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Purpose: This developmental study explored the conceptual feasibility and applicability 
of a metaverse-based clinical assessment platform as a complementary tool to conven-
tional objective structured clinical examinations in undergraduate medical education.
Methods: A targeted literature review and expert consensus process were conducted to 
identify domains of clinical competence in which metaverse technologies could provide 
added value. Based on these findings, prototype virtual patient simulations were devel-
oped within a metaverse environment. Large language models (LLMs) were integrated 
to support dynamic, interactive history-taking simulations, and pilot modules for physi-
cal examination were also created.
Results: Integration of LLMs into virtual patient scenarios enabled realistic, context-sen-
sitive medical interviews, facilitating interactive dialogue between examinees and simu-
lated patients. In contrast, physical examination modules faced technical limitations, 
particularly in replicating procedures requiring tactile or haptic feedback, such as palpa-
tion and percussion. Nevertheless, the metaverse environment enabled delivery of con-
sistent and reproducible scenarios, supporting objective assessment of communication 
and diagnostic reasoning skills.
Conclusion: Metaverse-based simulations augmented by LLMs offer a promising ap-
proach to scalable and standardized clinical assessment, particularly within cognitive 
and interpersonal competency domains. Although current technological constraints 
limit the fidelity of physical examination simulations, rapid advancements in immersive 
and haptic technologies may help overcome these barriers in the near future. Further re-
search is needed to evaluate the educational efficacy, validity, and feasibility of deploying 
such platforms in summative, high-stakes assessment contexts.
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Introduction

1. Background/rationale

The rapid advancement of digital technologies has profoundly 
influenced medical education and professional training, transi-
tioning traditional pedagogical models into more immersive and 
interactive learning environments [1]. Among these emerging 
technologies, the metaverse—defined as a three-dimensional, in-
terconnected virtual space enabling real-time, user-driven interac-
tion—has gained attention for its potential to enhance simula-
tion-based education and assessment in healthcare [2-4].

Rigorous assessment of clinical competence remains a corner-
stone of medical education, ensuring that examinees are adequate-
ly prepared to provide safe, effective, and professional care [5]. 
Within high-stakes licensing examinations, performance-based 
evaluations play a pivotal role in verifying the acquisition of clini-
cal skills, diagnostic reasoning, and communication competencies 
[6]. The objective structured clinical examination (OSCE) has 
been widely adopted for this purpose because of its structured and 
systematic design, which allows standardized observation of clini-
cal tasks across multiple domains [7,8]. Despite their widespread 
use, OSCEs have several well-documented limitations, including 
examiner variability, substantial resource requirements, logistical 
constraints, and a limited capacity to simulate diverse or dynamic 
clinical scenarios [8-10]. These challenges may compromise the 
reliability, validity, and scalability of clinical performance assess-
ments, particularly in large-scale or geographically distributed ed-
ucational settings [9,10].

Metaverse technologies offer a novel approach to addressing 
these constraints by enabling the creation of standardized, repro-
ducible, and context-rich virtual clinical environments. Such plat-
forms can simulate complex patient interactions and procedural 
tasks with greater consistency while also supporting remote access 
and asynchronous participation [11,12]. When integrated with ar-
tificial intelligence (AI) tools, such as large language models 
(LLMs), these environments can further support dynamic patient 
interactions and responsive history taking, thereby expanding the 
range of competencies that can be assessed beyond static, check-
list-driven formats [13].

2. Objectives

The present study does not aim to establish the effectiveness of 
metaverse- or AI-enabled approaches for assessing medical stu-
dents’ clinical competence, nor to determine whether such technol-
ogies can replace conventional OSCE formats. Because the capabil-

ities and implementation conditions of these technologies are rap-
idly evolving, early empirical evaluations of specific platforms may 
have limited generalizability across contexts and time. Accordingly, 
this study adopts an exploratory orientation to (1) delineate key 
limitations of current OSCE practice as articulated by experts with 
sustained experience in OSCE station development and high-stakes 
examination administration, and (2) identify domains in which the 
affordances of metaverse environments and AI may, in principle, 
contribute to addressing these limitations. Through a literature re-
view, expert consultation, and thematic analysis, the study seeks to 
define core competency areas that may benefit from currently avail-
able AI-driven, metaverse-based simulation technologies. We con-
tend that such problem specification and conceptual mapping are 
essential precursors to subsequent purpose-aligned design and rig-
orous validation of technology-enabled assessment approaches.

