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Background: Objective Structured Clinical Examinations (OSCEs) are widely used to assess clinical competence but face growing
challenges related to cost, scalability, standardization, and the assessment of complex clinical scenarios. Advances in virtual reality
(VR) technology have prompted increasing interest in VR-enhanced OSCEs (VR-OSCEs) as a potential solution.

Methods: This review examined the existing literature on the application of VR in OSCEs. Relevant studies were identified through
searches of major electronic databases to provide a narrative overview of representative literature.

Results: The included studies indicate that VR-OSCEs are primarily applied in virtual patient simulations, immersive clinical environ-
ments, and interactive procedural training. Overall, VR-OSCEs demonstrate improved standardization, enhanced learner engagement,
objective performance tracking, and timely feedback compared with traditional OSCE formats. Evidence also suggests potential benefits in
assessing rare or high-risk clinical scenarios, although variability exists in technological maturity and validation approaches.
Conclusion: VR-OSCEs represent a promising evolution of clinical assessment in medical education, offering scalable, immersive,
and data-driven evaluation opportunities. However, challenges related to cost, technical infrastructure, faculty training, and standardi-
zation remain. Further rigorous validation studies and hybrid assessment models are needed to support broader implementation and
ensure educational effectiveness.
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Introduction
Since its introduction in the 20th century by Ronald Harden,' the Objective Structured Clinical Examination (OSCE) has
become the gold standard for assessing clinical competence in medical education. By simulating real-world clinical
scenarios, OSCEs aim to evaluate clinical knowledge, communication skills, and practical abilities through structured
and standardized patient interactions. Despite their widespread adoption across medical schools worldwide, traditional
OSCEs have increasingly faced scrutiny due to several inherent limitations, including predictability and repetition,
limited standardization, high costs and substantial resource demands, examiner variability,” and difficulties in replicating
complex or high-risk clinical scenarios.**

In parallel with the rapid evolution of educational technologies, there has been growing interest in leveraging virtual
reality (VR) to address these challenges. VR offers a unique immersive and interactive approach to clinical training and
assessment, enabling the creation of highly realistic and dynamic clinical environments. Through standardized virtual

patient interactions, immediate feedback, and integrated data analytics,” VR has the potential to enhance both learning
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experiences and assessment reliability. The concept of VR-enhanced OSCEs (VR-OSCEs) therefore represents a logical
extension of traditional OSCE methodology, offering a promising strategy to overcome many of the structural and
logistical constraints of conventional assessments.

However, integrating VR into OSCEs is not without its challenges. The initial costs, technological complexity, and
potential disparities in access may limit widespread implementation. Additionally, questions remain about the validity
and reliability of VR-OSCEs as assessment tools and their acceptance among educators and learners. As with any
innovation, understanding both the benefits and limitations is essential to effectively harness the potential of VR in
medical education.

This article aims to explore the promise and pitfalls of VR-OSCEs by synthesizing and discussing representative
research on their applications and reported educational outcomes. By analyzing the successes and challenges of VR-
OSCEs, we hope to provide insights for educators, policymakers, and researchers seeking to elevate the quality of
medical training in an increasingly digital age.

Traditional OSCEs: A Gold Standard in Need of an Upgrade

The Objective Structured Clinical Examination (OSCE) uses multiple stations with specific tasks to test medical
knowledge, communication, and practical skills and thus provide a comprehensive assessment of clinical abilities of
medical students (6x). Their reliability and versatility have made them a cornerstone of medical assessment worldwide.

