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Abstract

Background: Podcasts are increasingly used in health professions education; however, most formats are asynchronous and
noninteractive. Didactically grounded, synchronous implementationsin dental curricula are scarce.

Objective: Thisstudy aimsto design, implement, and eval uate a synchronous, case-based live podcast (L P) asadidactic teaching
format in dentomaxillofacial radiology.

Methods: Inacontrolled cohort study with 2 third-year cohorts (N=41), theintervention 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 eval uation questionnaire and open-text responses.
Knowledge was assessed immediately after the course with a21-item radiology knowledgetest, and after 6 months, with a15-item
interdisciplinary clinical application test.

Results. The primary outcome was student-reported acceptability of the LPformat. It wasrated highly by studentsin 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 (1G: n=21, 51% vs CG: n=20, 49%; P=.37). In the interdisciplinary clinical application test, the |G 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; ¢=0.64).

Conclusions: TheLPformat represents afeasible, scalable, and low-threshold approach to fostering clinical reasoning in dental
curricula, particularly at thetransition to clinical training. While radiol ogy-specific theoretical competencies did not differ between
the groups, students consistently rated the L P as more engaging and motivating compared to standard |ectures.

(JMIR Med Educ 2026;12:e77980) doi:10.2196/77980

KEYWORDS

case-based learning; clinical reasoning; dental education; digital |earning; health professions education; interdisciplinary teaching;
podcast; student engagement; synchronous learning
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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 classica media such as lectures and
textbooksfor foundational learning, they strongly favored digital
formats for more advanced clinical content. Podcasts, although
not yet widely used for learning, were perceived asapromising
format for flexible, self-directed studies. These findings
highlighted aclear interest in diverse, interactive, and clinically
relevant digital learning formats [8].

Rationale and Objectives

Recent initiatives such asthe 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,
clinica reasoning (CR) is gaining increasing importance,
particularly as dental treatment needs are rising among
vulnerable populations, including older adults and patientswith
complex medical conditions[10,11]. CRisparticularly 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 aso
interdisciplinary judgment, risk assessment, and patient-centered
decision-making. CR refers to the cognitive process by which
health care professionals collect, interpret, and synthesi ze 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
guestion of whether innovative and more interactive approaches
can reengage learners and potentially revitalize attendance in
academic teaching. This study introduces and evaluatesthelive
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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,
thisisthefirst systematic implementation of an LPformat within
the dental curriculum. The LP was not conceived as a mere
content delivery tool but asadidactically 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 potentia effects on theoretica 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 a3-year clinical phase. The curriculumisnationally 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 Nationa
Competence-Based L earning Objectives Cataloguein 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
DMPFR 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). Discussionsfocused on radiographic diagnosis,
differential diagnoses, and interdisciplinary treatment planning.
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All episodes were designed with explicit learning goals that  line with the interdisciplinary nature of DMFR (Tables 1 and
emphasized diagnostic competence and clinical reasoning, in  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.

Episode Topic Discipline Imaging modalitiesin this  Radiographic diagnoses
episode
1 Pediatric dentistry Pediatric dentistry PA; BW; OPG Approximal caries and api-
cal periodontitis
2 Endodontology Endodontics PA; CBCT for complex cas- Irreversible pulpitisand api-
es cal periodontitis
3 Caries diagnostics Restorative dentistry BW; PA Bitewing caries; secondary
caries versus artifacts
4 Genera prosthodontic plan-  Prosthodontics OPG; PA Tooth loss, apical periodon-
ning titis, bone loss, and TMJ?
findings
5 Special care dentistry Special care dentistry OPG; PA Tooth loss, caries, boneloss,
and radiation protection is-
sues
6 General radiology Oral and maxillofacial radi- PA; BW; OPG; CBCT; Modality characteristics (in-
ology MRIP traoral, BW, CBCT, and
MRI)
7 History of dentistry History of medicine or den- Historical imaging methods Early radiographs and OPG
tistry
8 Artificial intelligencein Informatics; oral radiology PA; OPG; CBCT AlC-assisted detection of
dentistry caries and periodontal bone
loss
9 Orthodontics Orthodontics OPG,; lateral cephalogram;  Tooth development; retained
PA; OC teeth
10 Periodontology Periodontol ogy PA; BW; OPG Horizontal and vertical bone
loss
11 Surgical removal of wisdom Oral and maxillofacial OPG; CBCT for complex Impactions, cysts, and nerve

teeth

surgery

cases

injury risk

3TMJ: temporomandibular joint.
BMRI: magnetic resonance imaging.

CAl: artificial intelligence.
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Table. Curriculum framework for the live podcast: episodes, topics, covered domains, interdisciplinary aspects, and learning goals.

Episode Topic Covered domains Interdisciplinary aspects Learning goals
1 Pediatric dentistry Imaging and diagnosticsin  Pediatrics, and oral and Apply pediatric-specific di-
primary and mixed denti- maxillofacial surgery (frac- agnostic strategies, and se-
tion, trauma management,  ture management) lect imaging in pediatric
prevention, and developmen- traumaand explaininformed
tal diagnostics consent in minors
2 Endodontology Pain diagnostics, pulpvitali- Oral and maxillofacia Strengthen case-based rea-
ty assessment, and decision-  surgery and restorative den-  soning and interpret findings
makinginendodontic emer-  tistry inirreversible pulpitis and
gencies differentiate periapical
pathologies
3 Caries diagnostics Primary and secondary Prevention, pediatrics, Enhance diagnostic accuracy
caries, diagnostics, and pre-  prosthodontics, and endodon-  and apply imaging in caries
vention tics diagnostics and distinguish
true lesions from imaging
artifacts
4 General prosthodontic plan-  Prosthetic concepts, treat-  Geriatrics, orthodontics, oral  Integrate diagnostics into
ning ment planning, and radio-  and maxillofacial surgery,  treatment planning, and use
graphic considerations and restorative dentistry OPG2in planning and devel-
op interdisciplinary
prosthodontic strategies
5 Special care dentistry Prosthetic care for people  Medicine, nursing, and Link ethics with radiol ogy,
with disabilities, barriersto  ethics (focus on vulnerable  and apply radiation protec-
care, and ethics and medically complex pa-  tion in vulnerable groups
tients) and critically reflect on
imaging indications
6 General radiology Physics, AL ARAP principle; Cr(_)ss-di_sci pIin_ar_y relevance Build safety and modality
imaging modalities of imaging decisions competence, and apply
ALARA and differentiate
indications for imaging
modalities
7 History of dentistry Evolution of diagnosticsand  History of medicine Promote scientific reflec-
imaging tion, and describe historical
developmentsin dental diag-
nostics and radiology
8 Artificial intelligencein Digital diagnosticsand deci-  Ethics and data science Foster critical, future-orient-
dentistry sion support ed thinking; evaluate bene-
fitsand limitations of
AlC-assisted diagnostics
9 Orthodontics Malocclusionsand growth  Pediatrics and prosthodon-  Relate radiology to growth
diagnostics tics analysis, and explain OPG
or CBCTYand model analy-
sisin orthodontics and as-
sess impacted teeth
10 Periodontology Periodontal diagnostics, diss  Prosthodontics and implan-  Strengthen diagnostic inte-
ease progression, and treat-  tology gration, and identify peri-
ment planning odontal bonelossradiograph-
icaly and link findings to
implant and prosthodontic
planning
11 Surgical removal of wisdom Indications, surgical tech-  Radiology, anesthesiology, Link diagnostics with

teeth

niques, and preoperative
planning

and prosthodontics

surgery, and select OPG
versus CBCT appropriately
and assess surgical risksra-
diographically

30OPG: orthopantomogram.

PALARA: AsLow As Reasonably Achievable.

CAl: artificial intelligence.

dCBCT: cone-beam computed tomography.
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Technical Setup

Sessionswere hedin alecture 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 officia 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 (1G; n=21, 51%; with n=11, 52% women
and n=10, 48% men) that attended the L P 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 weretheinterdisciplinary 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=l 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 evauation. Selected domains were
stratified by gender. An optional open-text field captured
gualitative impressions that were analyzed descriptively.

Assessment of L earning Outcomes

Knowledge served asthe secondary outcome and was eval uated
at 2 time points to capture both immediate and longer-term
learning effects.

Immediately after the course: 1G and CG completed a DMFR
radi ol ogy-specific competencetest (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-choicetest (ICAT) with 15 case-based

https://mededu.jmir.org/2026/1/€77980
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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 forma 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
multipletesting was applied. Statistical analyseswere performed
in Stata (version 19; StataCorp) with a significance level of
a=.05.

Ethical Considerations

The study involved human participants and was conducted in
accordance with ingtitutional 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). Asit 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 detail ed information about
the study purpose, procedures, data use, and their right to
withdraw at any time without negative consequences. Datawere
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 educationa 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.