Methods

1. Study design

This study employed a developmental research design to explore 
the feasibility and applicability of a metaverse-based clinical com-
petency assessment system. The study was conducted in three se-
quential phases: (1) identification of core competencies and sce-
narios suitable for metaverse adaptation through expert consensus, 
(2) development of a virtual simulation platform incorporating 
LLMs, and (3) comparative analysis of the educational and techni-
cal characteristics of the developed system relative to conventional 
OSCEs.

2. Consensus workshop and metaverse-compatible 
competency identification

In the first phase, consensus-building expert workshops were 
conducted to identify clinical competencies and scenarios most 
suitable for metaverse-based assessment. A multidisciplinary panel 
of 10 experts included medical educators and specialists in internal 
medicine, surgery, emergency medicine, psychiatry, pediatrics, 
family medicine, as well as system developers. The workshops be-
gan with structured brainstorming sessions examining the limita-
tions of traditional clinical examinations and assessment items, 
followed by discussions on the potential advantages and con-
straints of metaverse environments in clinical assessment.

Based on a comprehensive literature review and converging ex-
pert opinions, the panel identified clinical competencies particu-
larly suited for metaverse-based assessment. These findings guided 
the selection of appropriate clinical scenarios, including jaundice 
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with ascites and abdominal pain, a child presenting with shortness 
of breath, and a case involving neurological abnormalities. The 
panel prioritized development of a scenario involving jaundice 
with ascites and abdominal pain, as this presentation includes 
physical findings that are difficult to reproduce consistently using 
standardized patients (SPs). The scenario was initially drafted by 
an internal medicine specialist and subsequently refined through 
detailed review by six experts in medical education, internal medi-
cine, and surgery to ensure clinical accuracy and educational 
alignment.

3. Development of a metaverse-based simulation 
platform

In the second phase, a metaverse-based case assessment system 
was developed to simulate the selected clinical scenarios within a 
virtual environment (Fig. 1). The platform was specifically de-
signed for this study as a clinical assessment tool, rather than as an 
independent generative AI application or a direct adaptation of a 
commercial chatbot. Although an LLM was incorporated to facili-
tate natural language interaction, its role was limited to enabling 
dialogue, while clinical accuracy and scenario consistency were 
ensured through predefined, expert-reviewed case data. The sys-
tem was structured to closely replicate actual clinical workflows 
through two core interactive modules.

The first module focused on history taking. Within this module, 
examinees could ask clinical questions of avatar-based virtual pa-
tients, who provided contextually appropriate responses in real 
time. These responses were generated by an LLM-based conversa-

tional AI system designed to interpret examinee questions, deliver 
scenario-specific information, convey appropriate emotions, and 
maintain contextual continuity across repeated interactions. To 
ensure clinical accuracy and scenario fidelity, a retrieval-augment-
ed generation (RAG) framework was implemented using a vector 
database architecture [14,15]. When examinees posed questions, 
the system performed semantic similarity searches to retrieve the 
most relevant case information, which was then dynamically in-
corporated into the LLM prompt. This granular vectorization 
strategy allowed precise retrieval of pertinent information while 
preserving scenario security and response consistency.