However, despite their historical success, traditional OSCEs face significant limitations in today’s rapidly changing
medical educational landscape. Firstly, OSCEs are resource-intensive, demanding significant investment in recruiting,
training, and employing standardized patients (SPs) and experienced examiners, as well as securing appropriate physical
spaces. Moreover, the success of the examination largely depends on the consistency and authenticity of SPs perfor-
mances, which requires extensive professional training.® Additionally, the need for multiple SPs to accommodate large-
scale examinations further increases the financial burden on institutions.” Secondly, maintaining consistent standardiza-
tion across multiple examination environments and evaluators remains challenging. Variations in station layout, available
equipment, and the overall atmosphere between different stations can directly affect student performance.® Moreover,
potential examiner bias and inconsistencies in scoring criteria could potentially impact the fairness in the assessment
process.” Thirdly, traditional OSCEs struggle to replicate certain high-risk, rare or complex clinical scenarios, limiting
their ability to fully assess a student’s readiness for real-world practice. Moreover, due to ethical and safety considera-
tions, these high-risk procedures or rare conditions cannot be replicated in real-world environments, thereby limiting the
comprehensiveness and effectiveness of OSCEs in thoroughly evaluating students’ clinical competencies.'® Finally,
traditional OSCEs are characterized by low assessment efficiency. Examiners must manually record and score candidate
performance, a process that is not only time-consuming but also prone to subjective bias.'' Furthermore, feedback
regarding examination performance is often delayed, reducing the opportunity for timely and constructive guidance to
students.'? Additionally, the increasing number of medical students globally has made scaling OSCEs difficult, further
complicating their effective implementation.

To address these challenges, educators are exploring technology-enhanced assessment approaches including Tele and
virtual OSCE (VOSCE) platforms,'*"'* Al-driven case generation with automated assessment,'> high-fidelity simulation
using smart mannequins and wearable sensor technology,'® virtual standardized patients (VSPs) along with enhanced
feedback through digital data analytics.'” Among the most promising and feasible innovations in the current landscape is
the Integration of augmented reality (AR)'® and virtual reality (VR), ensuring an academically rigorous yet engaging
learning experience.

Virtual Reality Technology: Fundamentals and Advancements

Virtual Reality (VR) technology is a versatile and powerful tool applied across various fields, from gaming to healthcare,
offering immersive and interactive experiences that mimic real-world environments. By utilizing hardware like headsets,
motion controllers, and sensors, along with specialized software for simulating environments and interactions, VR creates
dynamic three-dimensional spaces.'® The foundation of effective VR technology lies in its core principles: immersion
(the sense of being present in a virtual environment), interaction, presence, realism, sensory feedback, real-time
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rendering, tracking and spatial awareness, adaptability, and multi-user collaboration. Complex algorithms power these
systems, rendering real-time graphics, tracking user movements, and providing feedback, which together create an
illusion of presence, thus making users feel as if they are physically present in the virtual world.?® This immersive
experience is primarily driven by visual and auditory stimuli, with advanced systems incorporating haptic feedback to
simulate touch, enhancing the sense of reality and interaction within the virtual environment.

Recent years have witnessed substantial advancements across all facets of VR technology, including hardware,
software, and computational frameworks, thereby enhancing both the accessibility and overall performance of VR

systems,”!

as shown by timeline in Figure 1. One of the most remarkable advancements in VR technology is the
improvement in hardware components, particularly VR headsets. Early VR equipment was bulky, expensive, and suffered
from limited resolution, high latency, and a narrow field of view, often causing motion sickness and discomfort. However,
advancements in hardware have led to lighter, more affordable VR devices such as Oculus Rift, HTC Vive, Meta Quest
series, Valve Index and PlayStation VR feature high-definition displays, wider fields of view, and reduced latency,
significantly improving user comfort and immersion.'® The integration of eye-tracking technology has further enhanced
these systems, allowing for more precise control and dynamic foveated rendering, which allocates computational power to
where the user is looking, optimizing both performance and realism. Additionally, the development of standalone VR
headsets has made VR more accessible, eliminating the need for expensive, high-end computers. The advancement of
motion tracking and haptic feedback has also expanded the realism and interactivity of VR environments.”* Accurate
tracking systems, using external sensors or inside-out tracking via built-in cameras, allow users to move naturally within
virtual spaces. This accurate tracking is crucial for experiences like medical training, where realistic simulations of
surgeries or patient interactions are essential for skill development. Haptic feedback devices, including gloves, vests, and
controllers, now provide tactile responses, mimicking the sensation of touch and physical resistance. This not only enhances
immersion but also opens up new possibilities for VR in rehabilitation, physical therapy, and sports training. For example,
VR-based rehabilitation programs can simulate environments where patients practice motor skills, receiving real-time
feedback and motivation through haptic sensations. Concurrently, software advancements have paralleled hardware
improvements, making VR environments more dynamic, adaptive, and lifelike. Real-time rendering technologies, powered
by advanced graphics processing units (GPUs), enable highly detailed and realistic environments, complete with complex
lighting, shadows, and textures.>® The integration of artificial intelligence (AI) has made VR systems more interactive and
personalized. Al-driven virtual characters can respond to user inputs intelligently, enabling more natural interactions in
training simulations, therapeutic scenarios, and educational experiences. Machine learning algorithms also adapt VR
environments to the user’s needs, personalizing the experience based on their actions, preferences, and learning pace.
For instance, Al-enhanced VR platforms used in education can adjust difficulty levels or present tailored scenarios, helping
learners retain knowledge more effectively.”* Moreover, the rise of wireless and cloud-based VR solutions has broadened
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Figure | Timeline of key technological advancements in virtual reality relevant to medical education.
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the scope of VR technology. By leveraging cloud computing, VR platforms can render complex environments remotely,
reducing the need for high-end local hardware. This accessibility is particularly significant for industries like real estate and
architecture, where stakeholders can experience realistic virtual walkthroughs without specialized equipment.?
Additionally, the advent of 5G technology has addressed latency issues, enabling seamless streaming of high-quality, cloud-
rendered VR experiences, making VR more scalable and cost-effective. Further companies like Meta are working on
concepts blend virtual and augmented reality (AR), creating an extended reality (XR) experience that allows for real-time,
multi-user interactions in immersive digital spaces.

