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Abstract

Background: Virtual patient (VP) simulations can be used to practice clinical reasoning (CR) in controlled learning environments.
Traditional computer-based V P platforms often lack the authenticity and interactivity required for effective CR training. Artificial
intelligence (Al)—enhanced social robotic VPs can enhance realism and engagement; however, quantitative evidence comparing
them with conventional VP platforms remains limited.

Objective: We compared medical students' experience of an Al-enhanced social robotic versus a conventional computer-based
VP platform regarding the extent to which the design characteristics of the respective platform facilitate CR skill training.

Methods: This observational crossover cohort study involved 178 sixth-semester medical students at Karolinska Institutet,
Stockholm, Sweden (response rate; 42.3%; 178 of 421 invited students; Spring 2024-Spring 2025), who experienced both alarge
language model—enhanced social robotic VP platform supporting dialogue (socid artificial intelligence—enhanced robotic interface
[SARI]) and a conventional computer-based VP platform (virtual interactive case [VIC]) during their clinical rotation within
rheumatology. Platform order was determined by clinical rotation scheduling. VP design was evaluated using a validated
guestionnaire across 5 domains. authenticity, professional approach, coaching quality, learning effects, and overall judgment.
Students’ CR training preferences were assessed using categorical responses and a Visual Analogue Scale, where alower score
favored SARI and a score of 5 indicated equal preference between platforms.

Results: SARI outperformed VIC across all 5 VP design domains. Students rated SARI higher for authenticity (median 4.0,
IQR 3.5-4.5vs 3.0, IQR 2.5-3.5; P<.001), professional approach (median 4.5, IQR 4.0-4.8 vs 4.0, IQR 3.5-4.5; P<.001), coaching
quality (median 4.3, IQR 4.0-4.7 vs 4.0, IQR 3.7-4.7; P<.001), learning effect (median 4.4, IQR 4.0-5.0 vs 4.0, IQR 3.5-4.5;
P<.001), and overall judgment (median 5.0, 4.0-5.0 vs 4.0, IQR 4.0-5.0; P<.001). Students strongly preferred SARI for CR
training (72% vs 14%,; odds ratio [OR] 27.1, 95% CI 14.3-53.7; P<.001), with Visual Analogue Scale scores confirming this
preference (median 3.0, IQR 2.0-5.0; P<.001). Preferences were consistent across most subgroups (sex, prior VP experience, and
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platform order); in 2 subgroups, the difference was not significant, that is, students with prior VP experience (62% vs 38%; OR
2.6; 95% CI 0.8-8.9; P=.11) and students first introduced to VIC (55% vs 45%; OR 1.5; 95% CI 0.7-2.9; P=.33).

Conclusions: Our findings provide the first quantitative evidence that Al-enhanced social robotic VPs offer superior design
characteristics than conventional computer-based platforms for CR training in medical education. These results support the use
of Al-driven social robots for VP simulations to better prepare medical students for real clinical encounters, and warrant future
research on objective CR skill outcomes and long-term transfer to clinical practice. Unlike previous qualitative studies examining
each platform separately, this study provides the first quantitative comparison of design characteristics between Al-enhanced

social robotic and conventional computer-based V Ps.

(J Med Internet Res 2025;27:€82541) doi: 10.2196/82541
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Introduction

Virtual patients (VP) are digital educational modalities that
enablelearnerswithin health professionsto interact with patient
cases for learning purposes [1]. These educational tools
complement real-life patient interactions by allowing health
carelearnersto practice gathering medical histories and making
clinical and diagnostic decisionsin controlled, safe environments
[2,3]. VPscan be devel oped using various technologies and are
often used for clinical reasoning (CR) training purposes [4,5].
It has recently been demonstrated that V P-based educational
tools can effectively improve medical students’ CR skillsacross
multiple domains, including problem-solving and data gathering
[6]. However, successful implementation depends on
instructional design and quality features that support active
learning [7]. While VPs offer standardized training
opportunities, medical students report that conventional
computer-based implementations often lack authenticity,
potentialy limiting their educational impact [8,9].

CR represents a fundamental cognitive process that guides
diagnostic and management decisions in clinical practice
[10-12]. While CR is important for patient safety and clinical
outcomes [13] and has been recommended to be explicitly
addressed in hedlth professions education [14], traditional
training approaches may not adequately capture the dynamic
and complex nature of clinical decision-making [15]. VPsoffer
unique opportunities to train and assess CR skills using
standardized, repeatable scenarios that simulate real clinical
encounters[16,17]. However, many current VP platformsfocus
primarily on easily assessable CR components, with limited
research examining how VP design characteristics can support
the development of more complex aspects such as clinical
presentations, generation of hypotheses, and justification of
diagnostic decisions [18].

Recent advancesin artificial intelligence (Al), particularly the
introduction of large language models (LLMs), have enhanced
VP platforms and their ability to provide sophisticated clinical
scenarios and realistic patient responses that better simulate the
complexity of real CR challenges [19-22]. LLMs demonstrate
potential to transform medical education through interactive
simulations, individualized tutoring, and personalized feedback
[23,24]. When LLMs are integrated into physical embodied
agents such as socia robotic interfaces, they have the potential
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to deliver multimodal interactions that enhance the cognitive
engagement required for effective CR skill development [21].
Emerging evidence suggeststhat physical embodied Al enables
multimodal dynamic learning and real-time feedback through
direct environmental interaction, potentially offering advantages
over screen-based learning [25].

Our previous qudlitative research demonstrated that
sixth-semester medical students perceived Al-enhanced social
robotic interfaces as more clinically authentic than traditional
computer-based VPsfor CR training [22]. Whilethisqualitative
evidence suggeststhat Al-enhanced social robotic VPsprovide
more authentic |earning experiences compared with traditional
computer-based platforms, no quantitative studies have hitherto
examined whether these perceived advantages trandate into
measurably better VP design characteristics that support CR
skill development.