The prompting framework incorporated mechanisms to man-
age queries that fell outside the documented case scope. When 
similarity scores indicated that a question pertained to undocu-
mented information, the system guided the LLM to respond with 
clinically realistic expressions of uncertainty (e.g., “I’m not sure 
about that,” “I don’t recall specifically”), thereby preserving scenar-
io authenticity and simulating natural patient communication. To 
maintain assessment validity and prevent academic misconduct, 
multi-layered safeguards were implemented within the RAG-
prompt pipeline [16]. These included explicit restrictions against 
revealing complete case scenarios or diagnostic conclusions. Que-
ry pattern detection flagged suspicious requests (e.g., “tell me ev-
erything about your condition”), prompting responses that redi-
rected examinees toward systematic clinical inquiry. Retrieval fil-
tering further excluded case record sections containing diagnostic 
conclusions or examiner-only notes, ensuring that only pa-
tient-facing information informed LLM responses. All flagged 
query patterns were logged for post-assessment review.

Fig. 1. Structure of a metaverse-based clinical competency assessment system. LLM: Large language models.
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For example, when an examinee asked about the location, char-
acter, and radiation of pain in a patient presenting with abdominal 
discomfort, the RAG system retrieved relevant vectorized entries 
regarding pain characteristics. The virtual patient then provided 
clinically accurate responses using refined language, offering ex-
aminees a near-authentic history-taking experience while strictly 
adhering to the predefined clinical narrative.

The second module facilitated physical examination within the 
virtual environment. To enhance immersion and better replicate 
natural clinical workflows, the system utilized hand-tracking ges-
ture recognition instead of conventional controller inputs. When 
examinees’ hands interacted with examination targets, such as the 
patient’s eyes or abdomen, visual feedback indicated successful 
contact and guided proper technique [17,18]. The virtual patient 
was designed to display characteristic signs of chronic liver dis-
ease—including icteric sclera and skin, sarcopenic extremities, and 
abdominal distension—supporting diagnostic reasoning that is 
difficult to reproduce with SPs. The module accommodated in-
spection, auscultation, percussion, and palpation, producing ap-
propriate audiovisual responses when examinees interacted with 
relevant areas. During abdominal auscultation, spatially localized 
bowel sounds were generated when the stethoscope diaphragm 
contacted the abdomen. The percussion feature produced different 
tones depending on the targeted region, accurately reflecting the 
presence of ascites. During abdominal palpation, visual feedback 
indicated compression at the contact point, with image-based cues 
of abdominal tension or depression serving as partial substitutes 
for tactile information in the absence of haptic feedback. Although 
these functions cannot fully replicate a physical examination, they 
provide essential integrated information to effectively engage ex-
aminees’ clinical reasoning and judgment within the virtual envi-
ronment. The system was also engineered to record and analyze 
examinee interactions and performance data in real time, creating 
an objective and standardized assessment environment.

4. Comparative analysis of the advantages and 
limitations of the metaverse-based assessment system

Following prototype development, a comparative analysis was 
conducted to evaluate the advantages and limitations of the 
metaverse-based assessment system relative to conventional OSCE 
formats. This analysis, carried out through iterative expert review 
and structured comparison, focused on features related to assess-
ment implementation rather than overall educational outcomes or 
psychometric performance. Specifically, experts compared the two 
formats in terms of (1) the feasibility and realism of patient–doctor 
interaction scenarios, (2) the degree of standardization and repro-

ducibility of examinee–patient interactions compared with SP por-
trayals, (3) the scalability of assessment delivery, and (4) the capac-
ity for systematic and objective data capture during clinical en-
counters. At the same time, implementation-related limitations—
such as restricted tactile feedback, limited emotional expressive-
ness of virtual avatars, and technical infrastructure requirements—
were identified through expert evaluation informed by prototype 
use. This phase focused on exploring conceptual feasibility and de-
veloping a prototype through expert consensus. Formal usability 
testing involving learners, examinees, and faculty was intentionally 
deferred and will be conducted in subsequent validation studies.

Results

1. Consensus about the limitations and challenges of 
the current clinical skills examination

Clinical skills examinations, such as the OSCE, are widely used 
to assess competencies necessary for clinical practice. However, 
concerns persist regarding whether these exams authentically cap-
ture the complexity of real-world clinical environments. The con-
sensus workshop identified several systemic issues, major limita-
tions of the current OSCE, and potential directions for reform (Ta-
ble 1). Key issues highlighted by the workshop included the fol-
lowing:

1) Restricted range of clinical presentation
Because current OSCEs rely on SPs, the range of clinical scenar-

ios that can be simulated is inherently limited.

