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Abstract

Diagnostic disclosure is a complex communication task that requires learners to integrate
interpersonal attunement, structured information delivery, and condition-specific reasoning
in real time. We conducted a randomized controlled trial comparing conventional diag-
nostic communication training with the same training supplemented by an Al-supported
adaptive virtual patient simulation designed to provide additional deliberate practice
and individualized, just-in-time feedback. Eighty undergraduate medical students were
randomized 1:1 and completed standardized-patient encounters involving disclosure of
a new diagnosis of type 2 diabetes mellitus before and after training. Performance was
assessed by blinded physician raters using an adapted Kalamazoo rubric. Among stu-
dents with complete pre—post data (conventional training, n = 25; Al-supported training,
n = 26), both groups showed substantial improvement. Mean gains were numerically larger
in the Al-supported group, with small-to-moderate standardized effects across selected
communication domains; however, baseline-adjusted group-by-time interactions did not
reach conventional thresholds for statistical significance, indicating that any added mean
effects beyond conventional training remain uncertain. Exploratory person-level analyses
suggested greater heterogeneity of improvement in the Al-supported condition, including
a higher density of large gains in higher-order communication components. These findings
should therefore be interpreted as exploratory rather than confirmatory. Al-supported adap-
tive simulation appears feasible as an adjunct to communication training, but adequately
powered studies are needed to clarify effect magnitude, mechanisms, and generalizability
across training contexts.
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1. Introduction

Effective physician—patient communication is a foundational component of high-
quality medical care and is particularly critical during the diagnostic process [1,2]. Diagnos-
tic communication requires clinicians to integrate clinical reasoning with clear and empathic
dialogue when eliciting histories, explaining diagnostic uncertainty, and disclosing new
diagnoses such as type 2 diabetes mellitus (T2DM) [3-6]. Deficits in this domain can under-
mine patient understanding, erode trust, and contribute to dissatisfaction and complaints,
even when biomedical management is technically sound [4,5]. Accordingly, communication
has been established internationally as a core competency in medical education, with the
expectation that it can be deliberately taught, practiced, and assessed [5,7].

Despite this consensus, substantial gaps persist between curricular intent and learner
preparedness. Many trainees report limited confidence in conducting diagnostic con-
versations, particularly those involving uncertainty or emotionally charged information,
including the disclosure of chronic disease diagnoses [2,8,9]. This discrepancy reflects a
broader educational challenge: although communication is widely recognized as essential,
opportunities for deliberate and repeated practice with structured feedback remain uneven
and often insufficient [7,10]. As a result, diagnostic communication is frequently learned
opportunistically rather than systematically, leading to variability in learners’ readiness for
real-world clinical encounters [11].

Simulation-based education using standardized patients has become a cornerstone
for teaching communication skills because it allows learners to practice complex interac-
tions in a safe environment and receive targeted feedback [12,13]. Evidence supports its
effectiveness in improving communication behaviors, diagnostic reasoning, and clinical
performance [13-15]. However, standardized patient programs are resource-intensive,
requiring trained actors, faculty time, and substantial logistical coordination [12,14]. These
demands limit scalability and frequency of exposure, particularly in institutions with large
cohorts or constrained resources [15]. Such limitations are especially relevant in low- and
middle-income contexts, where formal communication curricula and simulation infras-
tructure may be inconsistently implemented, further exacerbating inequities in training
quality [16,17].

Recent advances in generative artificial intelligence (Al) offer a potentially valuable
complement to traditional simulation-based education. Large language models can gener-
ate dynamic, context-sensitive dialogue that more closely approximates authentic patient
interactions than earlier rule-based or scripted virtual patients [18-20]. Conceptually, gen-
erative Al-based simulators may function as platforms for deliberate practice by enabling
repeated exposure to diagnostically challenging conversations, immediate feedback, and it-
erative performance refinement without the temporal and financial constraints of in-person
simulation [21]. By allowing learners to rehearse communication behaviors repeatedly
and reflect on feedback, these systems align with established educational frameworks
emphasizing repetition, feedback, self-regulation, and individualized learning [21,22].

Early applications of generative Al in medical education suggest feasibility and ac-
ceptability, with learners reporting high engagement and perceived usefulness [23-25].

However, the current literature remains dominated by descriptive studies and self-
reported outcomes. Few investigations have used rigorous experimental designs and
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objective, performance-based assessments to determine whether Al-supported simulation
produces measurable improvements in communication skills [20,25,26]. Moreover, little is
known about how such tools perform relative to conventional training or whether their
effects translate into observable behavioral improvement under blinded assessment [23].
This evidence gap is particularly pronounced outside high-income settings, where empirical
data on Al-supported communication training remain scarce [27]. Cultural and linguistic
contexts shape communication norms, underscoring the need to evaluate such innovations
across diverse educational settings [6].

In our initial DIALOGUE (Dlagnostic Al Learning through Objective Guided User
Experience) single-group study, generative Al-assisted simulation was associated with
improved diagnostic communication performance under blinded rating [28], but causal
effects could not be established because no control group was included. Whether Al-
supported simulation adds measurable value beyond conventional training therefore
remains an open question.

To address this gap, we conducted a randomized controlled trial evaluating the impact
of integrating generative Al-based virtual patient simulation into undergraduate medical
training for diagnostic communication. The trial compared conventional instruction alone
with conventional instruction supplemented by Al-supported simulation, using pre- and
post-intervention standardized patient assessments scored by blinded evaluators with an
adapted communication rubric [5].

Guided by a deliberate practice framework [21,29], we hypothesized that Al-supported
simulation would be associated with greater improvement in diagnostic communication
performance than conventional training alone. We also explored whether the intervention
was associated with heterogeneous patterns of improvement across learners and communi-
cation domains. By providing controlled, performance-based evidence, this study seeks to
clarify how generative Al may be integrated into medical education and whether it can
strengthen the development of core communication competencies.