Given the critical importance of CR skillsin clinical practice
and the challenges of providing authenticity using traditional
VPs, quantitative evaluation is essential to determine the
effectiveness of emerging VP technologies[26,27]. This study
aimed to compare medical students experience of an
Al-enhanced sociad robotic versus a conventional
computer-based VP platform, regarding the extent to which the
design characteristics of the respective platform facilitate
training of CR skills.

Methods

Overview

We conducted an observational crossover cohort study to
compare VP design elements that support CR skill training in
medical education in an LLM-empowered socia robotic
platform, that is, an in-house developed socia artificial
intelligence—enhanced robotic interface (SARI) [20-22], and a
computer-based VP platform, that is, the virtual interactive case
system (VIC) [28]. Thisstudy reports according to the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) [29] guidelines for observational studies and
the GREET (Guideline for Reporting Evidence-Based Practice
Educationa Interventions and Teaching) guidelines [30] for
educational references.
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All students experienced both VP platforms as a part of their
clinical rotations within rheumatology. Platform order was
determined by clinical rotation scheduling and practical logistics
rather than random assignment. Each student served as their
own control to minimize between-participant variability. We
collected quantitative data using a questionnaire previously
developed for VP platform evaluation (measuring authenticity,
professional approach, coaching quality, learning effects, and
overall judgment) within the context of CR [31], combined with
additional evaluation items developed by our research team to
assess the preference of each VP platform for CR training. The
complete questionnaireis provided in Figure S1 in Multimedia
Appendix 1.

Study Design and Setting

The study was conducted at Karolinska Institutet (K1), amajor
academic medical university in Stockholm, Sweden. Data
collection occurred during clinical rotations at the Division of
Rheumatology, Karolinska University Hospital, between the
spring term of 2024 and the spring term of 2025. The clinical
rotations within rheumatology are mandatory for all medical
students at Kl and take place during the sixth semester of
medical studies.

Study Participants

Study participants comprised sixth-semester medical students
enrolled in clinical courses at K1 in Stockholm, Sweden. All
medical students at Kl participate in clinical rotations within
rheumatology at the Karolinska University Hospital as a part
of their curriculum. During these clinical rotations, students
participate in an educational activity called “the virtual
outpatient clinic,” where students encounter V Ps.

We used convenience sampling, recruiting all sixth-semester
medical students who completed their clinical rotation within
rheumatology during the study period and consented to
participate in the study. All students (N=421) were invited to
participate by completing a survey after their educational
experience with both VP platforms. A total of 178 agreed to
participate, yielding a response rate of 42.3%. Students who
did not complete the virtual outpatient clinic activity during the
study period (eg, due to illness or absence for other reasons)
were excluded from the study. Language proficiency was not
an additional inclusion or exclusion criterion. However, students
with insufficient English proficiency would have been unable
to participate; no such cases were encountered. Participation
was voluntary, and students provided written informed consent
prior to enrolment, with the opportunity to withdraw at any
time. Students received no reimbursement for participation.

VP Case Development and Practice

The VP cases had been developed and implemented for the
virtual outpatient clinic before the study commenced, following
specific recommendations for VP case development. Those
included (1) structured case design modelswith difficulty levels
adapted to students curriculum, (2) incorporation of CR
strategies such as differential diagnostic formulation, and (3)
interactive elementsin history-taking and physical examination
options [32,33]. All cases were developed in English to also
ensure accessihility for international exchange students. A total
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of 10 caseswere developed: 5 caseswere presented using SARI
and 5 cases using VIC. One case was identical between the 2
platforms, which served the comparison between the 2 VP
platforms during the early stages of their development [20,21].
Students interacted with 5 cases on one platform and 4 on the
other, experiencing a total of 9 unique VPs. The unequal
distribution of VP cases (5 cases on one platform and 4 cases
on the other) was therefore to avoid repetition of the identical
case rather than deliberate research design. This resulted in
some student groups encountering 5 cases on SARI, and some
encountering 5 cases on VIC, with this selection being solely
based on scheduling. The cases included representative patient
scenarios of rheumatological conditions supporting the students
learning curriculum, including polymyalgia rheumatica,
rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis,
systemic lupus erythematosus, and Sjogren disease. A detailed
description of the case development process and the case
contents has been described elsewhere [22].

Each student attended the virtual outpatient clinic over aperiod
of one and a half days, during which they encountered and
interacted with all VP cases. Before training with the cases, the
students received written information on generic medical history
questions typically used at the rheumatology outpatient clinic
to gather a structured history from patients and support
diagnostic procedures (Figure S2 in Multimedia Appendix 1).
The studentswereinstructed to perform the VP sessionsin pairs
or small groups of 3 studentsto allow for interaction and active
collaboration, which has been shown to favor CR skill training
compared with experiencing the VP onsaone[34]. Cases
were initiated with a brief case presentation, which included
the patient’s primary concern, age, and name. Next, the students
explored the case environment in their preferred order. Cases
were concluded when students perceived that they had gathered
sufficient information to perform preliminary diagnostics and
propose a suitable management plan for the VP. Students were
allocated approximately 30 minutes per VP case interaction.