2) Test reliability
The use of SPs often necessitates checklist-based scoring rather 

than rating scales. Despite structured SP training and scoring ru-
brics, concerns about assessment reliability have been consistently 
raised by examinees.

3) Preparation burden
Students face substantial financial and time demands when pre-

paring for OSCEs, often at the expense of authentic clinical learn-
ing. Institutions also encounter significant challenges in adminis-
tering the examinations, with associated costs remaining high.

2. Selection of topics for the study

Although the OSCE is valuable for standardizing assessment, it 
has limitations in reproducing the complexity of real-world clinical 
scenarios. To address these gaps, we explored the potential of 
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metaverse technology to supplement traditional OSCEs. Through 
a structured consensus workshop, key clinical scenarios suitable 
for virtual simulation were identified, and a metaverse-based plat-
form was piloted to enhance the authenticity and scalability of 
clinical skills evaluation. The workshop selected metaverse scenar-
ios based on three criteria: (1) common presenting symptoms in 
clinical practice, such as chest pain, abdominal pain, and dyspnea; 
(2) feasibility of replicating these scenarios within a virtual simula-
tion environment, particularly for assessing clinical reasoning and 
communication skills; and (3) cognitive complexity, emphasizing 
cases that require advanced diagnostic differentiation and high-
er-order clinical thinking.

Four topics were selected (Table 2): (1) abdominal pain with ab-
normal physical examination findings, where these findings are 
essential for differential diagnosis but cannot be realistically simu-
lated using SPs; (2) dyspnea with multiple possible etiologies, a 
clinical presentation that physicians must recognize and manage 
with appropriate treatment planning; (3) cases involving various 
neurological abnormalities, in which accurate depiction of abnor-
mal neurological examination findings is crucial for lesion local-
ization and diagnosis; and (4) pediatric cases, which are challeng-
ing to implement due to the limitations of using pediatric SPs. 

These topics were chosen because they represent clinical situations 
that are difficult to reproduce in traditional OSCEs due to resource 
constraints and procedural complexity.

3. The strengths and limitations of the metaverse-based 
platform used in this study

The implemented system exhibited several educational and op-
erational strengths (Figs. 2, 3). Most notably, it enabled immersive 
and interactive clinical encounters that closely mirrored real-world 
decision-making. Integration of LLMs allowed dynamic patient 
communication, while the automated performance-logging system 
enhanced the reproducibility and objectivity of assessments. Fur-
thermore, the virtual format supported simultaneous participation 
by multiple learners or examinees without requiring physical in-
frastructure or SP staffing, thereby improving scalability and cost 
efficiency. However, several limitations were noted. The lack of 
haptic feedback remained a major constraint, preventing full repli-
cation of tactile aspects of physical examination, such as assessing 
tenderness, rigidity, or rebound tenderness. Emotional expressive-
ness of avatar patients was also limited, reducing the realism of 
scenarios that require empathy, affective communication, or rap-

Table 1. Comparison between Conventional OSCE and Metaverse-Based Assessment

Domain Conventional OSCE Metaverse-based assessment
Standardization & reproducibility Variability in SP performance and examiner scoring Identical scenarios, automated data logging
Reliability Checklist-based, prone to examiner bias Objective through log data, supports global rating 

scales
Educational impact One-shot exam, limited formative feedback Repetitive practice, personalized feedback, self-directed 

learning
Operational efficiency High cost (human, facilities, time), concentrated 

scheduling
Continuous delivery, reduced infrastructure needs

Applicable cases Common symptoms only; limited in pediatrics, rare, or 
risky cases

Expanded to rare diseases, pediatrics, ethical/risky cases

Main constraints High authenticity but costly and resource-intensive No haptic feedback, limited emotional realism, high-
tech requirements

OSCE: Objective structured clinical examination, SP: Standardized patient.