2. Materials and Methods
2.1. Study Design and Trial Oversight

This study was a prospective, parallel-group, randomized controlled trial with a 1:1
allocation ratio designed to compare conventional diagnostic communication training with
conventional training supplemented by Al-supported virtual patient simulation. The objec-
tive was to evaluate the educational impact of integrating generative Al-based simulation
on diagnostic communication performance during disclosure of a new diagnosis of T2DM.
Recruitment activities began in late 2025, and the intervention and outcome assessments
were conducted during the intersemester period in December 2025 at the Facultad de
Estudios Superiores Iztacala (FES Iztacala), Universidad Nacional Auténoma de México
(UNAM), Mexico. The study protocol was finalized before participant enrollment, and no
changes to eligibility criteria, interventions, outcomes, or statistical analyses were intro-
duced after trial initiation. The study was approved by the institutional ethics committee
(CE/FESI/052025/1922). All participants provided written informed consent. Because
participants were undergraduate students, specific safeguards were implemented to mini-
mize any risk of perceived coercion; participation was entirely voluntary and unrelated
to academic grading or formal coursework. Patients and members of the public were not
involved in the design, conduct, reporting, or dissemination of this educational trial.

2.2. Participants and Setting

Participants were undergraduate medical students enrolled in the basic sciences cycle
of the MD program at FES Iztacala, UNAM. Students were in early semesters of training
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and had not yet entered full clinical clerkships, a stage at which structured training in
diagnostic communication may still be limited. Inclusion criteria were enrollment in the
undergraduate medical program during the basic sciences cycle, availability to complete
baseline and follow-up assessments, and no prior formal coursework specifically dedicated
to diagnostic communication skills. Exclusion criteria included prior participation in Al-
based communication training studies and incomplete baseline assessment. Participants
were recruited through institutional announcements and voluntary invitations distributed
by the research team. All study activities were conducted within the university’s simulation
facilities, with remote access used only for asynchronous components.

2.3. Randomization and Allocation Concealment

After completion of baseline assessments, participants were randomized in a 1:1 ratio
to either conventional instruction alone or conventional instruction supplemented by Al-
supported simulation. The random allocation sequence was generated using a computer-
based procedure by a researcher not involved in participant enrollment, intervention
delivery, or outcome assessment. No stratification or blocking was applied because this was
an educational trial conducted in an exploratory context without sufficient prior data to
justify stratification variables. Allocation concealment was maintained by releasing group
assignments only after completion of baseline data collection, and the allocation sequence
remained inaccessible to investigators responsible for enrollment and performance scoring.

2.4. Interventions
2.4.1. Conventional Asynchronous Instruction (Control Group)

All participants received a prerecorded asynchronous video lecture focused on diag-
nostic communication and disclosure of a new diagnosis of T2DM. The lecture addressed
structured approaches to delivering diagnostic information and managing patient re-
sponses, integrating established communication frameworks, including SPIKES, NURSE,
PEWTER, and SMART [30,31]. Content emphasized strategies for explaining the diagnosis,
responding to emotional reactions, managing uncertainty, and promoting patient-centered
understanding. Participants were required to complete the video module before the post-
test assessment.

2.4.2. Al-Supported Simulation (Intervention Group)

In addition to the asynchronous video lecture, participants assigned to the interven-
tion group completed an Al-supported virtual patient simulation program. Participants
interacted with ChatGPT 5.2 (OpenAl, San Francisco, CA, USA), configured through stan-
dardized prompt templates developed by the research team to simulate patients receiving
a new diagnosis of T2DM. The system was instructed to maintain the assigned scenario
and level of emotional complexity during each interaction and to withhold formative
commentary until completion of the simulated encounter. Although all participants com-
pleted the same set of simulation levels, the system adjusted the emphasis of dialogue and
formative feedback according to each learner’s responses, with the aim of providing more
individualized practice and feedback.

The simulation consisted of 10 progressive levels of increasing emotional and psy-
chosocial complexity, ranging from low-distress acceptance to denial, anxiety, and concern
about long-term complications. Each simulated encounter required participants to com-
municate the diagnosis, respond to patient emotions, manage uncertainty, and organize
the conversation appropriately. At the end of each level, the system generated structured
formative feedback addressing clarity of explanation, empathic engagement, encounter
organization, and patient-centered communication behaviors. Participants were instructed
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to complete all simulation levels asynchronously during the intervention period. Prompt
templates and simulation materials are available in the OSF repository.

2.5. Outcomes

The primary outcome was post-test diagnostic communication performance, mea-
sured as the total score on a diagnostic communication rubric adapted from the Kalamazoo
Essential Elements Communication Checklist [5], with baseline performance included as
a covariate in primary analyses. Secondary outcomes included domain-specific post-test
performance across eight predefined rubric domains, also evaluated with baseline adjust-
ment. Exploratory outcomes included descriptive characterization of individual patterns of
improvement and response heterogeneity within each training modality. Baseline charac-
teristics and learner-reported variables were collected through a structured questionnaire
administered before randomization.

2.6. Assessment Procedures and Blinding

Both the pre-test and post-test consisted of a single standardized patient encounter in
which participants were required to communicate a new diagnosis of T2DM to a simulated
patient. Encounters were conducted in person with trained standardized patients and lasted
up to 20 min. The clinical scenario was equivalent in structure across pre-test and post-test
assessments to ensure consistency of task demands over time. Performance was evaluated
using an eight-domain diagnostic communication rubric, with each item scored on a 5-point
Likert scale. Assessments were performed by trained physician raters with experience
in medical education. Outcome assessors were blinded to group allocation and were
not involved in intervention delivery. Participants were aware of their assigned training
condition, but outcome assessors remained blinded throughout the evaluation process.

2.7. Sample Size

Sample size planning was informed by effect estimates from our prior single-group
study evaluating Al-supported diagnostic communication training using the same assess-
ment rubric and evaluation framework. Because single-group estimates may overstate com-
parative effects, the present trial was conservatively planned to detect a small-to-moderate
between-group effect (f = 0.25) in post-test performance using analysis of covariance with
baseline adjustment (o« = 0.05, power > 80%). On this basis, a total sample of 72 participants
(36 per group) was estimated, and a target enrollment of 80 students (40 per group) was
set to account for anticipated attrition during the academic term. Of the randomized
participants, 51 students (25 in the conventional training group and 26 in the Al-supported
group) completed both pre-test and post-test assessments and were included in the primary
performance analyses. Although this reduced statistical power for detecting small between-
group differences, the final sample allowed estimation of pre-post changes, standardized
effect sizes, and exploratory descriptive analyses.

