more positive attitudes toward AI.
Both intrinsic (β=0.09, 95% CI 0.08 to 0.10; P<.001) and
extrinsic motivation (β=0.07, 95% CI 0.06 to 0.08; P<.001)
were positively associated with AI attitude. Students from
high-income families (β=0.05, 95% CI 0.03 to 0.07; P<.001),
with at least one physician parent (β=0.03, 95% CI 0.01 to 0.04;
P<.001), and urban backgrounds (β=0.04, 95% CI 0.02 to 0.06;
P<.001) showed more positive AI attitude. As for environmental
factors, students enrolled in long-track programs (β=0.04, 95%
CI 0.01 to 0.07; P<.006) and in clinical phase of training
(β=0.02, 95% CI 0.01 to 0.03; P<.003) showed significantly
more positive attitudes toward AI. These patterns remained
largely consistent in subgroup analyses by DFC status; however,
among the non-DFC students, the associations of family income
and parental medical background on AI attitude were
significantly stronger.

Factors Associated With AI Behavior
Males (β=0.20, 95% CI 0.19 to 0.22; P<.001) demonstrated
higher levels of AI behavior. Students from high-income
families (β=0.07, 95% CI 0.05 to 0.09; P<.001) and those with
at least one physician parent (β=0.03, 95% CI 0.01 to 0.04;
P<.001) showed higher AI behavior scores. Both intrinsic
(β=0.08, 95% CI 0.07 to 0.08; P<.001) and extrinsic motivation
(β=0.05, 95% CI 0.04 to 0.05; P<.001) were positively
associated with AI behavior. Students enrolled in long-track
programs (β=0.18, 95% CI 0.15 to 0.20; P<.001) exhibited
higher AI behavior. Again, these patterns were largely held in
subgroup analysis by DFC status. In the non-DFC group,
however, the effect of family income and parental medical
background was again stronger.

Figure 3 illustrates the associations between individual factors
and AI literacy across different institutional environments.
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Figure 3. The individual and environmental factors associated with AI literacy. AI: artificial intelligence; DFC: Double First-Class; NCEE: National
College entrance examination.

Discussion

Principal Findings
Despite the recognized importance of preparing medical students
to use AI tools effectively, systematic evidence on the
subcomponents of AI literacy and the associated factors is
limited. To our knowledge, this is the first large-scale,
multicenter, national-level study on the multidimensional
constructs of AI literacy and their associated individual and
environmental factors among medical students. Three key results
emerged. First, medical students reported moderate to high AI
knowledge, moderate AI attitude, but only low AI behavior
scores. Second, both individual and environmental factors were
associated with different dimensions of AI literacy. Third,
compared to less favorable environmental conditions, the
association between worse AI literacy and family income and
parental medical background may be weaker.

This study provides several significant contributions. First, the
use of a large, multicenter, and nationally representative
sample—covering more than 50% (109/202) of the medical
schools in China—expands beyond the small, single-center
settings from previous studies. Second, by comprehensively
examining the cognitive, attitudinal, and behavioral dimensions
of AI literacy, this study provides a more holistic understanding
of medical students’ AI literacy profiles, identifying nuanced
gaps and interventional needs within AI literacy, particularly
around attitude and behaviors. Third, our comprehensive

examination of the individual differences and environmental
factors associated with AI literacy provides an evidence-based
foundation for developing tailored interventions. Understanding
these associations enables medical educators to design targeted
programs that meet the diverse needs of student populations,
potentially reducing disparities in AI literacy and ensuring that
all future physicians are adequately prepared to engage with an
increasingly AI-integrated health care system.

Our findings consistently revealed that self-perceived AI
knowledge scores surpassed attitude and behavior. This suggests
that while students developed a foundational understanding of
AI and generally perceived AI integration in medicine positively,
they still lacked practical experience in its application. Although
this defies common logic that deeper knowledge should portend
more use [50], this trend aligns with previous international
studies of medical staff and trainees who held generally positive
attitudes toward AI despite low exposure in formal use [36,51].

The potential barriers underlying this knowledge–use gap are
as follows. First, structural barriers—such as limited institutional
infrastructure, insufficient curricular integration, and time
constraints—may constrain students’ ability to translate AI
knowledge into practice [52]. Such challenges are particularly
salient in the Chinese healthcare systems, where physician
shortages drive each health care provider to carry significant
patient load [53]. These contextual limitations can, in turn,
dampen students’autonomous motivation to explore alternative
tools [54]. Second, sociocultural norms may also constrain AI
use [55]. A recent study showed that nearly half of Chinese
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medical staff (1320/2705, 48.8%) expressed concerns about the
ethical safety, accuracy, interpretability, and fairness of AI
systems [56]. Such ethical reservations from staff providers to
medical trainees, leading them to perceive AI use as potentially
inappropriate, dishonest, unprofessional, or harmful. This may
then limit the students’ willingness to use the AI tools despite
being knowledgeable of AI tools’ capabilities. suggesting that
moral and risk considerations may underlie the limited AI use
observed among some medical students. Third, our survey was
conducted between May and July 2024, when most mature and
user-friendly AI tools were developed abroad. Chinese students
may have faced barriers related to access [57] and cultural
appropriateness [58].

At an individual level, students’ demographics, family
background, and motivation were all associated with AI literacy.
The patterns generally aligned with the literature.
Demographically, male medical students scored higher in AI
attitude and behavior. This is consistent with previous findings
[50,59] and the phenomenon of a “technological gender gap”
[60]. Male students tended to perceive AI tools as more useful
and easier to use [61-64]. Additionally, individuals from
advantaged family background (ie, urban residents, those with
at least one physician parent, and students from high-income
families) perceived AI more favorably and used it more
frequently. These advantaged groups hold greater material,
cognitive, social, and cultural capital that can facilitate
technological adoption [65]. Although technological innovations
eventually reach broader populations, disparities in access and
adoption persist during the diffusion process, with advantaged
groups generally adopting innovations earlier and using them
more effectively, thus creating a digital divide between
socioeconomic groups [65,66].

Notably, both intrinsic and extrinsic motivation were positively
associated with all dimensions of AI literacy, with intrinsic
motivation showing particularly strong effects. According to
self-determination theory, intrinsic motivation is associated
with better performance and enhanced subjective well-being,
while extrinsic motivation can also drive performance, even
filtering into intrinsic motivation under certain conditions
[67-69]. Intrinsic motivation serves as a natural source of AI
learning and achievement, fostering greater autonomy,
exploration, and reflection that promote deeper AI engagement.
In contrast, extrinsically motivated students may preferentially
recognize the instrumental value of AI but limit autonomous
exploration of AI tools.

Our study highlights the significant role of the environment in
shaping AI literacy. Specifically, DFC students demonstrated
higher AI behavior scores. The DFC Project represents China’s
willingness to invest financial and human resources in these
institutions to develop world-class universities and disciplines
[47,70]. The stronger student–faculty and peer interactions and
higher-quality student efforts may promote deeper engagement
with AI [71]. The seemingly paradoxical finding that DFC
students reported lower AI knowledge but higher AI behavior
may stem from the Dunning–Kruger effect [72,73]. More
competent individuals tend to recognize the complexity of a
domain and their own knowledge limitations, leading to more
cautious self-assessments, while those less competent may

overestimate their understanding. DFC students, exposed to
higher levels of academic research, may be more aware of the
challenges inherent in AI, whereas non-DFC students, with
relatively limited exposure, may exhibit overconfidence in their
basic knowledge. Similar cognitive bias patterns have been
observed among health professions students; for example,
low-performing medical students have been shown to
substantially overestimate their academic performance relative
to peers [74,75].

Importantly, in these DFC supportive environments, the
students’ family income and parental medical background
showed less pronounced associations with AI attitude and
behavior, suggesting that the supportive learning environment
may have mitigated the detrimental relationship between
students’ background and AI literacy [48].

In addition, the students’ program also appears to matter.
Students in the long-track program demonstrated significantly
higher AI attitude and behavior scores. They typically represent
China’s elite medical students, attending research-oriented
universities that provide enhanced research training
opportunities and funding [76], potentially including
familiarization with AI technologies that led to more positive
perceptions and use of AI tools. The students’ phase of training
also appeared to be associated with their AI literacy. Students
undergoing clinical training reported higher attitude scores but
lower knowledge and behavior scores. Perhaps the complexity
of clinical practice and the pressure of professional development
precipitated cognitive overload and a preferential reliance on
traditional tools [77]. The technical limitations and evolving
normative and legal thresholds around AI technologies may
further exacerbate technology avoidance [78-82].

Tying together the findings, we provide five sets of
recommendations to help medical schools maneuver through
the current lack of structured AI education and training [83].
First, carefully integrating AI-related content into the curriculum
to generate practical AI exposure may help bridge the
knowledge-use gap. This should be mindful of the potentially
detrimental association with excessive cognitive offloading [84]
while ensuring a minimal knowledge and skills threshold [85].
As regulations and ethical frameworks surrounding AI use in
health care continue to evolve to meet the technical, ethical,
and legal challenges [83,86,87], developing interdisciplinary
training on practical risks, benefits, and guidelines on AI usage
may help establish norms around AI usage. Second, developing
and implementing scalable AI education frameworks that enable
targeted training based on learners’backgrounds can potentially
reduce inequities in AI literacy driven by individual and
environmental differences while maximizing educational impact.

The next three recommendations focus specifically on digital
divide, and we draw on Han and Kumwenda’s framework for
mitigating digital divide. The framework considers first-order
barriers relate to infrastructure and access; second-order barriers
include motivation and engagement; and third-order barriers
reflect skill and training disparities [88].

First, medical educators and policy makers should prioritize
investments in digital infrastructure to reduce disparities in
technological access across institutional and regional contexts
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[89]. Targeted funding and digital resource allocation can ensure
that students in under-resourced settings are not excluded from
AI-driven learning environments.

Second, improving motivation and engagement may incorporate
experiential learning opportunities [87,90,91]. Providing all
students—particularly those from disadvantaged
backgrounds—with the chance to work directly with AI tools
and integrate them into their coursework can foster greater
motivation, engagement, and confidence in using AI
technologies.

Third, structured and scalable AI education frameworks that
offer tiered and targeted training that adapts to learners’
backgrounds. Such approaches would focus on ensuring that
disadvantaged students can develop foundational AI literacy
before advancing to higher-order skills. Moreover, the
development of multilingual and culturally adaptive AI models
[92] can further ensure inclusivity and contextual relevance in
AI-enhanced medical education.

Limitations
First, the reliance on self-reported data potentially exposes the
study to social desirability bias. It is necessary to develop
objective instruments to measure medical students’ AI literacy.
Such a tool can help evaluate AI proficiency based on
observable AI use. Performance- and scenario-based assessments
might be potential avenues to operationalize such evaluation.
Second, given the rapid development of AI technologies, the

AI literacy of medical students is likely to evolve rapidly. To
capture these dynamic shifts of AI literacy, we are actively
exploring another round of survey. Third, this study employed
a cross-sectional design, which precludes causal inference.
Although most individual and environmental factors were
determined before the measurement of AI literacy, reverse
causality cannot be fully excluded, and unmeasured confounders
may have influenced both the predictors and outcomes,
potentially biasing the observed associations. Fourth, even
though the unique premedical training structure limits the
generalizability of the findings, the methodological framework
and multidimensional conceptualization of AI literacy
(knowledge, attitude, and behavior) may still provide a useful
reference for future comparative studies or adaptations in other
educational systems.

Conclusions
This cross-sectional study revealed that medical students
exhibited the highest performance in AI knowledge, followed
by attitude, and then behavior. Both individual characteristics
and environmental factors were significantly associated with
AI literacy, and environmental factors moderated individual
variations in AI literacy. Integrating practical AI-related training
into medical curricula through interdisciplinary collaboration,
coupled with targeted interventions for students according to
their backgrounds, may help prepare future physicians to
effectively engage with AI technologies in medical practice.
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Abstract

Background: In recent years, generative artificial intelligence and large language models (LLMs) have rapidly advanced,
offering significant potential to transform medical education. Several studies have evaluated the performance of chatbots on
multiple-choice medical examinations.

Objective: The study aims to assess the performance of two LLMs—GPT-4o and OpenAI o1—on the Médico Interno Residente
(MIR) 2024 examination, the Spanish national medical test that determines eligibility for competitive medical specialist training
positions.

Methods: A total of 176 questions from the MIR 2024 examination were analyzed. Each question was presented individually
to the chatbots to ensure independence and prevent memory retention bias. No additional prompts were introduced to minimize
potential bias. For each LLM, response consistency under verification prompting was assessed by systematically asking, “Are
you sure?” after each response. Accuracy was defined as the percentage of correct responses compared to the official answers
provided by the Spanish Ministry of Health. It was assessed for GPT-4o, OpenAI o1, and, as a benchmark, for a consensus of
medical specialists and for the average MIR candidate. Subanalyses included performance across different medical subjects,
question difficulty (quintiles based on the percentage of examinees correctly answering each question), and question types (clinical
cases vs theoretical questions; positive vs negative questions).

Results: Overall accuracy was 89.8% (158/176) for GPT-4o and 90% (160/176) after verification prompting, 92.6% (163/176)
for OpenAI o1 and 93.2% (164/176) after verification prompting, 94.3% (166/176) for the consensus of medical specialists, and
56.6% (100/176) for the average MIR candidate. Both LLMs and the consensus of medical specialists outperformed the average
MIR candidate across all 20 medical subjects analyzed, with ≥80% LLMs’ accuracy in most domains. A performance gradient
was observed: LLMs’ accuracy gradually declined as question difficulty increased. Slightly higher accuracy was observed for
clinical cases compared to theoretical questions, as well as for positive questions compared to negative ones. Both models
demonstrated high response consistency, with near-perfect agreement between initial responses and those after the verification
prompting.

Conclusions: These findings highlight the excellent performance of GPT-4o and OpenAI o1 on the MIR 2024 examination,
demonstrating consistent accuracy across medical subjects and question types. The integration of LLMs into medical education
presents promising opportunities and is likely to reshape how students prepare for licensing examinations and change our
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understanding of medical education. Further research should explore how the wording, language, prompting techniques, and
image-based questions can influence LLMs’ accuracy, as well as evaluate the performance of emerging artificial intelligence
models in similar assessments.

(JMIR Med Educ 2026;12:e75452)   doi:10.2196/75452

KEYWORDS

accuracy; artificial intelligence; GPT-4o; large language models; medical education; medical examination; Médico Interno
Residente; MIR 2024 examination; OpenAI o1

Introduction

The continuous developments in recent years have positioned
generative artificial intelligence (AI) as a topic of paramount
public and scientific interest. These developments have resulted
in the creation of gradually more sophisticated and efficient
large language models (LLMs) [1].

Some of the most prominent examples are the increasingly
advanced models derived from the GPT family, developed by
OpenAI, which rely on deep neural networks [2]. In 2024,
OpenAI released 2 highly promising models. Out of which one
was GPT-4o, launched in May 2024, a multimodal model
capable of processing text and image inputs and generating text
outputs in real time. GPT-4o stands out in terms of rapid
response times and efficiency [3]. The other one was OpenAI
o1, launched in September 2024, a model only capable of
processing and generating text, but trained with large-scale
reinforcement learning (RL) to reason using chain of thought
(CoT) and so possessing advanced reasoning capabilities,
surpassing GPT-4o in competitive programming, mathematics,
and scientific reasoning [4]. Despite the absence of
comprehensive benchmark sets providing consistent evidence,
it is reasonable to expect that the presence of sophisticated
built-in reasoning-optimized mechanisms in LLMs such as
OpenAI o1—trained with RL and CoT—diminishes the relative
impact of complex prompting strategies. In such cases, simple
zero-shot prompting may prove more effective, or at least
equally effective, compared to few-shot and chain-of-thought
prompting [4,5].

Chatbots for daily use have emerged to provide virtual
assistance, personalized solutions, and task automation in a
wide range of fields, including medical education, which has
also embraced this trend [6]. Chatbots can be used as a learning
aid to improve clinical skills at the undergraduate, residency
training, and postgraduate levels of continuous medical
education [7].

There are several previous experiences evaluating the
performance of chatbots answering multiple-choice questions
[7], including medical board examinations like the United States
Medical Licensing Examination (USMLE) [8-10]. These
assessments are helpful to understand the state of the art
regarding LLMs’ performance in medical examinations.
Furthermore, they pose questions about and provide insightful
information to shape the content and characteristics of medical
education and examinations.

In Spain, similarly to the USMLE, doctors are examined prior
to the beginning of their specialized training. The test is called

the Médico Interno Residente (MIR) examination and consists
of a 4.5-hour-long examination that includes 210 multiple-choice
questions with 4 options and only 1 correct answer. It is held
on a yearly basis. The examination serves a double purpose. On
the one hand, it is used to rank physicians to assess their
eligibility for competitive medical specialist training positions.
On the other hand, it ensures minimum requirements are met
among candidates.

Evidence suggests a strong correlation between LLM
performance across different input languages and the
representativeness of each language in the pre-training corpus,
a relationship that extends to retrieval-augmented generation
LLMs [11,12]. To our knowledge, no study has evaluated
GPT-4o’s performance on the Spanish MIR examination to date
and, more importantly, no study has compared it to OpenAI o1,
which owns enhanced reasoning capabilities that could
potentially be an advantage when taking the MIR examination
[4]. In a broader sense, there are few published studies that have
evaluated the performance of LLMs when responding to medical
questions in the Spanish language. Among them, the study by
Guillen-Grima et al [13] reported a remarkable accuracy rate
of 87% for GPT-4 on the 2022 MIR examination, while the
study by Flores-Cohaila et al [14] showed an accuracy rate of
86% for GPT-4 on the 2022 Peruvian National Licensing
Medical Examination. Other studies posing questions in Spanish
from specific medical subjects have shown similar results, with
performance rates of 83.7% for GPT-4o in anesthesiology [15]
and 93.7% for GPT-4 in rheumatology [16].

