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Abstract

Background The integration of virtual patients (VPs) into medical education is expanding globally, enhancing
traditional training and supporting the development of clinical skills. In Malaysia, adoption is progressing, although
dependence on imported platforms may compromise cultural and linguistic authenticity. We developed three
culturally adapted VPs reflecting the local healthcare context. The VP application, featuring a custom virtual reality (VR)
environment, 3-dimensional (3D) avatars and speech functions, was deployed on the Oculus Meta Quest 2 headset.
This device provides an immersive, user-friendly experience, allowing students to interact with VPs via hand-held
controllers.

Methods The developed VPs were assessed in terms of their content, face, construct, and concurrent validity, as well
as the reliability for use in history-taking and communication skills assessment. Data analysis was performed using IBM
SPSS Statistics software version 25.

Results The VPs showed acceptable content and face validity, indicating that the case design, interface, and
simulated environment were appropriate and realistic. However, reliability and other validity measures, including
construct validity and concurrent validity, were found to be limited.

Conclusion These findings may have been affected by factors such as small sample size, variability among

students and examiners, limited scenario complexity, and technical issues related to speech recognition and system
responsiveness. Addressing these limitations in future research could improve the generalizability of the results, while
refinements in scenario design, artificial intelligence (Al) integration, and user interfaces are key to maximizing the
pedagogical potential of VPs.
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Introduction

Strong communication skills are essential for medical
students, as they play a pivotal role in academic achieve-
ment, interpersonal interactions, and adaptation to pro-
fessional settings [1]. Effective communication with
patients, whether by medical students or healthcare pro-
fessionals, is fundamental for fostering meaningful inter-
actions and gathering accurate clinical information. To
support the development and assessment of these skills,
simulated patients are commonly employed, particularly
prior to students’ exposure to real clinical encounters.

Simulated or standardized patient (SP) refers to an
individual trained to portray a patient with a specific
condition for educational purposes. The use of SPs in
medical education was first introduced in the 1960s as a
standardized approach for assessing clinical competence
[2]. SPs offer medical students a valuable opportunity to
develop communication skills, enhance clinical reason-
ing, and engage with a variety of patient scenarios within
a controlled and safe environment [3]. These individuals
are specifically trained to consistently replicate particu-
lar medical cases, allowing learners to practice repeat-
edly without posing any risk to actual patients. The
standardized nature of SP scenarios ensures equitable
learning experiences across student cohorts, promoting
uniformity in training and assessment. Moreover, SPs
help bridge the gap between theoretical instruction and
practical application, contributing to a more authentic
learning experience. By replicating real-life clinical situ-
ations, SPs help build student confidence in both pro-
cedural tasks and decision-making processes, better
preparing them for the complexities of actual patient care
[4, 5].

The transformation of SPs into VPs has evolved along-
side technological advancements and innovations in
medical education. The integration of VPs as emerging
digital tools made it possible to simulate realistic clini-
cal encounters within safe and controlled environments.
VPs are computer-based simulations of clinical scenar-
ios designed to support the teaching and assessment of
medical competencies. These simulations differ in levels
of fidelity, interactivity, and realism, from simple, text-
based formats to complex, Al-enhanced environments.
Low-fidelity VPs typically rely on text-based cases, deci-
sion-tree models, or rule-based systems, which often
have limited interactivity. They are frequently utilized
for foundational learning, such as case-based learning
and early-stage clinical reasoning [6]. On the other hand,
high-fidelity VPs incorporate advanced technologies
such as Al, natural language processing (NLP), speech
recognition and physiological modeling, offering a more
dynamic and realistic learning experience. An example is
the Oxford Medical Simulation used in Hull York Medi-
cal School, United Kingdom. It is a VR-based package
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designed for head-mounted displays (HMDs) with audi-
tory input. It offers immersive scenarios where students
can examine, investigate, and treat VPs in real time, with
dynamic physiological responses to their actions [7].

The use of VPs in medical education has seen a global
rise, with institutions tailoring these tools to suit spe-
cific educational needs. As highlighted by Plackett et
al. (2022), VPs are increasingly employed to mitigate
the limitations posed by the scarcity of SPs [8]. Medical
schools worldwide have successfully incorporated VPs
into their medical curricula to supplement traditional
training, enabling students to develop clinical competen-
cies in structured and replicable scenarios [9, 10]. Addi-
tionally, VPs are used to facilitate cultural competence
training [11, 12]. In Malaysia, the integration of VPs is
gradually advancing as medical institutions adopt exist-
ing platforms from abroad to enrich their educational
programs. However, reliance on imported VPs may limit
the authenticity of patient interactions due to a lack of
alignment with local cultural and linguistic contexts.
This underscores the need for locally developed VPs that
reflect Malaysian societal norms, communication styles,
and healthcare practices. In response, we designed cul-
turally adapted VPs tailored to the Malaysian healthcare
landscape, enhancing the effectiveness of training in
delivering contextually relevant and culturally sensitive
patient care.