Category Women (n=11; score: 1-10), mean (SD) Men (n=10; score: 1-10), mean (SD)
Atmosphere 9.91 (0.30) 9.40 (0.97)
Organization 9.82 (0.40) 9.70 (0.48)
Useful teaching method 9.73 (0.65) 9.56 (0.73)
Scope of knowledge 9.18 (1.32) 9.56 (1.01)
Interdisciplinary connections 9.45 (0.82) 9.67 (0.50)
Personal perception 6.64 (1.21) 7.67 (1.94)
Addition to the lecture 8.64 (1.75) 8.78 (1.39)
Interest in topics 9.91 (0.30) 9.30(0.95)

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 asillustrative
examples are shown in Figure 1. Overal, the majority of
participants provided high ratings, indicating strong agreement
across all 3 items. Specificaly, for “learning from the

https://mededu.jmir.org/2026/1/€77980
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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 (4) indicate mean values. No ratings were given for scores 1-5. For “learning
from the experiences of others,” 20% (n=4) of participantsrated 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 (|

Hillebrecht et &l

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.

https://mededu.jmir.org/2026/1/€77980
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In some sessions, time was even too short, as the
discussions were highly engaging. A second
microphone for students would sometimes have been
helpful.

| 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 | 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.

| really enjoyed attending the podcast lectures. They

were varied and never felt like dry teaching, yet |

learned a great deal. The relaxed atmosphere, such

as sitting on the sofa, created an environment that

did not fed 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 analysisrevealed asignificantly higher
proportion of correct responsesin the |G compared with the CG

Hillebrecht et &l

in restorative dentistry (P=.04; @=0.64). No dtatistically
significant differences were observed in oral surgery (P=.85;
¢=0.005) or orthodontics (P=.14; ¢=0.34).

Acrossall ICAT domains combined, no statistically significant
differencein overall performance was observed between groups
(P=.37; ¢=0.49). A distribution-based analysis showed that in
the I1G, 7 students answered 3 items correctly, 13 students
answered 2 items correctly, and 1 student answered 1 item
correctly, with no student scoring O correct answers. In contrast,
in the CG, 4 students answered 3 items correctly, 12 students
answered 2 items correctly, 2 studentsanswered 1 item correctly,
and 2 students answered no items correctly. This distribution
indicates a trend toward higher overall performance in the I1G,
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; a=.05)2,

Domain T (points), median IG (points), mean (SD) cC (points), median CG (points), mean Effect sizer
(IQR) (IQR) (SD)

Restorative dentistry 5 (4-5) 4.62(0.67) 4(3-5) 3.75(1.25) 0.38

Oral surgery 5(3-5) 3.95 (1.46) 5(3.55) 4.10 (1.37) 0.05

Orthodontics 5 (5-5) 5.00 (0.00) 5(5-5) 4.60 (1.23) 0.23

3Median, 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.

B1G: intervention group.
CG: control group.

No statistically significant differences were observed in the
RKT between |G and CG for the overall score or any subdomain
(all P>.05). Thetotal 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 revedled a
significantly higher performance in the 1G (75/105, 71%) than
inthe CG (40/100, 40%) in restorative dentistry (P=.04; ¢=0.64).
No significant differences were observed in oral surgery (P=.85;
¢=0.005) or orthodontics (P=.14; ¢=0.34). Overall correctness
acrossal domainswassdlightly higher inthe1G (161/315, 51%)
compared with the CG (147/300, 49%), though this difference
was not statistically significant (P=.37; ¢=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, thisis the first systematically
designed and eval uated synchronous podcast format embedded
within adental 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

https://mededu.jmir.org/2026/1/€77980

in structure, clarity, and interactivity suggest that L Psfoster an
engaging learning environment, particularly at the transition
from preclinical to clinical training.

Studentsin the intervention group performed significantly better
inthe ICAT intherestorative 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
acceptanceratings and open-ended comments show that students
perceived the LP asmotivating, 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 isincreasingly conceptualized asSituated 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 ratingsin the SEQ, this suggeststhat 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 suggeststhat synchronous, audio-based
teaching formats such as L Ps can act as effective didactic tools
incomplex, 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 alignswith 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,
studentsin our study reported inthe 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 theLPmirrors
the informal, yet focused tone described by Kaplan et a [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.

Coredisciplinary knowledge wastested inthe 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
durablelearning 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 outcomestargeted
by the LP. The combination of synchronous interaction and
asynchronous access corresponds to evolving learner
expectationsfor 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,
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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 L Ps 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
|CAT comprised 15 multiple-choiceitemsand assessed midterm
retention only, so effects on long-term learning and clinical
performance remain unclear. The eval uation of student-reported
acceptability in the SEQ relied on self-report, which may be
affected by socia 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
lecturesin radiol ogy-specific competences, while studentsrated
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, atrauma-rel ated case (teeth 21/22), sequential clinical and radiographicimages (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.

[PDE File, 624 KB - mededu_v12i1e77980_appl.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_v12i1€77980_app3.pdf |

Multimedia Appendix 4
Student Evaluation Questionnaire (SEQ).
[PDE File, 139 KB - mededu_v12i1€77980_app4.pdf ]
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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: Thisstudy 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 classtime. Three groups were randomly selected to receive PBL using WeChat
as the platform, while the remaining 3 groups received conventional teaching.

Results: Our analysisindicated that although studentsin the WeChat-based PBL group scored marginally lower in memorization
compared to their peersin 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, studentsin 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 ophthal mic education outcomes compared to
traditional teaching, suggesting that this method may offer a superior aternative to conventional teaching.

(IMIR Med Educ 2026;12:€65279) doi:10.2196/65279

KEYWORDS
problem-based learning; WeChat; China; ophthalmology; undergraduate; medical students

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

Introduction

Medica education increasingly incorporates innovative ' e N L o
Strategies in undergraduate training to better prepare students  Nighly specialized discipline within clinical medicine [8]. The
for the challenges of clinical practice. Key strategies such as intricate anatomy of the eye and the nonintuitive nature of its
problem-based learning (PBL) [1,2], case-based learning [3], structure nectatethe use of specialized equipment and tests
team-based learning [4], flipped classoom-based learning [5,6],  fOr &ccurate diagnosis and management [9]. These factors
and competency-based medical education [7] have been 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,
especialy in large classes common in China, this method can
limit students’ engagement and activelearning [11]. Asaresult,
students may struggle to operate ophthalmic instruments or
perform fundus examinations, thereby diminishing their
confidence in applying ophthalmology skills. Moreover,
although textbooks provide detail ed 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 thosein traditional
learning settings[16,17]. Intoday’sdigital 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 WhatsA pp in Western countries[19,20].
Moreover, WeChat iswidely 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 thisinquiry is: How does
the integration of WeChat in PBL influence the learning
outcomes of medica students in ophthalmology? This
randomized controlled tria 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

https://mededu.jmir.org/2026/1/e65279
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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 methodologiesin China and beyond.

Methods

Ethical Consider ations

This study was conducted in accordance with the Declaration
of Helsinki and received approval from theinstitutional review
board and ethics committee of the Second Xiangya Hospital
(Z0005-01). In accordance with institutional guidelines for
educational research, theintervention was classified asminimal
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 al 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
Medica 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
wererandomly assigned into 6 groups of 18 students each using
Microsoft Excel to generate random numbersto ensure unbiased
distribution. In this study, studentswereinformed 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. Thisapproach presented unique challenges, including
an increased workload for both students and instructors, as it
required students to allocate additional time beyond their
standard academic hoursto participatein the study. Additionally,
coordinating schedules among all faculty members and students
involved posed challenges, which required careful planning and
communication to ensure partici pation without conflicting with
existing institutional educational policies. Both intervention
and control groupsreceived 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.

Fang et d

Week Activity

Duration (h) Learning objectives

1 The instructor posts guiding ques-
tionsand students form study groups

2 Explore contributing factors

3 Apply concepts to scenarios

4 Solve the guiding problems and
present the key points

5 Evaluate proposed solutions

2 Students are randomly assigned to
study groups of 10 and establish
WeChat groups, through which
group members communicate about
the study content

4 Identify and explain major factors
and search for medicdl literature and
books on your own to find the an-
swers to the guiding questions pro-
vided by the instructor

4 Apply learned conceptsto hypothet-
ical scenarios and communicate
with group membersand theinstruc-
tor through the WeChat group

5 Students create relevant course Mi-
crosoft PowerPoint presentations
according to the assigned groups,
which cover al the answersto the
instructor’s guiding questions and
the knowledge points obtained from
self-study of the teaching content of
this course

4 Eval uate the effectiveness of various
solutions by presenting them to each
other during the formal class

Research M ethods

We selected primary angle-closure glaucoma (PACG) as the
topic for applying the WeChat-based PBL approach in this
study, asthe diagnosis and treatment of PACG represent crucial
skills that students must acquire. The textbook used for this
study was Ophthal mol ogy, 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 studentswasresponsiblefor
recording each student’s speech and the outcomes of the panel
discussions.