Table 2. Examples of Clinical Scenarios Suitable for Metaverse-Based Assessment

Selection criteria Clinical scenario examples Educational implications
High incidence and educational value Chest pain, abdominal pain, dyspnea Frequent in practice, allows diagnostic reasoning 

training
Requires abnormal physical findings 

difficult for SPs
Abdominal pain with jaundice and ascites Critical exam findings not reproducible with SPs

High cognitive complexity Neurological deficits (hemiparesis, sensory loss) Training in lesion localization and differential diagnosis
SP restrictions Pediatric cases (dyspneic child, febrile seizure) Overcomes ethical barriers of pediatric SP use
Ethical or high-risk cases Violent patient, patients at risk of suicide, bad news 

delivery
Important but difficult scenarios for real OSCE

SP: Standardized patient, OSCE: Objective structured clinical examination.
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port-building. Additionally, the platform depended on high-per-
formance computing equipment and stable internet connections, 
which may pose barriers to broader adoption. Some learners and 
faculty who were unfamiliar with virtual interfaces experienced a 
learning curve, highlighting the need for user-centered design re-
finements and training prior to implementation. Therefore, these 
results should be interpreted as observations related to implemen-
tation rather than as evidence of superiority in educational impact 
or assessment outcomes.

Fig. 2. Screenshot demonstrating the clinical flow in the metaverse 
history-taking module: (A) history-taking (self-introduction), (B) speech 
recognition, (C) history-taking (pain intensity), (D) patient activity panel, 
and (E) preparation for physical examination.

Fig. 3. Screenshot of key features in the metaverse physical examination 
module system: (A) hand disinfection, (B) stethoscope application, (C) 
scleral examination, (D) abdominal auscultation, (E) patient activity 
panel (position change), and (F) abdominal percussion (shifting dullness).

Discussion

This study explores the potential feasibility and conceptual appli-
cability of a metaverse-based clinical assessment platform enhanced 
by LLMs, grounded in expert analysis of structural limitations in 
current OSCE practice. This study was not designed to determine 
whether metaverse- or AI-based systems can substitute for conven-
tional OSCE formats. Rather, it synthesizes expert perspectives to 
characterize structural and operational constraints inherent in con-
temporary OSCE delivery and to examine, at a conceptual level, the 
extent to which particular technological affordances may offer 
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plausible strategies for mitigation. In this way, the study fore-
grounds assessment purpose and validity considerations, and treats 
technological implementation as a contingent means to address ex-
plicitly defined assessment challenges, rather than as an end in it-
self. In the context of increasing demands for standardization, scal-
ability, and reproducibility in competency-based assessments 
[19,20], our findings suggest that metaverse simulations may com-
plement traditional OSCEs by addressing selected long-standing 
structural limitations. Importantly, these findings reflect differences 
in assessment implementation and scenario delivery between the 
two formats, rather than comparisons of educational effectiveness, 
scoring processes, or passing score determinations.

The developed platform allowed examinees to engage in dy-
namic history taking with AI-driven virtual patients and to per-
form basic virtual physical examinations within immersive 
three-dimensional environments. Scenarios such as abdominal 
pain accompanied by jaundice and ascites—difficult to replicate 
using human SPs—were effectively simulated. This flexibility sub-
stantially expands the range of assessable conditions, particularly 
for rare, complex, or logistically challenging cases in conventional 
OSCE settings. A key advantage of the platform is its enhanced 
standardization. Unlike traditional OSCEs, which can be affected 
by variability in SP behavior and examiner judgment [9,10,21], 
virtual scenarios can be delivered consistently, reducing measure-
ment error and supporting fairness. Furthermore, automated cap-
ture of examinee interactions enables objective evaluation and 
provides detailed assessment analytics for personalized formative 
feedback, which is often limited in conventional examinations 
[22,23].