The primary aim of this study is to assess the performance of
GPT-4o and OpenAI o1 LLMs in passing the MIR examination
and to compare them with the expert consensus from instructors
of one of the largest MIR preparation academies (Academia
AMIR) and the students’ mean results. The secondary aim of
this study is to compare the performance of GPT-4o, OpenAI
o1, expert consensus from AMIR instructors and students by
medical subjects, question difficulty, and type of question
(clinical case vs theoretical question and positive vs negative
question) to better characterize AI chatbots’ capabilities,
limitations, strengths, and weaknesses.

Methods

Study Design
This is a cross-sectional study assessing the performance of 2
LLMs (GPT-4o and OpenAI o1) in answering the MIR 2024
examination questions. The study compares the models’
performance against each other and against specifically trained
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humans (expert consensus from AMIR instructors and the mean
results from MIR 2024 examination candidates).

MIR 2024 Examination
In Spain, there are 46 medical specialties, each requiring a
specific training period of 4 to 5 years as a resident physician
(MIR) in an accredited health care institution. Access to each
specialty training spot depends on the national ranking of
candidates. The ranking is based on a final grade which comes
from the MIR examination score (90%) and the candidate’s
academic record (10%) [17,18].

A total of 15,114 candidates were admitted to the MIR 2024
examination, of whom 13,711 sat for the test, competing for
9007 specialty positions available in accredited healthcare
institutions across Spain [18].

The examination, held on January 25, 2025, consisted of 200
multiple-choice questions, each with 4 answer choices, with
only 1 correct option. The first 25 questions included linked
images that were part of the questions’ content and could help
or be necessary to answer them. Additionally, 10 reserve
questions were included to replace any disputed questions due
to typographical errors, ambiguous wording, or issues with
multiple or missing correct answers. Participants were given 4
hours and 30 minutes to complete the examination [17,18].

As a safeguard against academic misconduct (ie, cheating), the
MIR examination is administered in several different versions
each year. Each version comprises an identical question set with
a varied sequence. Version 0 is established as the canonical
version for scoring and for the publication of the official answer
key.

Version 0 of the MIR 2024 examination was obtained from the
Spanish Ministry of Health website [19]. In the final analysis,
the 25 questions requiring image interpretation were excluded
since one of the LLMs evaluated (OpenAI o1) does not accept
image inputs. This decision aimed to ensure fair comparability
across all study arms, as providing images only to human
participants and the other LLM (GPT-4o) would have introduced
a systematic advantage for them. The 5 questions whose
objections were accepted by the Spanish Ministry of Health
were also excluded from the final analysis in order to
approximate the real examination as closely as possible (the
Spanish Ministry of Health accepted the objection for 6
questions but one of them was linked to an image, so it was
already eliminated from the analysis). Nonetheless, the
performance of the 4 study arms on these questions is also
reported and discussed later in the study. Of the reserve
questions, the 4 questions that did not replace any challenged
question were also discarded from the analysis. Final analysis
included 176 questions.

Study Arms
This study compares the 4 distinct arms as follows: GPT-4o,
OpenAI o1, expert consensus from AMIR instructors
(henceforth “AMIR consensus”), and mean results of the MIR
2024 examination candidates (henceforth “students”).

GPT-4o
This model, OpenAI’s flagship in 2024, is characterized by
rapid response times and efficiency. Although it is a multimodal
model, in this study, only its text processing and generation
capabilities were used. Image-linked questions were excluded
to ensure comparability with OpenAI o1 model.

OpenAI o1
Designed to use large-scale RL and CoT reasoning, this model
exhibits advanced reasoning capabilities, which could be
particularly useful for answering questions in the MIR
examination.

AMIR Consensus
Academia AMIR is a private, for-profit educational company
operating in Spain, Portugal, and several Latin American
countries, providing postgraduate health sciences training. Its
core activities include preparing candidates for official
examinations such as the MIR examination. The company
employs faculty members who deliver these courses but are
independent from the MIR examination process. They neither
contribute to the examination’s development nor belong to any
public organization involved in its preparation. A panel of these
faculty—at least 2 per medical specialty—collaboratively
answered the entire MIR 2024 examination after its
administration and official content release by the Spanish
Ministry of Health. Meeting in a hybrid format (combining
in-person and remote participation), they established a consensus
through discussion answering within 4.5 hours, mirroring the
time allotted to candidates. The goal was to give candidates
prompt performance feedback before the official answer key
was published. Therefore, the faculty had unrestricted access
to textbooks, scientific literature, and LLMs, though reported
use was minimal and reserved for clarifying ambiguous
questions prior to group consensus. This process produced an
expert consensus answer list for the MIR 2024 examination.

Students
Candidates who took the examination were encouraged to
submit their answer templates to EstimAMIR, an online platform
developed by Academia AMIR. This platform provides students
with a preliminary assessment of their results, initially using
“AMIR consensus” answers and later incorporating the
provisional and definitive correct answers published by the
Spanish Ministry of Health. The platform also estimated each
student’s ranking position based on the sample of candidates
available. The mean results of the “students”, as well as the
percentage of correct answers for each question, were obtained
from this platform (based on 5066 answer templates submitted).
All data were appropriately anonymized and aggregated.

Data Collection
The 185 text-based questions from the MIR 2024 examination
were collected and transcribed verbatim in Spanish into the
dialogue interface of both GPT-4o and OpenAI o1. A ChatGPT
Plus license was used to access the GPT-4o and OpenAI o1.
The models were used with their default settings, with no
modifications to parameters such as temperature or output
variation. Each multiple-choice question was followed by the
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4 possible answer choices (1, 2, 3, and 4), which were manually
entered and separated by single spaces. No pretraining or
standardized instructions were provided, adhering strictly to a
zero-shot prompting approach to minimize potential bias.
Henceforth, the results generated using this prompt will be
designated as the first iteration results.

Questions were presented to the chatbots individually, with a
new dialogue initiated for each question to ensure independence
and prevent memory retention bias. To assess response
consistency, chatbots were systematically challenged with the
verification prompt “Are you sure?” after each answer, which
served as a single CoT prompt. Hereafter, we referred to the
results obtained with this prompt as the second iteration results.
For GPT-4o, internet access was disabled during testing.

All responses were recorded in a spreadsheet. Once the
definitive official answers were published by the Spanish
Ministry of Health, any challenged or unused reserve questions
were excluded from the final analysis.

Main Endpoint and Additional Analysis

Overview
The primary endpoint was the percentage of correct answers
per study arm. The definitive official answers published by the
Spanish Ministry of Health served as the gold standard for
determining accuracy within each study arm. The secondary
endpoints included comparisons of study arm performance based
on medical subjects, question difficulty, and question type
(clinical case vs theoretical question and positive vs negative
question). Categorization was conducted as described below.

Medical Subject
Questions were classified into the following categories such as
gastroenterology and general surgery, endocrinology, infectious
diseases and microbiology, miscellaneous and basic sciences,
neurology and neurosurgery, cardiology and cardiovascular
surgery, gynecology and obstetrics, orthopedic surgery,
pediatrics, nephrology, respiratory medicine and thoracic
surgery, rheumatology, hematology, psychiatry, immunology,
urology, dermatology, ophthalmology, otorhinolaryngology,
and statistics and epidemiology.

Question Difficulty
Difficulty was categorized based on the percentage of examinees
who correctly answered each question, using data from
EstimAMIR (very difficult: 0%‐20% correct responses;
difficult: 21%‐40% correct responses; intermediate:
41%‐60% correct responses; easy: 61%‐80% correct
responses; very easy: 81%‐100% correct responses).

Theoretical Question Versus Clinical Case
Questions were classified as theoretical (requiring a direct
answer based exclusively on theoretical knowledge) and clinical
case (presenting a clinical scenario from which the possible
answers emerged).

Positive Versus Negative Questions
Questions were classified based on whether they asked for the
correct answer (or the next appropriate step) or the incorrect
answer (or the step that should not be taken).

Statistical Analysis
Comparisons between study arms were performed using
chi-squared tests or the Fisher exact test, where applicable. The
Benjamini-Hochberg method was applied to statistically adjust
for multiple comparisons. Differences between groups were
considered statistically significant if P<.05. We assessed the
consistency of responses from GPT-4o and OpenAI o1 to a
verification prompt (“Are you sure?”). Consistency was
measured using both the simple agreement percentage and the
Cohen κ coefficient between the answers provided before and
after the prompt. All statistical analyses were performed using
R version 4.4.1 (R Foundation for Statistical Computing).

Ethical Considerations
In the absence of a formal ethics committee at Academia AMIR,
an ad hoc data ethical oversight panel approved a comprehensive
data  use  protocol  ( in ternal  re ference:
AMIR-ETH-2025-11-05-v1.0). At enrollment, all students
provided data-use consent, acknowledging that their irreversibly
anonymized and aggregated data could be used by Academia
AMIR for statistical, commercial, educational, research, and
product improvement purposes. The panel determined that the
study qualified for exemption from institutional review board
approval, as it involved secondary data that were aggregated,
processed without human intervention, and contained no
identifiable information, in accordance with principles of risk
proportionality and data minimization. Participant privacy and
confidentiality were safeguarded through irreversible
anonymization and aggregation prior to investigator access,
data minimization, role-based access controls, and encryption
of data both in transit and at rest within corporate repositories.
No participants received compensation for their participation
in the study.

Results

Global Performance
A flowchart of the exclusion criteria for the question selection
process is shown in Figure 1.
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Figure 1. Flowchart of the exclusion criteria for the question selection process.

Table 1 presents the accuracy of GPT-4o, OpenAI o1, the AMIR
consensus, and students when taking the entire examination,
excluding the discarded questions. GPT-4o achieved an accuracy
of 89.8% (158/176) in the first iteration, which slightly increased
to 90.9% (160/176) in the second iteration. Similarly, OpenAI

o1’s accuracy was 92.6% (163/176) in the first iteration and
improved to 93.2% (164/176) in the second iteration. The AMIR
instructors’ consensus obtained the highest score among the
study arms, with 94.3% (166/176). The mean score of the
EstimAMIR-submitted templates was 56.6% (100/176).

Table . Global performance of GPT-4o (first and second iteration), OpenAI o1 (first and second iteration), AMIR consensus, and students.

Absolute and relative performance

Incorrect answers, n (%)Correct answers, n (%)

GPT-4o

18 (10.2)158 (89.8)    First iteration

16 (9.1)160 (90.9)    Second iteration

OpenAI o1

13 (7.4)163 (92.6)    First iteration

12 (6.8)164 (93.2)    Second iteration

10 (5.7)166 (94.3)AMIR consensus

76 (43.4)100 (56.6)Students
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Figure 2 compares the accuracy of GPT-4o and OpenAI o1 in
their second iterations, along with the AMIR consensus and
students. GPT-4o, OpenAI o1, and the AMIR consensus
achieved significantly higher accuracy scores than the average

student (in all cases P<.001); however, differences between
these 3 arms did not reach statistical significance (P=.22 for
GPT-4o vs OpenAI o1; P=.07 for GPT-4o vs AMIR consensus;
P=.75 for OpenAI o1 vs AMIR consensus).

Figure 2. Global performance of GPT-4o (2nd iteration), OpenAI o1 (2nd iteration), AMIR consensus, and students.

From the final analysis, 5 challenged questions were excluded.
On these items, GPT-4o achieved an accuracy of 100% (5/5)
across both iterations. OpenAI o1 scored 80% (4/5) in both
iterations, without modifying any of its responses. The AMIR
consensus achieved an accuracy of 40% (2/5). When restricted
to these 5 questions, the students’ mean score was 31.3% (SD
16.7%).

Medical Subjects
The heatmap in Figure 3 presents a comparative analysis of
study arm performance across different medical subjects. Both
LLMs (GPT-4o and OpenAI o1, in their second iterations) and
the AMIR consensus outperformed the average student in all
20 medical subjects analyzed.
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Figure 3. Heatmap comparing the performance of generative pre-trained transformer 4o (2nd iteration), OpenAI o1 (2nd iteration), and AMIR consensus
and students by medical subject.

GPT-4o achieved an accuracy below 80% in only 3 subjects:
infectious diseases and microbiology (11/14, 79%), pediatrics
(7/10, 70%), and statistics and epidemiology (3/4, 75%). OpenAI
o1 fell below 80% accuracy only in statistics and epidemiology,
with a single error (3/4, 75%). The AMIR consensus exhibited
an accuracy lower than 80% in psychiatry (4/6, 67%). Average
student performance, based on 5066 EstimAMIR-submitted
templates, ranged from 44.1% in miscellaneous and basic
sciences to 71.6% in immunology.

Question Difficulty
As shown in Table 2 and Figure 4 the performance of GPT-4o,
OpenAI o1, and the AMIR consensus across quintiles of

question difficulty, defined based on student performance. A
statistically significant gradient is observed among these 3 study
arms, with accuracy decreasing as question difficulty increases
(crude P values: GPT-4o, P=.003; OpenAI o1, P=.04; AMIR
consensus, P=.008; Benjamini-Hochberg adjusted P values:
GPT-4o, P=.03; OpenAI o1, P=.10—the only case not reaching
statistical significance; AMIR consensus, P=.03). The decline
in performance is particularly pronounced in the highest
difficulty quintile. Differences between study arms within each
difficulty quintile do not reach statistical significance.

Table . Absolute and relative performance of GPT-4o (second iteration), OpenAI o1 (second iteration), and AMIR consensus by quintiles of question
difficulty defined by students’ performance.

AMIR consensus, n (%)OpenAI o1, n (%)GPT-4o, n (%)Number of questionsQuestion difficulty

32 (100)32 (100)32 (100)32Very easy

53 (95)54 (96)53 (95)56Easy

38 (97)36 (92)35 (90)39Intermediate

34 (94)32 (89)32 (89)36Difficult

9 (69)10 (77)8 (62)13Very difficult

166 (94.3)164 (93.2)160 (90.9)176Total
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Figure 4. Performance of GPT-4o (2nd iteration), OpenAI o1 (2nd iteration), and AMIR consensus by quintiles of question difficulty defined by
students’ performance.

Clinical Cases versus Theoretical Questions
As shown in Table 3 the performance of GPT-4o, OpenAI o1,
the AMIR consensus, and students when answering clinical
cases versus theoretical questions. Overall, a slightly higher
accuracy was observed for clinical cases compared to theoretical

questions, although these differences do not reach statistical
significance in any study arm. Statistically significant
differences between study arms both for clinical cases and
theoretical questions were observed only when the students'
arm was included in the analysis.

Table . Performance of GPT-4o (second iteration), OpenAI o1 (second iteration), AMIR consensus, and students by questions being clinical cases or
theoretical questions.

P valueTheoretical questions (n=71), n (%)Clinical cases (n=105), n (%)

.5562 (87)98 (93.3)GPT-4o

.6865 (92)99 (94.2)OpenAI o1

.9967 (94)99 (94.2)AMIR consensus

.6838 (54)62 (59)Students

Positive Versus Negative Questions
Table 4 shows the performance of GPT-4o, OpenAI o1, the
AMIR consensus, and students when answering positive versus
negative questions. Overall, accuracy was higher for positive

questions than for negative ones, with the difference reaching
statistical significance only for GPT-4o (P=.01). Statistically
significant differences between study arms for both positive
and negative questions are observed only when the students'
arm is included in the analysis.

Table . Performance of GPT-4o (second iteration), OpenAI o1 (second iteration), AMIR consensus, and students by questions being positive or negative.

P valueNegative questions (n=36), n (%)Positive questions (n=140), n (%)

.0128 (78)132 (94.2)GPT-4o

.4032 (89)132 (94.2)OpenAI o1

134 (94)132 (94.2)AMIR consensus

.5518 (49)82 (58.5)Students

Response Consistency
Response consistency was assessed using the simple agreement
percentage between the first and second iterations of GPT-4o
(172/176, 97.7%) and OpenAI o1 (170/176, 96.6%). The Cohen
κ coefficient was 0.97 for GPT-4o and 0.95 for OpenAI o1,
indicating almost perfect agreement (P<.001 in both cases).

When analyzing individually the questions in which there was
no concordance between the first and second iterations, it was
observed that, for GPT-4o, 4 initially incorrect responses were
modified: in 2 cases, the second response was also incorrect,
while in the other 2 cases, the second response became correct.
For OpenAI o1, 5 initially incorrect responses were modified:
in 3 cases, the second response was again incorrect, and in 2
cases, the second response became correct. In addition, 1
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initially correct response was modified, with the second response
becoming incorrect.

Discussion

Principal Results
This study highlights the exceptional performance of both LLMs
analyzed—GPT-4o and OpenAI o1—on the MIR 2024
examination. Both models achieved or exceeded a 90% accuracy
rate, significantly outperforming the average human candidate
as well as the top 10% of examinees [18]. The expert consensus
from AMIR instructors yielded even higher accuracy. Although
this result should be interpreted in the context of unrestricted
access to textbooks, scientific literature, and AI tools such as
GPT, the reported use of these resources was minimal and
reserved for clarifying ambiguous questions, never substituting
for the group discussion and consensus process for each item.
Results from the expert consensus suggest the added value of
human expertise when synergistically combined with AI
capabilities.

The challenged questions were excluded from the final analysis
to remain faithful to the actual examination. Upon examination,
these proved to be difficult items (on average, candidates
answered them correctly in 31.3% of cases, compared with
56.6% for the other questions), which the LLMs managed more
accurately than the human experts (5/5 for GPT-4o, 4/5 for
OpenAI o1, and 2/5 for AMIR instructors).