Problem I ntroduction 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.

https://mededu.jmir.org/2026/1/e65279

Each objective was then trand ated 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 theinstructors, 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 studentsto 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 studentsto 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 summariesfrom 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 instructorsfollowed
a structured facilitator’s guide, identical across groups, and
distributed 1 week before the session. The guide provided a
minute-by-minute timetabl e covering the entire 2-hour process
(20 min recap, 45 min group presentation, 30 min cross-groups
challenge, 25 min instructor synthesis, and 10 min reflection),
ensuring balanced pacing and consi stent coverage across groups.

At the beginning of each session, arepresentative student from
each group presented their understanding of the assigned disease
and summarized unresolved problemsidentified 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

https://mededu.jmir.org/2026/1/e65279
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ultrasound biomicroscopy images). It also included prompt
guestions addressing common misconceptionsidentified during
the pilot phase, and a 1-side “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
inFigure 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.
Traditional teaching WeChat-based PBL teaching
Teacher:
Several cases and/or related
Textbook reading Preview |\ duestions distribution
Before class before the class a course
Students:
Team discussion via WeChat
platform
/ \ éudents: \
Team presentation with slides to show the
Teacher: knowledge points and their answers to the
Explanation of theoretical knowledge, cases related questions.
Delivery of syllabus and concept.
In class
Teacher:
Students: Summary for the evidence and sources of the
Listening and taking notes cases,
Guidance for the students’ further discussion,
\ / Qnmary of the class in the end of the co@
/Students: \
Questionnaires and closed-book
examinations
After class
Teacher:
The scores of the questionnaires
and quiz were compared

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.

Teaching Efficacy Evaluation and Statistical Analysis

The efficacy and satisfaction of both teaching methods were
evaluated through a combination of questionnaire surveys for
subj ective assessment and examinationsfor objective evaluation.
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Table. Specific questions used in the questionnaire
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Topic area

Questions

The course improves my learning motivation
The course helps me to acquire knowledge

The courseis helpful for passing the final examination

The course encourages me to express my opinions

This course occupies too much of my spare time

The course improves my communication skills

The course improves my self-learning skills
The course improves my clinical thinking ability

The course improves my ability to analyze and solve problems

«  “Canyou anayzetheimpact of the study findings on the field?’
«  “Can you define the main terms used in the study?’

. “What are your thoughts on the effectiveness of the methods used in
the study?’

« “Inthiscourse, do you feel that your opinions are respected?’
« “Inthiscourse, do you often take theinitiative to express your opin-
ions?’

«  “How much time do you spend in WeChat-based problem-based
learning by using this method to communicate with teachers and
group members?’

«  “During discussions, does the instructor give you sufficient time to
express your opinions?’

o “What are the key concepts discussed in the study material?’
«  “How wouldyou apply the conceptslearned to areal-world scenario?’

«  “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 skillsyou learned in the
course to solve real-world problems outside the classroom?

Objective Evaluation

Both groups then undertook an identica 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 formul ated 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

https://mededu.jmir.org/2026/1/e65279

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 aflowchart 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. Therewas no significant differencein gender
and average age between the two groups (Table 3).
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flowchart.

Enrollment
Assessed for eligibility (n=108)
Excluded (n=0)

A

A

[

Randomization
Randomized (n=108)

J

/

T~

Allocated to WeChat-based PBL group (n=54) E
J

ﬁ Allocated to traditional teaching group (n=54)
L

Received allocated intervention (n=54) Allocation Received allocated intervention (n=54)
Did not receive allocated intervention (n=0) Did not receive allocated intervention (n=0)
A 4
e P e
Lost to follow-up (n=0) [ Follow-Up ] Lost to follow-up (n=0) ]
Discontinued intervention (n=0) Discontinued intervention (n=0)
\ J T
A 4 L
s P 4
Analyzed (n=54) [ T ] Analyzed (n=54) ]
Excluded from analysis (n=0) ) b Excluded from analysis (n=0)
L

Table. Participants demographic dataof the Second XiangyaMedica College of WeChat-based problem-based |earning (PBL) and traditional teaching

groups.
Characteristics WeChat-based PBL (n=54) Traditional teaching (n=54) P value
Age (y), mean (SD) 20.426 (0.602) 20.296 (0.571) 102
Sex, n (%) agP
Male 23 (42.6) 22 (40.7)
Female 31(57.4) 32(59.3)

8For age, independent sample t1ps=1.188.
BFor sex, x21=1.0.

Comparison of the WeChat-Based PBL Method and
Traditional Teaching M ethod

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
guestions 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 terminol ogy.
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 practica situations,
such as problem-solving, formulaapplication, and case analysis.

https://mededu.jmir.org/2026/1/e65279
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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 astheir
ability to analyze and solve clinical problems.

Our analysis indicated that athough students in the
WeChat-based PBL group scored marginaly lower in
memorization compared to their peersin thetraditional 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 1.8vs 28.0, SD 1.3; t;06=12.753; P=.007; n=54) and
knowledge application (traditional vs WeChat groups: 24.3, SD
1.9 vs 27.6, SD 1.3; t,04=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 4.9vs 87.4, SD 5.1; t;06=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;

Fang et d

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,
amajority of studentsin 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-eval uation 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).

Questions WeChat-based PBL, Control (traditional Mann-Whitney U test P value Effect size
mean (SD) teaching), mean (SD)

The courseimproves  1.8333 (0.5746) 3.5741 (0.7915) 1012 .004 2.5169

my learning motivation

Thecoursehelpsmeto 1.8704 (0.7017) 3.6667 (0.7770) 914 <.001 2.4264

acquire the knowledge

The courseishelpful  2.7593 (0.7507) 3.2593 (0.8284) 975.5 <.001 0.6325

for passing the final

examination

The course encourages  1.9630 (0.5482) 3.5556 (0.7181) 963 .001 2.4930

meto express my opin-

ions

This course occupies  3.3148 (0.8201) 3.7963 (0.7618) 714 <.001 0.6083

too much of my spare

time

The courseimproves  1.7222 (0.5961) 3.8889 (0.8393) 725 <.001 2.9765

my communication

skills

The courseimproves  1.8519 (0.4917) 3.5741 (0.7673) 930.5 <.001 2.6725

my

self-learning skills

The courseimproves  1.9630 (0.6132) 2.9444 (0.8777) 1072 .012 1.2964

my clinical thinking

ability

The courseimproves  1.8519 (0.5287) 3.2037 (0.6553) 932 .001 2.2706

my ability to analyze
and solve problems

Discussion

Principal Findings

This study aimed to assess the effectiveness of WeChat-based
PBL in ophthal mic education compared with traditional teaching
methods. Our analysis revedled 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 suggeststhat the WeChat-based
PBL approach fosters deeper engagement, allowing studentsto
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.

https://mededu.jmir.org/2026/1/e65279

WeChat has been used asaplatform for PBL becauseof itstime
efficiency and convenience [26-28]. Students were able to
present questions and engage in discussions with instructors at
any time and from any location viaWeChat. 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 membersincreased the pressure and burden on
the students. Increased preparation time can lead to deeper
understanding and better retention of the materia 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 a so 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 isessential
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 aso
receive appropriate training to embrace thisinnovative teaching
approach [32]. Dolmans and Wolfhagen [33] have highlighted
that atutor’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 devel opment as educators
is recommended [34,35]. These efforts can effectively strike a
balance between optimal learning outcomes and manageable
student workload.

At the sametime, theincreasein students’ out-of-classlearning
hours also implied additional workload for instructors. Although
instructor workload in asynchronous chat facilitation was not
quantitatively measured, informal feedback indicated amoderate
increase. Instructors reported spending an additional 15 to 20
minutes per day monitoring discussions and providing timely
feedback. Despitethis, they generally considered thisextratime
acceptable and valuable, as it enabled closer observation of
students’ reasoning and early identification of misconceptions.
Themain challengesinvolved balancing prompt responseswith
other duties and managing message overload during pesk
activity. Nonethel ess, most instructors agreed that the improved
engagement and learning outcomesjustified the additional effort.
A rotating instructor schedulefor online facilitation and setting
clearer expectations for response timelines may help balance
instructional  workload while maintaining  effective
student-teacher interaction.