Integrating Virtual Reality into OSCEs: A New Frontier in Clinical Assessment

The concept of VR in healthcare training dates back to the early 1990s, initially limited to surgical simulations and
procedural training.?” Coinciding with the rise of affordable and sophisticated VR technology. The integration of VR into
OSCE began in the early 2000s, with first dated study done at 4 teaching hospitals of Karolinska Institute.”® Early VR-
OSCE systems focused on basic procedural skills, such as catheterization and airway management. Over time, advance-
ments in graphics, artificial intelligence, and haptic feedback have enabled the development of complex, immersive
clinical scenarios that replicate diverse and realistic patient interactions.

The integration of VR technology In OSCE:s is underpinned by the core principles of Immersion, Interactivity, Feedback
mechanisms and adaptability which are achieved through stereoscopic displays, head-tracking, hand-tracking, and haptic
feedback.”® Stereoscopic displays create a depth perception by presenting separate images to each eye; head-tracking adjusts
visual content based on user head movements, enhancing the immersive experience; hand-tracking and haptic feedback enable
natural and realistic interactions within virtual environments.>* The application of VR technology in OSCE is primarily
evident in three key areas: virtual patient simulation, immersive clinical environment creation, and interactive skill training.
Virtual patient simulation uses highly realistic digital models to represent various clinical symptoms and signs, providing
candidates with standardized patient interaction experiences.*’ This technology not only simulates common cases but also
enables the creation of rare or high-risk scenarios, addressing the lack of case diversity in traditional OSCEs.**>® For Instance,
the university of cologne has developed a virtual patient system for history-taking and physical examination components of
OSCEs. Candidates interact with virtual patients using VR headsets, asking questions and conducting virtual physical
examinations. The system provides immediate feedback based on candidates performance such as whether they correctly
identified key clinical signs or missed important questions. Research has shown that candidates using this system perform
significantly better in history-taking and physical examinations compared to those in traditional OSCEs.>’

Similarly, immersive clinical environment creation utilizes VR technology to build realistic medical scenarios, such
as emergency rooms and operating theaters, allowing candidates to be assessed in environments that closely resemble
real clinical settings.*® This immersive experience not only increases the authenticity of the examination but also helps
alleviate candidates’ anxiety, leading to a more accurate reflection of their clinical capabilities.*® For instance, singapore
general hospital has developed a virtual emergency room environment for emergency management within OSCEs.
Candidates face various emergency situations, such as cardiac arrest and severe trauma, in the virtual emergency room.
The system simulates real emergency room equipment and sounds, enhancing immersion. Several studies have demon-
strated that candidates using immersive VR-based emergency scenarios show significantly improved emergency manage-
ment performance and teamwork skills compared with traditional OSCE formats.’’>° As a result, the VR system
CDSI100 has been integrated into OSCE courses, allowing instructors to efficiently set up assessments and evaluate
students’ learning progress through automated digital reports, thereby reinforcing learning objectives and enabling
students to identify errors and improve their clinical skills.*’