These results were consistent across the different medical
subjects analyzed. Interestingly, when question difficulty was
assessed based on human performance, a similar trend was
observed in the LLMs, with accuracy decreasing as question
difficulty increased. Additionally, a slightly higher accuracy
was observed for clinical cases compared to theoretical
questions, as well as for positive questions compared to negative
ones. This resemblance to human reasoning and performance
could be rooted in the input used to train LLMs.

Both GPT-4o and OpenAI o1 demonstrated great consistency
in their answers, with statistically significant near-perfect
agreement between the first and second iterations. Furthermore,
it is particularly interesting to note that, of the 10 responses that
were altered between the first and second iterations (4 for
GPT-4o and 6 for OpenAI o1), 9 were initially incorrect (with
4 of these changing to a correct response), and only 1 initially
correct response was changed to an incorrect one. It is
remarkable in favor of these LLMs that, considering their
exceptional accuracy in the first iteration, the few changes
occurring in the second iteration almost exclusively involved
some of the few initially incorrect responses.

Comparison With Prior Work
Several previous studies have evaluated the performance of
GPT-3.5 and GPT-4 across different medical disciplines, as
well as on national medical board examinations [7]. For instance,
Gilson et al assessed ChatGPT’s performance on various sets
of USMLE step 1 and step 2 questions, reporting an accuracy
range of 42% to 64% [8], which aligns with another study that
found a 56% accuracy rate on a set of USMLE step 1-style
questions [9]. Knoedler et al examined ChatGPT-3.5 and

ChatGPT-4 on USMLE step 3 questions, reporting 57%
accuracy for GPT-3.5 and 85% for GPT-4 [10]. Takagi et al
evaluated these models on the Japanese Medical Licensing
Examination, finding 51% accuracy for GPT-3.5 and 80% for
GPT-4 [20]. Meyer et al conducted a similar study on the written
German medical licensing examination, with accuracy rates of
58% for GPT-3.5 and 85% for GPT-4 [21]. A study by Prazeres
[22] on the Portuguese national examination for access to
specialized training reported 54% accuracy for GPT-3.5 turbo
and 65% for GPT-4o mini. Guillen-Grima et al [13] published
the perhaps most comparable study, as they compared GPT-3.5
and GPT-4 on the MIR 2022 examination. Accuracy rates were
63% for GPT-3.5 and 87% for GPT-4. Interestingly, our results
show the highest accuracy for LLMs among all the
aforementioned studies, almost matching the consensus from
expert human instructors. This may be a result of the gradual
development of LLMs with time. It poses relevant questions
regarding how medical education and examinations should be
shaped in the future, both in terms of content and the skills that
are underscored. As stated in a previous editorial, these results
make it important to consider the necessity of more emphasis
on soft skills and critical thinking rather than plain memorization
[23].

Strengths
This study offers new insights into the accuracy of GPT-4o and
OpenAI o1 in a national medical specialty access examination.
To date, the only comparable research published in an indexed
journal that we have identified is a recent study by Liu et al
[24], which evaluated GPT-4o’s performance on the Japanese
national medical examination, reporting an accuracy of 89%.

Moreover, this study reinforces the trend that each newly
developed LLM exhibits improved accuracy compared to its
predecessors. Additionally, our secondary analysis proved that
the accuracy of both GPT-4o and OpenAI o1 aligned with
difficulty levels of questions based on human candidates’
performance.

Limitations
This study has several limitations. First, increasing the sample
size—that is, including a larger number of questions in the
analysis—would have provided a more robust insight into the
different subanalyses performed. For instance, it would have
allowed us to investigate whether performance differences of
LLMs compared to human experts—such as those suggested
in unique medical subjects like psychiatry—are truly meaningful
or just the results of random variation. Second, additional
secondary analyses could have been of interest, such as
examining the relationship between the number of words or
characters in each question and the performance of LLMs; the
influence of specific expressions or wording styles on model
accuracy; the impact of different languages on performance;
and the effect of alternative prompting formulas on accuracy.
Third, although image-based questions are part of the MIR
examination, they were not included in this study because
OpenAI o1 does not support image inputs, and fair comparability
between LLMs was prioritized. This decision reduces
methodological bias—LLMs are not artificially penalized for
lacking multimodal capabilities—and increases the internal
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validity of between-arms comparisons. However, it may reduce
the representativeness of the performance evaluation and limit
the generalizability of our findings to the actual test setting,
where visual interpretation is an integral component of clinical
reasoning. Previous studies suggest LLMs may exhibit
reasonable performance on image-based questions even without
access to the image itself [25]. Fourth, the AMIR consensus
may not represent a pure benchmark of human expert
knowledge, as experts had access to textbooks and generative
AI. However, the faculty use of these resources was minimal
and strictly advisory, with all final answers determined by expert
discussion and consensus, indicating that the potential for
significant bias was low. Fifth, the field of LLMs is continuously
evolving, and several new models have been released in recent
months that were not analyzed in this study, including GPT-4.5
by OpenAI [26], DeepSeek-R1 by DeepSeek-AI [27], Qwen
2.5 by Alibaba [28], LlaMa 3.2 by Meta AI [29], and Claude
3.7 Sonnet by Anthropic [30], among others. Sixth, student
results were self-reported, which could be a source of bias.
Finally, caution should be exercised when generalizing LLM

accuracy on the MIR examination to other national medical
licensing examinations or to different fields and tasks within
medical education.

Conclusions
This study highlights the excellent performance of the two
analyzed LLMs—GPT-4o and OpenAI o1—on the MIR 2024
examination, demonstrating strong consistency across different
medical subjects and types of questions, as well as between first
and second iterations.

The integration of LLMs into medical education is promising
and likely to revolutionize the field and change our
understanding of medical education. Further research is needed
to explore how wording, language, prompting techniques, and
image-based questions influence LLM accuracy in national
medical licensing examinations, as well as to assess the
performance of other emerging models. More research is also
needed to better understand the potential usefulness of these
tools as learning assistants in broader educational contexts.
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Abstract

Background: In the current era of artificial intelligence (AI), use of AI has increased in both clinical practice and medical
education. Nevertheless, it is probable that perspectives on the prospects and risks of AI vary among individuals. Given the
potential for attitudes toward AI to significantly influence its integration into medical practice and educational initiatives, it is
essential to assess these attitudes using a validated tool. The recently developed 12-item Attitudes Towards Artificial Intelligence
scale has demonstrated good validity and reliability for the general population, suggesting its potential for extensive use in future
studies. However, to our knowledge, there is currently no validated Japanese version of the scale. The lack of a Japanese version
hinders research and educational efforts aimed at understanding and improving AI integration into the Japanese health care and
medical education system.

Objective: We aimed to develop the Japanese version of the 12-item Attitudes Towards Artificial Intelligence scale
(J-ATTARI-12) and investigate whether it is applicable to medical trainees.

Methods: We first translated the original English-language scale into Japanese. To examine its psychometric properties, we
then conducted a validation survey by distributing the translated version as an online questionnaire to medical students and
residents across Japan from June 2025 to July 2025. We assessed structural validity through factor analysis and convergent validity
by computing the Pearson correlation coefficient between the J-ATTARI-12 scores and scores on attitude toward robots. Internal
consistency reliability was assessed using Cronbach α values.

Results: We included 326 participants in our analysis. We used a split-half validation approach, with exploratory factor analysis
(EFA) on the first half and confirmatory factor analysis on the second half. EFA suggested a 2-factor solution (factor 1: AI anxiety
and aversion; factor 2: AI optimism and acceptance). Confirmatory factor analysis revealed that the model fitness indexes of the
2-factor structure suggested by the EFA were good (comparative fit index=0.914 [>0.900]; root mean square error of
approximation=0.075 [<0.080]; standardized root mean square residual=0.056 [<0.080]) and superior to those of the 1-factor
structure. The value of the Pearson correlation coefficient between the J-ATTARI-12 scores and the attitude toward robots scores
was 0.52, which indicated good convergent validity. The Cronbach α for all 12 items was 0.84, which indicated a high level of
internal consistency reliability.

Conclusions: We developed and validated the J-ATTARI-12. The developed instrument had good structural validity, convergent
validity, and internal consistency reliability for medical trainees. The J-ATTARI-12 is expected to stimulate future studies and
educational initiatives that can effectively assess and enhance the integration of AI into clinical practice and medical education
systems.

(JMIR Med Educ 2026;12:e81986)   doi:10.2196/81986

KEYWORDS

artificial intelligence; AI; attitudes toward artificial intelligence; attitudes toward AI; medical education; medical resident; medical
student
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Introduction

Artificial intelligence (AI) is undergoing rapid development
and integration into health care [1,2]. Although the use of AI
has raised a number of potential concerns, including a lack of
control over the rapidly progressing technology [3], issues of
privacy and data protection [4], ethical problems [5], and the
potential loss of human jobs [6], the benefits of AI are expected
to far outweigh these concerns. AI contributes to improving
patient care through enhancing diagnostic accuracy and
providing more personalized therapeutic plans [7]. Moreover,
AI has the potential to enhance the training and education of
medical professionals by offering benefits including virtual
simulation and training, remote education, and the recording of
teaching videos [8,9]. Consequently, the use of AI has increased
in both clinical practice and medical education.

Individuals may hold divergent views on the prospects and risks
of AI and adopt varied attitudes toward it [10]. The attitudes of
physicians and medical trainees toward AI will have a major
impact on its integration into medical practice and educational
activities [11]. Negative attitudes toward AI can lead to
skepticism and concerns, thereby impeding its adoption [12].
Conversely, positive attitudes toward AI likely foster trust [13],
leading individuals to embrace AI systems and amplify their
benefits and possibly resulting in their integration into health
care [12].

Thus, assessing physicians’ and medical trainees’ attitudes
toward AI is critical to identifying potential barriers and
fostering acceptance. Accordingly, instruments with robust
psychometric properties are required. Although several measures
for assessing attitudes toward AI have been developed, only a
few have been comprehensively evaluated for reliability and
validity. In 2024, Stein et al [10] developed the 12-item
Attitudes Towards Artificial Intelligence scale (ATTARI-12).
This is a unidimensional scale that integrates affective,
behavioral, and cognitive facets into a single measure. The
authors subsequently confirmed its psychometric properties for
the general population [10], and its wide use in future studies
is anticipated.

Despite the potential global applicability of the ATTARI-12,
there is currently no validated Japanese version. Japan has a
distinct cultural context, and attitudes toward AI are likely
influenced by cultural and societal norms. For instance, Japanese
culture’s high uncertainty avoidance tends to result in only a
gradual adoption of new technologies [14]. In the absence of a
culturally adapted measure, assessments may not accurately
reflect the true sentiments of Japanese health care workers and
trainees. This gap hinders research and educational efforts aimed
at understanding and improving AI integration into the Japanese
health care system.

In this study, we developed a Japanese version of the
ATTARI-12, which was originally created for the general
population, and examined whether it is applicable to medical
students and resident physicians. We anticipated that the
development of this scale in Japan would promote future
research and educational courses that effectively assess and

improve the integration of AI into clinical practice and the
medical education system.

Methods

This study formed part of a larger research project regarding
AI education for medical trainees. We conducted this study in
the following 2 steps.

Step 1: Translation and Cross-Cultural Adaptation
In accordance with an international guideline [15], we translated
the original ATTARI-12 into Japanese. First, the first author
(HF) asked the creator of the original ATTARI-12 and
corresponding author of the article that reported it to allow us
to develop the Japanese version. The creator willingly provided
permission for our translation of the scale. Second, 2 translators
(HF and KK) conducted forward translations independently.
Both translators were familiar with Western and Japanese
cultures and had rich experience in developing translated
versions of scales in the field of health profession education. In
particular, KK is a fluent speaker of Japanese and English. Third,
the translators performed a synthesis of their translations.
Discrepancies were resolved through discussion (version 1).
Fourth, HF asked professional bilingual translators who were
not involved in our study to translate the Japanese text back
into English. HF and KK then compared the back-translated
and original English versions item by item and then revised the
Japanese version (version 2). Fifth, an expert review of version
2 was conducted by an AI expert (YY) and a health profession
education expert (YN) at HF’s request. These experts concluded
that no amendment was required. Sixth, HF contacted the creator
of the original scale again and asked him to check version 2.
The creator concluded that no revision was necessary. Seventh,
pilot testing was performed with 2 medical trainees, which
indicated no problematic items. Finally, version 2 was confirmed
as the finalized Japanese version of the ATTARI-12
(J-ATTARI-12).

Step 2: Investigation of Psychometric Properties

Participants
Between June 2025 and July 2025, we recruited study
participants from 5 universities and 9 hospitals across Japan,
each of which varied in type and location (Multimedia Appendix
1). We asked the medical education directors of the universities
and residency training directors of the hospitals to distribute
our anonymous online self-administered questionnaire. An email
with a link to the online questionnaire was sent to medical
students at the universities and resident physicians at the
hospitals via the respective directors. The participants were
provided with a brief explanation of the study and indicated
their consent to take part by checking the consent box. They
were then able to access and complete the questionnaire. The
survey duration was 1 month. To maximize the response rate,
we sent reminders several times during the survey period.

Measures
The original version of the ATTARI-12 has 12 items [10], with
responses on a 5-point Likert scale (1=“strongly disagree”;
5=“strongly agree”) [10]. Items 2, 4, 7, 8, 10, and 12 are reverse
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items and, therefore, are reverse scored [10]. The sum of all
item scores is averaged to create a total score ranging from 1
to 5, with higher scores indicating more positive attitudes toward
AI.

Statistical Analysis
To investigate the structural validity of the instrument, we
performed exploratory factor analysis (EFA) and confirmatory
factor analysis (CFA). Because conducting these 2 types of
factor analysis on the same dataset would potentially raise
concerns [16], we adopted the split-half validation approach,
in which the participants were randomly divided into 2 groups,
half (group A) for EFA and the other half (group B) for CFA.
As mentioned above, we aimed to develop the scale in a manner
that was culturally adapted to the Japanese medical education
context. Consequently, EFA was conducted first, followed by
CFA.

To determine the appropriateness of EFA, we checked the
Kaiser-Meyer-Olkin (KMO) coefficient and Bartlett sphericity
test. Running EFA requires a KMO value over 0.80 and a
significant result in the Bartlett test [17,18]. We applied EFA
to the responses of group A to explore the factor structure of
the J-ATTARI-12 using maximum likelihood estimation and
Promax rotation. We determined the final factor solution using
the results of parallel analysis and the factor loading values
(cutoff value=0.30).

We subsequently conducted CFA on group B to confirm the
model obtained in EFA. CFA was performed using the
maximum likelihood estimator method. Model fitness of CFA
is commonly conducted using indexes, including the
comparative fit index (CFI), root mean square error of
approximation (RMSEA), and standardized root mean square
residual (SRMR), with higher CFI (>0.900), lower RMSEA
(<0.080), and lower SRMR (<0.080) values indicating a good
fit [19-21]. In this study, we compared these indexes between
the 2 models, namely, the model suggested by the EFA (2-factor
model; described in detail below) and the 1-factor model.

Convergent validity was evaluated through hypothesis testing.
On the basis of a previous finding that ATTARI-12 scores were
positively linked with specific attitudes toward robots [10], we
investigated this relationship using Pearson correlation
coefficients. With reference to previous studies [10,22], attitudes
toward robots were assessed using 3 items (eg, “Robots are
necessary as they can do jobs that are too hard or too dangerous
for people”), each of which was answered on a 4-point Likert
scale (Multimedia Appendix 2). The scores were computed by
averaging the responses to the 3 items (Cronbach α=0.78; mean

3.25, SD 0.55 in our dataset), with higher scores indicating a
more positive attitude toward robots. The Pearson correlation
coefficients are deemed meaningful if they are greater than 0.30
[23].

We used Cronbach α values to evaluate the internal consistency
reliability of the scale. In this study, we computed the values
using the responses of the entire sample (N=326; described in
detail below). Cronbach α values above 0.70 are acceptable
[24].

The possible influence of participant gender and year group on
ATTARI-12 scores was explored using descriptive statistics
and comparison analyses (independent 2-tailed t test or 1-way
ANOVA). With regard to gender, as outlined later, the “Others”
category comprised only 4 participants, rendering it inadequate
for inclusion in a 1-way ANOVA. Given the high likelihood of
unstable estimates and heterogeneity of variance associated with
such a small group, we compared scores between only the 2
larger groups (man and woman) via independent t test. The
undergraduate medical curriculum in Japan has traditionally
consisted of 2 phases: the first 4 years of preclinical education
and the subsequent 2 years of clinical education (ie, clinical
clerkship) [25]. Accordingly, medical trainees were divided into
preclinical medical students (ie, first- to fourth-year students),
clinical medical students (ie, fifth- and sixth-year students), and
medical residents. All statistical analyses were performed using
R (version 4.5.1; R Foundation for Statistical Computing) and
SPSS (version 30.0; IBM Corp), with 2-sided P values of <.05
considered statistically significant.

Ethical Considerations
This study was conducted according to the ethical standards
and principles of the Declaration of Helsinki and was approved
by the ethics committee of Juntendo University Faculty of
Medicine (E25-0028). All participants checked the consent box
at the beginning of the questionnaire to indicate their informed
consent to take part in the study. To ensure confidentiality, all
participant data were anonymized before analysis. Participants
were entered into a draw for 1 of 10 ¥5000 (approximately US
$30) gift cards.

Results

Overview
In total, 9.2% (326/3551) of the eligible participants responded
to the survey. There were no missing data. Table 1 shows the
participants’ characteristics, and Table 2 shows the responses
to each item.
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Table . Characteristics of the participants (N=326).

Participants, n (%)Characteristic

Gender

142 (43.6)    Woman

180 (55.2)    Man

4 (1.2)    Nonbinary

Year group

    Medical students

103 (31.6)        First

19 (5.8)        Second

51 (15.6)        Third

60 (18.4)        Fourth

13 (4.0)        Fifth

20 (6.1)        Sixth

    Medical residents

32 (9.8)        First

28 (8.6)        Second
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Table . Responses to the 12-item Attitudes Towards Artificial Intelligence scale (N=326).