Our satistical analysis revealed that the WeChat-based PBL
group exhibited dlightly lower scoresin 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,
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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
groupsfacilitate easier administration and instruction. Teachers
should contact students at least 1 week in advance to provide
guestions or case reports, ensuring both teachers and students
arewell 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

Thereare several limitationsthat 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 interviewsto further evaluate
students attitudes, learning experiences, and workload
perceptions. Third, the necessity for student participation in
additional discussionsand 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 findingsis also limited by the
single-ingtitution 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 approachesin future
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studies. Moreover, future research should explore thelong-term
impacts of WeChat-based PBL on learning outcomes across
different medical disciplinesand 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

Fang et d

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. Thisinnovative teaching mode may represent
a superior aternative to conventional teaching methods.
However, further exploration to optimize the students spare
timefor effective online communication iswarranted. Thisnew
method merits continued refinement and evaluation based on
the findings of this study.

improved the effectiveness of ophthalmic education. Although
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Abstract

Background: Ultrasound-guided regional anesthesia (UGRA) remains underused in low- and middle-income countries due to
barriersto 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 procedura 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 scoresimproved by amedian 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 successrate was 96.3% (180/187), and there were no observed
patient complications.

Conclusions: Thishybrid curriculum enabled the successful implementation of UGRA at apublic hospital in Guatemala, safely
expanding clinical capabilities and reducing reliance on general anesthesia for upper extremity surgery. This practical training
model provides aframework for implementing UGRA in similar resource-limited hospitals.

(IMIR Med Educ 2026;12:€84181) 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 PNBsin 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 anesthesiacapacity canimprove
patient care by providing an aternative to general anesthesia,
reducing cost and resource consumption, and enhancing patient
comfort and safety [1,12].

Addressing the need for training opportunitiesis 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 severd 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 devel opment
of anin-person educational program called the Global Regional
Anesthesia Curricular Engagement (GRACE). In this program,
anesthesiaprovidersin Ghanaweretrained in UGRA techniques,
demonstrating positive outcomes and increased procedure
volume. Other collaborations have explored fully remotetraining
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 devel oped
specifically for medical professionalsin 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 millioninhabitantslivein rural or impoverished communities
[16]. Geographic and financial barrierslimit accessto 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 aresult,
smaller public hospitals acrossthe country have limited capacity
and access to UGRA. Despite these challenges, there is
substantial interest and growing demand for ultrasound-guided
procedures nationwide.

https://mededu.jmir.org/2026/1/e84181
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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 alack 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 asustainable UGRA service
at HNC. This evaluation assessed the outcomes and impact of
this pilot program. We hypothesized that the implementation
of thishybrid 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 anovel pilot training
program for UGRA delivered aa HNC in Coatepeque,
Guatemala, from April 2024 through June 2024. The evaluation
design and materials were adapted from the GRACE model
devel oped by Brouillette et a [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 peoplein 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 traumatol ogy.
Traumaand orthopedic extremity procedures represent amajor
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 aready
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maintained asupply of nerve block needlesand local anesthetics
for infrequent use of nerve stimulation for distal lower extremity
blocks. Standard emergency medicationswere available, except
for lipid emulsions. However, no procedure logs or patient
consent forms were in place because a regiona 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 (MultimediaAppendix 1). Beforetraining,
participants were asked to complete the questionnaireto capture
demographic information, self-reported practices, educational
needs, and motivations for participation.

Program Design and I mplementation

Curriculum Devel opment

Information gathered from site assessments, planning meetings,
and the online survey was used to develop a hybrid training

Figure 1. Flowchart of the program design and evaluation.
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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 practicewith
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, alimited number of blockswere 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.

Needs assessment

I Baseline survey

Program development

l Preprogram evaluation

Hybrid training program

Online
modules

Educational

conference

Clinical

practice

l P(J.&'rpmgmm evaluation

Clinical implementation

l Postprogram evaluation

Sustainability

« Continuing education

» Partnership
+ Research

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 adedi cated 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
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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, clinica
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 regiona 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 suppliesand 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], aglobally recognized and validated approach
for evaluating the effectiveness of educational and training
programs acrossdisciplines[22]. Thismodel evauates outcomes
across four levels: (1) reaction, (2) learning, (3) behavior, and
(4) outcomes.

Reaction

Participant reactions were assessed through postprogram
satisfaction surveysto solicit perceptions and feedback related
to the training. This survey was adapted from the origina
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 clinica 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. M odificationswere madeto 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
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secure platform (Qualtrics XM Platform). Procedural skill
acquisition was assessed using a validated global rating scale
(GRS) for UGRA developed by Chuan et a [23]. This
instrument eval uates 7 domains—preparation, respect for tissue,
handling, time and motion, instrument handling, flow,
knowledge, and overall performance—graded on a5-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 alocal 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 asapatient’s ability to tolerate surgery without general
anesthesia or an analgesic block with moderate to complete pain
relief. To address the lack of workflow, ablock documentation
form and clinical log were developed in Spanish based on the
New York School of Regional Anesthesia Universa
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 aspecialized CU postanesthesia
care unit nurse to manage and identify complicationsin patients
who received PNBs.

Statistical Analysis

Descriptive statistics were calculated and reported as
frequencies, percentages, and meanswith 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%
Clsestimated using the percentile bootstrap method from 1000
resamples [25,26]. Standardized effect sizes were interpreted
using Cohen genera 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 cautioudly. Interrater
reliability (IRR) for preprogram GRS items, assessed across 2
fixed raters, was quantified using a 2-way mixed-effects
intracorrelation coefficient and weighted K, with 95% Cls
obtained using the percentile bootstrap method from 1000
resamples. Two-sided P vaues <.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 Consider ations

Thisevaluation received approval from thelocal 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, al data were

Table 1. Baseline participant demographics (N=7).
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deidentified and managed in accordance with ingtitutional 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 al participants had previously
performed PNBsusing 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.

Characteristic Values
Participant demographics
Participants, n (%) 7 (100)
Female, n (%) 4(57.1)
Experience (y), mean (SD) 91(5.1
Have you used ultrasound previously? n (%)
Yes 0(0)
No 7 (100)
Do you have previous experience with blocks? n (%)
Yes 7 (100)
No 0(0)
What blocks have you performed?®n (%)
Supraclavicular 2(28.6)
Axillary 5(71.4)
Peripheral nerve (radial, medial, and ulnar) 4(57.1)
Ankle 5(71.4)
Sciatic 2(28.6)
Scalp 1(14.2)
What isyour primary motivation for participating in this program?®n (%)
Learning new clinical skills 6(85.7)
Patient outcomes 5(71.4)
Work satisfaction 2(28.6)
Patient satisfaction 4(57.1)
Decreased resource use 3(42.8)

AMultiple responses were allowed per participant.

Each participant completed thefull 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

Theoverall satisfaction scoresfor the program were high (Table
2). The most frequently cited strengths were the integration of

Table 2. Participants' reactions to the training program.
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theory with personalized hands-on practice. No component was
identified as unhelpful; however, participants suggested
increasing collaboration with surgical specialtiesand extending
the duration of trainers on-site.

Survey question

Score?, mean (SD)

Performing my own blocks during work hours was useful

The content of the program was satisfactory

The online study program hel ped prepare me for the in-person sessions
The conference presentations were useful

The program was applicable to my practice

The program should continue at HNCP

It was useful to practice with ultrasound during the workshops

The clinical teaching and supervision were helpful during procedures
The knowledge test was a fair evaluation of the course material

This program should be implemented in other hospitals

4.71(0.49)
4.86 (0.38)
4.86 (0.39)
4.86 (0.38)
5.00 (0)
5.00 (0)
5.00 (0)
5.00 (0)
5.00 (0)
5.00 (0)

8Responses rated using a 5-point Likert scale (1=strongly disagree; 5=strongly agree).

bHNC: Hospital Nacional de Coatepeque.

L earning Outcomes

As shown in Figure 2, al 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% Cl 0.896-0.913).
Similarly, al participants reported perceived gainsin knowledge
and confidence with UGRA (Table 3). Procedura skills
improved following training across all domains, with median
GRS scoresincreasing from 1.2 before the programto 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%;

https://mededu.jmir.org/2026/1/e84181

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; k=0.63,
95% Cl 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 avail ability 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.
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Table 3. Participants' self-reported changes after participating in the training program.

Survey question

Score?, mean (SD)

| feel that | have improved my ability to perform blocks

My knowledge of PN B hasincreased
| feel more comfortable using and interpreting ultrasound
| have a stronger desire to implement blocks in my practice

| plan to continue using PNBs in my practice

| fed that PNBsimprove patient care at HNC®

4.29 (0.76)
4.43(0.79)

457 (0.53)
4.86 (0.38)
457 (0.53)
5.00 (0)

8Responses 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 PNBsinto their practice (Table
3). All anesthesiol ogi sts 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%). Genera anesthesia was avoided in 95.9%
(70/73) of the patientsfor upper limb surgery through successful
brachial plexus blocks. On the postprogram survey, all 7
anesthesiol ogists strongly agreed that UGRA improves patient
careat HNC.