Following completion of each case, the students participated in
case-specific follow-up seminars to discuss the case with a
seminar leader, that is, a consultant rheumatologist at the
Karolinska University Hospital, and pose questions. During
these seminars, students were asked to summarize the VP case
briefly in astructured manner to practice clinical communication
and to propose their recommendationsfor further management.
These seminar series comprised 2 to 3 student groups who had
just performed the same VP case (ig, 4 to 9 students), and lasted
approximately 15-20 minutes per case. While all students
performed al 9 VP cases, platform order was determined by
clinical rotation scheduling logistics. Of the 178 participants,
101 (56%) students began with SARI and 77 (44%) began with
VIC on the first day of the virtual outpatient clinic. This
distribution was not the result of random assignment but rather
reflected practical scheduling for the clinical rotations. The
students completed the virtual outpatient clinic assignment after
finishing all VP casesa ong with their corresponding follow-up
seminars.
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Social Al-Enhanced Robotic I nterface

The embodiment of SARI consisted of a social robot from
Furhat Robotics, which projects an animated face onto a
semi-transparent face mask. Theface mask is placed on aplastic
head, which is connected to a mechanical neck that alows
natural head movements and adjustments of gaze direction to
facilitate interaction with multiple users simultaneously, using
sensors[35]. Furthermore, the robot displaysfacial expressions
and provides affective responses along with sophisticated gaze
behavior to indicate emotions during interaction [36]. SARI
combines the Furhat software development kit (FurhatSDK)
with the OpenAl GPT-3.5 turbo LLM [37]. To limit the risk of
unwanted Al hallucinations from SARI, we used prompts to
generate dialogue responses using specific instructions,
including a detailed patient description along with the 10 latest
dialogue turns. SARI was constrained to provide clinically
appropriate information consistent with the VP case description.
The LLM was also prompted to generate facial expressions to
match the emotional state of the VP during dialogue, selecting
from available expressionsin the FurhatSDK at specific anchor
points during the dialogues [38]. A VP prompt example is
provided in Figure S3 in Multimedia Appendix 1.

Before starting a VP case in SARI, students received brief
written contextual information along with resultsfrom relevant
laboratory testswith their corresponding reference values. SARI
imposed no numerical limits on the questions students could
ask during case interactions. Students could engage in natural
language dialogue for as long as they deemed necessary to
gather sufficient clinical information. A schematic illustration
of the VP interaction between students and SARI isillustrated
in Figure $4 in Multimedia Appendix 1.

Virtual Interactive Case System

VIC is a web-accessible, computer-based VP platform where
usersfreely interact with aV P case, whiletheinitial presentation
of the case and the conclusion remain fixed [39]. We
incorporated interactive case elements primarily regarding
medical history, physical examination options, laboratory tests,
and relevant diagnostic imaging. There was no limit to the
number of times students could revisit the prespecified questions
or examination options. However, the students were encouraged
to be selectivein investigating information they deemed relevant
to the case as more information became available. The cases
concluded with students providing preliminary diagnoses and
proposing management plans by sel ecting from multiple-choice
responses.

Ethical Consider ations

The Swedish Ethical Review Authority approved this study
prior to initiation (registration number: 2022-04437-01). The
study was conducted in accordance with the Declaration of
Helsinki and Swedish regulations. All participants provided
written informed consent before enroliment. Students were
explicitly informed that participation was voluntary and would
not affect their academic standing or evaluation in any way.
Participants had the right to withdraw their participation in the
study at any time without providing reasons and without
consequences for their education. All study datawere collected
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pseudonymously through coded questionnaires. No personally
identifiable information was recorded in the dataset.
Questionnaire responses were only linked to pseudonymized
participant codes. Data were stored securely on
password-protected servers at Kl, with access restricted to
researchers directly involved in the study. All data handling
procedures complied with the European General Data Protection
Regulation. Students received no financial compensation or
academic creditsfor their participation in the study. Participation
wasentirely voluntary beyond the mandatory educational virtual
outpatient activity, which all students completed regardless of
their participation in the study.

Data Collection

Immediately after completion of the virtual outpatient clinic,
students who had agreed to participate in this study completed
a questionnaire to evaluate the VP platform design, with
particular emphasison CR training. The questionnaire consisted
of the complete instrument for VP design evaluation devel oped
and validated by Huwendiek et al [31], which uses Likert-scale
data based on statements regarding the VP experience and has
demonstrated good content validity and internal consistency.
To this, we added 2 project-specific questions designed by our
research group to capture preferences regarding VP platforms
for CR training. These additional items had not undergone
formal validation, asthey weretailored to the objectives of this
study. The adapted questionnaire underwent pilot testing within
our team and with a small group of students to ensure clarity
and comprehensibility before use in the study. Internal
consistency of the adapted questionnaire was not assessed in
our sample. The complete questionnaire is provided in Figure
S1in Multimedia Appendix 1.

Likert-scale data were divided into the following quantitative
themes from the questionnaire by Huwendiek et a [31]: (1)
authenticity of the patient encounter and the consultation, (2)
professional approach in the consultation, (3) coaching during
consultation, (4) learning effect of consultation, and (5) overall
judgment of the case work-up. Within each theme, students
evaluated a statement relating to their VP experience, for
example, “whileworking through this case, | felt | had to make
the same decisions a clinician would make in real life,” which
was scored from 1 (strongly disagree) to 5 (strongly agree).

The two questions relating to the preferred VP platform were
(1) “Overdl, which of the platforms is preferable to you in
relation to acquirement of clinical reasoning skills?” and (2)
“On a scale from 0 to 10, where O is total preference for the
socia robot and 10 is total preference for the computer-based
platform, how would you grade your preference of the virtual
patient platforms compared with each other for acquirement of
clinical reasoning skills?” Thefirst question wasanswered using
one of 3 responses: SARI, VIC, or equally preferred, while the
second question had the structure of a Visual Analogue Scale
(VAYS), ranging between 0 and 10, where alower score denoted
astronger preferencefor SARI, ahigher score denoted astronger
preference for VIC, and a score of 5 denoted equal preference.

In addition to questionsrelating to the VP design and evaluations
of the preferred platform for CR training, students provided
information regarding their age and sex, whether they had any
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previous experience with VPs, and which platform they were
first introduced to during the virtual outpatient clinic.

Statistical Analysis

The Wilcoxon signed-rank test was used to compare responses
to Likert-scale datafrom quantitative themesin the questionnaire
described by Huwendiek et al [31] and VAS responses. For
each theme, individual item scores were averaged to create a
composite theme score for each student. Theme scores were
next compared between platforms. VAS responses from the 2
platforms were compared with a hypothetical score of 5,
denoting equal preference. The Fisher exact test with Monte
Carlo simulation (10.000 iterations) was used to compare
frequencies of categorical responsesfor VP platform preference
based on students CR training experience. Results from
Wilcoxon signed-rank tests are presented as medians and the
corresponding 1QR, test statistics (W), effect size (r), and P
value. Results from Fisher exact tests are presented as
frequencies and the corresponding percentage, oddsratio (OR),
95% CI, and P value.