Responses, n (%)aItem (as in the original
English-language ver-
sion)

54321

41 (12.6)201 (61.7)72 (22.1)11 (3.4)1 (0.3)Item 1: “AI will make
this world a better
place.”

6 (1.8)37 (11.3)71 (21.8)163 (50.0)49 (15.0)Item 2: “I have strong
negative emotions

about AI.”b

87 (26.7)200 (61.3)36 (11.0)3 (0.9)0 (0.0)Item 3: “I want to use
technologies that rely
on AI.”

4 (1.2)22 (6.7)101 (31.0)171 (52.5)28 (8.6)Item 4: “AI has more
disadvantages than ad-

vantages.”b

135 (41.4)157 (48.2)28 (8.6)4 (1.2)2 (0.6)Item 5: “I look forward
to future AI develop-
ments.”

52 (16.0)175 (53.7)73 (22.4)24 (7.4)2 (0.6)Item 6: “AI offers solu-
tions to many world
problems.”

12 (3.7)51 (15.6)120 (36.8)124 (38.0)19 (5.8)Item 7: “I prefer tech-
nologies that do not

feature AI.”b

23 (7.1)147 (45.1)77 (23.6)62 (19.0)17 (5.2)Item 8: “I am afraid of

AI.”b

40 (12.3)154 (47.2)111 (34.0)16 (4.9)5 (1.5)Item 9: “I would rather
choose a technology
with AI than one with-
out it.”

8 (2.5)47 (14.4)137 (42.0)115 (35.3)19 (5.8)Item 10: “AI creates
problems rather than

solving them.”b

22 (6.7)157 (48.2)89 (27.3)45 (13.8)2 (0.6)Item 11: “When I think
about AI, I have mostly
positive feelings.”

4 (1.2)23 (7.1)84 (25.8)177 (54.3)38 (11.7)Item 12: “I would
rather avoid technolo-
gies that are based on

AI.”b

a5-point Likert scale (1=“strongly disagree” to 5=“strongly agree”)
bThese are reverse-scored items.

Structural Validity Analysis
We performed EFA on group A using maximum likelihood
estimation with Promax rotation (154/326, 47.2% of the
participants). The KMO value was 0.83, and the Bartlett test

was significant (P<.001). Table 3 shows the results of the EFA.
EFA suggested a 2-factor solution. After discussion among the
team members, we named the factors as follows: factor 1 was
AI anxiety and aversion, and factor 2 was AI optimism and
acceptance.
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Table . Results of the exploratory factor analysis.

Factor 2Factor 1

0.73−0.16Item 1 factor loading

0.180.59Item 2 factor loading

0.520.21Item 3 factor loading

−0.070.73Item 4 factor loading

0.85−0.05Item 5 factor loading

0.350.05Item 6 factor loading

−0.060.73Item 7 factor loading

0.120.30Item 8 factor loading

0.47−0.05Item 9 factor loading

−0.150.78Item 10 factor loading

0.440.12Item 11 factor loading

0.070.64Item 12 factor loading

0.763.79Eigenvalue

1822Percentage of the variance explained

We then performed CFA on group B (the remaining 172/326,
52.8% of the participants) using the maximum likelihood
estimator method. The 2-factor model suggested by the EFA
yielded better goodness-of-fit results (CFI=0.914;

RMSEA=0.075; SRMR=0.056) than the 1-factor model
(CFI=0.804; RMSEA=0.113; SRMR=0.078). Multimedia
Appendix 3 shows the CIs for the RMSEA. Figure 1 shows the
path diagram. Therefore, we adopted the 2-factor model.

Figure 1. Factor structure of the Japanese version of the 12-item Attitudes Towards Artificial Intelligence scale (confirmatory factor analysis). Ellipses
indicate latent variables (factors). Rectangles indicate observed variables (items). Values on single-headed arrows indicate standardized factor loadings.
Values on double-headed arrows indicate correlation coefficients.

Convergent Validity Analysis
We computed the Pearson correlation coefficient between the
ATTARI-12 scores and the attitude toward robots scores. The
coefficient value was 0.52 (P<.001), which indicated a positive
correlation between these 2 scores.

Internal Consistency Reliability Analysis and
Descriptive Statistics
Table 4 shows the descriptive statistics with the Cronbach α
values. The Cronbach α for all 12 items was 0.84. The Cronbach
α values for factors 1 and 2 were 0.80 and 0.76, respectively.
These values were above the cutoff (0.70).

Table . Internal consistency reliability analysis and descriptive statistics.

Cronbach αObserved rangeMean (SD)Number of items

0.842.08‐5.003.61 (0.50)12Total

0.801.00‐5.003.36 (0.63)6Factor 1

0.762.17‐5.003.87 (0.52)6Factor 2

Table 5 shows descriptive data and comparison by gender and
year group. The comparison analyses did not show any
significant differences in ATTARI-12 scores.
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Table . Descriptive data and comparison by gender and year group.

P valueScore on ATTARI-12a, mean (SD)

.71cGenderb

3.60 (0.47)    Woman

3.62 (0.53)    Man

.21dYear group

3.58 (0.51)    First- to fourth-year medical students

3.67 (0.55)    Fifth- and sixth-year medical students

3.70 (0.42)    Medical residents

aATTARI-12: 12-item Attitudes Towards Artificial Intelligence scale.
bThe “Nonbinary” group included only 4 participants, which is too small to be appropriately included in a 1-way ANOVA. Given the high likelihood
of unstable estimates and heterogeneity of variance associated with such a small group, we compared scores between only the 2 larger groups (man and
woman).
cP value from independent-sample t test.
dP value from 1-way ANOVA.

Discussion

Principal Findings
In this study, we translated the ATTARI-12, originally
developed for the general population, into Japanese in
accordance with an international guideline [15] and then
validated its structural and convergent validity and internal
consistency reliability for medical trainees. Applying this scale
in the context of medical trainees in Japan has the potential to
stimulate future research and educational interventions. Such
initiatives would serve to effectively assess and enhance the
integration of AI in clinical practice and the medical education
system.

Our study found that the internal consistency reliability of the
J-ATTARI-12 was good. The findings were consistent with
those of the original ATTARI-12 developmental study [10].
The original study reported Cronbach α values of 0.93 for a US
sample and 0.90 for a German sample [10], which suggested
that the ATTARI-12 is likely a helpful measure with good
internal consistency reliability across countries.

Factor analysis indicated that the J-ATTARI-12 had a 2-factor
structure, in contrast to the original English-language version’s
unidimensional structure. The original ATTARI-12 was
conceptualized as a unidimensional scale. The original article
by Stein et al [10] suggested that the developers intentionally
balanced positively and negatively worded items. This design
makes it unsurprising that the Japanese version yielded 2 factors
corresponding to negative (factor 1: AI anxiety and aversion)
and positive (factor 2: AI optimism and acceptance) item
valence. Therefore, we should acknowledge that, although 2
factors emerged, they simply reflect positive versus negative
wording and that, for the purpose of international comparison,
using a total score based on a 1-factor assumption may remain
preferable. At the same time, the content of the 2 factors (ie, AI
anxiety and aversion vs AI optimism and acceptance) may
reflect attitudinal domains that are influenced by broader cultural
characteristics, such as uncertainty avoidance, technophilia, or
collectivism. To determine whether a 2-factor structure offers

conceptual or psychometric advantages beyond a unidimensional
model and whether this pattern is observed across different
cultural contexts, future cross-cultural validation studies with
larger and more diverse samples are required.

We note a couple of potential limitations of our study. First, the
response rate was relatively low. In addition, the survey was
conducted using convenience sampling and included only 14
institutions, and it is likely that participating institutions or
individuals had a greater interest in AI. It is increasingly
challenging to obtain high response rates to online surveys, and
rates frequently drop to 10% [26,27]. Nevertheless, the literature
suggests that the response rate to our survey may have been
sufficient to provide reliable data [28,29]. Additionally, it should
be noted that, despite the absence of accurate statistics on the
demographic variables of medical trainees across Japan, recent
reports have indicated that the proportion of female physicians
aged ≤29 years stands at approximately 40%, with a steady
upward trend observed in recent years [30]. Thus, the finding
that 43.6% (142/326) of the respondents were women does not
generate concerns regarding the representativeness of the
sample. Second, in this study, although we evaluated the
structural validity, convergent validity, and internal consistency
reliability of the scale, other determinants of validity (eg,
discriminant validity and predictive validity) and reliability (eg,
test-retest reliability) have yet to be examined. Future studies
should examine these psychometric properties. Third, the use
of a gift card lottery can raise concerns about bias. Nevertheless,
this method is commonly used and appears to be acceptable
[31-34]. Fourth, our results may indicate a ceiling effect. For
example, 41.4% (135/326) of the respondents selected the
highest score (5) for item 5. However, according to the original
ATTARI-12 paper, responses tend to be skewed toward a score
of 4, suggesting that the scale inherently elicits generally
positive attitudes toward AI. Therefore, these findings do not
represent an unusual deviation but are consistent with the
response patterns reported in the original study.

Despite these limitations, this study produced the first Japanese
version of the ATTARI-12, which is likely to be used as a novel

JMIR Med Educ 2026 | vol. 12 | e81986 | p.383https://mededu.jmir.org/2026/1/e81986
(page number not for citation purposes)

Fujikawa et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


measure for assessing AI attitudes among medical students and
residents. Two outcomes are expected. First, by incorporating
the J-ATTARI-12 into medical curricula, medical educators
will be able to develop a more comprehensive understanding
of the trainees’ readiness for AI adoption. This will likely be
advantageous in the design of customized educational
interventions using AI based on the level of each trainee’s
attitude toward AI [35] and will support curriculum development
by enabling medical educators to identify learners who may
need more foundational AI exposure or targeted support.
Second, the J-ATTARI-12 will facilitate medical education
research in Japan. The scale allows researchers to examine the
impact of specific educational interventions on attitude change
concerning AI, and it is suitable for repeated administration in
longitudinal studies to track how attitudes evolve over the course
of training. In addition, the availability of the J-ATTARI-12
will promote cross-cultural comparison of attitudes toward AI

and its possible outcomes internationally. For these reasons, we
expect that the J-ATTARI-12 will play a pivotal role in
facilitating data-informed curriculum development and
contribute to the expanding body of medical education research
in this era of AI.

Conclusions
In this study, we developed the J-ATTARI-12, originally
developed for the general population, in accordance with an
international guideline. A validation survey revealed that the
structural and convergent validity, as well as the internal
consistency reliability, were good for medical trainees in Japan.
The developed measure can be used for customized educational
initiatives using AI based on the level of each trainee’s attitude
toward AI. It will also provide helpful information to medical
education researchers in Japan in this era of AI.
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Abstract

Background: The rapid advancement of artificial intelligence (AI) has had a substantial impact on medicine, necessitating the
integration of AI education into medical school curricula. However, such integration remains limited. A key challenge is the
discrepancy between medical students’positive perceptions of AI and their actual competencies, with research in Japan identifying
specific gaps in the students’ competencies in understanding regulations and discussing ethical issues.

Objective: This study evaluates the effectiveness of an educational program designed to improve medical students’competencies
in understanding legal and ethical AI-related issues. It addresses the following research questions: (1) Does this educational
program improve students’ knowledge of AI and its legal and ethical issues, and what is each program element’s contribution to
this knowledge? (2) How does this educational program qualitatively change medical students’ thoughts on these issues from an
abstract understanding to a concrete and structured thought process?

Methods: This mixed methods study used a single-group pretest and posttest framework involving 118 fourth-year medical
students. The 1-day intervention comprised a lecture and problem-based learning (PBL) session centered on a clinical case. A
24-item multiple-choice questionnaire (MCQ) was administered at 3 time points (pretest, midtest, and posttest), and descriptive
essays were collected before and after the intervention. Data were analyzed using linear mixed-effects models, the Wilcoxon
signed-rank test, and text mining, including comparative frequency analysis and cooccurrence network analysis with Jaccard
coefficients. An optional survey on student perceptions based on the attention, relevance, confidence, and satisfaction model was
conducted (n=76, 64.4%).

Results: Objective knowledge scores increased significantly from the pretest (median 17, IQR 15-18) to posttest (median 19,
IQR 17-21; β=1.42; P<.001). No significant difference was observed between score gains during the lecture and PBL phases
(P=.54). Qualitative text analysis revealed the significant transformation of cooccurrence network structures (Jaccard coefficients
0.116 and 0.121) from fragmented clusters to integrated networks. Students also used professional and ethical terminology more
frequently. For instance, use of the term “bias” in patient explanations increased from 10 (8.5%) at pretest to 25 (21.2%) at
posttest, while references to “personal information” in physician precautions increased from 36 (30.5%) to 50 (42.4%). The
optional survey indicated that students’ confidence (mean 3.78, SD 0.87) was significantly lower than their perception of the
program’s relevance (mean 4.20, SD 0.71; P<.001).
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Conclusions: This PBL-based program was associated with the improvements in knowledge and, more importantly, a structural
transformation in students’ thinking about AI ethics from an abstract level to a concrete, clinically grounded reasoning. The
discrepancy between quantitative and qualitative findings suggests limitations of MCQs in assessing higher-order skills fostered
by PBL. Overall, this study indicates the potential of PBL as an effective pedagogical method for AI ethics education.

(JMIR Med Educ 2026;12:e84535)   doi:10.2196/84535

KEYWORDS

artificial intelligence; undergraduate medical education; medical ethics; problem-based learning; mixed methods research; text
mining

Introduction

The rapid advancement of artificial intelligence (AI) has
significantly affected the medical domain, which uses
applications ranging from diagnostic support to treatment
selection [1-3]. This necessitates the integration of AI education
into medical school curricula to ensure that future physicians
have the necessary competencies to use these technologies
effectively and ethically [4-6]. Both educators and students
recognize this necessity, and many studies support the
implementation of systematic AI education [7,8]. However,
despite the establishment of international recommendations,
the integration of AI education into medical school curricula
remains limited [3,6]. One of the key challenges in AI education
identified by earlier research is the discrepancy between medical
students’perceptions of and competencies in AI [6,7,9]. Recent
systematic reviews consistently indicate that despite generally
maintaining a positive attitude toward AI’s health care potential,
students have a moderate to low level of objective knowledge
and practical skills [7]. This gap between the positive
perceptions and insufficient competency acquisition of students
indicates the need to integrate systematic and effective
educational programs into the medical curriculum [9-11].

Furthermore, AI education poses not only technical challenges
but also legal and ethical ones [1,2,12]. The use of AI can give
rise to new legal and ethical issues, such as the risk of
algorithmic bias resulting in patient discrimination, challenges
related to patient privacy, and problems associated with
accountability for AI-driven decisions [2,3,13]. Further, expert
consensus studies indicate that nontechnical competencies such
as ethics, law, communication, and collaboration are considered
more important than advanced technical skills such as
programming for physicians [8,11]. However, practical,
case-based ethics education and standardized frameworks to
teach these important topics are currently lacking [3,12,13].

This global context is highly relevant in Japan. In response to
these trends, Japan’s Ministry of Education, Culture, Sports,
Science, and Technology revised the national Model Core
Curriculum for medical education in 2022, establishing
“Competency in Utilizing Information Science and Technology”
as a core competency for all future physicians [14,15]. This
necessitated an investigation of the specific educational needs
of Japanese medical students. A recent national cross-sectional
study of sixth-year medical students in Japan clarified the
acquisition status of specific competencies [16]. The study
revealed particularly low self-assessment in three key learning
objectives: (1) understanding the regulations, laws, and

guidelines for information science and technology (IST)
adoption in medicine; (2) discussing ethical issues, such as
social disparities; and (3) understanding and discussing the
potential applications of specific technologies, including AI, in
medical care [16]. These results highlight the necessity of
implementing focused educational interventions to address these
gaps among Japanese medical students. To address these
identified gaps, we chose a problem-based learning (PBL)
framework for our educational intervention. This decision was
directly informed by the findings of the aforementioned national
study [16], which not only highlighted these specific areas of
low confidence but also revealed a significant positive
association between prior PBL experience and students’
self-assessed competence in these very domains. This suggests
that the PBL methodology—which promotes active, case-based,
and collaborative problem-solving—is a particularly effective
approach for navigating the complex, nontechnical challenges
of AI ethics and law.

Accordingly, this study aims to evaluate the effectiveness of an
educational program designed to improve medical students’
competencies in addressing the legal and ethical issues
associated with AI use. To this end, we developed and
implemented a PBL program centered on a clinical case
requiring fourth-year medical students to navigate AI-related
ethical dilemmas. The use of the term “artificial intelligence”
by Japan’s Model Core Curriculum highlights AI’s development
period [14,15]. However, the educational program developed
in this study considers recent technological advancements and
the societal landscape to primarily address the ethical challenges
posed by generative AI. Therefore, although this study uses the
term AI in a broader sense in alignment with earlier research
and the core curriculum, its content and examples mainly focus
on generative AI. Finally, we address the following research
questions (RQs):

RQ1: Does this educational program improve students’
knowledge of AI and its legal and ethical issues? Furthermore,
which program elements improve knowledge, and how?

RQ2: How does the educational program qualitatively change
medical students’ thoughts on the legal and ethical issues of
AI? In particular, does their thinking shift from an abstract
understanding to a more concrete and structured thought process
that is based on the clinical context?
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Methods

Study Design and Participants
This study adopted a mixed methods design using a single-group
pretest and posttest framework to evaluate an educational
intervention. Specifically, we used a convergent approach
integrating quantitative assessment (multiple-choice
questionnaire [MCQ] scores) and quantitative text analysis of
qualitative data (student essays). The participants were
fourth-year medical students (n=124) at Jichi Medical University
who undertook the intervention program as a mandatory part
of their curriculum during the 2025 academic year. The program
was conducted immediately before the students commenced
their full-time clinical clerkship; this time was selected because
they were expected to soon encounter ethical and legal issues
related to AI’s adoption in clinical practice.