Table 4. Ultrasound-guided nerve blocks performed during the first 10 months after program implementation by type (n=187).

Block type Blocks, n (%)

Interscalene 10(5.3)

Supraclavicular 66 (35.3)

Femoral 35(18.7)

Adductor canal 25(13.4)

Popliteal 40 (21.4)

Other 11 (5.9)
Discussion these procedures are performed, reflecting the reality for much

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 servicesin LMICswhereclinical 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

https://mededu.jmir.org/2026/1/e84181

of the anesthesia workforce in LMICs [12]. Additionally, the
paucity of available Spanish-language UGRA resources
necessitated the trandation or development of all surveys,
lectures, and training materialsin 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 hasinherent
advantages and limitations. In-person training provides direct
interaction with learners, hands-on skill development, real-time
adaptation and feedback, and accessto 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 visua 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, pharmacol ogy, and management of
complications. Concepts were then reinforced with classroom
instruction and followed by workshops and clinical practiceto
support technical skill acquisition. This “flipped classroom”
approach prepares learners for hands-on experiential learning
and has become astandard 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 asfewer 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 Frontieres (Doctors
Without Borders) facilitiesin LMICs similarly reported lower
mortality with regional anesthesia in comparison to general
endotracheal anesthesia [40]. Anagesic blocks were aso
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
anesthesi a parti ci pants 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 effectsor nerveinjury, hands-on training becomes
essential to ensure safe use [41,42]. In our program, no
complicationswere observed, and the block failure rate of 3.7%
was consistent or superior compared to published rates ranging
from 5% to 10% [43-45].

L essons L earned

Implementing aregional anesthesia serviceat aresource-limited
public hospital in Guatemalarequired adaptability and creative
problem-solving. The preoperative workflow presented
challenges, as patientstypically arrived directly at the operative
area with minimal preparation time, limiting the window for
block placement and onset. Through pharmacological
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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, anew processwas established to obtain authorization
for procedures, especially parental consent in the case of minors,
where parents were required to provide consent. In patientswho
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
al 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 scheduleto
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 asthe procedurelog,
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
thefoundation for potential expansion acrossthe 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. Thisincludesimplementing strategiesfor
long-term follow-up, identifying and training local experts, and
maintai ning buy-in fromlocal 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 Globa Anesthesiaprogramwill 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 anesthesiol ogists early intheir careersand
integrating these techniquesinto both public and private practice,
thereby expanding the scope and consistency of anesthesiacare
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 regiona anesthesiaearlier intheir 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 technol ogy-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 barriersin LMICs.

Limitations

There are multiple limitations to this study. First, training was
delivered at a single hospital site with a small cohort of
anesthesiol ogists. 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
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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 singleratersfor 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
al 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 hospita in
Guatemala, advancing perioperative pain management in a
resource-limited setting. By combining online modules,
in-person didactics, and supervised clinica 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: Artificia intelligence (Al), particularly large language models (LLMs) such as ChatGPT (OpenAl), is rapidly
influencing medical education. Its effectiveness for students with varying levels of prior knowledge remains underexplored.

Objective: Thisstudy aimed to evaluate the performance of medical studentswith and without formal pharmacol ogy knowledge
when using Al-LLM GPTs, internet search engines, e-books, or self-knowledge to solve multiple-choice questions (MCQs).

Methods: A cross-sectional study was conducted at atertiary 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-40. 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 AlI-LLM GPT set (partial n2=0.328). For both groups, the performance hierarchy was Al-LLM GPT > internet search
engine > self-knowledge = e-books. Notably, the naive students who used Al 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: Al-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 Al 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; Al; large language models; LLM; medical education; ChatGPT; cognitive performance; subject-naive
learners

humanlike intelligence, including learning, judgment, and

Introduction

Artificia intelligence (Al) 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 computersin
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]. Al involves the science and engineering of
creating systems capable of performing tasks that require

https://mededu.jmir.org/2026/1/e81264

decision-making [4]. Al has successfully solved complex
problems in various domains, including education. The
application of Al in natural language processing has led to the
creation of intelligent chatbots and virtual assistants capabl e of
understanding and producing human language [5].

Popenici and Kerr [6] investigated the impact of Al systemson
learning and teaching, highlighting potential conflicts between
students and instructors, such as privacy concerns, changesin
power structures, and excessive control. These studies have
caled for further research into the impact of Al systems on
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learner-instructor interactionsto identify gaps, issues, or barriers
that prevent Al systems from achieving their intended potential

(71

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 (OpenAl), along with the
vast availability of information on platforms such as Google
and e-books, enabl es educatorsto 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
Al-argelanguage modd (LLM) GPT—driventoolsin enhancing
these competencies remains underexplored, particularly
concerning the prior knowledge of learners [9]. Students with
strong foundational knowledge can use Al toolsto 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 difficultiesin comprehension [10].

This study used ChatGPT-40 as the representative Al-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
genera-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 Al model has 175 hillion parameters, and
Microsoft’'s Bard has 540 billion in comparison [12,13]. The
domain-specific LLMs, enriched with pharmacol ogy databases
or specialized medical Al agents, may offer better performance
characteristics, but widespread use of such toolsis still limited
due to paywall and validation issues.

Theaim of thisstudy isto compare the effectiveness of Al-LLM
GPT tools (ChatGPT-40), 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
vslearned groups). The study explores the assistance provided
by Al-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
Ingtitutional Ethics Committee of Jawaharlal Nehru Medical
College Hospital, Aligarh Muslim University
(1018/I1EC/23/8/23). All participantswere adult MBBS students
and provided written informed consent after receiving
information about the study purpose and procedures. Datawere
collected anonymously using coded identifiers. No personal or
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identifiable information was recorded or published. Participants
received no monetary or academic compensation.

Setting and Participants

Participantsincluded 50 second-year medical studentswho 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
exposureto pharmacology coursework. Thethird-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 modul es, 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 asgeneral pharmacol ogy, autonomic pharmacology,
cardiovascular drugs, and antimicrobials, aigned 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. Thistraining covered
basic prompt formulation and how to ask follow-up questions.
Students accessed ChatGPT through computer workstationsin
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 MCQsweredivided into four parallel sets (A, B, C, and
D), each containing 20 questions. To ensure equival ence 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 questionsin set B; internet search
engine (Google) was used to answer questions in set C; and
Al-LLM GPT (ChatGPT) was used to answer questionsin set
D. Each correct answer was given 1 mark, and no negative
marking was given. The methodology flowchart of this study
isshown in Figure 1.
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Figure 1. Methodology flowchart.
Undergraduate medical
Students
(N=100)
Naive group ) Learned group
(2nd-year medical [< (3rd-year medical
students) students)
n=>50 Y, n=350
Given 4 sets of 20 pharmacology
multiple-choice questions
v - v v
Set A (20 Set B (20 Set C (20 Set D (20
questions) questions) questions) questions)
il" v v
15 min [ With augmented resources J
L v A 4
Self-knowledge Self-knowledge Self-knowledge
Self-knowledge with e-book with Google with ChatGPT-
help help 40 help
Statistical Analysis Results

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-40) 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.

https://mededu.jmir.org/2026/1/e81264
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The intergroup comparison between the learned and naive
student groups was analyzed using ANCOVA. The estimated
marginal means, partial N2 values, and statistical significance
for each group are presented in Table 1. The self-knowledge
set was used asacovariate in the analysisto control for baseline
differencesin knowledge acrossthe sets. This approach allowed
for amore accurate assessment of the effects of the augmented
resources methods (ChatGPT-40, 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).

Augmentation resource and group Score, mean (SD) Estimated marginal Partial n? P value
mean

AIZLLMP GPT (ChatGPT-40) 0.328 <.001
Naive 13.24 (3.31) 13.18
Learned 15.42 (1.89) 15.48

Internet search engine (Google) 0.241 <.001
Naive 10.82 (2.13) 10.76
Learned 12.14 (2.01) 12.20

e-Books 0.195 <.001
Naive 5.82 (2.77) 578
Learned 10.22 (3.12) 10.26

Al artificial intelligence.
BLLM: large language model .

The analysis of estimated marginal means revealed that the
learned students consistently outperformed the naive students
across dl sets. In the AI-LLM GPT (ChatGPT-40) 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 nN2=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 (partia n2=0.241; P<.001). The
learned students in the e-book set had an estimated marginal
mean of 10.26, whereasthe naive students had 5.78, amoderate

effect size (partial n?=0.195; P<.001).

The post hoc analysis for the naive group shows that the
Al-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 wasAl-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 Al toolsfor naivelearners.