Beyond checklist-based evaluation, the platform supports ex-
pert-led global rating scales that more effectively capture the depth 
of clinical reasoning and decision-making [24]. From an assess-
ment perspective, metaverse-based clinical encounters are particu-
larly well suited for rating scale-based evaluation in cognitive and 
communicative domains. Unlike checklist-driven assessments that 
focus on discrete task completion, immersive virtual encounters 
allow continuous observation of how examinees gather informa-
tion, synthesize clinical data, adapt their reasoning, and communi-
cate decisions throughout the encounter. These longitudinal, con-
text-rich interactions enable examiners to apply global rating 
scales that reflect the quality, coherence, and adaptability of clinical 
reasoning and communication processes. This approach aligns 
with contemporary principles in competency-based medical edu-
cation, supporting assessments that evaluate not only what learn-
ers do but also how they think. Prior research has similarly indi-
cated that global rating scales are better suited for evaluating com-
plex constructs such as clinical reasoning and communication 

when sufficient clinical context is provided [25,26].
In addition to these assessment-specific advantages, the 

metaverse environment offers broader benefits related to assess-
ment delivery and patient safety. Its immersive and interactive na-
ture supports richer assessment interactions, enabling examinees’ 
responses to unfold in ways that more closely resemble real-world 
clinical encounters [27]. Real-time AI patient responses and visu-
ally consistent environments facilitate observation of communica-
tion and active problem-solving processes [28], while remote ac-
cessibility and the ability to run parallel sessions reduce logistical 
constraints and support scalable assessment delivery [11]. Impor-
tantly, the platform allows performance in high-risk scenarios to 
be assessed without placing real patients at risk. Examinees’ han-
dling of complex situations, including the recognition of clinical 
errors, can be systematically captured and reviewed, aligning with 
the growing emphasis on incorporating patient safety competen-
cies into simulation-based assessments [29,30].

Although the metaverse-based platform allows parallel assess-
ment sessions without relying on physical examination rooms or 
SPs, this study did not include a formal cost-effectiveness analysis. 
Initial platform development, acquisition of virtual reality (VR) 
hardware, system maintenance, and ongoing costs related to LLM-
based data processing represent important economic consider-
ations for large-scale implementation. Additionally, while the sys-
tem architecture was designed to accommodate multiple examin-
ees simultaneously, the maximum number of concurrent users 
that can be supported without performance degradation has not 
yet been empirically determined. Therefore, statements regarding 
cost-effectiveness and scalability should be viewed as potential 
structural advantages rather than confirmed outcomes. Future re-
search will be needed to conduct systematic economic evaluations 
and technical load testing to assess the feasibility of large-scale de-
ployment in high-stakes assessment settings.

From a broader assessment perspective, high-stakes clinical per-
formance examinations can be considered a composite system 
composed of multiple interrelated processes, including item devel-
opment, clinical case and scenario creation, SP training, test ad-
ministration, rating and scoring, and passing score determination. 
Within this framework, the present developmental study primarily 
contributes to early and mid-stage assessment processes, particu-
larly case scenario creation, standardized scenario delivery, and in-
teractive data capture during examinee–patient encounters. By le-
veraging a metaverse environment and LLMs, the platform sup-
ports reproducible and scalable implementation of complex clini-
cal scenarios that are challenging to operationalize using conven-
tional OSCE formats alone. This study does not address all com-
ponents required for high-stakes implementation. Elements such 
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as examiner training, scoring standardization, passing score deter-
mination, and psychometric evaluation remain outside the scope 
of this phase and warrant further investigation to assess reliability, 
validity, educational impact, and acceptability within a compre-
hensive assessment system.