2.8. Statistical Analysis

Baseline characteristics were summarized descriptively, and between-group compara-
bility at baseline was assessed descriptively rather than through significance testing. The
total post-test diagnostic communication score was prespecified as the primary confirma-
tory outcome. The primary analysis compared post-test total diagnostic communication
scores between groups using analysis of covariance (ANCOVA), with post-test score as the
dependent variable, group as the independent variable, and baseline score as a covariate.
Domain-level analyses were treated as secondary outcomes and were examined using
the same approach for individual rubric domains. To account for repeated measures and
within-participant correlation, linear mixed-effects models with random intercepts for

https://doi.org/10.3390 /ime5020035


https://doi.org/10.3390/ime5020035

Int. Med. Educ. 2026, 5, 35

6 of 20

participants and fixed effects for time, group, and time x group interaction were also fitted
as complementary analyses. Between-group standardized effect sizes for change were
estimated using Hedges’ g, a small-sample corrected standardized mean difference used
to quantify the magnitude and direction of between-group differences in pre—post change
scores. Sensitivity analyses included complete-case analyses and multiple imputation for
missing post-test data. Item-level analyses, threshold-based comparisons, and descrip-
tive analyses of heterogeneity of response within each arm, including score distributions,
heatmaps of pre-post performance, and descriptive grouping according to magnitude
of change, were treated as exploratory and were not used for confirmatory hypothesis
testing. Given the multiplicity of secondary and exploratory analyses, these results were
interpreted cautiously. Statistical significance was defined as a two-sided p-value < 0.05.
All analyses were conducted in R using RStudio (version 2025.05.1+513).

3. Results
3.1. Participant Flow and Baseline Characteristics

A total of 300 students were assessed for eligibility, of whom 80 met inclusion criteria,
provided informed consent, and were randomized in a 1:1 ratio to conventional training
or conventional training supplemented by Al-supported simulation (40 per group). Re-
cruitment activities were completed in late 2025, and intervention delivery and follow-up
assessments were conducted during the intersemester period in December 2025. Participant
flow through enrollment, allocation, follow-up, and analysis is presented in Figure 1. Of the
randomized participants, 51 completed both pre-test and post-test assessments and were
included in the primary analyses (conventional training, n = 25; Al-supported training,
n = 26). Attrition occurred in both groups and was primarily attributable to incomplete
completion of training activities or absence from the scheduled post-test assessment. To
explore potential attrition-related bias, participants who completed both assessments were
compared with those who did not on baseline demographic, educational, and communica-
tion performance variables; no statistically significant differences were identified across
the measured baseline variables. Nevertheless, given the level of attrition, the analyzed
sample may still represent a more engaged subset of students, and selection bias cannot
be excluded. Baseline demographic and educational characteristics of randomized par-
ticipants are summarized in Table 1. Baseline diagnostic communication performance,
assessed using the Kalamazoo-based rubric, is reported in Table 2, with item-level baseline
distributions provided in Table A1 (Appendix A). Baseline performance appeared broadly
comparable between groups, supporting the use of prespecified baseline-adjusted analyses
in subsequent outcome comparisons.

Table 1. Baseline demographic and educational characteristics of randomized participants.

Variable Total (n = 80) Conventional (n =40)  AlI-Supported (n = 40)
Age (years) 19.45 + 1.83 19.15 £+ 1.19 20.67 £2.99
Sem 1: 26 (32.5%) Sem 1: 10 (25%) Sem 1: 16 (40%)
Academic semester Sem 2: 48 (60%) Sem 2: 26 (65%) Sem 2: 22 (55%)
Sem 3: 3 (3.75%) Sem 3: 2 (5%) Sem 3: 1 (2.5%)
Sem 4: 3 (3.75%) Sem 4: 2 (5%) Sem 4: 1 (2.5%)
Sex, n (%)
Female 48 (60.0%) 23 (57.5%) 25 (62.5%)
Male 31 (38.75%) 16 (40.0%) 15 (37.5%)
Non-binary 1 (1.25%) 1(2.5%) 0 (0%)
Extracurricular clinical experience, n (%) 5 (6.3%) 3 (7.5%) 2 (5.0%)

Values are presented as mean + SD or 1 (%).
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Did not receive allocated intervention (n = 8)
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Reason: incomplete post-test assessment
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Analysed for primary outcome (n = 25)
Excluded from analysis (n = 7)
Reason: incomplete post-test assessment

Figure 1. CONSORT flow diagram of participant enrollment, allocation, follow-up, and analysis.
The figure depicts participant flow through the phases of the randomized controlled trial, including
enrollment, allocation to conventional training or Al-supported training, follow-up, and inclusion in
the primary outcome analysis. Of the 300 students assessed for eligibility, 80 met inclusion criteria,
provided informed consent, and were randomized in a 1:1 ratio. Attrition occurred primarily because
of incomplete completion of training modules or absence from the post-test assessment. The number
of participants included in the primary outcome analysis for each group is indicated.

Table 2. Baseline diagnostic communication performance by Kalamazoo domains.

Conventional (n = 40) Al-Supported (1 = 40)

Item Domain (Kalamazoo Framework) (Mean -+ SD) (Mean -+ SD)
1 Build a Relationship 6.57 +2.34 5.70 + 1.65
2 Opening the Discussion 5.19 & 1.56 4.74 +1.38
3 Gather Information 5.82 4+ 1.86 5.88 +1.95
4 Understand the Patient’s Perspective 477 £1.65 4.62 +1.44
5 Share Information 441 +144 5.31 + 1.56
6 Reach Agreement 5.61 +1.98 573 £1.59
7 Provide Closure 498 + 2.04 5.13 +1.80
8 Diabetes-specific communication 513 £1.80 5.04 £1.35
Total Overall score (24-120) 42.50 + 10.55 42.14 +9.67

Domain scores are reported as domain totals (range 3-15) based on three items per domain. The total score
represents the sum of all 24 items (range 24-120). Values are presented as mean = standard deviation. Baseline
performance is reported descriptively to assess comparability between randomized groups. No formal statistical
comparisons were conducted at baseline.