The post hoc analysis for the learned group shows that the
Al-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-40 and self-knowledge
sets (P<.001), Google and e-books sets (P<.001), ChatGPT-40
and e-books (P<.001), and ChatGPT-40 and Google (P<.001),

https://mededu.jmir.org/2026/1/e81264

indicating a superior performance across these comparisons.
Theoverall performance hierarchy observed was. Al-LLM GPT
> internet search engine > self-knowledge = e-books, indicating
the superior effectivenessof Al-LLM GPT inenhancing 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 Al-LLM
set achieved the highest performance, with amean 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 amean score
of 6.0 (SD 1.9) and learned group students scoring a mean of
10.96 (SD 2.2). Thismay be due to the fact that studentsin the
e-book sets spent sufficient time searching for relevant chapters
instead of focusing on answering the questions. Thisled to some
guestions being | eft 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 studentswho used
ChatGPT-40 achieved higher scores (mean 13.2, SD 3.3) than
thelearned studentswho 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-40 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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groups.

Figure 2. Box-violin plot showing the mean scores in the naive and learned
P=.01
., Qe
9% .
e

e-book ChatGPT-40

Google Self-knowledge

Interventions

| e-book-naive

|| e-book-learned

.l ChatGPT-40-naive

Il ChatGPT-4o0-learned

Discussion

Principal Findings

Al 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]. Al-based solutions, including LLMs, such as ChatGPT,
virtual assistants, and Al-based simulation technologies, can
change how medical students learn and apply their knowledge
[16,17].

Thisstudy found that |earned students consistently outperformed
naive students across all learning methods. However, the naive
students who used ChatGPT-40 achieved higher scoresthan the
learned students who used conventional resources (ie,
self-knowledge, e-books, or Google), suggesting that Al-LLM
tools may help bridge knowledge gaps more effectively than
traditional learning resources.

Our study demonstrates that Al-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-40, we cannot
concludethat this represents agenuine improvement in cognitive
performance, critical thinking, or clinical decision-making skills.
Higher scores may reflect the Al’s ability to rapidly retrieve
and present relevant information rather than deeper student
understanding. Thefindingsindicated that learned students have
outperformed naive students in all 4 sets, and Al-LLM GPT
recorded the best performance. The greatest effect size was

https://mededu.jmir.org/2026/1/e81264

Self-knowledge-naive

I Google-naive ||
Google-learned ‘

observed in the Al group (partial n2=0.328), which indicates
the tremendous influence of Al-LLM in ensuring the students
improve their understanding and problem-solving skills. These
results are consistent with those of previousresearchin that Al
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
inthe e-books. Thisrevealsthe 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
timeefficiently. In contrast, the sel f-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.

Self-knowledge-learned

Although our quantitative data demonstrate that ChatGPT-40
enhanced student performance, particularly for naive learners,
the mechanisms underlying this effectiveness warrant deeper
exploration. There may be several reasons for Al-LLM GPT
(ChatGPT-40) to outperform other methods of assistance.

First, ChatGPT-40 provides immediate, targeted responses
without requiring students to navigate complex search results
or textbook indices. Informa 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-40 delivered

JMIR Med Educ 2026 | vol. 12 | e81264 | p.43
(page number not for citation purposes)


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

JMIR MEDICAL EDUCATION

direct answersto questions, reducing the cognitive load related
to information seeking.

Second, ChatGPT-40'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-40
responses may be particularly beneficial for naive learnerswho
lack the prior knowledge framework to evaluate and integrate
fragmented information from multiple sources. ChatGPT-40
essentially predigestsinformation, 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-al oud protocols
during tool use, posttask interviews exploring student
decision-making processes, and screen recordings analyzing
search strategies and information evaluation patterns. Such
qualitative datawould providericher insightsinto 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 responsesinthe Al-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, Al-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. Al-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 apedagogical perspective, our findings suggest aparadigm
shift may be necessary in how we structure medical curricula.
Rather than focusing exclusively on memorization of
facts—information that Al can rapidly retrieve—educational
programs should prioritize teaching students how to (1)
formul ate effective questions and search strategies, (2) critically
evaluate Al-generated responses for accuracy and clinical
appropriateness, (3) integrate Al-provided information with

Xavier et a

clinical context and patient-specific factors, and (4) develop
metacognitive skills to recognize the limitations of both their
own knowledge and Al tools.

Importantly, although Al-LLMsdemonstrated effectivenessfor
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 Al
integration enhances rather than diminishes these essential
human dimensions of medical practice.

An important limitation is our focus on general-purpose
ChatGPT-40 rather than  speciadized medical or
pharmacol ogy-specific Al agents. Domain-enriched L L Msthat
integrate pharmacology textbooks or medical databases may
demonstrate different performance characteristicsand potentially
offer more accurate, context-specific responses. However, our
choicereflectsthe current reality that most students have access
to general LLMs such as ChatGPT-4o rather than specialized
medical Al 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 haveintroduced 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.

Al 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 Al-powered platforms can
monitor student performancein real-time and can track the areas
where the students might need more education or practice[21].
Such benefits hel p 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 al sets, including Al-LLM
GPT, internet search engine, e-books, and self-knowledge in
problem solving. Ironicaly, the Al-LLM GPT naive group
outperformed the problem-solving skills of even the learned
group augmented with an internet search engine, showcasing
thedisruptive potential of Al-LLM in medical education. Further
longitudinal studies examining knowledge retention, clinical
reasoning development, and the ability to solve novel problems
without Al assistance are needed to determine whether Al tools
genuinely enhance cognitive capabilities or primarily serve as
effective reference tools.
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Abstract

Background: Artificial intelligence (Al) literacy isincreasingly 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 Al 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 schoolsin 2024. Al literacy was assessed with a multidimensional instrument comprising three
domains: knowledge, evaluating students' self-reported proficiency in core areas of medical Al applications; attitude, reflecting
their self-perceived views on using Al 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 individua factors (ie,
demographic characteristics, family background, and enrollment motivation) and environmental factors (ie, educationa phase,
type of education program, and tier of education program) and Al literacy.

Results: Respondents showed moderate to high levels of Al knowledge (mean 76.0, SD 26.9), followed by moderate Al attitude
scores (mean 71.6, SD, 24.4). In contrast, Al behavior scores were much lower (mean 32.5, SD, 28.5), indicating little usage of
Al tools. Of theindividual factors, male students reported higher levels of Al attitude and behavior; both intrinsic and extrinsic
motivation were positively associated with all three dimensions; advantaged family background was positively related to Al
attitude and behavior, but not knowledge. Among the environmental factors, attending the prestigious Double First-Class universities
was positively associated with higher Al usage. Enrollment in long-track medical education programs was associated with higher
Al attitude and behavior, while being in the clinical phase was negatively associated with both Al knowledge and behavior.
Environmental factors moderated the associations between individual characteristics and Al literacy, potentially attenuating
disparities.

Conclusions: Medical students reported moderate to high Al knowledge, moderate Al favorability, and low Al use. Individual
characteristics and environmental factors were significantly associated with Al literacy, and environmental factors moderated
the associations. The moderate Al literacy overall highlightsthe need for Al-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; Al Literacy; medical student; multidimensional constructs; China

However, instead of identifying such gaps, research has mostly
focused on applying Al in medical education across tasks,
including, for example, admission, research, and evaluation
[6-17]. The developments of Al-targeted curricula and
competencies have so far advanced without high-quality
evidence of trainees needs [18-22], highlighting the
questionabl e appropriateness of such proposals.

Introduction

Artificial intelligence’s (Al’s) rapid advancement in diagnostic
support, treatment decision-making, personaized 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.

https://mededu.jmir.org/2026/1/e80604

Among the various Al skills and competencies, clarifying
trainees’ Al literacy appearsisespecialy important. Al literacy
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refers to a set of competencies that enable individuals to
critically evaluate Al technologies, communicate and collaborate
effectively with Al, and use Al asatool across various contexts
[23]. While various frameworks for Al literacy exist, there is
growing consensus that it comprises cognitive knowledge,
attitudes, and practical behaviors toward Al tools [5,24-26].

Building on this consensus, we defined Al 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 socia psychology
(Affect—Behavior—Cognition), which conceptualizes human
responses as comprising cognitive, affective, and behavioral
components [27-29].