Missing data were minimal across al variables. Demographic
variables had no missing val ues except platform order (1 missing
value, 0.56%). For Likert scale items evaluating VP design,
missing data were 1.68% overall (range: 0%-3.91% per item;
maximum 7 missing responses out of 178). VAS preference
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scores had 1.12% missing values (2 of 178 responses), and
categorical platform preference had 1.68% missing values (3
of 178 responses).

Little's MCAR test on Likert data indicated that the data may
not be completely at random (x%,05=157.12; P=.001); however,
given the very low proportion of missing data (<2% overall)
and the paired nature of our crossover design, complete case
analysis with pairwise deletion was used. No systematic
differences in missingness across demographic groups were
observed for any variable (all P>.05). The number of participants
with available data is reported for each analysis (Tables 1 and
2).“Not applicable” responses (coded as 6 in the questionnaire;
up to 9.5% for some items) were treated as valid response
categories in frequency distributions but were excluded from
statistical tests, as they do not represent a position on the
agree-disagree scale. Our sample size was determined by the
total number of sixth-semester medical students completing
their clinical rotation in rheumatology during the study period.
Post hoc power analysisindicated that this sample size provided
>80% power to detect moderate effect sizes (Cohen d>0.5) at
of 0.05 for paired comparisons. All statistical analyses were
performed using R (version 4.3.3; R Foundation for Statistical
Computing, Vienna, Austrid). Differences yielding P values
<.05 were considered statistically significant.
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Table 1. Comparison of median scores using the Wilcoxon signed-rank test within each question of the clinical reasoning questionnaire based on
Likert-scale data. Comparison of median Likert scale scores (1=strongly disagree to 5=strongly agree) between social artificial intelligence—enhanced
robotic interface (SARI) and virtual interactive case (VIC) for individual questionnaire items evaluating virtual patient design in an observational
crossover cohort study of 178 sixth-semester medical students at Karolinska I nstitutet, Stockholm, Sweden, between the Spring of 2024 and the Spring
of 2025. Students completed questionnaires evaluating both platforms after experiencing them during their clinical rotation within rheumatology. Five
domains were assessed as follows: (1) authenticity of patient encounter, (2) professional approach in consultation, (3) coaching during consultation, (4)
learning effect of consultation, and (5) overall judgment of case work-up. Datawere analyzed using the Wilcoxon signed-rank test for paired comparisons.
Missing data rates were low for all items (overal: 1.68%; range: 0%-3.91% across items). “Not applicable” responses were excluded from statistical
analyses but included in frequency distributions (Tables S1-S4 in Multimedia Appendix 2). Data are presented as the median score (IQR), test statistic
(W), and effect size (r). The total number of study participants was 178. In case of missing values, the number of participants with available data is
indicated.

Theme and variable SARI, median (IQR) VIC, median (IQR) W r P value

Authenticity of patient encounter

Q1% (n=172) 40(3.0-4.0) 3.0 (3.0-4.0) 5306 0.34 <.001°
Q2 (n=173) 40(3.0-4.0) 3.0 (2.0-3.0) 6936 058 <001°

Professional approach in the consultation

Q1 (n=172) 5.0 (4.0-5.0) 4.0 (3.0-5.0) 4011 0.43 <001P
Q2 (n=173) 40 (4.0-5.0) 4.0 (4.0-5.0) 1378 0.28 <001P
Q3 (n=169) 4.0 (3.0-5.0) 4.0 (3.0-4.0) 2146 0.43 <001°
Q4 (n=171) 5.0 (4.0-5.0) 4.0 (4.0-5.0) 868 0.27 <001

Coaching during consultation

Q1 (n=174) 5.0 (4.0-5.0) 5.0 (4.0-5.0) 248 0.11 119
Q2 (n=158) 4.0 (4.0-5.0) 40(3.3-5.0) 1123 0.29 <001P
Q3 (n=152) 4.0 (4.0-5.0) 4.0(3.0-5.0) 1268 0.31 <001P

L earning effect of consultation

Q1 (n=175) 4.0 (4.0-5.0) 4.0 (3.0-4.0) 1491 0.35 <001
Q2 (n=173) 4.0 (4.0-5.0) 4.0 (3.0-4.0) 1515 0.39 <001°

Overall judgment of case work-up

Q1 (n=175) 5.0 (4.0-5.0) 40 (4.0-5.0) 2351 0.35 <001°

8Q: question.
Ptatistically significant values.
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Table 2. Comparison of median composite theme scores between platforms using the Wilcoxon signed-rank test. Composite scores were cal culated
by averaging each student’s responses within themes. Comparison of median composite theme between socia artificial intelligence—enhanced robotic
interface (SARI) and virtua interactive case (V1C) using the Wilcoxon signed-rank test in an observational crossover cohort study of 178 sixth-semester
medical students at Karolinska Institutet, Stockholm, Sweden, between the Spring of 2024 and the Spring of 2025. Students completed questionnaires
evauating both platforms after experiencing them during their clinical rotation within rheumatology. Composite scores were calculated by averaging
each student’s responses within the five themes of avalidated virtual patient design characteristics questionnaire: (1) authenticity of patient encounter,
(2) professional approach in consultation, (3) coaching during consultation, (4) learning effect of consultation, and (5) overall judgment of case work-up.
Data were analyzed using the Wilcoxon signed-rank test for paired comparisons. Missing data rates were low for al items (overall: 1.68%; range:
0%-3.91% across items). “Not applicable” responses were excluded from statistical analyses but included in frequency distributions (Tables S1-S4 in
Multimedia Appendix 2). Data are presented as the median score (IQR), test statistic (W), and effect size (r). The total number of study participants
was 178. In case of missing values, the number of participants with available datais indicated.