3.2. Primary Outcome: Diagnostic Communication Performance

Changes in overall diagnostic communication performance from pre-test to post-test
among participants who completed both assessments (1 = 51; conventional training, n = 25;
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Al-supported training, n = 26) are summarized in Table 3. Substantial improvements in
total communication scores were observed in both groups, indicating that meaningful gains
occurred over time under both training conditions. Mean pre—post improvement in overall
communication performance was numerically larger in the Al-supported group than in
the conventional training group. At the total-score level, this difference corresponded to
a moderate standardized effect size favoring Al-supported training (Hedges’ g = 0.57).
These effect-size estimates describe the magnitude and direction of observed differences
but do not, by themselves, establish statistical superiority. In baseline-adjusted longitudinal
mixed-effects models accounting for repeated measures and baseline performance (Table 4),
the time x group interaction coefficients generally favored Al-supported training across
most domains and for the total score; however, none reached conventional thresholds for
statistical significance. At the total-score level, the estimated time X group interaction was
7.45 points (95% CI, —1.98 to 16.88; p = 0.121). Accordingly, although several point estimates
and standardized effect sizes numerically favored the Al-supported group, the reduced
final sample size limited precision, and baseline-adjusted analyses did not demonstrate
statistically significant superiority over conventional instruction alone. These findings
should therefore be interpreted as exploratory rather than confirmatory.

Table 3. Pre-post changes in diagnostic communication performance by Kalamazoo domains and
training modality.

. Hedges’
Item Domain (Kalamazoo Framework) Conventional A (1 =25)  Al-Supported A (1 =26) (AI-Su%porgted
Mean + SD Mean + SD . .
Minus Conventional)
1 Build a Relationship 5.88 £2.42 5.77 £2.80 —0.04
2 Opening the Discussion 5.16 £ 2.88 6.08 - 2.23 0.35
3 Gather Information 540 £+ 2.61 6.31 £2.05 0.38
4 Understand the Patient’s Perspective 596 +£291 7.19 +£2.56 0.44
5 Share Information 6.24 £ 298 7.54 £2.18 0.49
6 Reach Agreement 4.88 +£2.85 6.46 1+ 2.85 0.55
7 Provide Closure 5.00 £ 3.54 7.23+£2.70 0.70
8 Diabetes-specific communication 5.04 £ 3.43 6.38 4= 2.61 0.44
Total Overall score (24-120) 43.56 + 19.38 52.96 + 12.85 0.57
Values are presented as mean change (post-test — pre-test) & standard deviation. Domain scores were derived
from the Kalamazoo Essential Elements Communication Checklist. The total score ranged from 24 to 120, with
higher scores indicating better diagnostic communication performance. Analyses included only participants with
complete pre- and post-test assessments. Effect sizes are reported as Hedges’ g.
Table 4. Longitudinal mixed-effects model of diagnostic communication performance by domain.
Item Domain (Kalamazoo Framework) Time X Group 3 95% CI p-Value Hedges' g
1 Build a Relationship —0.09 —0.56 to 0.38 0.707 —0.09
2 Opening the Discussion 0.41 —0.06 to 0.88 0.086 0.44
3 Gather Information 0.45 —0.03 t0 0.93 0.066 0.46
4 Understand the Patient’s Perspective 0.34 —0.15t0 0.83 0.173 0.35
5 Share Information 0.31 —0.12 to 0.74 0.157 0.36
6 Reach Agreement 0.24 —0.31t0 0.79 0.39 0.24
7 Provide Closure 0.49 —0.16to 1.14 0.138 0.39
8 Diabetes-specific communication 0.38 —0.17 t0 0.93 0.174 0.36
Total Overall score 7.45 —1.98 to 16.88 0.121 0.41

Values represent the time x group interaction coefficient (), indicating the differential pre—post change associated
with Al-supported training compared with conventional training. Models included random intercepts for
participants and fixed effects for time (pre vs post), group (Al-supported vs conventional), and their interaction.
Positive [ values indicate greater improvement over time in the Al-supported group. Effect sizes are reported as
Hedges’ g calculated on pre—post change scores. Analyses included participants with complete pre- and post-test
assessments (conventional n = 25; Al-supported n = 26).
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3.3. Domain-Specific Communication Outcomes

Domain-level analyses showed that the direction and magnitude of improvement
were not identical across components of diagnostic communication (Table 3; Figure 2).
Standardized effect-size estimates were generally numerically larger in the Al-supported
group, although the magnitude of these differences varied across Kalamazoo domains.
This pattern is consistent with non-uniform improvement across communication skills.
The largest effect-size estimates favoring Al-supported training were observed in domains
related to structuring, negotiating, and concluding the diagnostic encounter. In particular,
Provide Closure showed the largest standardized effect, followed by Reach Agreement
and overall diagnostic communication performance. Domains related to information ex-
change and patient understanding, including Share Information, Understand the Patient’s
Perspective, and Gather Information, also showed small-to-moderate effect sizes favoring
the Al-supported arm. By contrast, foundational interpersonal behaviors such as Build
a Relationship showed comparable improvement across both training modalities, with
negligible between-group differences. Diabetes-specific communication also showed a
moderate effect-size estimate favoring Al-supported training, although this pattern should
be interpreted cautiously given the exploratory nature of the domain-level analyses.

Build a Relationship { &

Opening the Discussion '

Gather Information A

Understand the Patient’s Perspective 1

Provide Closure -

Reach Agreement E = i

Diabetes-specific communication - '

1
1
1
I
1
I
1
|
|
I
Share Information } ' » i
1
1
1
1
1
|
1
1
1
1

Overall score | b Py

1
-0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25

Hedge’s g (Al-assisted vs Conventional), 95% CI

Figure 2. Domain-specific effects of Al-supported simulation on diagnostic communication. Forest
plot displaying standardized mean differences (Hedges’ g) and 95% confidence intervals for pre—post
change scores comparing Al-supported training with conventional training. Positive values indicate
numerically greater improvement in the Al-supported group. Effect-size estimates are descriptive
and should be interpreted alongside baseline-adjusted analyses.

Baseline-adjusted longitudinal models (Table 4) showed a generally positive direction
of time X group interaction coefficients across most domains; however, confidence intervals
overlapped the null and none of the domain-specific interactions reached conventional
thresholds for statistical significance. Accordingly, these domain-level findings should
be interpreted as descriptive patterns rather than confirmatory evidence of differential
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effectiveness. Item-level analyses were broadly consistent with these domain-level patterns
and are reported in Table A2.