Current evidence on Al literacy in medical trainees has been
hindered by theoretical and methodological deficiencies. First,
the theoretical weakness stemsfrom thelack of recognition that
Al literacy has multiple dimensions. Most have focused on Al
knowledge[30-33] or attitudestoward Al applications[34-38].
This misses the important dimension of Al behaviors
[5,24,25,39,40], which account for the actual usage patterns of
Al tools. Second, methodologically, thefew studiesthat captured
al three dimensions suffered from capturing only a small
number of medical schoolsand samplesize[41,42]. Thislimits
their generalizability. Third, the studies often fail to examine
the factors associated with subdimensions of Al literacy, which
limitsthe ability to design targeted interventionswithin alimited
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
guantitative database of Chinese medical students, the 2024
China Medical Student Survey (CMSS). We report the
distribution of Al literacy across cognitive, attitudinal, and
behavioral dimensionsamong 80,355 Chinese medical students
and their associated individual and environmental factors. This
large sample size across al three dimensions of Al literacy
provides a more meaningful representation of the potential
educational needs. We further analyzed the potential factors
associated with Al literacy, enabling medical educatorsto 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

https://mededu.jmir.org/2026/1/e80604
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(STROBE) Strengthening the Reporting of Observational
Studiesin Epidemiology guidelinesfor cross-sectional studies.

This study used data from the 2024 CMSS, which included
participants from 109 medical schools across 28 provincesin
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)
fromthewestern region. Asfor thetiers of institutions, the data
included universities' designation as* Double First-Class' (DFC)
ingtitutions. These ingtitutions garner priority investment in
Chind'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 Consider ations

The project was approved by the Peking University Institutional
Review Board (Beijing, China; approva 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 Al Literacy

Al literacy isamultidimensional construct comprising cognitive,
attitudinal, and behavioral dimensions[24,25,40]. Inthisstudy,
we refer to the cognitive dimension as “Al knowledge” to
improve clarity and align with common usage in educational
research. Al knowledge was assessed through four items
evaluating students’ self-perceived proficiency in core areas of
medical Al: basic concepts of Al, machine learning tools,
multimodal medical data analysis, and ethics issues related to
Al. Responses were rated on a three-point scale coded as 1
(low), 2 (medium), and 3 (high) proficiency. Students’ attitude
towards Al was measured using two items: students
self-perceived view of using Al tools in (1) teaching and (2)
learning. Responses were rated on athree-point scale, coded as
1 (negative), 2 (neutral), and 3 (positive), respectively. Al
behavior refers to actual use of Al 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 Al 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 a values for cognitive,
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attitudinal, and behavioral dimensionwere 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’stest 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 Al literacy. Relevant statistics
include comparativefit index (CFl1)=0.994, Tucker-L ewisindex
(TLI)=0.991, Root Mean Square Error of Approximation
(RMSEA)=0.025, and statistically significant loading on all
factors (P<.001).

Factors Associated With Al Literacy

Existing research suggests that both individua and
environmental factors associate with accessto, 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 eval uated 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
5y medical education program; yes or no), and the educational
phase (preclinical or clinical).

Statistical Analysis

We used the principal component analysis to aggregate the Al
knowledge and Al attitude items, followed by Min-Max

https://mededu.jmir.org/2026/1/e80604
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normalization to standardize the scores. Based on expert
consultation and author consensus, we aggregated the Al
behavior index using a weighted arithmetic mean of three key
indicators: (1) usage frequency (50% weight), (2) extent of Al
integration in professional knowledge learning (30% weight),
and (3) Al utilization in writing tasks (20% weight). For
robustness check, we al so applied equal weightsacrossall three
indicators. We then applied the Min-Max normali zation method,
scaling the data so that the minimum and maximum values
correspond to 0 and 100, respectively. Given that studentswere
clustered within schools, we first fitted an unconditional (null)
multilevel model to estimate the intracl ass correl ation coefficient
(ICC) and assess the proportion of variance in the standardized
Al literacy scores attributable to between-school differences.
The ICCsfor the three dimensions of Al literacy—knowledge,
atitude, and behavior—were 4.0%, 1.0%, and 4.1%,
respectively. Theseresultsindicate that only asmall 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 Al
literacy. We conducted subgroup analyses and examined formal
interaction terms based on ingtitutional tier. Both classical and
school -clustered standard errorswere used to calculate 95% Cl,
and statistical significance was set at atwo-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 studentsincluded, 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%) werein theclinical
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.

Variables Participants, N=80,355

Non-DFC? (n=67,417) DFC (n=12,938) Total (N=80,355) P vaue
Sex, n (%)
Female 34563 (51.3) 6664 (51.5) 41227 (51.3) 62
Male 32854 (48.7) 6274 (48.5) 39128 (48.7)
Ethnicity, n (%)
Others 9609 (14.3) 1413 (10.9) 11022 (13.7) <.001
Han Chinese 57808 (85.7) 11525 (89.1) 69333 (86.3)
Only child, n (%)
No 44273 (65.7) 7197 (55.6) 51470 (64.1) <.001
Yes 23144 (34.3) 5741 (44.4) 28885 (35.9)
Hometown, n (%)
Rural 27576 (40.9) 4063 (31.4) 31639 (39.4) <.001
Urban 39841 (59.1) 8875 (68.6) 48716 (60.6)
Father’s education, mean 11.0(3.7) 12.0 (4.0 11.1(3.8) <.001
(SD)
Mother’s education, mean  10.0 (4.1) 11.1(4.9) 10.2 (4.2 <.001
(SD)
Physician parent, n (%)
No 43146 (64.0) 8057 (62.3) 51203 (63.7) <.001
Yes 24271 (36.0) 4881 (37.7) 29152 (36.3)
Family income, n (%)
Middle and low 57022 (84.6) 9597 (74.2) 66619 (82.9) <.001
High 10395 (15.4) 3341 (25.8) 13736 (17.1)
NCEE® score, mean (SD) 5469 (50.6) 593.7 (54.9) 554.5 (54.1) <.001
Enrollment motivation,
mean (SD)
Intrinsic motivation 69.9 (18.4) 70.1(18.6) 69.9 (18.4) A5
Extrinsic motivation 68.4 (18.6) 67.7 (19.1) 68.3 (18.7) <.001

Long-track programs®, n (%)

No 64425 (95.6) 10107 (78.1) 74532 (92.8) <.001
Yes 2992 (4.4) 2831 (21.9) 5823 (7.2)

Educational phase, n (%)

Preclinical 37439 (55.5) 6875 (53.1) 44314 (55.1) <.001
Clinical 29978 (44.5) 6063 (46.9) 36041 (44.9)

8DFC: Double First-Class universities
PNCEE: National College Entrance Examination
Long-track programs: the 5+3 medical education program and 8-year medical education program

When stratified by DFC status, studentsfrom DFCscamefrom  Distribution of the Three Dimensions of Al Literacy
relatively more advantaged families—with higher household |y o analysis of the three dimensions of Al literacy among

incomes, more parental education, and greater likelihood of e medical students (Table 2), the scores declined from
urban origin—and also had significantly higher collegeentrance | v edge (mean 76.0, SD 26.9) to attitude (mean 71.6, SD

examination scores (Teble 1). 24.4) and then further to behavior (mean 32.5, SD 28.5). When
we stratified by ingtitutional tier, studentsfrom DFC universities
reported lower Al 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
vsmean 71.4, SD 24.4; P<.001), and behavior (mean 35.0, SD

Table. Summary results for three dimensions of Al literacy.

Lietd

28.4vsmean 32.1, SD 28.5; P<.001).

Variables Non-DFC? (n=67,417) DFC (n=12,938) Total (N=80,355) P value
Al knowledge, mean (SD)  76.5 (26.7) 72.6 (28.6) 76.0 (26.9) <.001
Al attitude, mean (SD) 71.4(24.4) 72.6 (24.6) 71.6 (24.4) <.001
Al behavior, mean (SD)P  32.1(28.5) 35.0 (28.4) 32.5(28.5) <.001
Al behavior, mean (SD)°  32:3 (29.5) 35.4(29.5) 32.8(29.5) <.001

8DFC: Double First-Class universities.
b expert -assigned weights.
Cequal weights.

Figure 1 further illustrates the item-level patterns within each
dimension of Al 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 Al behavior
subcomponents, especialy 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 Al literacy by institutional tier Al: artificial intelligence; DFC: Double First-Class universities. DFC
represents advantaged universities, and non-DFC represents less advantaged universities.
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The figure shows the distribution of the subcomponents of the
three dimensions of Al literacy by institutiona tier. The Al
knowledge dimension comprised students self-reported
proficiency in core areas of medical Al, including (1) basic
concepts of Al, (2) machine learning tools, (3) multimodal
medical data analysis, and (4) ethics issues related to Al. The
Al attitude dimension included students’ view of using Al tools
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in (1) teaching and (2) learning. The Al behavior dimension
was measured by usage frequency and application patterns,
including Al use for professional knowledge learning and
writing tasks.
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Factors Associated With Al Knowledge

Figure 2 shows the results of regression analyzes of the
individual and environmental factors associated with Al literacy
(more details including robustness check results are available
in Tables S1-$4 in Multimedia Appendix 1). Male students
weredightly morelikely toreport higher Al knowledge (B=0.02,
95% CI —0.02 to 0.06; P=.30). Both intrinsic (f=0.17, 95% ClI

Lietd

0.14 to 0.19; P<.001) and extrinsic motivation (3=0.12, 95%
Cl, 0.10 to 0.14; P<.001) were positively associated with Al
knowledge. Students enrolled in long-track programs reported
lower Al knowledge than those in the five-year programs
(B=-0.10, 95% CI -0.19 to -0.01; P=.04). When strétified by
DFC status, these patternsremained largely consistent. However,
students from DFC universities reported significantly less Al
knowledge (B=-0.10, 95% CI —0.16 to -0.03; P=.003).