Similarly, interactive skill training provides real-time feedback and guidance through VR systems, enabling candi-
dates to repeatedly practice various clinical procedures, such as venipuncture and cardiopulmonary resuscitation, in
a simulated environment, thereby improving skill proficiency and boosting confidence.*' VR surgical simulators are also
used in OSCEs for assessing surgical skills. Candidates perform various surgical procedures, such as laparoscopic
surgery, in a virtual operating room. The system precisely tracks candidate’s actions, operation times, and error counts,
providing detailed performance reports.*? Studies show that candidates trained with VR surgical simulators perform
significantly better in real surgeries compared to those trained through traditional methods.*?
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Technical Framework and Implementation Strategies for VR-Enhanced OSCEs for

Modern Medical Education

Development of an effective VR-OSCE system should be based on 4 pedagogical foundations that are constructivist
learning theory, experiential learning, learning by reptation and deliberate practice and authentic assessment. To achieve
these, it requires the combination of robust technical infrastructure, evidence-based educational design, and thorough
implementation planning. For instance, VR-enhanced OSCE systems are built upon advanced hardware components that
include. High-quality head-mounted displays (HMDs), tracking systems, and haptic feedback devices are essential.**
Equally important are the software systems. Modeling virtual patients and clinical environments requires a high degree of
realism and interactivity. Commonly used development tools include simulation engines like Unity and Unreal Engine,
which offer powerful graphic rendering and physics engines.*® Similarly, customizable authoring platforms such as virti’s
immersive learning platform or oxford medical simulation can be used as scenario authoring tools. Additionally, data
collection and analysis are also key components. The good system must be capable of recording candidate’s operational
data in real time, such as decision-making speed, procedural accuracy, hand-eye coordination, error counts, and operation
trajectories. This data can be used to generate detailed assessment reports and provide personalized feedback for
candidates.®® Lastly, VR systems must interface seamlessly with existing learning management systems (LMS) and
electronic medical record (EMR) systems for better interoperability, which ensures that performance data can be
incorporated into broader educational assessments and quality improvement initiatives.*® Moreover, an intuitive, user-
friendly interface can significantly enhance candidates’ experience. For example, using voice commands and gesture
controls can reduce reliance on traditional input devices, making interactions more natural.*’

Apart from technical infrastructure, successful implementation of VR-enhanced OSCEs requires thoughtful integra-
tion into existing curricula. Educators must identify competencies best suited for simulation and determine where VR can
replace or supplement traditional methods, implementing pilot programs to valuate feasibility and effectiveness could
allow for incremental scaling and user-feedback based refinement of VR-enhanced OSCEs.>* Additionally, deployment
of multidisciplinary teams of clinical educators, simulation technologists, software developers, and data scientists ensure
that VR-enhanced OSCEs are both clinically relevant and technologically robust.

Most importantly the effective use of VR in OSCEs depends on faculty proficiency with the technology. Institutions
must invest in training programs that equip educators with the skills to operate VR systems, interpret performance data,
and integrate simulations into assessment strategies. Workshops and continuous professional development initiatives are
vital to overcome resistance to new technology and ensure optimal use of VR tools.*® Moreover, Robust evaluation
frameworks are essential to measure the impact of VR-enhanced OSCEs and data collected from VR systems can
facilitate continuous improvement by identifying areas where simulation scenarios require modification, additionally
performing comparative studies between traditional OSCEs and VR-enhanced assessments can provide evidence for best
practices and inform future innovations.*’

In the modern medical training system, VR-OSCE has have already shown most promise in surgical training, Nursing
education, General clinical practice and Interprofessional education (IPE). During surgical training, VR-enhanced OSCEs
allow surgeons to rehearse complex procedures in a risk-free environment as shown by Medical Realities and 360° Surgical
Streams through a live VR-streamed operation that allowed trainees to observe and interact with the procedure in real time,
providing a novel approach to surgical rehearsal and assessment.** Nursing education benefits from VR OSCEs by
simulating patient care scenarios that require critical thinking, communication, and hands-on skills as done through oxford
medical simulation for nursing at university of Northampton to manage virtual patients presenting with conditions like
acute asthma exacerbations or myocardial infarction.*’ In core medical subjects like internal medicine, pediatrics, and
primary care, VR-OSCEs can assess learners’ abilities to diagnose and manage common to rare conditions, as done in UC
Irvine’s VR-OSCE Implementation, during the COVID-19 pandemic. Additionally, VR-OSCEs enable interprofessional
teams to practice coordinating patient care in complex scenarios like mass casualty incidents or rapid response team
activation, as done through Multi-User VR Simulation pilot project at Midwestern Teaching Hospital.”® A detailed timeline
highlighting major milestones in use of VR in medical education is shown in Figure 2.