Educational Intervention
The intervention in this study was a 1-day (approximately 7
hours) program based on the PBL model [17]. The program’s
learning objectives were selected such that they address the 3
key competency gaps (understanding regulations, discussing
ethical issues, and understanding AI applications) that had low
self-assessment scores among Japanese medical students in an
earlier national cross-sectional study. The program required
students to achieve the following three competencies based on
a rubric proposed by earlier research [18]:

1. For standard clinical settings and cases, be able to take
action based on regulations (laws, guidelines, etc) associated
with IST’s use in medicine at a certain rate.

2. Be able to exemplify and discuss the ethical issues, such
as the social disparities caused by the digital divide,
potentially arising from the use of digital information and
scientific technology in medicine and welfare.

3. Be able to understand the IST (AI) related to medicine and
discuss it with the support of practitioners.

PBL Case and Program Structure
At the beginning of the PBL-based program, a video depicting
a challenging clinical scenario was shown. A patient who is
diagnosed with “muscle pain” for his left shoulder pain by a
medical AI consultation app is convinced of the diagnosis.
However, his anxious son is concerned about the app’s reliability
(since it lists acute myocardial infarction as the second
possibility) and asks a medical student on clinical rotation to
explain the AI diagnosis’ credibility. The case was designed to
encompass multiple key AI ethics themes, including physician
accountability, potential AI bias and safety issues, and
empathetic communication.

The program was conducted over 1 complete day with the
following structure (Table 1). First, at the beginning of the
program, the learning objectives and the case video were
presented. The case involved a scenario in which a medical
student on clinical rotation was asked by a patient’s anxious
son to explain the reliability of the medical AI consultation app
that had been used to diagnose the patient’s left shoulder pain
as muscle pain, a diagnosis the patient firmly believed. This
case encompassed multiple key themes in AI ethics, including
physician accountability, potential AI bias and safety issues,
and empathetic communication. Subsequently, a preprogram
assessment (pretest: an MCQ and descriptive questions) was
conducted. Then, the foundational knowledge of AI was detailed
in lecture 1, which referenced internationally acknowledged AI
education content for medical students [3]. This lecture
supported the acquisition of sufficient foundational knowledge
to address the PBL case. It provided an overview of the
fundamentals of AI, including its definition, strengths, machine
and deep learning mechanisms, and the benefits and challenges
of AI’s introduction into health care. Immediately after lecture
1, the second assessment (midtest: MCQ alone) was
administered.

Table 1. Overview of the program components and schedule.

Activity formatTimeContent

Individual15 minutesIntroduction: presentation of learning objectives and case

Individual35 minutesAssessment 1 (pretest): MCQa and descriptive questions

Individual35 minutesLecture 1: foundational knowledge of AIb

Individual15 minutesAssessment 2 (midtest): MCQ

Group5 minutesPBLc session 1: confirmation of schedule and learning process

Group20 minutesPBL session 2: problem clarification

Individual120 minutesPBL session 3: self-learning (including lunch break)

Group70 minutesPBL session: problem-solving group work

Individual40 minutesLecture 2: case review and debriefing

Individual35 minutesAssessment 3 (posttest): MCQ and descriptive questions

aMCQ: multiple-choice questionnaire.
bAI: artificial intelligence.
cPBL: problem-based learning.
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The PBL process proceeded in the following stages: (1) PBL
learning process confirmation, (2) problem clarification, (3)
self-directed learning (including a lunch break), and (4) a
70-minute problem-solving group work session. PBL was
conducted in 16 small groups of 7-8 students each. The session
comprised problem clarification, self-directed learning, and
problem-solving phases and included a final 70-minute group
work session where students used shared Google slides to
collaboratively devise an explanation for the patient and his
son. Five tutors facilitated the process using a standardized tutor
guide and, to enhance discussion quality, key domestic AI
guidelines [19,20] were distributed as group work materials.

At the end of the program, in lecture 2, an instructor reviewed
the case to consolidate important concepts regarding AI’s legal
and ethical issues. Immediately thereafter, the final assessment
(posttest: an MCQ and descriptive questions) was administered.
A detailed description of the PBL program’s development and
theoretical underpinnings has been published [21].

Data Collection
To evaluate the program’s effectiveness, we collected both
quantitative and qualitative data using the university’s learning
management system.

Using the MCQ
A 24-item MCQ, with its content aligned with lecture 1
materials, was used to assess students’ knowledge. Each item
scored 1 point for a correct answer, the total possible score being
24 points. The questionnaire comprised 8 subscales, each with
3 items, covering the mechanisms of AI, the strengths of AI,
machine learning, deep learning, overfitting, prompts, personal
information protection, and challenges associated with AI use.
To assess knowledge acquisition over time, the same set of
questions was administered at 3 time points: before the
intervention (pretest), after the lecture (midtest), and after the
PBL program’s completion (posttest). To minimize recall bias,
the order of the questions and their options was randomized at
each administration.

Descriptive Essay Questions
Two descriptive essay questions were administered before the
intervention (pretest) and after the program (posttest): “A patient
literally believes the results diagnosed by a personal AI
consultation tool. As a medical student, how will you explain
the dangers of believing the results diagnosed by AI?” (question
1) and “When using AI as a physician, what points do you think
require caution?” (question 2). These questions were designed
to evaluate changes in students’ patient communication
strategies and their understanding of the professional and ethical
responsibilities associated with AI use.

Program Perception Survey
After the program, an optional survey was administered to assess
students’ perceptions of the program based on the attention,
relevance, confidence, and satisfaction (ARCS) model [22].
Students rated their agreement with statements for each
component on a 5-point Likert scale (ranging from 1=strongly
disagree to 5=strongly agree).

Data Analysis
All statistical analyses were performed using R software (version
4.4.3; R Foundation for Statistical Computing) [23].

MCQ Data
The normality of data distribution for score gains was assessed
using the Shapiro-Wilk test to determine the appropriate
statistical test to compare educational phases. To assess the
overall trajectory of the increase in score across the time points
pretest, midtest, and posttest, a linear mixed-effects model was
used. To compare the score gains between the lecture phase
(midtest-pretest) and the PBL phase (posttest-midtest), a
paired-samples 2 tailed t test was performed. Any violation of
the assumption of normality was prespecified to result in the
use of the nonparametric Wilcoxon signed-rank test as an
alternative.

Descriptive Essay Data
To quantitatively and objectively analyze the content of free-text
data, a quantitative text analysis (text mining) approach using
several R packages was adopted. The analysis targeted the
free-text responses to 2 questions at 2 time points: question 1
(patient explanation) at pretest and posttest and question 2
(physician precautions) at pretest and posttest. Further, data
handling, aggregation, and visualization were performed using
the dplyr, tidyr, tidytext, widyr, igraph, and ggraph R packages
[24].

Morphological Analysis for Word Tokenization and
Normalization

To segment Japanese free-text into analyzable word units,
morphological analysis was performed using the RMeCab
package (version 1.1.4) [25], which interfaces with the
open-source engine MeCab, using the standard
Information-technology Promotion Agency dictionary (ipadic).
The analysis was limited to content words (nouns, verbs, and
adjectives), with verbs and adjectives being normalized to nouns.
Nouns alone are typically used as morphemes in network
analysis [26].

Word Frequency Analysis

Extracted and normalized words were used to calculate the word
frequencies for the responses to each question at each time point
(question 1 at pretest, question 1 at posttest, question 2 at pretest,
and question 2 at posttest). To assess the breadth of concept
adoption across the cohort and mitigate the impact of outliers
(eg, a single student repeating the same word), we treated word
usage as a binary variable (presence or absence) for each student.
Therefore, instead of raw counts, we calculated the number of
students who used each word at least once to identify the most
frequently used terms.

Comparative Word Frequency and Transition Analysis

To capture changes in descriptive content, the number of
students using specific words was compared among time points
for each question (pretest vs posttest for question 1 and pretest
vs posttest for question 2). In addition to calculating the net
difference in prevalence, we performed a transition analysis to
examine individual-level changes. Specifically, we identified
the number of students who newly adopted a word (nonuse at
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pretest to use at posttest) and those who dropped a word (use
at pretest to nonuse at posttest). This allowed us to distinguish
whether the observed changes in prevalence were driven by the
acquisition of new concepts or the abandonment of previous
ones.

Cooccurrence Network Analysis

To structurally clarify the contextual relationships among words
irrespective of their frequencies, a quantitative cooccurrence
network analysis was performed. In this study, cooccurrence
involves capturing the semantic proximity of a pair of words
appearing adjacently within the same sentence. Once text was
segmented into sentence units, adjacent word pairs were
extracted. Similar to the word frequency analysis, we calculated
the number of students who used each word pair (binary
counting) to avoid overrepresentation by single individuals,
using the widyr package. Subsequently, a network diagram was
created using the words mentioned by 5 or more students as
nodes and their cooccurrence relationships as edges, with edge
thickness indicating the relationship’s strength.

The Jaccard coefficient was used as a similarity metric to
quantify the structural changes in these networks. The Jaccard
coefficient measures the similarity between 2 sets by taking
their intersection and dividing it by their union [26]. In this
study, the coefficient was applied to compare entire network
structures and was defined as the number of shared cooccurrence
pairs (edges) divided by the total number of unique pairs across
both pretest and posttest networks. We applied this metric
because it assesses the number of common cooccurrence pairs
without being affected by each pair’s frequency. Accordingly,
we could determine the extent to which the network structure
changed over time, which indicated a shift in conceptual
relationships, rather than a simple change in discourse volume.
We identified the numbers of common pairs (present at both
time points) and unique pairs (present at only one time point),
as well.

Program Perception Survey Data
For the optional ARCS survey data, the normality of the data
distribution was assessed using the Shapiro-Wilk test. We
elected to use parametric statistics by prioritizing the robustness

of these tests given the adequate sample size, which mitigates
the impact of potential deviations from normality. Descriptive
statistics (mean and SD) were calculated for each of the 4
components. To clarify the differences between components,
repeated-measures ANOVA was conducted. Further, pairwise
t tests with a Bonferroni correction were used for post hoc
analysis.

Ethical Considerations
The study’s description stated that participation was voluntary
and would not affect students’ grades. Only those medical
students who agreed to participate accessed the questionnaire.
The study was approved by the Ethics Review Committee of
Jichi Medical University School of Medicine, Shimotsuke, Japan
(approval number 24-137).

Informed consent was obtained electronically; students agreed
to participate by accessing the questionnaire after reading the
study description. To ensure privacy and confidentiality, all
data were anonymized and stored securely with restricted access.
No compensation was provided for participation.

Results

Participant Characteristics
In this study, a total of 118 fourth-year medical students
participated. All participants provided complete data for both
the MCQ and descriptive essay questions, which were the main
aspects analyzed in this study. The participants were 71 (60.2%)
male and 47 (39.8%) female students, all of whom were younger
than 30 years.

MCQ Scores: Descriptive Statistics and Overall
Effectiveness
The MCQ’s internal consistency and reliability were assessed
using the Cronbach α value at each time point. The α
coefficients for the total score were 0.651 at pretest, 0.765 at
midtest, and 0.782 at posttest. The α coefficients for the 8
subscales ranged from 0.631 to 0.760, indicating acceptable to
good reliability. Table 2 depicts the detailed Cronbach α values
for the total score and all subscales.

Table 2. Cronbach α coefficients for the multiple-choice questionnaire at each time point.

PosttestMidtestPretestFactor

0.6920.6620.631Strengths of AIa

0.7240.7440.639AI architecture

0.7540.7320.743AI output issues

0.6960.7070.657Prompts

0.770.7080.76Personal data leakage

0.7260.7510.666Machine learning

0.7570.7290.704Deep learning

0.7430.7330.716Overfitting

0.7820.7650.651Total score

aAI: artificial intelligence.
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As per the Shapiro-Wilk test, the MCQ scores at none of the 3
time points were normally distributed (P<.001 for all values).
Therefore, descriptive statistics were presented as median (IQR)

values. The median total MCQ score increased across the time
points, from 17 (IQR 15-18) at pretest to 18 (IQR 16-20) at
midtest and 19 (IQR 17-21) at posttest (Table 3).

Table 3. Median (IQR) scores of the multiple-choice questionnaire (MCQ) at each time point. The total possible score range for the MCQ is 0-24.

Posttest, median (IQR)Midtest, median (IQR)Pretest, median (IQR)Factor

2 (2-3)2 (2-3)2 (2-3)Strengths of AIa

3 (2-3)2 (2-3)2 (2-3)Mechanisms of AI

2 (2-3)2 (2-3)2 (2-3)Challenges associated with AI use

2 (1-3)2 (1-3)2 (1-2)Prompts

3 (3-3)3 (3-3)3 (3-3)Personal information protection

2 (1-3)2 (1-3)2 (1-2)Machine learning

2 (1-3)2 (1-3)1 (1-2)Deep learning

2 (1-3)2 (1-3)2 (1-3)Overfitting

19 (17-21)18 (16-20)17 (15-18)Total score

aAI: artificial intelligence.

A linear mixed-effects model was used to assess the trajectory
of this increase in scores. Results (Table 4) highlight the
stepwise effect of the program. For instance, a statistically
significant increase of 0.75 points from the baseline score at

pretest was noted after the lecture phase at midtest (β=.75;
P=.01). Furthermore, the end-of-program (posttest) score
significantly exceeded the baseline score by 1.42 points (β=1.42;
P<.001).

Table 4. Fixed effects from linear mixed‐effects model predicting total score. Model: Score ~ Time + (1 | ID); n=354 observations from 118 students.

P valuet test (df)Estimate β (SE)Effect

<.00149.55 (179)16.86 (0.34)Intercept (pretest)

.0062.79 (234)0.75 (0.27)T2 (midtest)

<.0015.30 (234)1.42 (0.27)T3 (posttest)

To address the quantitative RQ1 regarding the PBL phase’s
additional effect, the Wilcoxon signed-rank test was performed
to compare score gains. The test found no statistically significant
difference between the score gain during the lecture phase

(midtest-Pretest) and that during the PBL phase
(posttest-midtest) for either the total score (V=3084.5; P=.54)
or any of the 8 subscales (Table 5).

Table 5. Wilcoxon signed-rank test comparing score gains between lecture (midtest-pretest) and PBL (posttest-midtest) phases.

P valueV statisticFactor

.058203.0Strengths of AIa

.211733.5Mechanisms of AI

.821347.0Challenges associated with AI use

.761601.5Prompts

.551044.0Personal information protection

.61981.0Machine learning

.31120.0Deep learning

.90782.0Overfitting

.543084.5Total score

aAI: artificial intelligence.

Qualitative RQ
To address RQ2, free-text responses to question 1 (patient
explanation) and question 2 (physician precautions) were

analyzed by comparing word frequencies and cooccurrence
network structures between pretest and posttests.
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Responses to Question 1
After the intervention, a significant increase in the number of
students using words related to AI mechanisms, limitations, and
applications was noted. In particular, a high number of students
used “learning” (net increase of 18 students), “input” (+17),
“bias” (+15), and “utilization” (+13). Transition analysis
revealed that this increase was driven by new adoption; for
instance, 37 (31.4%) students newly used the term “learning”
and 20 (16.9%) students newly used “bias” in the posttest,

indicating the acquisition of new perspectives. Contrastingly,
the use of words describing the clinical case’s initial facts
decreased. Only a few students used words such as “symptoms”
(decrease of 11 students), “examination” (–11), and
“explanation” (–9). Notably, transition analysis indicated that
23 (19.5%) students who used the term “symptoms” at pretest
dropped it at posttest, suggesting a shift away from merely
describing clinical manifestations. Table 6 depicts the top 10
words with the largest changes and their transition details.

Table 6. Changes in word usage frequencies and transition analysis for “patient explanation” (question 1; N=118).

Droppedb, n (%)New adoptiona, n (%)Net changePosttest, n (%)Pretest, n (%)Word

Words with increased usage

19 (16.1)37 (31.4)+1850 (42.4)32 (27.1)Learning

12 (10.2)29 (24.6)+1737 (31.4)20 (16.9)Input

5 (4.2)20 (16.9)+1525 (21.2)10 (8.5)Bias

7 (5.9)20 (16.9)+1325 (21.2)12 (10.2)Utilization

2 (1.7)15 (12.7)+1320 (16.9)7 (5.9)Misdiagnosis

14 (11.9)25 (21.2)+1135 (29.7)24 (20.3)Information

13 (11)22 (18.6)+940 (33.9)31 (26.3)Case

5 (4.2)13 (11)+817 (14.4)9 (7.6)Hospital

3 (2.5)9 (7.6)+610 (8.5)4 (3.4)Convenient

10 (8.5)16 (13.6)+638 (32.2)32 (27.1)Judgment

Words with decreased usage

23 (19.5)11 (9.3)–1215 (12.7)27 (22.9)Symptoms

15 (12.7)4 (3.4)–117 (5.9)18 (15.3)Examination

17 (14.4)8 (6.8)–913 (11)22 (18.6)Explanation

10 (8.5)2 (1.7)–84 (3.4)12 (10.2)Presentation

9 (7.6)2 (1.7)–74 (3.4)11 (9.3)During

15 (12.7)8 (6.8)–716 (13.6)23 (19.5)Consultation

7 (5.9)1 (0.8)–62 (1.7)8 (6.8)View

18 (15.3)13 (11)–524 (20.3)29 (24.6)Result

13 (11)8 (6.8)–518 (15.3)23 (19.5)Certain

10 (8.5)5 (4.2)–510 (8.5)15 (12.7)Many

aThe term “new adoption” indicates students who did not use the word at pretest but used it at posttest, reflecting the acquisition of new concepts.
b“Dropped” indicates students who used the word at pretest but excluded it at posttest.