3.4. Individual Learning Trajectories and Heterogeneity of Response

To explore variability in learning outcomes beyond mean-based estimates, participant-
level patterns of change were examined using descriptive visualizations and complemen-
tary longitudinal models. These analyses were exploratory in nature and were intended to
characterize variability of response rather than support confirmatory inference. Figure 3
illustrates individual pre—post changes in overall diagnostic communication performance
within each training modality, with participants ordered by magnitude of improvement.
Considerable variability was observed in both groups. Although participants in both condi-
tions showed a range of responses, the Al-supported group displayed a broader spread of
improvements and a greater concentration of larger gains in overall communication perfor-
mance. Item- and domain-level heatmaps (Figure A1) similarly suggested that gains were
not uniformly distributed across communication domains within individuals. Participants
in the Al-supported group more frequently showed concurrent improvements across mul-
tiple domains, whereas gains in the conventional group appeared more variable and often
more localized across domains. These exploratory patterns should not be interpreted as
evidence of consistent superiority of Al-supported training across all learners. Rather, they
suggest that responses to the intervention may have been heterogeneous. This observation
may be educationally relevant, but it remains descriptive and hypothesis-generating.

A S A Overall score
—

I R
| |

80

60

Participants

40

20

=
|

Conventional Al-assisted

Figure 3. Individual patterns of change in diagnostic communication performance. Heatmap
depicting individual pre-post changes in overall diagnostic communication scores within each
training modality. Each row represents a single participant, ordered by magnitude of improvement
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within group. Color intensity reflects the absolute change in total score (post-test minus pre-test),
with warmer colors indicating greater improvement. The visualization illustrates the distribution of
individual patterns of change across participants, with broader variability and a higher concentration
of larger gains in the Al-supported training group.

3.5. Secondary Outcomes

As an exploratory secondary analysis, we examined the proportion of students achiev-
ing a high level of diagnostic communication performance, defined a priori as a total
post-test score >96, corresponding to a mean item score >4 across rubric items. A numeri-
cally greater proportion of students in the Al-supported training group met this threshold
than in the conventional training group (46% vs. 24%). This difference did not reach
statistical significance (Fisher’s exact test, p = 0.14) and is therefore reported descriptively.
No adverse events or unintended consequences related to either educational intervention
were observed.

4. Discussion

In this randomized controlled trial involving undergraduate medical students, both
conventional asynchronous teaching and conventional teaching supplemented with gener-
ative Al-supported virtual patient simulation were associated with substantial improve-
ments in performance-based diagnostic disclosure skills for T2DM. Although the Al-
supported arm showed numerically favorable patterns across several communication
domains, particularly those related to structuring and concluding the encounter, uncer-
tainty remained in baseline-adjusted inference, and none of the domain-level between-
group differences reached conventional thresholds for statistical significance. Accordingly,
these findings should be interpreted as exploratory rather than confirmatory. Rather than
demonstrating clear superiority of Al-supported simulation, the study suggests that this
approach is feasible and may merit further evaluation under conditions better suited to
isolate its specific educational contribution [5,7,13,21].

4.1. Positioning Relative to the Literature

Most early applications of generative artificial intelligence in medical education have
emphasized feasibility, acceptability, learner satisfaction, or perceived usefulness rather
than controlled evaluations with objective performance outcomes [23,24]. In contrast, the
present study contributes a parallel-group randomized controlled design with blinded
performance assessment using standardized patients and an established communication
framework [5,12,13]. In this sense, it responds to repeated calls for more rigorous evaluation
of Al-enabled and technology-enhanced simulation capable of distinguishing true educa-
tional impact from novelty effects, enthusiasm bias, or self-reported benefit alone [11,13,26].
The present findings add to the emerging literature by extending evaluation beyond fea-
sibility and learner perceptions toward controlled assessment of performance outcomes.
At the same time, the results do not establish statistically significant superiority of the
Al-supported approach over conventional training alone. This distinction is important.
The question is no longer only whether learners find Al-based simulation engaging, but
whether it produces measurable performance gains under controlled conditions. In the
present trial, the answer remains provisional: although several estimates favored the Al-
supported arm numerically, the study was underpowered to confirm superiority, and the
findings are better viewed as exploratory signals that require replication in larger and more
definitive trials.

https://doi.org/10.3390/ime5020035


https://doi.org/10.3390/ime5020035

Int. Med. Educ. 2026, 5, 35

12 of 20

4.2. Why Al-Supported Simulation May Work: Deliberate Practice with Feedback at Scale

A plausible explanation for the observed pattern is that the intervention aligned with
principles of deliberate practice, which emphasize repeated rehearsal, timely feedback,
and opportunities for iterative refinement [21]. In large undergraduate cohorts, conven-
tional communication teaching often provides limited cycles of individualized practice
because faculty time, standardized patient availability, and logistical infrastructure are
constrained [12,14,15]. In contrast, the Al-supported program in this study provided re-
peated, level-based encounters with immediate formative feedback, potentially increasing
the amount of structured rehearsal available to each learner.

This interpretation is particularly relevant for communication tasks that require or-
ganization, sequencing, and adaptive response to patient concerns. The Al-supported
format may have preferentially supported these dimensions by allowing learners to re-
hearse them multiple times without the scheduling and resource limitations of in-person
simulation. More broadly, this interpretation is consistent with educational literature iden-
tifying repetition and feedback as central drivers of improvement in complex cognitive and
interpersonal skills [22,29]. At the same time, the present study cannot disentangle whether
the observed pattern reflects the specific contribution of generative Al the greater volume
of structured practice and feedback received by the intervention group, or a combination of
both. This design feature limits causal attribution and should temper any interpretation
that the observed numerical advantages are attributable to the Al component itself.

4.3. Domain Specificity: Which Skills Improved More, and Why That Matters

The findings also reinforce the idea that diagnostic communication is not a unitary
construct. Improvements were not uniform across Kalamazoo domains, and the direction-
ally larger effects associated with the Al-supported arm were more apparent in domains
related to structuring, negotiating, and concluding the encounter than in foundational
rapport-building behaviors [5]. This pattern is potentially educationally meaningful be-
cause it raises the possibility that different instructional modalities may support different
components of communication competence.