Advances in Medical Education and Practice 2026:17 https: 5



Zhang et al

2024
2023

2020

2018 @

2017
2016

2014

2010 s’j

2000 @
B8 Y
Oxford Adoption
VR surgical | medical Curriculum during Cloud-based: Adoption of

MIST-VR : Oculus Rift | 3D-Oculus: broadcast : simulation | integration : pandemic : VR-OSCEs . mixed Reality
Minimally Prototype of Oculus Medical OMS University of Medical Scalable VR Apple vision

Invasive oculus rift for introduces Realities developed toronto schools pivot + solutions for | pro piloted in

surgical high-fidelity 3D perform a scenario- incorporates to VR remote VR- surgical and
trainer-VR medical anatomical live 360° VR- based VR VR modules platforms OSCE based educational

simulations modules for streamed training into their during on cloud settings
medical surgery modules medical COVID-19 computing
education curricula crisis

Figure 2 Milestones in the application of virtual reality to medical teaching and assessment.

Advantages of VR-OSCE

In medical education, the application of VR technology is rapidly expanding, with applications ranging from surgical
simulations to rehabilitation training, each transforming clinical education and practice. Specifically, the use of VR
technology in OSCEs has emerged as a promising alternative that harnesses immersive simulations to enhance clinical
training. This approach overcomes many logistical, financial, and ethical challenges associated with traditional OSCEs
while offering additional significant benefits.

Firstly, VR-OSCEs markedly improve the standardization and objectivity of clinical examinations. By utilizing pre-
programmed virtual patients and scenarios, every candidate encounters identical conditions, which minimizes incon-
sistencies introduced by human factors and enhances inter-rater reliability. For instance, it was demonstrated that VR-
based OSCEs provide more reproducible results compared to traditional formats.>' The University of Toronto’s
implementation of VR-OSCE modules further exemplifies how standardized criteria can reduce examiner subjectivity
in clinical skills assessments.

Secondly, VR technology offers an immersive learning environment that significantly enhances engagement and skill
retention. Students benefit from the opportunity to repeatedly practice clinical scenarios until they achieve proficiency.>?
In a meta-analysis it was found that VR-based training improved long-term skill retention by 30% compared to
conventional teaching methods.”® This is supported by real-life examples such as The Cleveland Clinic’s use of VR-
OSCE for surgical residents, which has led to higher accuracy in laparoscopic procedures.

Thirdly, VR-OSCEs streamline the assessment process by automating the recording and analysis of candidate’s
performances. This automation enables the delivery of immediate, objective, and quantifiable feedback on various
performance metrics, including clinical decision-making, communication skills, and procedural accuracy thereby enhan-
cing evaluation and reducing the workload of examiners.*® A randomized controlled trial reported a 25% improvement in
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clinical performance among students receiving real-time feedback via VR-OSCEs.>* The Mayo Clinic has similarly
integrated VR-OSCE feedback systems to allow for prompt corrections and improvements during training.

Additionally, VR technology permits the simultaneous operation of multiple examination stations and offers flexible
access from any location with internet connectivity, thus improving the overall efficiency of the examination.*> This
flexibility was highlighted in a study at Stanford University, which found that VR-based training enabled students in rural
areas to complete clinical assessments without the need for extensive travel, thereby increasing participation rates.>

Moreover, despite the potentially high initial investment, VR-OSCEs offer significant cost-effectiveness over time.
Virtual patients and scenarios are reusable, reducing the recurrent expenses associated with training and hiring standardized
patients.*> A cost-analysis study found that implementing VR-OSCE in medical schools reduced training costs by 40%
compared to traditional OSCE setups in long term.® The NHS in the UK has also embraced VR-based training modules to
train junior doctors and nurses, substantially lowering expenses related to physical exam stations and patient actors.>*