Subsequently, we assessed the structural changes in students’
thinking by comparing the cooccurrence networks between
pretest and posttests. The patient explanation network’s Jaccard
coefficient was 0.1156, indicating very low similarity between
the 2 time points. This dramatic shift was driven by a large
number of unique pairs at each time point. The network had
only 264 shared cooccurrence pairs; however, 1030 unique pairs
existed exclusively at pretest, and 989 unique pairs emerged at

posttest. These quantitative findings are supported by a
qualitative analysis of the network structures. In the pretest, the
network was structured around the case’s core elements (Figure
1). However, the network became highly complex and specific
at posttest, with keywords like “learning” and “data” being
directly linked to “AI” and new vocabulary, such as “bias” and
“blind acceptance,” explaining the limitations and risks of AI
use (Figure 2).

JMIR Med Educ 2026 | vol. 12 | e84535 | p.393https://mededu.jmir.org/2026/1/e84535
(page number not for citation purposes)

Ota et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Figure 1. The network visualizes the relationships between keywords in students’ explanations to the patient before the program. Each node represents
a word, and the size and color of the node indicate its degree (number of connections). The thickness and color of the edge (line) connecting 2 nodes
represent the number of students who used those 2 words adjacently.

Figure 2. The network visualizes the relationships between keywords in students’ explanations to the patient after the program.

Responses to Question 2
For question 2, a significant increase in the use of words related
to professional and ethical responsibilities was observed. The
number of students using key concepts such as “information”
(net increase of 25 students), “personal info” (+14), “accuracy”
(+13), and “bias” (+10) increased significantly, as well. Notably,

31 (26.3%) students newly adopted the term “personal info” in
their posttest responses, suggesting a shift in their awareness
of privacy issues. Contrastingly, the number of students using
abstract or cautionary words, such as “possibility” (decrease of
9 students), “reference” (–5), and “keep in mind” (–5),
decreased. Notably, transition analysis revealed that 30 (25.4%)
students dropped the term “reference” and 24 (20.3%) students
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dropped “possibility” in their posttest responses, suggesting a
departure from vague expressions. Table 7 depicts the top 10

words with the largest changes and their transition details.

Table 7. Changes in word usage frequencies and transition analysis for “physician precautions” (question 2; N=118).

Droppedb, n (%)New adoptiona, n (%)Net changePosttest, n (%)Pretest, n (%)Word

Words with increased usage

13 (11)38 (32.2)+2581 (68.6)56 (47.5)Information

12 (10.2)29 (24.6)+1766 (55.9)49 (41.5)AIc

17 (14.4)31 (26.3)+1450 (42.4)36 (30.5)Personal info

13 (11)26 (22)+1335 (29.7)22 (18.6)Accuracy

2 (1.7)12 (10.2)+1012 (10.2)2 (1.7)Input

3 (2.5)13 (11)+1015 (12.7)5 (4.2)Bias

9 (7.6)17 (14.4)+826 (22)18 (15.3)Patient

5 (4.2)12 (10.2)+718 (15.3)11 (9.3)Assistance

9 (7.6)15 (12.7)+620 (16.9)14 (11.9)Final

0 (0)5 (4.2)+55 (4.2)0 (0)View

Words with decreased usage

24 (20.3)15 (12.7)–928 (23.7)37 (31.4)Possibility

30 (25.4)24 (20.3)–661 (51.7)67 (56.8)Reference

10 (8.5)4 (3.4)–611 (9.3)17 (14.4)Oneself

12 (10.2)7 (5.9)–510 (8.5)15 (12.7)Keep in mind

10 (8.5)5 (4.2)–57 (5.9)12 (10.2)Presentation

10 (8.5)5 (4.2)–510 (8.5)15 (12.7)Knowledge

7 (5.9)3 (2.5)–44 (3.4)8 (6.8)Examination

28 (23.7)24 (20.3)–450 (42.4)54 (45.8)Caution

5 (4.2)1 (0.8)–41 (0.8)5 (4.2)Output

10 (8.5)6 (5.1)–413 (11)17 (14.4)Source

aThe term “new adoption” indicates students who did not use the word at pretest but used it at posttest, reflecting the acquisition of new concepts.
b“Dropped” indicates students who used the word at pretest but excluded it at posttest.
cAI: artificial intelligence.

The cooccurrence network for physician precautions showed a
significant change, as well. The Jaccard coefficient was 0.1213,
confirming the occurrence of a major structural transformation.
The low score was driven by a large number of unique pairs.
Only 191 pairs were shared, whereas 631 unique pairs were
found exclusively at pretest, and 753 new pairs appeared at
posttest. The higher number of unique pairs found at posttest
compared to pretest suggests that students not only abandoned

previously acquired cautionary topics but also actively explored
a wider range of new professional and ethical concerns. These
quantitative results were corroborated by a qualitative analysis
of network structures. The pretest network comprised 3 separate,
unconnected clusters (Figure 3), which transformed into a single,
integrated network at posttest, where “AI” and “information”
acted as hubs (Figure 4).

JMIR Med Educ 2026 | vol. 12 | e84535 | p.395https://mededu.jmir.org/2026/1/e84535
(page number not for citation purposes)

Ota et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

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


Figure 3. The network visualizes the relationships between keywords regarding precautions for physicians before the program.

Figure 4. The network visualizes the relationships between keywords regarding precautions for physicians after the program.

Students’ Perceptions of the Program
Among the 118 participants, 76 (64.4%) completed an optional
postprogram survey based on the ARCS model. On a 5-point
Likert scale, students rated the program highly for attention
(mean 4.01, SD 0.62), relevance (mean 4.20, SD 0.71),
confidence (mean 3.78, SD 0.87), and satisfaction (mean 4.03,
SD 0.75). A repeated-measures ANOVA was conducted to
compare and reveal a statistically significant difference between

the mean scores of the 4 ARCS components (F3, 225=13.15;
P<.001). Additionally, post hoc tests with Bonferroni correction
revealed that the mean score for confidence was significantly
lower than the scores for attention, relevance, and satisfaction.
Furthermore, relevance was rated significantly higher than
satisfaction.
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Discussion

Principal Findings
This study’s primary objective was to evaluate the effectiveness
of a newly developed PBL program. Further, this study
addresses the following RQs:

RQ1: The educational program improves students’ objective
knowledge of AI. Accordingly, we hypothesized that
foundational knowledge would increase after the lecture phase
(from pretest to midtest) and the subsequent PBL phase (from
midtest to posttest) would produce a significant additional
increase in practical and ethical knowledge.

RQ2: The educational program qualitatively transforms students’
thinking regarding AI-related ethical challenges from an abstract
understanding to a concrete and structured thought process based
on the clinical context.

Regarding RQ1, although a significant improvement in MCQ
scores was observed for the program in its entirety, no
statistically significant “additional effect” of the PBL phase was
observed. Regarding RQ2, text mining results suggested that
after the intervention, students’ thinking underwent a qualitative
transformation, which was characterized by the use of specific
and professional terms, such as “bias,” “personal information,”
and “guidelines,” and the development of a structured thought
process.

Interpretation of Findings
Regarding RQ1, a clear additional effect of PBL was not
detected in MCQ scores due to 2 main reasons. First, the
knowledge measured by MCQ was the foundational content
that probably had been efficiently acquired during the lecture
phase. The second reason is the limitation of the MCQ format
itself. As argued by van der Vleuten and Schuwirth [27] in their
paper on PBL assessment, traditional standardized knowledge
tests cannot adequately assess abilities such as clinical reasoning
and metacognition, which are fostered by PBL. Consequently,
the lack of significant MCQ score improvement during the PBL
phase does not imply a lack of learning; rather, it suggests that
the unique contribution of PBL lies in the qualitative structural
transformation of students’ thinking—specifically, a shift from
abstract knowledge to context-based application—which is
difficult to capture with standard testing. Although MCQs are
suitable to measure objective knowledge, they may have low
sensitivity in capturing changes in the higher-order practical
skills fostered by PBL. Indeed, reviews of earlier research on
PBL’s effectiveness indicate that whereas knowledge acquisition
is comparable to or better than traditional lecture-based learning,
PBL is more effective in improving higher-order skills, such as
communication, problem-solving, self-learning, and
metacognitive competencies [28,29]. Therefore, the reason a
statistically significant additional effect of PBL was not detected
in MCQ scores is that PBL’s true effect was reflected in the
qualitative changes in students’ written responses, rather than
the multiple-choice questions themselves.

This is clarified by the results for RQ2. The quantitative text
analysis revealed that the program structurally transformed
students’ thinking. Among the responses to question 1 (patient

explanation), the increased use of words related to AI’s
mechanisms and limitations was driven by new adoption. For
instance, 37 (31.4%) students newly adopted the term “learning”
and 20 (16.9%) newly adopted “bias.” This suggests that
students based their explanations of the bases and limitations
of AI’s judgments on the transparency principle (explainability)
and accountability principle detailed in the AI Utilization
Guideline and AI Business Guideline [19,20]. Conversely, 23
(19.5%) students dropped the term “symptoms,” indicating a
shift away from merely describing clinical manifestations to
addressing the underlying logic of the AI. Similarly, among the
responses to question 2 (physician precautions), the significant
increase in the use of words related to ethical and professional
responsibilities was also driven by new adoption. Notably, 31
(26.3%) students newly adopted “personal info,” which can be
interpreted as the result of students’ efforts to learn and apply
the privacy principle [19,20]. Simultaneously, we observed a
decrease in abstract vocabulary. Transition analysis revealed
that 30 (25.4%) students dropped the term “reference” and 24
(20.3%) dropped “possibility.” This reduction in vague or
passive expressions suggests that students adopted a more
specific and responsible professional stance. The cooccurrence
network analysis’ quantitative results support the inference that
the qualitative change in thinking was accompanied by the
structuring of knowledge. The cooccurrence network for
question 1 revealed a very low Jaccard coefficient (0.1156)
between the pretest and postintervention networks. This
indicates the significant transformation of the contextual
relationships between words. For 264 common pairs, there were
1030 unique pairs before and 989 unique pairs after the
intervention; accordingly, new knowledge and concepts were
established by replacing traditional knowledge. Moreover, the
Jaccard coefficient for the cooccurrence network of question 2
was low (0.1213), indicating a similar structural change. In the
question 2 cooccurrence network, whereas “AI’s function,”
“privacy,” and “general caution” existed as separate clusters at
pretest, a more integrated network was formed with the word
“information” as a new hub, connecting “AI” and “diagnosis”
with important concepts like “accuracy,” at posttest. The study’s
quantitative and qualitative findings resonate with the argument
of McCoy et al [12] that medical students must possess
knowledge about AI. They argue that future physicians must
be able to not only “use” AI but also “interpret” its results,
recognize potential errors and biases, and “explain” the results
and processes to patients and other health care professionals.
In this study, the qualitative improvement in the postintervention
descriptions highlight that students’ abilities expanded from the
“use” perspective to the “interpret and explain” perspective.

One reason for fostering this qualitative transformation of
thinking is interpreted from the perspective of the 4 components
of the ARCS model of motivation. First, the clinical case
presented as a video at the beginning of the group work session
effectively captured students’ attention (mean rating 4.01, SD
0.62). A systematic review of emotions’ role in medical
education highlights the significance of emotional experiences
in the learning process [30]. The video depicted a medical
student facing an ethical dilemma and potentially fostered
emotional engagement, thereby enhancing the students’
motivation for subsequent learning. Second, their awareness of
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the challenge involved in responding to a patient who is
overreliant on AI probably enabled students to clearly
understand the learning content’s relevance to their future
practice (mean rating 4.20, SD 0.71). This educational design
aligns with the principles of “authentic learning,” which involves
the solving of complex, real-world contextual problems to
enhance learners’ competency in the practical application of
knowledge [31]. Further, students perceived the case in this
program as a personal and relevant task due to the effective
functioning of the elements of authentic learning. On the other
hand, the students’ confidence in addressing a complex ethical
issue resulted in a mean rating of 3.78 (SD 0.87), which was
significantly lower than the values for attention, relevance, and
satisfaction (F3, 225=13.15; P<.001). Therefore, when the
program prompted a qualitative transformation in the students’
thinking, a single intervention was insufficient for them to
acquire complete confidence in such a complex and uncertain
topic as AI ethics. This program was limited to considering the
explanation’s content to the patient and his son and did not
provide any opportunities for practical application, such as a
role-play of the explanation. This lack of practical experience
probably contributed to the students’ low confidence in applying
knowledge. An earlier study highlights the importance of
maintaining a balance between confidence and humility and
adopting a “not-knowing” stance as a key clinical leadership
competency aligned with the Japanese health care culture [31].
The low confidence scores observed in our study were
interpreted as not any failure to learn, but rather the development
of the intellectual humility required by a professional,
particularly those confronting complex and uncertain topics
such as AI ethics.

However, the high ratings for components other than confidence,
particularly attention and relevance, comprised a strong
motivation for students to clearly understand the subject’s
importance and engage in self-directed learning [21]. The
effective functioning of these elements enabled the students to
complete a learning process involving deep thought, and the
resulting insights probably led to the final Satisfaction (mean
rating 4.03, SD 0.75) and structuring of thought observed in
this study.

Research Significance and Limitations and Future
Research Scope
The primary significance of this study is that it develops,
implements, and comprehensively evaluates an educational
program themed on a realistic and novel clinical challenge that
may be faced by physicians in this era of widespread AI use:
responding to a patient who relies heavily on AI. Presenting
this ethical dilemma as a video teaching material has
pedagogical validity because a systematic literature review

indicates that video materials can effectively stimulate student
discussion in ethics education [32]. Furthermore, the
visualization of the program’s educational effect as not only a
change in objective knowledge but also a qualitative and
structural change in thinking using text mining is a novel
approach to evaluate the effects of constructivist learning on
complex topics such as AI ethics.

This study has several limitations. First, this study used a
single-group pretest and posttest design without a control group.
Therefore, while we observed significant changes, we cannot
fully rule out the influence of external factors or natural
maturation. Second, because it was conducted at a single
university in Japan, the generalizability of its results may be
limited by the specific cultural and educational context.
However, we emphasize that the core framework of this
program—integrating technical AI knowledge with ethical PBL
scenarios—is adaptable. Future multiinstitutional collaborative
studies are needed to validate whether similar structural changes
in thinking occur in different educational and cultural contexts.
Third, this study considered only the program’s short-term
effects on learning. Therefore, the participating students must
be subjected to a follow-up study when they proceed to their
clinical clerkships to verify the learning effects’ persistence.
Clarifying how the qualitative transformation in thinking
indicated by this study influences students’ decision-making
and behavior in clinical settings is important to evaluate the
value of this type of educational programs. Fourth, as mentioned
earlier, the MCQ format may not fully capture the effects of
PBL. Therefore, there is an urgent need to develop and validate
new assessment measures that can objectively assess the
practical reasoning and communication skills that cannot be
captured by applying MCQs alone.

Conclusions
The results of this study suggest that the PBL program
developed and implemented in this study influenced both
medical students’ knowledge of AI and their thoughts on its
ethical challenges. Although the program in its entirety resulted
in a significant increase in objective knowledge, a statistically
significant additional effect was not confirmed from the PBL
phase alone. However, there was a clear change in the qualitative
data revealed by text mining: Students’ thinking underwent
qualitative transformation from an abstract level to a concrete
and structured thought process based on the clinical context.
Therefore, this study indicates the potential of PBL as an
effective pedagogical method to foster higher-order thinking
skills in complex topics, such as AI ethics. Hence, this program’s
design and evaluation framework can serve as a practical model
to develop and evaluate future AI-related curricula in medical
education.
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Abstract

Background: Objective Structured Clinical Examinations (OSCEs) are used as an evaluation method in medical education, but
require significant pedagogical expertise and investment, especially in emerging fields like digital health. Large language models
(LLMs), such as ChatGPT (OpenAI), have shown potential in automating educational content generation. However, OSCE
generation using LLMs remains underexplored.

Objective: This study aims to evaluate 3 GPT-4o configurations for generating OSCE stations in digital health: (1) standard
GPT with a simple prompt and OSCE guidelines; (2) personalized GPT with a simple prompt, OSCE guidelines, and a reference
book in digital health; and (3) simulated-agents GPT with a structured prompt simulating specialized OSCE agents and the digital
health reference book.

Methods: Overall, 24 OSCE stations were generated across 8 digital health topics with each GPT-4o configuration. Format
compliance was evaluated by one expert, while educational content was assessed independently by 2 digital health experts, blind
to GPT-4o configurations, using a comprehensive assessment grid. Statistical analyses were performed using Kruskal-Wallis
tests.

Results: Simulated-agents GPT performed best in format compliance and most content quality criteria, including accuracy
(mean 4.47/5, SD 0.28; P=.01) and clarity (mean 4.46/5, SD 0.52; P=.004). It also had 88% (14/16) for usability without major
revisions and first-place preference ranking, outperforming the other configurations. Personalized GPT showed the lowest format
compliance, while standard GPT scored lowest for clarity and educational value.

Conclusions: Structured prompting strategies, particularly agents’ simulation, enhance the reliability and usability of
LLM-generated OSCE content. These results support the use of artificial intelligence in medical education, while confirming the
need for expert validation.

(JMIR Med Educ 2026;12:e82116)   doi:10.2196/82116

KEYWORDS

large language models; generative artificial intelligence; ChatGPT; GPT-4o; medical education; objective structured clinical
examination; digital health; digital health education; medical informatics; prompt design
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Introduction

Since ChatGPT was launched by OpenAI in 2022, large
language models (LLMs) have undergone rapid development,
leading to growing interest in medical education [1-6]. Their
ability to produce diverse and context-specific texts from simple
prompts offers new opportunities to create and improve
educational resources.