Al-supported simulation may be particularly promising as a tool for expanding op-
portunities to rehearse the procedural “architecture” of a diagnostic conversation: how
to organize disclosure, explain key information, negotiate understanding, and close the
encounter clearly. By contrast, faculty-guided teaching and in-person standardized-patient
work may remain especially important for subtler relational and context-sensitive aspects
of communication, including emotional attunement, reflective listening, and nuanced
adaptation to patient cues [2,7,31]. This distinction argues against treating Al as a univer-
sal substitute for existing educational approaches and instead supports a more targeted
integration aligned with specific learning objectives.

4.4. Learner-Level Variability and Patterns of Response

An additional observation from this study was the variability in learner-level response
to training. Although both instructional approaches were associated with substantial aver-
age improvements, exploratory participant-level analyses suggested broader dispersion of
gains in the Al-supported group, including a greater concentration of larger improvements
in overall diagnostic communication performance. These patterns should not be interpreted
as evidence of consistent superiority across all learners; rather, they suggest that responses
to the intervention may have been heterogeneous.

This possibility is educationally relevant because the impact of instructional innova-
tions may not be captured fully by mean differences alone. Some learners may benefit
more than others from repeated asynchronous rehearsal and automated feedback, whereas
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others may derive similar benefit from conventional instruction alone. However, these
observations remain descriptive and hypothesis-generating. Future studies should examine
this question prospectively using designs explicitly powered to assess heterogeneity of
response and to identify learner characteristics associated with differential benefit.

4.5. Context and Equity: Evidence from a Mexican Public University

Empirical evidence on Al-supported communication training remains disproportion-
ately derived from high-income settings, despite the fact that scalability constraints may
be most consequential in low- and middle-income educational contexts [16]. Conducting
a performance-based randomized trial within a Mexican public university therefore con-
tributes contextually relevant data to a literature that remains concentrated in high-income
and predominantly English-language settings [17,24]. Communication practices are shaped
by language, culture, institutional expectations, and local educational resources, all of
which may influence both the acceptability and educational impact of Al-based simulation.

The feasibility of implementing a standardized-patient evaluation framework with
blinded physician raters in this setting also supports the possibility of conducting
more rigorous Al-in-education research outside English-speaking and high-resource
environments [6,23]. At the same time, these findings should not be generalized uncritically
across institutions or regions. Context-sensitive evaluation remains essential, particularly
when educational technologies may interact differently with local curricula, learner expec-
tations, and resource constraints.

4.6. Limitations and Risks Specific to AI-Enabled Training

Several limitations warrant careful consideration. First, attrition was substantial, and
complete-case analyses may have introduced bias if follow-up completion was associated
with motivation, engagement, or other learner characteristics. Although baseline com-
parisons between completers and non-completers did not identify statistically significant
differences in the measured variables, the analyzed sample may still over-represent more
engaged students and may therefore not fully reflect the original randomized cohort.

Second, the study was conducted at a single institution and focused on a single diag-
nostic disclosure context, namely T2DM. Generalizability to other clinical topics, learner
populations, and authentic practice environments is therefore limited [11,12]. Third, mul-
tiple domain-level and exploratory analyses increase the probability of chance findings;
accordingly, the domain-specific patterns observed here should be interpreted as descriptive
and exploratory rather than confirmatory.

Additional limitations are specific to Al-enabled education. The quality of generated
feedback may vary, large language models may oversimplify or hallucinate guidance, and
learners may develop inappropriate reliance on automated systems if these tools are not
embedded within clear educational guardrails [23]. These considerations support the need
for standardized prompts, faculty oversight, and routine auditing of Al-generated feedback
in educational implementation.

A further methodological issue concerns intervention dose. Participants in the Al-
supported group were exposed to a greater amount of structured practice and feedback than
those in the conventional arm. Consequently, the present study cannot disentangle whether
the observed pattern reflects the specific contribution of generative Al, the additional
practice exposure, or a combination of both. This limits causal attribution and represents
a central challenge in the evaluation of Al-enhanced educational interventions. Future
studies should address this issue through designs that better match time-on-task and
feedback exposure across groups.
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Finally, contamination between groups cannot be excluded. Because the study was
conducted in a cohort-based educational environment, participants may have discussed
training content or shared experiences informally. Although such contamination would
likely bias estimates toward the null, it remains an important limitation and suggests that
future trials may benefit from cluster randomization, temporal separation of interventions,
or both.

4.7. Implications for Implementation and Future Research

From an implementation perspective, Al-supported simulation is best understood as
a scalable rehearsal layer that complements rather than replaces faculty-led instruction
and standardized-patient encounters. Its most plausible near-term role may be to expand
opportunities for repeated practice with immediate formative feedback, thereby helping
learners prepare more efficiently for resource-intensive in-person training.

Future research should prioritize multicenter trials to improve generalizability, reduce
contamination risk, and permit more explicit control of practice exposure across study arms.
Larger studies will also be necessary to estimate the magnitude of any added benefit with
greater precision and to determine whether the numerically favorable patterns observed
here are reproducible across different curricula, learner populations, and institutional
contexts. Beyond questions of efficacy, future work should address sustained engagement,
minimum effective exposure, durability of gains over time, and transfer of performance
to authentic clinical settings [13,14]. Comparative studies examining cost-effectiveness
relative to expanded standardized-patient programs would also be valuable for curricular
decision-making [12,13].

An additional priority will be to examine whether Al-supported simulation performs
similarly in more clinically and emotionally complex diagnostic contexts. Scenarios such
as HIV diagnosis, communication of suspected malignancy, and conversations involving
obesity and weight-related stigma introduce greater uncertainty, emotional burden, and
ethical sensitivity. Evaluating Al-enabled rehearsal across such contexts will be essential
to determine whether the exploratory signals observed here extend beyond relatively
structured diagnostic disclosure toward more nuanced and emotionally demanding clinical
communication tasks.