Safety is another paramount advantage of VR-OSCEs. They enable students to practice high-risk procedures such as
emergency resuscitation, surgery, and infectious disease management, in a risk-free environment, addressing ethical
concerns inherent in real-patient scenarios without endangering patient safety.** Moreover, VR technology enables the
simulation of rare or extreme cases (eg, cardiac arrest, severe trauma)’’ that are impractical to replicate in traditional
settings, thus ensuring comprehensive preparation for diverse clinical situations. The immersive nature of VR-OSCE also
helps reduce candidate anxiety, thus minimizing errors caused by nervousness.’® A study demonstrated improved
performance in high-pressure scenarios, such as neonatal resuscitation, through repeated risk-free exposure in VR
simulations.”” Harvard Medical School’s VR simulations for sepsis management similarly underscore the educational
value of this technology.

Overall, VR-OSCE is revolutionizing medical education by offering a standardized, cost-effective, and immersive
training environment. Their advantages including enhanced objectivity, ethical safety, accessibility, immediate feedback,
superior skill retention, and automated performance tracking are well-documented,®® as seen in studies such as the one
conducted at Guangzhou Medical University, where the VR experimental group significantly (P-value <0.05) out-
performed the control group in a four-station OSCE examination. This innovative approach not only requires less time
and space compared to traditional methods but also incurs lower costs, making it a compelling candidate for wider
adoption® to ensure the training of highly competent healthcare professionals ready for real-world challenges.

Measuring the Effectiveness of VR-OSCE in Medical Education
Measuring the effectiveness of VR-OSCE in medical education requires a multi-dimensional approach that integrates
objective performance metrics, immediate feedback systems, and user experience evaluations. The first method involves
quantitative analysis, which encompasses objective indicators such as exam scores, decision-making speed, procedural
accuracy, diagnostic reasoning, and error counts. These metrics are automatically recorded and analyzed by the system,
thereby ensuring an objective assessment of clinical skills.>® Research supports the high efficacy and reliability of VR-
OSCE in evaluating clinical competence, with candidate performance in VR environments correlating strongly with
results from traditional OSCEs, thus confirming the reliability of the assessment.*®

The second method assesses candidate acceptance, perceived simulation realism, overall engagement, and satisfaction
with VR-OSCE through surveys, focus groups, interviews, and feedback on the system’s effectiveness. Multiple studies
have reported that candidates assessed using VR-OSCE exhibit higher levels of confidence, motivation, engagement, and
perceived realism compared with conventional OSCE preparation methods.>’>*® Participants have reported high
acceptance of VR technology, citing its ability to offer a more realistic clinical experience.?” Additionally, the integration
of real-time data analysis in VR-OSCE facilitates immediate feedback, enabling students to promptly identify and
address performance gaps. Academic research has linked immediate feedback to improved skill retention and accelerated
learning curves, although some candidates note the need for adaptation time to VR equipment and further improvements
to the user interface.”® For example, a study from the University of Leicester found that using VR videos for OSCE
preparation significantly increased self-assessed exam confidence while reducing anxiety levels.®' Similarly, research
from the University of Alberta demonstrated that VR teaching significantly (P=0.02) lowered anxiety in first-year
occupational therapy students preparing for OSCEs.”’
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Long-term educational outcomes can be evaluated by tracking the performance of students trained with VR-OSCE
during subsequent clinical internships and real-world practice. Preliminary findings suggest that these students exhibit
greater adaptability and higher skill levels during clinical internships, particularly in managing complex and high-risk
scenarios.*' A study from Jinan University revealed that after one year, the VR training group not only performed better
in clinical practice but also achieved significantly (P<0.05) higher scores in OSCEs, especially in physical examination,
suturing, and imaging interpretation.®>

A recent randomized controlled trial involving fifth-year medical students, reported no differences in feasibility and
difficulty levels between VR scenarios and traditional physical stations (PHS). However, the VR scenarios excelled in
item discrimination and discrimination index, with notable differences in student perceptions of the assessment mode,
particularly regarding hesitancy toward its broader future application.”® Moreover, a study conducted in Sulzbach,
Germany, demonstrated that students trained with VR achieved a 91% success rate in OSCE exams, significantly higher
than the 78% success rate observed in the traditional group.®®

Navigating the Ethical and Legal Landscape of VR-OSCE

The integration of Virtual Reality-Objective Structured Clinical Examinations (VR-OSCE) into medical education offers
unprecedented benefits in terms of standardization, efficiency, and immersive learning. However, as with any emerging
technology, VR-OSCE introduces a range of ethical and legal challenges that must be carefully addressed to ensure
responsible and equitable implementation.