Figure2. Theindividual and environmental factors associated with Al literacy in the full sample. Al: artificial intelligence; DFC: Double First-Class;
NCEE: National College entrance examination. DFC represents advantaged universities, and non-DFC represents|ess advantaged universities. Long-track
programs include the 5+3 medical education program and 8-year medical education program.
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Factors Associated With Al Attitude

Male students (B=0.05, 95% Cl 0.04 to 0.06; P<.001)
demonstrated significantly more positive attitudes toward Al.
Both intrinsic (f=0.09, 95% CI 0.08 to 0.10; P<.001) and
extrinsic motivation (3=0.07, 95% CI 0.06 to 0.08; P<.001)
were positively associated with Al attitude. Students from
high-income families (f=0.05, 95% CI 0.03 to 0.07; P<.001),
with at least one physician parent ($=0.03, 95% CI 0.01t0 0.04;
P<.001), and urban backgrounds (3=0.04, 95% CI 0.02 to 0.06;
P<.001) showed more positive Al attitude. Asfor environmental
factors, studentsenrolled in long-track programs (3=0.04, 95%
Cl 0.01 to 0.07; P<.006) and in clinical phase of training
(B=0.02, 95% CI 0.01 to 0.03; P<.003) showed significantly
more positive attitudes toward Al. 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 Al attitude were
significantly stronger.

https://mededu.jmir.org/2026/1/e80604
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Factors Associated With Al Behavior

Males ($=0.20, 95% CI 0.19 to 0.22; P<.001) demonstrated
higher levels of Al behavior. Students from high-income
families (f=0.07, 95% CI 0.05 to 0.09; P<.001) and those with
at least one physician parent (f=0.03, 95% CI 0.01 to 0.04;
P<.001) showed higher Al behavior scores. Both intrinsic
(B=0.08, 95% CI 0.07 to 0.08; P<.001) and extrinsic motivation
(B=0.05, 95% CI 0.04 to 0.05; P<.001) were positively
associated with Al behavior. Students enrolled in long-track
programs (3=0.18, 95% CI 0.15 to 0.20; P<.001) exhibited
higher Al 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 Al literacy across different institutional environments.
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Figure 3. Theindividua and environmental factors associated with Al literacy. Al: artificia intelligence; DFC: Double First-Class; NCEE: National

College entrance examination.
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Discussion

Principal Findings

Despite the recogni zed importance of preparing medical students
to use Al tools effectively, systematic evidence on the
subcomponents of Al 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 Al literacy and their associated individual and
environmental factorsamong medical students. Threekey results
emerged. First, medical students reported moderate to high Al
knowledge, moderate Al attitude, but only low Al behavior
scores. Second, both individual and environmental factorswere
associated with different dimensions of Al literacy. Third,
compared to less favorable environmental conditions, the
association between worse Al literacy and family income and
parental medical background may be weaker.

This study provides severa significant contributions. First, the
use of a large, multicenter, and nationaly 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 Al literacy, this study providesamore holistic understanding
of medical students' Al literacy profiles, identifying nuanced
gaps and interventional needs within Al literacy, particularly
around attitude and behaviors. Third, our comprehensive

https://mededu.jmir.org/2026/1/e80604

examination of the individual differences and environmental
factors associated with Al literacy provides an evidence-based
foundation for devel oping tailored interventions. Understanding
these associ ations enables medical educatorsto design targeted
programs that meet the diverse needs of student populations,
potentially reducing disparitiesin Al literacy and ensuring that
all future physicians are adequately prepared to engage with an
increasingly Al-integrated health care system.

Our findings consistently revealed that self-perceived Al
knowledge scores surpassed attitude and behavior. Thissuggests
that while students devel oped a foundational understanding of
Al and generally perceived Al integration in medicine positively,
they till lacked practical experienceinitsapplication. Although
this defies common logic that deeper knowledge should portend
more use [50], this trend aligns with previous international
studies of medical staff and traineeswho held generally positive
attitudestoward Al despitelow exposurein formal use [36,51].

The potentia barriers underlying this knowledge—use gap are
asfollows. First, structural barriers—such aslimited institutional
infrastructure, insufficient curricular integration, and time
constraints—may constrain students ability to translate Al
knowledge into practice [52]. Such challenges are particularly
salient in the Chinese hedlthcare systems, where physician
shortages drive each health care provider to carry significant
patient load [53]. These contextua limitations can, in turn,
dampen students' autonomous motivation to explore aternative
tools [54]. Second, sociocultural norms may also constrain Al
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 Al
systems [56]. Such ethical reservations from staff providersto
medical trainees, leading them to perceive Al use as potentially
inappropriate, dishonest, unprofessional, or harmful. This may
then limit the students’ willingness to use the Al tools despite
being knowledgeable of Al tools capabilities. suggesting that
moral and risk considerations may underlie the limited Al use
observed among some medical students. Third, our survey was
conducted between May and July 2024, when most mature and
user-friendly Al toolswere devel oped abroad. Chinese students
may have faced barriers related to access [57] and cultural
appropriateness [58].

At an individua level, students demographics, family
background, and motivation were all associated with Al literacy.
The patterns generaly adigned with the literature.
Demographically, male medical students scored higher in Al
attitude and behavior. Thisis consistent with previous findings
[50,59] and the phenomenon of a “technological gender gap”
[60]. Male students tended to perceive Al 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 Al 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 al dimensions of Al 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 Al
learning and achievement, fostering greater autonomy,
exploration, and reflection that promote deeper Al engagement.
In contrast, extrinsically motivated students may preferentially
recognize the instrumental value of Al but limit autonomous
exploration of Al tools.

Our study highlights the significant role of the environment in
shaping Al literacy. Specifically, DFC students demonstrated
higher Al 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 Al [71]. The seemingly paradoxical finding that DFC
students reported lower Al knowledge but higher Al 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

https://mededu.jmir.org/2026/1/e80604
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overestimate their understanding. DFC students, exposed to
higher levels of academic research, may be more aware of the
challenges inherent in Al, whereas non-DFC students, with
relatively limited exposure, may exhibit overconfidencein 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 Al attitude and
behavior, suggesting that the supportive learning environment
may have mitigated the detrimental relationship between
students' background and Al literacy [48].

In addition, the students' program also appears to matter.
Students in the long-track program demonstrated significantly
higher Al attitude and behavior scores. They typically represent
Chind's elite medical students, attending research-oriented
universities that provide enhanced research training
opportunities and funding [76], potentially including
familiarization with Al technologies that led to more positive
perceptions and use of Al tools. The students' phase of training
also appeared to be associated with their Al 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 preferentia reliance on
traditional tools [77]. The technical limitations and evolving
normative and legal thresholds around Al 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 Al education and training [83].
Firgt, carefully integrating Al-related content into the curriculum
to generate practical Al 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 Al 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 guidelineson Al usage
may help establish normsaround Al usage. Second, developing
and implementing scalable Al education frameworksthat enable
targeted training based on learners’ backgrounds can potentially
reduce inequities in Al literacy driven by individual and
environmental differenceswhile 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
barriersrelateto 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 all ocation can ensure
that students in under-resourced settings are not excluded from
Al-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 Al tools
and integrate them into their coursework can foster greater
motivation, engagement, and confidence in using Al
technologies.

Third, structured and scalable Al 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 Al literacy
before advancing to higher-order skills. Moreover, the
development of multilingual and culturally adaptive Al models
[92] can further ensure inclusivity and contextual relevancein
Al-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’ Al literacy.
Such a tool can help evaluate Al proficiency based on
observable Al use. Performance- and scenario-based assessments
might be potential avenues to operationalize such evaluation.
Second, given the rapid development of Al technologies, the
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Al literacy of medical students is likely to evolve rapidly. To
capture these dynamic shifts of Al 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 Al 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 Al literacy
(knowledge, attitude, and behavior) may still provide a useful
reference for future comparative studies or adaptationsin other
educational systems.

Conclusions

This cross-sectional study revealed that medical students
exhibited the highest performance in Al knowledge, followed
by attitude, and then behavior. Both individual characteristics
and environmental factors were significantly associated with
Al literacy, and environmental factors moderated individual
variationsin Al literacy. Integrating practical Al-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 Al technologiesin medical practice.
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