In addition, important limitations related to physical examina-
tion fidelity should be acknowledged. A metaverse-based platform 
can complement conventional OSCE stations that rely on written 
“result sheets” for findings that cannot be portrayed, by providing 
visual representations of clinical signs (e.g., jaundice and ascites) 
and a standardized, interactive workflow consistent with real clini-
cal encounters. However, it cannot replace assessment components 
that require tactile or haptic feedback (e.g., palpation or percus-
sion), limiting its suitability for certain physical examination com-
petencies. In this prototype developmental phase, structured feed-
back from learners or examinees was not collected; therefore, the 
platform’s usability and acceptability remain to be established. Fu-
ture studies will include formal evaluations of usability and accept-
ability, as well as direct comparisons with SP-based OSCE formats, 
particularly for clinical scenarios in which written result sheets are 
currently used to substitute for physical findings that cannot be di-
rectly demonstrated.

Despite these advantages, several limitations require careful 
consideration. The absence of haptic feedback prevents assessment 
of tactile components, such as palpation or percussion. Emotional 
realism is also constrained, as virtual avatars lack the nuanced af-
fective expression of human actors, reducing authenticity in empa-
thy-focused encounters. Technical challenges remain significant: 
high-quality VR hardware, stable internet connectivity, and insti-
tutional information technology infrastructure are essential for re-
liable implementation, and any technical issues may impact assess-
ment performance. To ensure fairness in future high-stakes de-
ployment, a standardized onboarding and training protocol will be 
necessary to minimize the learning curve associated with 
metaverse navigation and device operation. This would include a 
brief orientation to the interface and controls, practice with a short 
non-scored sample case, and verification of technical readiness 
(e.g., device fit, audio connectivity) prior to the assessment. Stan-
dardizing this process may reduce construct-irrelevant variance 
related to prior familiarity with the metaverse and enhance com-
parability among examinees. Furthermore, the integration of gen-
erative AI requires robust content validation to ensure clinical ac-
curacy and prevent dissemination of misinformation.

Metaverse-based assessment has the potential to function as a 
complementary tool for national licensing and certification exam-
inations. However, its integration into high-stakes contexts should 
be preceded by multi-institutional validation studies to establish 

construct and content validity, correlation with outcomes, and op-
erational feasibility. Collaboration with regulatory bodies will be 
essential to define quality assurance protocols, security standards, 
and guidelines for virtual case design. In the near term, a hybrid 
model appears most practical—employing virtual stations to assess 
cognitive, diagnostic, and communication competencies, while re-
taining in-person OSCEs for procedural and affective skills. This 
approach bridges the gap between assessment and authentic clini-
cal performance by incorporating dynamic clinical encounters 
while preserving fidelity where direct patient interaction is critical. 
Simultaneously, it leverages the scalability and standardization ad-
vantages of metaverse-based assessment, supporting the develop-
ment of adaptable and clinically competent physicians. Beyond 
summative assessment, the platform may also facilitate formative 
evaluation by enabling repeated observation of performance pat-
terns and structured feedback aligned with assessment criteria 
[23]. When integrated into longitudinal assessment frameworks, 
such systems may help identify performance gaps and support tar-
geted remediation [11,31]. Future developments could include as-
sessment of interprofessional competencies. By simulating team-
based care scenarios, the platform could serve as a tool to evaluate 
teamwork, communication, and collaborative decision-making 
across healthcare roles [27], aligning with global trends in compe-
tency-based assessment.

To fully realize this potential, continued innovation is needed. 
Advances in haptic technology, avatar emotional expressiveness, 
and multimodal AI could help close the fidelity gap in physical ex-
aminations and empathetic communication. AI-driven scoring 
models based on structured interaction logs may eventually enable 
automated, real-time assessment with reliability comparable to ex-
pert evaluators. Additionally, shared virtual case libraries and insti-
tutional consortia could further enhance scalability and reduce de-
velopment costs.

In conclusion, the metaverse-based simulation platform rep-
resents a forward-looking and versatile approach that addresses 
many limitations of current clinical assessments. With strategic in-
tegration, ongoing technical refinement, and alignment with poli-
cy frameworks it has the potential to become a foundational com-
ponent of medical education—enhancing fairness, broadening ac-
cess, and supporting safer and more effective clinical training for 
the next generation of physicians.
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