Foremost among the ethical concerns is the issue of privacy. The system automatically records and analyzes extensive
candidate data, which may include sensitive personal information. It is therefore essential that candidates are fully
informed about what data is being collected, how it will be used, and who will have access to it. Obtaining informed
consent from examinees can be challenging, and ensuring the security and confidentiality of this data remains a critical
issue.*® Transparent data handling policies are vital for building trust and complying with broader ethical mandates
regarding privacy and data security.

A second ethical concern is fairness. Candidates may exhibit varying levels of adaptability to VR technology,
potentially compromising the fairness of the examination. For instance, some candidates may experience motion
sickness, which could hinder their ability to use the VR equipment effectively.** Moreover, despite VR-OSCE’s potential
to reduce examiner bias through standardized scenarios, there is still a risk of algorithmic biases being embedded in the
system. Continuous evaluation of these virtual simulations is necessary to ensure that they do not inadvertently favor
certain groups over others. Ethical oversight must therefore extend to the design and regular updating of VR scenarios to
maintain fairness and objectivity in clinical assessments.®®

Thirdly, the digital divide also presents a significant challenge to equitable access. Institutions must consider how to
provide the necessary technological resources and training, particularly for students in under-resourced regions or those
with limited exposure to advanced technologies. Addressing these disparities is essential to prevent further inequity in
educational opportunities and outcomes.®®

Finally, ethical review is equally important. VR-OSCE may encompass sensitive or high-risk procedures, and it is
imperative that these procedures adhere to established ethical guidelines. A stringent ethical review process is crucial to
address these concerns.>”

In addition to ethical issues, several legal considerations must be taken into account. VR-OSCE implementations must
comply with a complex array of legal frameworks, including data protection regulations (such as GDPR) and educational
accreditation standards. Ensuring compliance with national and international laws is paramount, and regular legal audits
should be conducted to safeguard against potential breaches.”” The development of VR-OSCE platforms involves
sophisticated software and proprietary algorithms, raising important questions regarding intellectual property rights and
software licensing. Clear agreements between technology providers and educational institutions must delineate ownership,
usage rights, and maintenance responsibilities.®” Another critical legal issue is the determination of liability in cases were
technical failures or misinterpretations of VR data result in adverse outcomes. Institutions and developers must establish
protocols that clarify responsibility, thereby protecting both legal interests and the credibility of the VR-OSCE system.>’
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In summary, while VR-OSCE represents a significant advancement in medical education, its ethical and legal
dimensions necessitate a balanced and proactive approach. Robust governance frameworks—including ethical review
boards and legal advisory committees—are essential in guiding the evolution of VR-OSCE. By addressing these issues
proactively, institutions can fully harness the transformative potential of VR technology while safeguarding the rights and
interests of all stakeholders.

Addressing Obstacles and Shaping the Next Generation of VR-OSCE

While VR-OSCE has the potential to enhance accessibility, standardization, and engagement in medical training, its
widespread adoption faces several challenges, including technological limitations, resistance from educators and stu-
dents, and the need for robust validation.

Despite the promise of VR-OSCE, technical limitations and high costs remain a primary concern. High-quality VR
equipment and haptic feedback devices are expensive and requires substantial computational power, limiting their use in
resource-constrained institutions.** Additionally, creating highly realistic virtual patients and environments demands
considerable time and resource investment’> and ensuring software stability and minimizing simulation-related discom-
fort are crucial to maintaining immersion and effectiveness. Solutions to these challenges include cost reductions through
mass production, cloud-based VR solutions to reduce hardware dependence, and continued research on optimizing VR
environments to reduce motion sickness. Moreover, artificial intelligence (Al)-driven adaptive learning can enhance VR
simulations by personalizing difficulty levels based on student’s performance.®® ChatGPT has been used to create
realistic clinical scenarios for active role-play and its feedback, which shows potential for artificial intelligence (Al) in
general and specifically in the OSCE training of EM physicians.®

Another challenge is the standardization and validation of the system. Currently, the assessment standards for VR-
OSCE have not been fully standardized, and building VR-based assessments to accurately measure clinical competence
remains a challenge. Further research is needed to incorporate VR-specific metrics, such as response time, decision-
making efficiency, interaction accuracy with virtual patients are needed to ensure the reliability and effectiveness of its
evaluation results.*’ Developing standardized VR-OSCE scoring rubrics aligned with real-world clinical outcomes is
essential. Collaboration among medical educators, VR developers, and regulatory bodies can ensure that VR-OSCE
maintains credibility and aligns with competency-based medical education frameworks.”