5. Conclusions

In undergraduate medical students learning to disclose a new diagnosis of T2DM, both
conventional asynchronous teaching and an Al-supported virtual patient program were as-
sociated with substantial improvements in performance on a blinded standardized-patient
assessment. Although several estimates numerically favored the Al-supported arm, the
added benefit of Al-supported simulation did not consistently reach conventional thresh-
olds for statistical significance in baseline-adjusted models. Accordingly, these findings
should be interpreted as exploratory rather than confirmatory. Al-supported simulation
appears feasible as an adjunct to communication training, but larger and better-controlled
studies are needed to clarify its specific contribution, reproducibility, and generalizability
across learners, institutions, and diagnostic contexts.
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Appendix A

Table A1 reports baseline (pre-test) diagnostic communication performance for each
individual item of the Kalamazoo Essential Elements Communication Checklist among
all randomized participants (1 = 80). Scores are presented descriptively to characterize
initial performance and variability across communication behaviors prior to the educational
intervention. No between-group statistical comparisons were performed at the item level,
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as the table is intended to document baseline balance and heterogeneity. Accordingly, these

data should not be interpreted as evidence of baseline differences between groups.

Table Al. Baseline (pre-test) diagnostic communication performance by individual Kalamazoo items.

Conventional

Al-Supported (n = 40)

Item Domain (Kalamazoo Framework) (1 = 40) (Mean - SD) (Mean + SD)
1 Build a Relationship 219 £ 0.78 1.90 &= 0.55
1.1 Eye contact and open posture 2.30 +0.91 2.154+0.74
1.2 Friendly body language 2.40 £ 0.96 2.02 £ 0.66
1.3 Self-introduction and role 1.88 £1.09 1.52 £0.82
2 Opening the Discussion 1.73 £0.52 1.58 & 0.46
2.1 Greeting and identity verification 1.85 £ 0.62 1.85 £ 0.53
22 Explains purpose of the visit 1.82 £ 0.78 1.55 + 0.68
23 Asks patient expectations 1.53 £ 0.60 1.35 £0.48
3 Gather Information 1.94 £ 0.62 1.95 £ 0.66
3.1 Uses open-ended questions 1.98 £0.72 1.98 £ 0.70
3.2 Listens without interrupting 2.38 4+ 1.08 270 =1.20
3.3 Summarizes to confirm 1.48 +0.72 1.18 4= 0.45
4 Understand the Patient’s Perspective 1.63 £0.53 1.57 £0.52
4.1 Explores beliefs about illness 1.50 £ 0.68 1.50 + 0.51
4.2 Inquires about concerns/fears 1.75+0.74 1.65 + 0.62
4.3 Acknowledges impact on daily life 1.63 £ 0.70 1.57 £ 0.68
5 Share Information 1.47 +0.48 1.77 +0.52
51 Explains diagnosis clearly 1.55 + 0.60 1.90 + 0.63
52 Uses supports/examples 1.35 £ 048 1.60 £ 0.63
5.3 Checks understanding (teach-back) 1.50 + 0.72 1.55 + 0.68
6 Reach Agreement 1.67 = 0.55 1.70 £ 0.61
6.1 Discusses therapeutic options 1.85 £ 0.62 1.62 £0.71
6.2 Involves the patient 1.50 &+ 0.60 1.58 + 0.68
6.3 Negotiates realistic goals 1.65 £ 0.66 1.65 £ 0.74
7 Provide Closure 1.76 £ 0.64 1.81 £0.55
7.1 Provides final summary 1.65 £ 0.70 1.40 £ 0.50
7.2 Checks final questions 1.80 £ 0.72 1.82 £ 0.59
7.3 Closes with empathy and follow-up 1.82 - 0.68 2.20 £ 0.88
8 Diabetes-specific communication 1.72 £0.58 1.69 £ 0.49
8.1 Communicates results clearly (glucose/HbAlc) 1.72 £0.68 1.70 £ 0.56
8.2 Initial T2DM plan + anxiety reduction 1.70 £0.72 1.65 £ 0.57
8.3 Complications and follow-up 1.75 £ 0.74 1.72 £ 0.56
Total Total score (24-120) 42.50 + 10.55 4214 +9.67
Table A2. Domain and Item-level pre—post changes in diagnostic communication performance by
Kalamazoo items.
. Conventional A AI-Supported A ,
Item Domain (Kalamazoo Framework) Mean + SD Meal;p 1 sD Hedges' g
1 Build a Relationship 5.88 & 2.42 5.77 £ 2.80 —0.04
1.1 Eye contact and open posture 1.85 4+ 0.97 1.84 +1.18 —0.01
1.2 Friendly body language 1.88 +0.99 1.52 +1.23 —0.32
1.3 Self-introduction and role 212 £1.03 224 +£1.23 0.11
2 Opening the Discussion 5.16 + 2.88 6.08 £2.23 0.35
2.1 Greeting and identity verification 127 £1.37 1.80 £1.15 0.41
22 Explains purpose of the visit 1.85 +1.16 2.00 = 1.08 0.14
23 Asks patient expectations 223 +1.03 2.04 +0.84 —0.20
3 Gather Information 5.40 &+ 2.61 6.31 +£2.05 0.38
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Table A2. Cont.
. Conventional A Al-Supported A ,
Item Domain (Kalamazoo Framework) Mean - SD Meal;p 1 SD Hedges’ g
3.1 Uses open-ended questions 1.77 £091 2.00 = 1.00 0.24
3.2 Listens without interrupting 1.54 +1.27 1.76 = 1.16 0.18
3.3 Summarizes to confirm 212+1.21 232+ 1.11 0.17
4 Understand the Patient’s Perspective 5.96 4+ 2.91 7.19 £ 2.56 0.44
4.1 Explores beliefs about illness 231 £1.16 240 £1.19 0.08
42 Inquires about concerns/fears 192+ 1.16 224 +1.16 0.27
43 Acknowledges impact on daily life 1.88 £1.31 2.16 +£0.90 0.24
5 Share Information 6.24 + 2.98 7.54 £2.18 0.49
5.1 Explains diagnosis clearly 212+124 2.16 £ 1.03 0.04
5.2 Uses supports/examples 2.08 £1.35 2.32 +£0.99 0.2
5.3 Checks understanding (teach-back) 223+ 1.14 2.60 +1.26 0.3
6 Reach Agreement 4.88 £2.85 6.46 £ 2.85 0.55
6.1 Discusses therapeutic options 1.46 +1.27 1.60 +1.22 0.11
6.2 Involves the patient 1.88 £ 1.03 2.08 £1.32 0.16
6.3 Negotiates realistic goals 1.81 £1.30 192 £1.29 0.09
7 Provide Closure 5.00 £ 3.54 723 +£270 0.7
7.1 Provides final summary 192 £1.52 2.04+1.21 0.08
7.2 Checks final questions 1.50 £1.24 2.36 £ 1.32 0.66
7.3 Closes with empathy and follow-up 1.77 £1.39 224 +1.01 0.38
8 Diabetes-specific communication 5.04 +3.43 6.38 +2.61 0.44
8.1  Communicates results clearly (glucose/HbAlc) 2.00 £ 1.10 1.96 = 0.84 —0.04
8.2 Initial T2DM plan + anxiety reduction 1.50 + 1.24 212+£1.20 0.5
8.3 Complications and follow-up 1.69 £1.59 1.84 £1.34 0.1
Total Overall score 43.56 + 19.38 52.96 + 12.85 0.57
Table A2 presents pre-post change scores (post-test minus pre-test) for each individual
Kalamazoo communication item among participants with complete assessments (1 = 51).
Values are reported separately by training modality and are intended to illustrate item-
level patterns of improvement across diagnostic communication behaviors. Effect-size
estimates at the item level are descriptive and exploratory and should not be interpreted as
confirmatory evidence of differential effectiveness.
Table A3. Domain and Item-level longitudinal mixed-effects model results for diagnostic communi-
cation performance.
Item Domain (Kalamazoo Framework) Time x Group 3 95% CI p-Value Hedges’' g
1 Build a Relationship —0.09 —0.56 to 0.38 0.707 —0.09
1.1 Eye contact and open posture —0.02 —0.29t0 0.25 0.876 —0.03
1.2 Friendly body language —0.18 —0.52t0 0.15 0.286 -0.21
1.3 Self-introduction and role 0.13 —0.22t0 0.48 0.466 0.15
2 Opening the Discussion 0.41 —0.06 to 0.88 0.086 0.44
21 Greeting and identity verification 0.41 —0.05 to 0.87 0.081 0.48
2.2 Explains purpose of the visit 0.22 —0.26 to 0.69 0.369 0.25
23 Asks patient expectations —0.09 —0.52t0 0.34 0.676 -0.10
3 Gather Information 0.45 —0.03 to 0.93 0.066 0.46
31 Uses open-ended questions 0.29 —0.18 t0 0.76 0.227 0.33
3.2 Listens without interrupting 0.18 —0.33 t0 0.69 0.488 0.2
3.3 Summarizes to confirm 0.21 —-0.29t0 0.71 0.405 0.24
4 Understand the Patient’s Perspective 0.34 —0.15t0 0.83 0.173 0.35
41 Explores beliefs about illness 0.12 —0.36 to 0.60 0.624 0.14
42 Inquires about concerns/fears 0.34 —0.12 t0 0.80 0.145 0.38
4.3 Acknowledges impact on daily life 0.28 —0.21t00.77 0.257 0.31
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Table A3. Cont.