Theme SARI, median (IQR) VIC, median (IQR) w r P value
Authenticity of patient encounter (n=173) 4.0 (3.5-4.5) 3.0(25-35) 9253 0.54 <.0012

Professional approach in the consultation 45 (4.0-4.8) 4.0 (3.5-4.5) 6717 0.54 <.0012

(n=173)

Coaching during consultation (n=174) 4.3 (4.0-4.7) 4.0 (3.7-4.7) 4092.5 0.32 <.0012

Learning effect of consultation (n=175) 4.4 (4.0-5.0) 4.0 (35-4.5) 2589 0.42 <0012

Overall judgment of case work-up (n=175) 5.0 (4.0-5.0) 4.0 (4.0-5.0) 2351 0.35 <.0012

gtatistically significant values.

Results VP Platform Design Evaluation for Clinical Reasoning
Training
Demographic and Study-Specific Characteristics Students consistently rated SARI as superior to VIC across

Of the 178 students who participated in the questionnaire, 93 ~Multipledomainsof VP design that support CRtraining. Resuilts
(52%) were women and 86 (48%) were men. Most students had from Likert-scale dataareillustrated in Figures 1 and 2, Tables
no previous experiencewith VP platforms (150 students, 84%), 1 and 2, with detailed response frequencies provided in Tables
while 29 (16%) reported prior experience. The mean agewas ~ S1-S5in Multimedia Appendix 2.

25.3 (SD 5.4) years. Regarding platform order, 101 (56%)

students started with SARI, and 77 (43%) started with VIC.

https://www.jmir.org/2025/1/e82541 JMed Internet Res 2025 | vol. 27 | e82541 | p. 7
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Borg et d

Figurel. Violinplotsillustrating results from the Wilcoxon signed-rank test on Likert-scal e data (1=strongly disagreeto 5=strongly agree) from student
evaluations of virtual patient platform design with an emphasis on clinical reasoning training in an observational crossover cohort study of 178
sixth-semester medical students at Karolinska I nstitutet, Stockholm, Sweden, between the Spring of 2024 and the Spring of 2025. Students completed
questionnaires evaluating both platforms after experiencing them during their clinical rotation within rheumatology. Comparisons between social
artificial intelligence—enhanced robotic interface (blue color) and virtual interactive case (red color) areillustrated. Violin plots show score distributions;
white boxes indicate the median and IQR, and numbers indicate mean scores. Panel A denotes theme A: authenticity of patient encounter (question 1:
“| felt | had to make the same decisions a doctor would make in real life”; question 2: “I felt | was the doctor caring for this patient”). Panel B denotes
theme B: professional approach in consultation (question 1: “1 was actively engaged in gathering theinformation | needed”; question 2: “| was actively
engaged in revising my reasoning as new information became available”; question 3: “I was actively engaged in creating a summary of the patient's
problems using medical terms’; question 4: “| was actively engaged in thinking about which findings supported or refuted each diagnosis | was
considering”). Panel C denotes theme C: coaching during consultation (question 1: “I felt that the case was at the appropriate level of difficulty for my
training”; question 2: “the questions | was asked while working through this case helped meto learn”; question 3: “the feedback | received was helpful
in enhancing my diagnostic reasoning process’). Panel D denotes theme D: learning effect of consultation (question 1: “1 feel better prepared to confirm
adiagnosis and exclude differential diagnosesin areal patient with this complaint”; question 2: “I feel better prepared to care for areal patient with
this condition”). Q: question.
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Figure2. Violin plotsillustrating results from the Wilcoxon signed-rank test on Likert-scal e data (1=strongly disagreeto 5=strongly agree) from student
evaluations of virtual patient platform design with an emphasis on clinical reasoning training regarding the theme overall judgment in an observational
crossover cohort study of 178 sixth-semester medical students at Karolinska Institutet, Stockholm, Sweden between the Spring of 2024 and the spring
of 2025. Students completed questionnaires evaluating both platforms after experiencing them during their clinical rotation within rheumatology. A
comparison between socia artificial intelligence—enhanced robotic interface (blue color) and virtual interactive case (red color) is illustrated. The
questionnaire item reads: Overall, working through this case was a worthwhile learning experience. Violin plots show score distributions; white boxes
indicate the median and IQR, and numbers indicate mean scores. Q: question.

Overall judgment

Score (1-5)
w

Authenticity of Patient Encounters

SARI demonstrated higher authenticity ratings than VIC.
Students experienced that they had to make decisions as a
real-life clinician to agreater degree with SARI compared with
VIC (median 4.0, IQR 3.0-4.0 vs 3.0, IQR 3.0-4.0; W=5306;
r=0.34; P<.001) and felt with SARI morelikeaclinician being
responsible for the care of the VP (median 4.0, IQR 3.0-4.0 vs
3.0, IQR 2.0-3.0; W=6936; r=0.58; P<.001). The overall theme
score remained significantly greater for SARI (median 4.0, IQR
3.5-4.5vs 3.0, IQR 2.5-3.5; W=9253; r=0.54; P<.001).

Professional Approach During Consultation

Students reported significantly greater active engagement in
CR processes when using SARI compared with VIC. This
included more active engagement in gathering necessary clinical
information (median 5.0, IQR 4.0-5.0 vs 4.0, IQR 3.0-5.0;
WE=4011; r=0.43; P<.001), revising their clinical impression as
new information became available (median 4.0, 4.0-5.0 vs 4.0,
IQR 4.0-5.0; W=1378; r=0.28; P<.001), creating structured
patient summaries using medical terminology (median 4.0, IQR
3.0-5.0 vs 4.0, IQR 3.0-4.0; W=2146; r=0.43; P<.001), and
actively considering findings that support or refute differential
diagnoses (median 5.0, IQR 4.0-5.0vs 4.0, IQR 4.0-5.0; W=868;
r=0.27; P<.001). The overal theme score was significantly
greater for SARI (median 4.5, IQR 4.0-4.8 vs 4, IQR 3.5-4.5;
W=6717; r=0.54; P<.001).