Resistance from educators and students presents another obstacle. Traditionalists may question the efficacy of VR-
OSCE compared to conventional OSCE, while students might struggle with unfamiliar interfaces. The lack of hands-on
patient interaction in VR-based assessments also raises concerns about the authenticity of clinical skills evaluation.”" To
foster acceptance, rigorous validation studies comparing VR-OSCE to traditional methods must be conducted. Training
programs for faculty and students can ease the transition, ensuring they recognize VR’s value in medical training.
Gamification elements, such as achievement badges and competitive leaderboards, may also increase student engagement
and motivation.

To shape the next generation of VR-OSCE, future developments should prioritize both technological enhancements
and cost reduction. As VR technology advances, it is anticipated that the price of equipment will decline while
performance continues to improve.?” Moreover, the creation of more intelligent, Al-driven virtual patients and the
refinement of realistic interaction methods are crucial areas for focus. Further, by integrating traditional and virtual
assessment methods, future OSCEs may adopt a hybrid model that combines the strengths of standardized patients and
VR technology.*® Additionally, exploring the use of VR-OSCE in remote assessments and cross-regional standardized
examinations presents a promising avenue for future research.’’

Further technological integration, such as the combination of augmented reality (AR) and mixed reality (MR) with
VR, could yield more enriched and flexible examination environments.’? In parallel, the deep incorporation of artificial
intelligence (Al) is essential; advanced Al algorithms can facilitate the development of intelligent and adaptive virtual
patients capable of dynamically adjusting difficulty based on candidate performance.”” Additionally, specialized Al

algorithms need to be developed to simulate patient’s physiological responses and the progression of diseases.”
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Remote assessments also represent a critical area for future expansion. With the widespread adoption of 5G networks,
it becomes feasible to implement cross-regional VR-OSCEs, thereby enabling candidates from diverse regions to
participate within a unified virtual environment.”

Finally, personalized learning is emerging as a significant trend. By analyzing candidate’s operational data, systems
can offer customized learning recommendations and targeted training plans to enhance clinical skills.>® The integration of
biometric feedback systems such as eye tracking and physiological monitoring can further deepen insights into student’s
cognitive and emotional responses during assessments.

Discussion
As we stand at the nexus of traditional excellence and digital innovation, the evolution of VR-OSCE represents not
merely an upgrade but a transformative leap in medical education.

The journey beyond conventional OSCEs heralds a transformative era in medical education. This article has
illuminated how the venerable traditional OSCE, despite its long-standing excellence, now stands at the threshold of
a revolutionary upgrade through VR technology. We have unraveled the fundamentals and groundbreaking advancements
in virtual reality, showcasing its dynamic application within the OSCE framework. With innovative technical blueprints
and strategic implementation methods, VR-enhanced OSCEs promise to deliver immersive, adaptive, and rigorously
effective assessments that resonate with the evolving needs of modern medical training.

The compelling advantages of VR-OSCEs ranging from enriched interactivity and objective performance metrics to
heightened realism in clinical simulations, offer a tantalizing glimpse into a future where educational efficacy is
measured not only by knowledge but by the dexterity of clinical competence. At the same time, we have navigated
the intricate ethical and legal landscapes, acknowledging the challenges and paving the way for solutions that uphold
integrity and fairness.

Conclusion

Embracing both the promise and the pitfalls, this review positions VR-OSCE as a beacon of innovation, inviting us to
reimagine how we assess, teach, and ultimately enhance patient care. As obstacles are methodically addressed and new
horizons explored, the next generation of VR-enhanced OSCE:s is set to redefine the educational paradigm, ensuring that
our future medical professionals are not just tested, but truly transformed.
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