Item Domain (Kalamazoo Framework) Time x Group 95% CI p-Value Hedges' g
5 Share Information 0.31 —0.12t0 0.74 0.157 0.36
51 Explains diagnosis clearly 0.05 —0.40 to 0.50 0.822 0.06
52 Uses supports/examples 0.26 —0.20 to 0.72 0.265 0.3
5.3 Checks understanding (teach-back) 0.39 —0.09 to 0.87 0.111 0.45
6 Reach Agreement 0.24 —0.31t0 0.79 0.39 0.24
6.1 Discusses therapeutic options 0.14 —0.37 t0 0.65 0.586 0.16
6.2 Involves the patient 0.19 —0.36 to 0.74 0.495 0.22
6.3 Negotiates realistic goals 0.11 —0.43 to 0.65 0.685 0.12
7 Provide Closure 0.49 —0.16to 1.14 0.138 0.39
7.1 Provides final summary 0.1 —0.45 to0 0.65 0.722 0.11
7.2 Checks final questions 0.61 0.04t01.18 0.036 0.66
7.3 Closes with empathy and follow-up 0.38 —0.19 t0 0.95 0.191 0.4
8 Diabetes-specific communication 0.38 —0.17 t0 0.93 0.174 0.36
Communicates results clearly
8.1 (glucose /HbA1c) —0.04 —0.52 to 0.44 0.866 —0.04
8.2 Initial T2DM plan + anxiety reduction 0.49 —0.02 to 1.00 0.061 0.55
8.3 Complications and follow-up 0.15 —0.40t0 0.70 0.594 0.17
Total Overall score 7.45 —1.98 to 16.88 0.121 0.41
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Figure A1. Item-level heatmap of individual pre—post changes in diagnostic communication perfor-
mance. Figure A1 displays item-level heatmaps of pre—post change scores (post-test minus pre-test)
for individual diagnostic communication behaviors based on the Kalamazoo Essential Elements
Communication Checklist. Each row represents a single participant, and each column corresponds
to an individual rubric item. Color intensity reflects the magnitude and direction of change, with
warmer colors indicating greater improvement and cooler colors indicating smaller gains or declines.
Heatmaps are presented separately for the conventional training group and the Al-supported training
group among participants with complete assessments (1 = 51). This visualization is intended to
illustrate heterogeneity of patterns of change across communication behaviors and is presented for
exploratory and descriptive purposes only, without inferential statistical testing.
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Table A3 shows item-level longitudinal effects derived from linear mixed-effects mod-
els evaluating changes in diagnostic communication performance over time. Models in-
cluded fixed effects for time (pre-test vs post-test), training group (Al-supported vs conven-
tional), and their interaction, with random intercepts for participants. The Time x Group
interaction coefficient reflects the differential change associated with Al-supported train-
ing relative to conventional instruction. Results are presented for exploratory purposes
to characterize patterns of learning across individual communication behaviors. Given
the number of item-level models estimated, no correction for multiple comparisons was
applied; therefore, individual p-values should be interpreted cautiously and in the context
of the overall pattern rather than as isolated statistically significant findings.
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