Coaching During Consultation

Students perceived no significant difference between platforms
regarding case difficulty appropriatenessfor their training level
(median 5.0, IQR 4.0-5.0 vs 5.0, IQR 4.0-5.0; W=248; r=0.11,
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P=.12). However, SARI was rated significantly better in
facilitating helpful interactions that enhanced diagnostic
reasoning (median 4.0, IQR 4.0-5.0 vs 4.0, IQR 3.3-5.0;
WEe1123; r=0.29; P<.001) and for system feedback that
supported diagnostic reasoning (median 4.0, IQR 4.0-5.0 vs
4.0, IQR 3.0-5.0; W=1268; r=0.31; P<.001). The overall theme
score favored SARI (median 4.3, IQR 4.0-4.7 vs 4.0, IQR
3.7-4.7, W=4092.5; r=0.32; P<.001).

L earning Effect of Consultation

Students felt significantly better prepared for real clinical
encounters after having used SARI compared with VIC. This
included feeling better prepared to confirm the diagnosis and
exclude differential diagnoses in real patients with similar
complaints (median 4.0, IQR 4.0-5.0 vs 4.0, IQR 3.0-4.0;
W=1491; r=0.35; P<.001) and feeling better prepared to provide
carefor real patients with similar conditions (median 4.0, IQR
4.0-5.0 vs 4.0, IQR 3.0-4.0; W=1515; r=0.39; P<.001). The
overall theme score significantly favored SARI (median 4.0,
IQR 4.0-5.0vs 4.0, IQR 3.5-4.5; W=2589; r=0.42; P<.001).

Overall Judgment

Studentsrated theinteraction with SARI asasignificantly more
worthwhile learning experience compared with VIC (median
5.0, IQR4.0-5.0vs4.0, IQR 4.0-5.0; W=2351; r=0.35; P<.001).
However, both platformsreceived generally positive evaluations
from the students.

VP Platform Preference for CR Training

Visual Analogue Scale Ratings
Students reported an overall strong preference for SARI over
VIC for CR training (median 3.0, IQR 2.0-5.0; W=1604.5;
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r=0.60; P<.001). This preference pattern remained statistically ~ with VPs, and if they had started with SARI or VIC (Figure 3
significant across all subgroups of interest, that is, if students and Tables S6-S9 in Multimedia Appendix 2).
werefemale or male, if they had or did not have prior experience

Figure 3. Density plotsillustrating distributions of Visual Analogue Scale responses (0-10 scale; O=total preference for SARI, 10=total preference for
VIC, 5=equal preference of platforms) regarding virtual patient platform preference for CR training in an observational crossover cohort study of 178
sixth-semester medical students at Karolinska I nstitutet, Stockholm, Sweden, between the Spring of 2024 and the Spring of 2025. Results from Wilcoxon
signed-rank tests are shown for comparisons of scores with a hypothetical score of 5 (equal preference of platforms) for each student. The panels show,
from top to bottom, the overall distribution of responsesin the entire cohort of students, overlayed distributionsin women and men, overlayed distributions
in students with and without prior experience of virtual patients, and overlayed distributions in subgroups of students starting with SARI or VIC. All
students experienced both SARI and VIC during their clinical rotation within rheumatol ogy, with platform order being determined by rotation scheduling.
SARI: socia artificial intelligence-enhanced robotic interface; VIC: virtual interactive case.
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Categorical Preference Responses Similar patterns were observed across student subgroups in

most comparisons. However, the preference difference did not
When asked to choose their preferred platform, studentsstrongly  reach statistical significance in the comparison between SARI
favored SARI over VIC (72% vs 14%; OR 27.1, 95% Cl  and VIC or equal preference combined among students with
14.3-53.7; P<.001). The preference for SARI over equal prior VP experience (62% vs 38%; OR 2.6, 95% Cl 0.8-8.9;
preference was also statistically significant (72% vs 15%; OR  P=.11) and thoseintroduced to VIC first (55% vs 45%; OR 1.5,
23.1,95%Cl 8.5-54.6; P<.001). When comparing SARI to VIC 9594 CI 0.7-2.9; P=.33), athough a numerical preference for

or equal preference combined, SARI remained strongly favored  SARI was till evident in both groups. Results areillustrated in
(72% vs 28%; OR 6.3, 95% Cl 3.9-10.4; P<.001). Figure 4.
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Figure 4. Forest plotsillustrating results from Fisher exact test with Monte Carlo simulation (10,000 iterations) on categorical preferences for virtual
patient platformsfor clinical reasoning training in an observational crossover cohort study of 178 sixth-semester medical students at Karolinska I nstitutet,
Stockholm, Sweden, between the Spring of 2024 and the Spring of 2025. Proportion of students preferring SARI versus comparator. Panel A shows
comparisons between SARI and VIC (blue color). Panel B illustrates comparisons between SARI and equal preference (green color). Panel C shows
comparisons between SARI and Not SARI (VIC or equa preference combined; red color). Circles denote ORs and whiskers denote 95% Cls on a
logarithmic scale. All students experienced both SARI and VIC during their clinical rotation within rheumatol ogy, with platform order being determined
by rotation scheduling. Subgroups analyzed: overall cohort, female and male students, students with and without prior virtual patient experience, and
students starting with SARI and students starting with VIC. OR: odds ratio; SARI: socia artificial intelligence—enhanced robotic interface; VIC: virtual
interactive case.