In medical education, several studies explored the ability of
LLMs to answer medical examination questions [7-12], generate
multiple-choice questions [13-16], or simulate patients [17-26],
with results considered promising by both educators and
learners. However, using LLMs to generate clinical scenarios
is still new and has only been explored in a few studies, across
three situations:

1. Generation of clinical cases or vignettes (ie, scenarios given
to students without interaction): LLMs demonstrated their
ability to generate cases considered accurate and appropriate
in pharmacology [27], but also useful [28] and usable (with
moderate or minor edits) in general medicine [29].
However, the authors noticed some issues with realism [28]
and precision [28,29].

2. Generation of clinical simulations (ie, scenarios given to
students with interaction, such as simulated patients): LLMs
demonstrated their ability to generate accurate cases in
asthma [30], as well as realistic cases in the nursing field
[31]. They also offered potential time savings, reducing
development time by 2.6 hours compared to experts [32].
However, limitations remained, such as the omission of
critical patient characteristics [31].

3. Generation of Objective Structured Clinical Examination
(OSCE) stations: These scenarios, introduced by Harden
and Gleeson in 1979 [33], are key assessment tools in
medical education. OSCEs consist of simulated clinical
situations conducted within a controlled and reproducible
environment [34,35], where students interact with a
standardized participant (SP), playing the role of a patient
or health care professional. Students are observed and
evaluated by an examiner using a standardized scoring
rubric, based on predefined criteria. Previous studies
explored the potential of LLMs to simulate standardized
participants [36-38], examiners [39-43], or students [44-46].
Conceptual work has also discussed their potential to
enhance OSCE development [47-49]. However, to our

knowledge, no study has yet generated OSCE stations using
LLMs.

Designing OSCE stations is a complex and resource-intensive
process [50]. It requires considerable clinical and educational
expertise to produce realistic, standardized scenarios that
accurately assess targeted competencies [51]. The need for
precision, clarity, and reproducibility, combined with time and
human resource constraints in educational teams, makes OSCE
development challenging and burdensome [52,53]. In domains
like digital health, this challenge is amplified by a shortage of
available experts. In this context, LLMs could help educators
by assisting them in creating OSCE stations.

To explore this hypothesis, we aimed to design and assess 3
configurations for generating OSCE stations using ChatGPT in
the area of digital health, an emerging field in medical education.

Methods

Background
The study follows the recommendations of the METRICS
(Model, Evaluation, Timing, Range/Randomization, Individual
factors, Count, Specificity) checklist, for designing and reporting
studies involving generative language models in medical
education [54] (Multimedia Appendix 1).

To analyze the ability of ChatGPT to generate OSCE stations
in digital health, we tested 3 configurations of the ChatGPT-4o
model (Table 1). These differed by prompt type (simple or
advanced) and the documents provided to the LLM (reference
books for OSCE or digital health or both).

The configurations of the ChatGPT-4o model are listed as
follows:

1. Configuration 1: standard GPT, used the free version of
ChatGPT-4o with a simple prompt and the reference book
for OSCE construction (named “OSCE Vademecum”).

2. Configuration 2: personalized GPT, used the paid version
of custom GPT, with a simple prompt, the OSCE
Vademecum, and the reference book on digital health from
Université Paris Cité (named “UPCité reference book”).

3. Configuration 3: simulated-agents GPT, used the paid
version of custom GPT, with a prompt simulating a fictional
multiagent system specialized in OSCE construction
(aligned with the OSCE Vademecum), and the UPCité
reference book.
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Table 1. Description of the 3 GPT configurations analyzed.

Simulated-agents GPTPersonalized GPTStandard GPTCharacteristics

Simulate advanced use of GPT with
specialized assistants and a knowl-
edge base specific to the medical
field

Simulate personalized use of GPT
with a knowledge base specific to
the medical field

Simulate minimal and spontaneous
use of GPT

Objective

GPT-4oGPT-4oGPT-4oModel

PaidPaidFreeAccount type

Simulated multiagent systemSimpleSimplePrompta

Instructions embedded in the promptPDF filePDF fileOSCEb Vademecumc

5 Microsoft Word documents5 Microsoft Word documents—eUPCité reference bookd (knowledge
base)

aIn French (Multimedia Appendix 2).
bOSCE: Objective Structured Clinical Examination.
cNational reference document for designing OSCEs (67-page PDF).
dThe UPCité reference book was written by 25 educators from 7 health disciplines at Université Paris Cité. It is the reference book for all health students
(medicine, pharmacy, nursing, rehabilitation, midwifery, and dentistry). It is divided into 5 booklets: health data, cybersecurity, communication, digital
tools in health care, and telehealth (5 Word documents, a total of 222 pages).
eNot applicable.

To allow comparison, we provided the same sets of digital health
competencies to all 3 configurations, following the process
listed in Textbox 1.

Textbox 1. Digital health competencies for configurations.

• 8 digital health topics were first selected: 5 were single-theme (“Health data, Communication, Cybersecurity, Digital tools, Telehealth”), and 3
were multiple-theme (“Communication and Digital tools”; “Communication, Digital tools, and Cybersecurity”; and “Telehealth, Health data,
and Communication”).

• For each selected topic (eg, cybersecurity), 3 digital health competencies were then provided to each configuration (eg, responding to a cyberattack).

Each configuration then generated an OSCE station related to these predefined competencies.

• In total, 24 OSCE stations were generated (8 topics × 3 configurations), all on the same day, June 1, 2025, during a single 4-hour session.

• Each generated OSCE was in French and included 4 components:

• The primary and secondary learning domains,

• The case vignette for the student,

• The standardized observation checklist for examiners,

• The script for standardized patients (SP script).

Description of the 3 Configurations Used to Generate
OSCE Stations

Configuration 1: Standard GPT
This configuration aimed to assess ChatGPT’s ability to generate
digital health OSCE stations in a minimal configuration,
involving a simple prompt and the OSCE Vademecum. It
simulated a minimalist and spontaneous use case, akin to an
educator working without technical assistance or a reference
book.

The configuration description is as follows: (1) Model type: the
free version of ChatGPT 4o [55]. (2) Prompt design: a simple
prompt relied on a role-prompting strategy. The model was
instructed to act as a “digital health expert and instructional
designer” and create an OSCE based on 3 given digital health

competencies. It was invited to review the OSCE Vademecum
to choose learning domains, and then produced the OSCE’s
components. No sequential structure or examples were provided,
making this a basic, minimalist prompt (Multimedia Appendix
2). (3) Documents used: only the OSCE Vademecum (in PDF
format) was provided and served as the reference framework
for structuring the OSCE station. (4) Technical configuration:
ChatGPT interface, without customization and advanced
features.

Configuration 2: Personalized GPT
This configuration aimed to assess whether providing a
domain-specific knowledge base (here, the reference book in
digital health) could improve the quality of the generated OSCE
stations. It simulated the use of a personalized GPT by an
educator equipped with a reference book.
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The configuration description is as follows: (1) Model type: the
paid version custom GPT-4o (cGPT) [56], which allows
configuring GPT with a specific role using tailored instructions,
example queries, and integrated knowledge bases. (2) Prompt
design: the simple prompt was similar to Configuration 1, but
added an instruction to review the UPCité reference book on
digital health (Multimedia Appendix 2). (3) Documents used:
both the OSCE Vademecum (in PDF format) and UPCité
reference book (in Word format) were provided to cGPT. To
optimize readability for the model, the UPCité digital health
reference book was preprocessed by removing noneducational
pages, simplifying formatting, and converting tables and figures
to plain text. (4) Technical configuration:

1. assigning an icon and name to the cGPT
2. inserting instructions in the form of a prompt
3. adding a conversation starter with a user query, here: “I

would like to design an OSCE station for assessment in
digital health”

4. integrating a knowledge base, here the OSCE Vademecum
and UPCité reference book.

None of the optional Custom GPT features (eg, web browsing,
code interpreter, data analysis, and image generation) was used.

Configuration 3: Simulated-Agents GPT
This configuration aimed to assess whether a rigorous procedural
structure, via the simulation of step-by-step simulated agents'
reasoning, could improve the quality of the generated OSCE
stations. It simulated the use of specialized assistants at each
stage of OSCE construction by an educator equipped with a
reference book.

Configuration description: (1) Model type: the same as in
Configuration 2 (ie, the paid version of cGPT). (2) Prompt
design: the prompt was built from instructions extracted from
the OSCE Vademecum and structured to simulate a multiagent
system. It followed a supervised, sequential, and specialized
architecture, functioning like a processing chain in which each
agent had a distinct pedagogical role in OSCE generation. The
supervisor agent acted as the central coordinator. It collected
the 3 competencies provided by the educator, determined the
sequence of agent activation, passed contextual information
between them, and ensured the overall coherence, without
interfering with pedagogical content. After each step, it asked,
“Would you like me to proceed to the next agent?” simulating
a controlled, step-by-step process.

The following specialized agents were used: (1) The learning
domain agent selected a primary and secondary domain from
the predefined list included in the OSCE Vademecum, aligned
with the learning objectives of the graduate medical curriculum
(eg, “Education and Prevention”). (2) The vignette agent
generated the case vignette for students, conforming to
standardized formatting. (3) The checklist agent created the
observation checklist for examiners, following the standardized
format. (4) The SP script agent drafted the script for the
standardized patient, following the standardized format.

Agents were activated sequentially, each receiving the outputs
of the previous steps, and generated a formatted output

according to OSCE guidelines and UPCité reference book
(Multimedia Appendix 2).

The prompt design combined multiple prompting strategies
[48,57]:

1. Role prompting by assigning a specific pedagogical role to
each agent;

2. Instruction-based prompting by providing precise, structured
instructions drawn from the OSCE Vademecum;

3. Chain prompting by structuring tasks into a sequenced,
logical workflow;

4. Few-shot prompting by including illustrations of expected
formats to improve consistency and reproducibility.

(3) Documents used: the UPCité reference book on digital health
was provided in the cGPT’s knowledge base. (4) Technical
configuration: similar setup to Configuration 2 (provision of a
name, icon, and prompt, same conversation starter, knowledge
base, and no optional features).

Evaluation of the Quality of OSCE Stations Generated
by the 3 Configurations
To compare the 3 configurations, OSCE stations were generated
and assessed by experts. The evaluation was conducted blindly
of the configuration used, with a comprehensive assessment
grid based on a literature review [27-32,58-62].

Evaluation of the Format Compliance of the Generated
OSCEs
A fifth-year medical student, with a background in computer
science and trained in OSCE methodology, measured how well
the generated OSCE adhered to the OSCE Vademecum in terms
of format compliance.

The compliance checklist included 27 criteria covering (1) the
validity of the learning domains, (2) the vignette format, (3) the
structure of the observation checklist, and (4) the completeness
of the SP script. Each criterion was assessed using a binary scale
(Yes or No), focusing only on format (independently of
pedagogical quality).

Evaluation of the Educational Quality of the Generated
OSCEs
A duo of digital health experts, involving the head of the medical
informatics ward of “Hôpital Européen Georges Pompidou and
Hôpital Necker Enfants Malades AP-HP, and a resident in digital
health with a computer science background, conducted the
evaluation of the content quality, independently and blindly of
the configuration used (each OSCE station was anonymized
and randomized).

For each OSCE, 9 evaluation dimensions were assessed:

1. “Relevance of the learning domains,” “Clarity,”
“Pedagogical validity,” “Realism,” “Feasibility,”
“Educational value,” and “Originality,” which were rated
using a 5-point Likert scale of agreement (1: strongly
disagree, 2: somewhat disagree, 3: neither agree nor
disagree, 4: somewhat agree, and 5: strongly agree).
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2. “Information accuracy”, which was rated on a severity scale
(1: major issue compromising usability, 2: major issue, 3:
moderate issue, 4: minor issue, and 5: no issues identified).

3. “Overall usability,” which was rated on a usability scale
(1: not usable, 2: usable with major revisions, 3: usable
with minor revisions, and 4: usable as is, without
modification).

The criteria used were derived from the literature [27-32,58-61]
and from the international OSCE guidelines [62], in order to
align with international standards.

At the end of the evaluation process, OSCEs were grouped by
similar topic (eg, Cybersecurity). For each group of 3 OSCEs
(one per configuration), evaluators were asked to rank them,
from first to third, without knowing which configuration had
generated each one.

Statistical Analysis
For format-related criteria, binary variables (Yes or No) were
described using frequencies and the percentage of “Yes”
responses.

For educational criteria, expert ratings were averaged per OSCE
and summarized using means and SD values (n=8 per
configuration). Overall usability and ranking were categorical
variables, analyzed without averaging expert ratings (n=16 per
configuration), and described using frequencies and percentages.
Due to the nonparametric distribution of data and the ordinal
nature of variables, the Kruskal-Wallis test was used to compare
the 3 configurations. For variables comprising multiple
sub-criteria, an overall mean score per dimension was calculated
and used in the Kruskal-Wallis test to determine statistical
significance.

All statistical analyses were performed using the R statistical
environment (R version 4.3.3) with RStudio GUI (version

2023.12.1+402; Posit PBC). The threshold for statistical
significance was set at P<.05. Given the exploratory nature of
the study, no correction for multiple testing was performed,
with an emphasis on observed trends and effect sizes.

Ethical Considerations
This study did not involve human subjects. All generated outputs
were fictional and intended for educational use. Therefore, in
accordance with French Law n°2012-300 [63], no Institutional
Review Board approval was required.

Results

Format Compliance of the OSCEs Generated
Overall, the simulated-agents GPT showed the highest format
compliance, followed by the standard GPT, while the
personalized GPT exhibited the lowest performance (Table 2).

Standard GPT OSCEs were fully compliant for the “learning
domain” and “vignette” components. The “checklist” showed
less compliance (between 3/8, 38% and 4/8, 50%) for the
advanced criteria (“distinct items”, “assessment of skill only”,
and “clear validation criteria for each item”). The “SP script”
component was incomplete for the contextual clinical data of
all generated cases, with information, such as symptoms,
medications, and socioprofessional background, never present.

Personalized GPT OSCEs were poorly compliant for all
components. The compliance was full only for 3 criteria of the
“vignette” component (eg, “tasks to perform”).

Simulated-agents GPT OSCEs were fully compliant for the
“learning domain,” “vignette,” and “SP script” components.
Only 4 items of the “checklist” (“observable items” and the 3
advanced criteria) were partially compliant, ranging from 12%
(1/8) to 75% (6/8).
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Table 2. Evaluation of the format compliance of the Objective Structured Clinical Examination generated by the configuration type.

Simulated-agents GPT (n=8),
n (%)

Personalized GPT (n=8), n (%)Standard GPT (n=8), n (%)OSCEa components and criteria

Domain

8 (100)0 (0)8 (100)The selected primary learning domain is in-
cluded in the list of the 11 domains related
to the OSCE assessment

8 (100)0 (0)8 (100)The selected secondary learning domain is
included in the list of the 11 domains related
to the OSCE assessment

Vignette

8 (100)6 (75)8 (100)States the candidate’s role

8 (100)8 (100)8 (100)Describes the setting

8 (100)6 (75)8 (100)Introduces the SP’s identity (name, gender,
and age)

8 (100)8 (100)8 (100)Presents the issue or reason for consultation

8 (100)8 (100)8 (100)Provides tasks to be performed by the student

8 (100)0 (0)8 (100)Specifies actions the student should not take

Checklist

8 (100)2 (25)8 (100)Contains 10 to 15 items

8 (100)5 (62)8 (100)Each item begins with an action verb

6 (75)6 (75)7 (88)Items are observable

8 (100)5 (62)8 (100)Items are dichotomous (Yes or No)

1 (12)1 (12)3 (38)Items are distinct (or grouped if necessary,
with precise scoring instructions)

2 (25)1 (12)4 (50)Assesses only skills (not attitudes or commu-
nication)

3 (38)1 (12)3 (38)Provides clear validation criteria for each
item

SP script components included

8 (100)4 (50)4 (50)Scenario summary

8 (100)6 (75)6 (75)SP’s mindset or behavior

8 (100)1 (12)0 (0)Additional data

8 (100)0 (0)2 (25)Opening sentence

8 (100)6 (75)7 (88)Identity

8 (100)2 (25)0 (0)Socioprofessional background – Hobbies

8 (100)1 (12)1 (12)Personal medical history

8 (100)0 (0)0 (0)Familial medical history

8 (100)0 (0)0 (0)Current medications

8 (100)0 (0)0 (0)Symptoms

8 (100)7 (88)8 (100)Conditional disclosure of information

8 (100)2 (25)6 (75)Answers to all the items present in the
“checklist” are provided

aOSCE: Objective Structured Clinical Examination.
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Educational Quality of the OSCEs Generated

Learning Domain Relevance
Primary domain relevance was satisfactory for all
configurations, highest for the simulated-agents GPT (mean

4.38, SD 1.38). Secondary domain relevance was more variable,
with the standard GPT scoring lowest (mean 2.62, SD 1.36).
Differences were not statistically significant (P=.16; Tables 3
and 4; Figure 1).
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Table 3. Evaluation of the content quality of the generated Objective Structured Clinical Examinations, by configuration type.