A

Subgroup N SARI n (%) VIC n (%) OR (95% CI) P value
All students 176 126 (72%) 24 (14%) —— 271 (14.3-53.7) <001
Sex: male 85 60 (71%) 12 (14%) — 24.2 (8.666.2) <.001
Sex: female 91 66 (73%) 12 (13%) ——t 29.2 (11.8-79.4) <.001
Prior experience: yes 29 18 (62%) 6(21%) —_— 8.5(2.1-41.1) 001
Prior experience: no 147 108 (73%) 18 (12%) —— 35.2 (16.9-77.8) <.001
SARI first 100 84 (84%) 7(7%) —_— 134.7 (43.8-506.1) <.001
VIC first 75 41 (55%) 17 (23%) e 5.7 (2.4-14.0) <.001
0s 1 2 5 0 % % W 250 500
Favors
B Subgroup N SARI n (%) Equal n (%) Equal €—— SAR| OR (95% CI) Pvalue
All students 176 126 (72%) 26 (15%) —— 23.1(12.4-44.7) <.001
Sex: male 85 60 (78%) 13 (15%) ] 20.7 (8.5-54.6) <.001
Sex: female 91 66 (73%) 13 (14%) —— 25.0 (10.4-65.4) <001
Prior experience: yes 29 18 (62%) 5(17%) —_— 121 (2.7-67.1) <.001
Prior experience: no 147 108 (73%) 21 (14%) e 25.9(13.0-54.2) <.001
SARI first 100 84 (84%) 8 (9%) ——— 82.8 (30.3-250.7) <001
VIC first 75 41 (55%) 17 (23%) —_—— 5.7 (2.4-14.0) <.001
s 1 z 5 1m0 23 50 100 250 500
c Favors
Subgroup N SARIn (%) Not SARIN (%)  Not SARI ———— SARI OR (85% CI) Pvalue
Al students 178 126 (72%) 50 (28%) voe 6.3 (3.9-10.4) <.001
Sex: male 85 60 (78%) 25 (22%) L 5.7 (2.8-11.8) <.001
Sex: female 91 86 (73%) 25 (27%) —— 6.9 (3.5-14.1) <.001
Prior experience: yes 29 18 (62%) 11 (368%) —— 261(0.8-89) 114
Prior experience: no 147 108 (73%) 39 (27%) bt 7.6 (4.4-13.3) <.001
SARI first 100 84 (84%) 16 (17%) —— 26.9 (12.2-63.2) <.001
VIC first 75 41 (56%) 34 (45%) —a— 1.5(0.7-2.9) 327
LU z 5 0 % 50 100 250 500
Discussion Whilethe Likert-scal e ratings showed moderate advantages for

Principal Findings

This observational crossover cohort study aimed to compare
medical students' experience of an Al-enhanced social robotic
(SARI) versus a conventional computer-based VP platform
(VIC), regarding the extent to which the design characteristics
of the respective platform facilitate training of CR skills.
Consistent with our hypothesis based on prior results from
qualitative work [21,22], students perceived SARI as superior
acrossall 5 domains of VP design, indicating that Al-enhanced
social robotic VPs offer significant advantages over conventional
computer-based platformsfor CR training in medical education.
Students also expressed a strong overall preference for SARI
over VIC for CR training, suggesting that embodied Al systems
may better support the cognitive processes underpinning
effective CR skill development.

Theeffect sizes observed (r ranging from 0.27 to 0.60) represent
moderate to large effects according to Cohen conventions, with
the strongest effect seen for overall platform preference (r=0.60).

https://www.jmir.org/2025/1/e82541
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design characteristics in SARI, the categorical preference data
revealed much stronger student preference (OR 27.1), suggesting
that the overall educational experience of SARI extends beyond
individual distinct design elements captured by the Likert-scales
of the study questionnaire.

Students perceived SARI as significantly more authentic than
VIC in terms of feeling like they had to make decisions as
real-life cliniciansand feeling like the clinician was responsible
for the care of the patient. Importantly, according to educational
theory, authentic learning environmentsare crucial for effective
CR development [16]. Our findings validate previous qualitative
research from our group, which also demonstrated that SARI
yields greater perceived authenticity compared with VIC [22].
The physical embodiment, combined with natural gaze behavior,
facial expressions, and conversational Al, appears to create a
moreimmersive clinical simulation that better prepares students
for real patient encounters.

The superiority of SARI in promoting a professional approach
during consultations suggests that social robotic embodiment
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facilitated more active cognitive engagement in CR processes.
Students consistently reported being more actively engaged in
gathering clinical information, revising their clinical
impressions, creating structured patient summaries, and
considering differential diagnoses when using SARI compared
with VIC. This finding is particularly important, taking into
consideration that effective VP platforms should specifically
support active cognitive engagement rather than passive
information processing [40,41]. The multimodal nature of SARI
in combining visual, auditory, and conversational elements may
activate multiple cognitive pathways that enhance learning
retention and skill transfer [20-22].

The advantages of SARI in providing helpful interactions and
feedback that promoted diagnostic reasoning suggest that
Al-enhanced conversational interfaces can provide more
adaptive and contextually appropriate educationa support than
traditional platforms. Students felt better prepared for rea
clinical encountersafter having used SARI compared with VIC,
indicating potential for improved skill transfer from digital to
actual clinical practice. This finding addresses a critical
challenge in medical education, which involves ensuring that
VP experiences trandate into improved real-world clinical
competencies[18].

The superiority of SARI was generally robust across student
subgroups. However, 2 notable exceptions warrant
consideration. Students with prior VP experience showed only
a numerical preference for SARI that did not reach statistical
significance in the comparison with VIC or equal preference
combined, suggesting that familiarity with VP technology may
attenuate the perceived benefits of anew educational technology,
such as the Al-enhanced social robotic interface introduced in
thisstudy. Additionally, studentsfirst introduced to VV1C showed
a smaller, nonsignificant preference margin for SARI, which
may reflect first-impression or carryover effects, or both
operating simultaneously. Such order effects are inherent
limitations of crossover designs, where complete washout is
neither feasible nor appropriate. Nevertheless, this finding is
consistent with the earlier observation that familiarity may
influence the perceived benefits of a new technology. Taken
together, these findings indicate that while SARI generally
offers advantages, perceived benefits may be influenced by
students’ prior exposure to similar technologies, as well as the
order in which technologies are encountered. While the
crossover design mitigated learning effects, some degree of
order effect likely remained, as complete elimination is
inherently challenging.

Our results extend previous research on VPs in medical
education by demonstrating quantifiable advantages of
Al-enhanced social robotics. A recent systematic review
identified the need for VP platformsthat specifically target CR
components such as problem presentation, hypothesis
generation, and diagnostic justification [6]. Our findings suggest
that Al-enhanced social robotic platforms may be well-suited
for addressing these educational needs through their ability to
provide dynamic, responsive interactionsthat mirror real clinical
encounters more closely than traditional computer-based
systems.

https://www.jmir.org/2025/1/e82541
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It isimportant to note that our results did not favor SARI over
VIC consistently acrossall student subgroups. Whilethislikely
reflects limitations in statistical power, individual learner
characteristics and contextual implementation factors may also
impact students perceptions of the effectiveness of new
educational modalities. L ong-term studies examining sustained
educational benefits would strengthen the evidence for
Al-enhanced VP platforms. We would also like to emphasize
that the 2 VP platforms incorporate different design features,
and that the purpose of this study was to explore students
perspectives on these design elements rather than evaluate the
specific contributions of each platform to distinct aspects of
CR, especialy since no assessment of implemented CR skills
was undertaken. We also acknowledge that our comparison
between SARI and VIC concerns 2 specific platforms, and that
results might differ if another Al-enhanced social robotic
interface or a different conventiona computer-based VP
platform were used. Future research could further investigate
the added value of platform-specific differencesfor CR training
outcomes in implementation settings, for example, through
examination-based eval uations.

Limitationsand Strengths

Several limitationswarrant consideration when interpreting our
results. First, our findings are based on students’ perceptions
of VP design elements rather than objective measures of CR
skill acquisition. Moreover, the internal consistency of the
adapted questionnaire was not assessed in our study population.
Future research that incorporatesvalidated CR assessments and
longitudinal evaluation of skill transfer to real clinical
encounters is warranted [42]. While students consistently
favored SARI, it is important to acknowledge that positive
reception of novel technology does not always correlate with
improved educational outcomes[43]. Novelty effects may have
influenced students, as this was the first exposure to SARI for
most participants, whereas computer-based platforms might
already have been familiar to some.

Second, the single-center and discipline-specific design within
rheumatology may limit the generalizability of the findings to
other educational contextsor medical disciplines. Third, the use
of English in case interaction rather than the students' native
language (Swedish for a vast majority) may have affected
perceived authenticity and interaction quality, though this
limitation likely affected both platformssimilarly. Thus, wedid
not collect data on the students native language, precluding
subgroup analysis based on language background to investigate
how this might have influenced platform preferences.

Fourth, the use of asingle LLM version (GPT-3.5-turbo) limits
the generalizability of our findings across different Al models
and their reproducibility over time. However, this choice ensured
homogeneity across student groups in the present study. Given
that LLM performance and behavior evolve with updates, newer
models with enhanced capabilities may yield more reliable or
nuanced results. Last, group size (pairs vs groups of 3) was not
investigated, and we cannot exclude the possibility that group
dynamics influenced individual perceptions, though students
experienced both platforms in the same group configuration.
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Our study also has severa strengths. The observational crossover
design alowed students to serve as their own controls,
minimizing between-participant variability. We used avalidated
guestionnaire specifically designed for VP design evaluation
with emphasis on CR training. The study included a substantial
sample (n=178) representing 42% of eligible students, which
supports the generalizability of the findings within the target
population. Furthermore, thisisthefirst quantitative comparison
of self-perceived VP design characteristics between an
Al-enhanced social robotic VP platform and a conventional
computer-based VP software for CR training within medical
education.

Implications

The findings of the present study have important implications
for curricular development within medical education.
Al-enhanced social robotic VP platforms may be considered
superior alternatives to conventional computer-based systems,
particularly for CR training. However, implementation decisions
should also account for economic factors, technica
infrastructure requirements, and faculty training needs. The
integration of LLMswith social robotics represents a significant
technological advancement that may justify investment despite
potentially higher initial costs compared with traditional

Borg et d

platforms. Over a longer term, the initial higher cost may
mitigate costsfrom medical errors, through contribution to better
preparation of students in advanced yet safe patient simulation
environments.

Conclusions

This study provides quantitative evidence that medical students
may perceive Al-enhanced social robotic VP platforms as
offering advantages in design characteristics over conventional
computer-based platforms for CR training. The consistent
superiority of SARI across multiple domains of VP design,
combined with strong student preferences regardless of
individual characteristics, suggeststhat embodied Al platforms
represent a meaningful advancement in medical pedagogy
technology. These findings support the integration of LLMs
with socia robotics as a promising approach for developing
more effective VP simulations that better prepare medical
studentsfor real clinical encountersand warrant futureresearch
to examine objective CR performance outcomes and long-term
learning retention. To our knowledge, thisisthefirst quantitative
head-to-head comparison of VP design characteristics between
2 technological approaches, one of whichisasocial robotic VP
platform, thereby extending beyond prior qualitative and
single-platform evaluations.
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Multimedia Appendix 1

Supplementary figures, including the VP platform evaluation questionnaire, example questions for structured history taking in
rheumatol ogy, an LLM-prompt example, and aschematic illustration of the social Al-enhanced roboticinterface (SARI) workflow.
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Multimedia Appendix 2

Supplementary tables, including frequencies of responses to the VP evaluation questionnaire, and Wilcoxon signed rank test
results from VAS data on student preference of VP platforms.
[PDF File (Adobe PDF File), 223 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist.
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Guideline for reporting evidence-based practice educational interventions and teaching (GREET) checklist.
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