Simulated-agents GPT
(n=8), mean (SD)

Personalized GPT
(n=8), mean (SD)

Standard GPT (n=8),
mean (SD)

Evaluation domain, items, and section

Learning domain relevancea

4.38 (1.38)3.94 (1.82)3.50 (1.13)Primary domain

3.56 (1.18)3.56 (1.76)2.62 (1.36)Secondary domain

Information accuracyb

No errors or inexact information

4.75 (0.46)4.38 (0.88)3.88 (0.88)Vignette

4.88 (0.35)4.19 (0.75)4.06 (0.86)Checklist

4.19 (0.92)3.62 (0.69)4.25 (0.85)SPc script

No missing information

4.81 (0.37)4 (0.60)4.19 (1.13)Vignette

4.62 (0.44)3.88 (0.52)4.06 (0.82)Checklist

4.19 (0.92)3.44 (0.86)3.94 (1.02)SP script

No irrelevant or unnecessary information

4.69 (0.37)4.62 (0.58)4.56 (0.73)Vignette

4.81 (0.26)4.31 (0.65)4 (1)Checklist

4.56 (0.73)4.38 (0.88)4.62 (0.69)SP script

No direct cues, leading formulations, or implicit answers

2.69 (1.19)2.38 (1.75)3 (1.51)Vignette

5 (0)4.88 (0.35)4.56 (0.82)SP script

Claritya

Clear and comprehensible writing

4.44 (0.78)3.62 (1.38)3 (0.96)Vignette

4.56 (0.56)3.62 (0.64)3.75 (0.65)Checklist

4.38 (0.88)3.56 (0.98)3 (0.85)SP script

Pedagogical validitya

Alignment with the competencies to be assessed

4.56 (0.42)4.06 (0.82)3.88 (0.64)All

Alignment with the expectations of a professional trained in digital health

4.50 (0.46)4.44 (0.68)4.12 (0.52)All

Realisma

Realistic situation in a medical professional’s practice

4.12 (0.69)3.25 (0.89)3.62 (1.13)All

Feasibilitya

Ease of implementation

4.06 (0.98)3.56 (1.35)4.19 (0.80)All

Feasible within an 8-minute timeframe

4 (0.46)4.06 (0.78)4.19 (0.70)All

Ease of recruiting an SP

4.69 (0.59)4.62 (0.88)4.25 (0.85)All

Educational valuea
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Simulated-agents GPT
(n=8), mean (SD)

Personalized GPT
(n=8), mean (SD)

Standard GPT (n=8),
mean (SD)

Evaluation domain, items, and section

Useful for promoting digital health learning

4.12 (0.88)3.94 (0.86)3.62 (0.74)All

Encourages analysis, reflection, and decision-making

3.44 (0.73)3.81 (1.07)3.62 (0.88)All

Originalitya

Creative potential

3.50 (0.76)3.88 (0.23)4.06 (0.50)All

aCriteria assessed with a Likert scale from 1: strongly disagree to 5: strongly agree.
bCriteria assessed with a severity scale from 1: major issues to 5: no issues.
cSP: standardized participant.

Table 4. Kruskal-Wallis test comparisons of the 3 GPT configurations by evaluation domain. To perform the statistical test, the mean score was
calculated for each evaluation domain and configuration. Test results are presented as P values from the Kruskal-Wallis test.

P valueaSimulated-agents GPT, mean (SD)Personalized GPT, mean (SD)Standard GPT, mean (SD)Evaluation domain

.163.97 (1.06)3.75 (1.75)3.06 (1.02)Learning domain relevance

.01a4.47 (0.28)4.01 (0.21)4.10 (0.36)Information accuracy

.004a4.46 (0.52)3.60 (0.83)3.25 (0.45)Clarity

.124.53 (0.34)4.25 (0.65)4 (0.5)Pedagogical validity

.194.13 (0.70)3.25 (0.89)3.63 (1.13)Realism

.924.25 (0.51)4.08 (0.80)4.21 (0.70)Feasibility

.753.78 (0.76)3.88 (0.93)3.63 (0.65)Educational value

.323.50 (0.76)3.88 (0.23)4.06 (0.49)Originality

aP<.05 (statistically significant).
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Figure 1. Radar plot of evaluation scores (5-point scales) across the 3 GPT configurations. Agreement-based dimensions (eg, clarity, realism) were
rated from 1 (strongly disagree) to 5 (strongly agree); information accuracy used a severity scale from 1 (major issues) to 5 (no issues). The simulated-agents
GPT tended to score higher in information accuracy, clarity, realism, pedagogical validity, and learning domain relevance, while it lagged in terms of
originality. All 3 configurations showed similar performance for feasibility and educational value.

Information Accuracy
Overall, there was a significant difference in information
accuracy (P=.01), with the simulated-agents GPT providing the
most accurate and comprehensive content (Tables 3 and 4;
Figure 1). Specifically,

1. “Errors or inaccurate information” were low across
configurations (mean>3.88), with a favorable trend toward
the simulated-agents GPT, particularly in the “vignette”
(mean 4.75, SD 0.46) and the “checklist” (mean 4.88, SD
0.35) components.

2. “Missing information” was rare in the simulated-agents
GPT (mean≥4.19 across all sections), but more common
in the personalized GPT, especially in the “script” (mean
3.44, SD 0.86).

3. “Irrelevant or unnecessary information” was rarely noted,
with similarly high averages across configurations (mean
≥ 4).

4. “The presence of direct cues or leading formulations” was
frequent in the “vignette” (2.38< mean< 3), but nearly
absent in the “script”, especially for the simulated-agents
GPT (mean 5, SD 0).

Clarity
Clarity was significantly different among the 3 configurations
(P=.004), with a trend in favor of the simulated-agents GPT,

getting better results for all components (mean>4.38). The
personalized GPT showed intermediate results, while the
standard GPT scored lower, particularly for the “vignette” and
the “script” (mean 3 for both, SD 0.96 and 0.85, respectively;
Tables 3 and 4; Figure 1).

Pedagogical Validity
Pedagogical validity was high across all configurations
(mean>3.88). Simulated-agents GPT scored highest (mean>4.5),
followed by the personalized GPT (mean>4.06), and then the
standard GPT (mean>3.88). Although differences were not
statistically significant (P=.12), a favorable trend for
simulated-agents GPT emerged (Tables 3 and 4; Figure 1).

Realism and Feasibility
OSCE's realism was satisfactory across configurations, with no
statistically significant difference (P=.19). The simulated-agents
GPT scored the highest (mean 4.12, SD 0.69), followed by the
standard GPT (mean 3.62, SD 1.13) and the personalized GPT
(mean 3.25, SD 0.89).

No significant difference was observed for the feasibility
(P=.92). The standard GPT tended to propose OSCEs that were
easiest to implement and more feasible to perform within an
8-minute timeframe (mean 4.19, SD 0.70). Ease of recruiting
an SP was rated high for all, with a slight advantage for the
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simulated-agents GPT (mean 4.69, SD 0.59; Tables 3 and 4;
Figure 1).

Educational Value and Originality
Educational value was comparable across configurations, with
no statistically significant differences (P=.75). The
simulated-agents GPT had the highest score for the use to
promote digital health learning (mean 4.12, SD 0.88), while it
had a slightly lower score than personalized GPT for
encouraging analysis and decision-making (mean 3.44 SD 0.73
vs mean 3.81 SD 1.07 for personalized GPT; Tables 3 and 4;
Figure 1).

Regarding originality, there was no significant difference
observed (P=.32). The standard GPT had the highest average
(mean 4.06, SD 0.50), followed by the personalized GPT (mean
3.88, SD 0.23) and the simulated-agents GPT (mean 3.50, SD
0.76; Tables 3 and 4; Figure 1).

Overall Assessment
Overall, usability differed significantly across configurations
(P=.02). For simulated-agents GPT, 88% (14/16) of OSCEs
were usable without major revisions, while for standard and
personalized GPT, 31% (5/16) of OSCEs required major
revisions, and 12% (2/16) were unusable (Table 5).

Overall, generated case rankings differed significantly as well
(P<.001). The simulated-agents GPT stood out, with 88%
(14/16) of OSCEs ranked first and none ranked third.
Conversely, the standard GPT ranked third (9/16, 56%) or
second (7/16, 44%) but never ranked first. The personalized
GPT received a few first-place rankings (2/16, 12%) and was
mainly split between second and third places (7/16, 44% each;
Table 5).

Table 5. Overall assessment of the OSCEs generated by the type of configuration. Test results are presented as P values from the Kruskal-Wallis test.

P valueaSimulated-agents GPT
(n=16), n (%)

Personalized GPT (n=16), n
(%)

Standard GPT (n=16), n (%)Assessment domain and items

.02aUsability

1 (6)2 (12)2 (12)Not usable

1 (6)5 (31)5 (31)Usable with major revisions

9 (56)6 (38)7 (44)Usable with minor revisions

5 (31)3 (19)2 (12)Usable as is, without modification

<.001aRanking

14 (88)2 (12)0 (0)First

2 (12)7 (44)7 (44)Second

0 (0)7 (44)9 (56)Third

aP<.05 (statistically significant).

Qualitative Feedback
In addition to quantitative ratings, qualitative feedback from
experts revealed consistent issues across configurations. All
tended to include excessive vignette details, often with leading
cues that overly guided students (eg, “Identify and articulate
the main risks associated with the use of telemedicine (technical,
organizational, legal)”). Inconsistencies were noted between
the vignette and SP script, with details missing or contradictory
(eg, in the vignette: “Mrs. D […] has also received a message
on a secure messaging platform”; in the script: “You do not
own a smartphone […] You do not have a computer at home.”).
Finally, even when highly rated, OSCEs were often considered
too theoretical, likely due to reliance on the UPCité digital health
booklet, reducing their practical, hands-on applicability for
OSCEs.

Discussion

Principal Findings
This study compared 3 configurations of GPT for generating
OSCE stations in the field of digital health: the standard GPT
(simple prompt, OSCE Vademecum); the personalized GPT

(simple prompt, OSCE Vademecum, a reference book in digital
health), and the simulated-agents GPT (a prompt simulating a
fictional multiagent system specialized in OSCEs, a reference
book in digital health). Regarding format, the simulated-agents
GPT achieved the highest compliance, with minor gaps in
advanced checklist criteria. The standard GPT ranked second,
with weaker checklist performance and consistently incomplete
SP scripts, while the personalized GPT showed the lowest
compliance across all components. Regarding educational
content, the simulated-agents GPT achieved significantly higher
ratings for information accuracy (P=.01) and clarity (P=.004).
It also outperformed in educational validity and realism,
although these differences weren’t statistically significant.
Additionally, it also had significantly better usability, with 88%
(14/16) of the OSCEs usable (P=.02). Overall, the
simulated-agents GPT significantly outperformed the others,
ranking first in 88% (14/16) of the OSCEs and never placing
third.

Interpretation of Results
Differences between the 3 configurations may be explained by
several reasons. Regarding format compliance, the differences
might reflect how each configuration processed and prioritized
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information. The standard GPT, which used only the OSCE
Vademecum, followed the guidelines more closely than the
personalized GPT that also included the UPCité reference book.
This may be explained by cognitive overload, as adding an extra
knowledge source increased retrieval complexity and reduced
effective prioritization of key instructions [64]. These issues
are amplified by the reliance on a proprietary
Retrieval-Augmented Generation (RAG) system that offers only
limited transparency and user control [65,66]. The
simulated-agents GPT, which used a structured prompt with
explicit OSCE guidelines, appeared to improve format
adherence. Although it did not fully meet all checklist-format
requirements, this suggests that carefully designed prompts are
crucial for ensuring format accuracy.

Regarding educational content. The simulated-agents GPT,
despite the 8000-character limit, produced high-quality outputs,
showing that structured, modular prompts work well even with
technical constraints [67]. Interestingly, the standard and
personalized GPTs were perceived as more original and more
effective at fostering analytical thinking. This suggests a
trade-off: while structured approaches improve consistency and
adherence to standards, more flexible, broader configurations
can boost creativity and originality, albeit with reduced accuracy
and lower consistency and control.

Finally, these findings should be interpreted with caution
because technology is rapidly evolving [68,69]. The evaluation
was based on a dataset generated at a specific time, and since
generative models can produce different outputs with the same
prompts, reproducibility may be affected. Additionally, the
algorithms powering systems like OpenAI's GPT are constantly
improving, which could impact future results. However, these
considerations do not undermine the validity of our findings.
The main goal of the study was to compare 3 OSCE generation
strategies, offering insights into how generative models can
support medical education rather than advocating for a fixed
implementation.

Limitations
Regarding the LLM used. We focused on ChatGPT, whereas
other LLMs have already been used to generate educational
resources. For example, Google Bard (now called Gemini
Google DeepMind) and Microsoft Bing were used to create
multiple-choice questions in medical physiology [70], and
LLaMA (Meta AI) was used in radiology [71]. However, prior
to designing this study, we conducted preliminary tests with
open-source models such as Mixtral-8x7B (Mistral AI) and
Llama-3.3-70B combined with custom RAG pipelines. These
initial tests were quite disappointing as they had suboptimal
performances, particularly for OSCE-style tasks. Notably, recent
comparative studies confirm GPT-4's superior performance on
RAG-enhanced clinical reasoning tasks [72,73], which
reinforces our choice of model despite the broader range of
available LLMs.

Regarding the evaluation. It was conducted by 2 experts, which
may introduce subjective bias and limit the diversity of
evaluative perspectives. However, this limitation is mitigated
by their good expertise in digital health and the rigorous
evaluation process. A total of 24 OSCEs were reviewed,

covering many topics, providing a diverse and valuable dataset.
Each OSCE was evaluated with detailed criteria for both format
and content, making the results more reliable. A key strength
of this study is its strict use of the METRICS checklist [54], a
recent guide for studies involving generative models in medical
education. This makes the results clearer, easier to reproduce,
and comparable. Additionally, while the focus on digital health
allowed for targeted exploration in an emerging educational
field, it may limit the generalizability of the results to other
medical specialties. However, since digital health is growing
across many areas, the insight from this work, especially about
prompt design and model behavior, is likely useful in other
competency-based assessments too.

Comparison With Other Studies
In the context of OSCEs, other studies used LLMs for tasks
other than the generation of OSCE stations:

1. To simulate standardized patients [36-38]. For example,
Yamamoto et al [36] used artificial intelligence
(AI)–powered chatbots to simulate standardized patients,
helping students improve their clinical interview skills.
Students working with the chatbots scored significantly
higher than those who did not.

2. To automate the OSCE assessment [39-43]. For example,
Jamieson et al [41] developed an AI-based grading system
to grade post-encounter notes, matching expert scores with
90% agreement while reducing manual grading effort by
91%.

3. To simulate OSCE candidates [44-46]. For instance, Huang
et al [44] found that ChatGPT-4.0 performed as well as or
better than junior emergency residents in history-taking and
record-writing, though humans still demonstrated higher
overall consultation quality.

Beyond the context of OSCEs, LLMs have been used to create
clinical cases or vignettes for medical education. Like the
simulated-agents GPT, studies showed high clarity of the
generated content. For example, Coşkun et al [59] reported a
4.11/5 rating for the comprehensibility of the generated
scenarios. Additionally, similar to our results, studies also
showed strong usability, with Yanagita et al [29] indicating a
97% usability rate for GPT-generated general medicine cases.
However, issues with “accuracy” and “missing information”
were also reported. For example, Takahashi et al [28] reported
68% accuracy, Yanagita et al [29] reported only 58%, and Scherr
et al [30] achieved 100% accuracy, but their evaluation was
limited to a single and narrow area (acute asthma) Vaughn et
al [31] found that 88% of nursing simulations lacked critical
clinical details. In contrast, our simulated-agents GPT
consistently yielded complete and context-rich OSCE stations.
However, these comparisons should be made carefully, as
methodology, design, and metrics differ considerably between
studies.

In summary, previous works have largely focused on the use
of LLMs to simulate patients, students, or evaluators, or to
generate isolated clinical cases. In contrast, to our knowledge,
our study is the first to use LLMs to generate OSCE stations,
including the vignette, checklist, and SP script.
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Future Directions
This work is part of the DigiHealth Paris Cité project [74], which
aims to integrate digital health training into health curricula
through innovative methods such as simulation and immersive
learning. Here, the objective was to support educators in
designing reliable, standardized OSCE stations for student
assessment. Based on our findings, the simulated-agents GPT
configuration appeared best suited as an assistant for educators,
helping to quickly create structured OSCEs that still require
validation before introduction into official evaluation sessions.

Regarding technical and pedagogical improvements. The
simulated-agents GPT configuration could be further optimized
through the refinement of the prompting strategy to enhance
output quality and alignment with educational objectives. One
effective approach will be iterative development, where expert
feedback is continuously integrated into the LLM’s generation
cycle. For instance, Coşkun et al [59] used expert prompts to
revise and improve 15 clinical cases directly in ChatGPT without
manual editing. Similarly, Yanagita et al [29] demonstrated that
feeding expert-reviewed vignettes back into the system can help
guide and standardize future generations. Therefore, our next
steps will include developing an interactive OSCE-generation
assistant for educators using the simulated-agents GPT
framework, integrating continuous expert feedback to improve
content quality, and creating an internal repository of validated
AI-generated OSCEs for educators at our faculty, promoting
transparency, reproducibility, and shared pedagogical
development.

Regarding implementation. The next phase of our work will
include a 2-step validation process. First, a pilot testing of
expert-validated AI-generated OSCEs with a panel of medical
students will assess the realism, usability, and educational value
of the generated OSCEs. Second, scaling up to entire student
cohorts will enable evaluation of student satisfaction,
performance, and learning outcomes at a larger scale. For
example, Başaranoğlu et al [58] showed that AI-generated
clinical scenario–based questions administered during a urology
rotation significantly improved student performance, supporting
the educational value of such approaches. Finally, a multisite
expansion across other medical faculties is planned to assess
transferability. These steps will help translate our findings into
practical educational tools that responsibly integrate LLMs into
the assessment and training of future medical professionals.

Conclusions
This study demonstrated the promising potential of LLMs,
particularly through a structured, simulated-agents prompting
strategy, to create high-quality, usable OSCE stations in the
emerging field of digital health. The results highlighted the
importance of carefully designed prompts and structured
workflows to effectively use LLMs for educational purposes.
Finally, our findings suggest that LLMs could be valuable
assistants for educators, but expert oversight is still crucial to
ensure content quality and relevance of the generated content.
Future research should explore the practical application of
AI-assisted OSCEs in various educational settings and their
integration into medical curricula.
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