Development of VPs
The design of our VPs was informed by the key compo-
nents of communication skills crucial for effective doc-
tor—patient interactions [13]. Cultural and linguistic
elements were carefully integrated to ensure alignment
with the Malaysian context and to enhance the relevance
of the VPs within local medical education curricula.
These contextualized inputs played a key role in shap-
ing the development of the 3D avatars and the associ-
ated speech functionalities in the VPs application. The
development was carried out by a multidisciplinary team
comprising medical lecturers with extensive experience
in teaching and assessing history-taking, medical edu-
cationists with expertise in simulation-based learning,
and technical experts in computer graphics, VR, speech
recognition, and text mining. This combination of educa-
tional and technical expertise ensured that the VP system
was both clinically authentic and technologically sound.
Three male VPs were developed, each representing a
distinct medical scenario and reflecting the major ethnic
groups in Malaysia, namely Malay, Chinese, and Indian,
to mirror the cultural diversity commonly encountered
in local clinical settings. Beyond visual representation,
each VP incorporated culturally embedded communica-
tion patterns and behavioral nuances consistent with the
respective background. These adaptations were expressed



Mohd Salim et al. BMC Medical Education (2026) 26:264

through variations in dialogue structure, tone, language
expressions, and non-verbal cues, while ensuring that all
scenarios maintained comparable levels of complexity
and clinical reasoning demands. This culturally contex-
tualized design aimed to provide learners with authen-
tic and inclusive patient interactions representative of
Malaysia’s multicultural healthcare environment.

Each VP was assigned a specific clinical scenario, i.e.,
chest pain, urinary tract infection and gastritis, reflect-
ing commonly taught conditions in undergraduate medi-
cal training. For each case, dialog scripts were crafted
to include plausible student inquiries and correspond-
ing VP responses, enabling realistic and pedagogically
sound interactions. Unfortunately, the development of
a Malay-language version of the VPs was not feasible
within this study due to the absence of a robust speech-
recognition engine capable of accurately processing the
Malay language. Therefore, all VPs interactions were
conducted in English, which is widely used as a second
language in Malaysia and serves as the primary medium
of instruction in Malaysian medical education. This tech-
nical limitation constrained the inclusion of a fully local-
ized linguistic experience. However, the use of English
remained pedagogically appropriate and consistent with
the instructional and assessment practices in Malaysian
medical schools.

The Unity platform, which is widely used in computer
science and game development, offers a robust frame-
work for creating interactive 2D and 3D digital environ-
ments. It equips developers with versatile tools to build
video games, simulations, and applications for VR and
augmented reality (AR) [14]. This technology enables
the generation of realistic patient avatars, allowing users
to engage with them through the VPs interface. In this
study, a virtual consultation setting was developed using
high-fidelity graphics designed to simulate a realistic
clinical environment. The layout included an L-shaped
seating arrangement for the doctor and VP, a consulta-
tion desk, and other relevant furnishings, all strategically
placed to reflect appropriate interpersonal distances and
to promote a sense of privacy during patient interactions.

A Syn Bot, or Synthetic Bot, is a chatbot engineered
to simulate human-like conversations [15]. These bots
leverage Al and NLP to interpret user input and gener-
ate meaningful responses. In this study, the Syn Bot was
configured to receive speech input and match it against
predefined dialog scripts. Prior to enabling voice inter-
action, the scripted dialogs were converted into a struc-
tured format compatible with the Syn Bot Framework.
This framework serves as a conversational engine that
is responsible for interpreting user intent, processing
input, and generating suitable responses to replicate real-
istic patient interactions. It functions similarly to a cen-
tral processing unit, guiding the VP’s responses on the
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basis of user prompts [16]. The Syn Bot framework uses
both NLP and natural language understanding (NLU)
to accurately recognize and interpret spoken or written
inputs. NLP, a branch of Al allows the system to analyze
human language, whereas NLU focuses on understand-
ing the intent and contextual meaning behind the user’s
statements [17]. In our project, we integrated Wit.ai, an
NLP tool developed by Meta, to enable the VP system
to comprehend user interactions. The overarching intel-
ligence of the system is governed by AI, which facilitates
dynamic and human-like conversational exchanges [18].

Upon receiving user input, the chatbot analyzes it to
determine the underlying intent or purpose of the mes-
sage. For example, when a user asks, “Why are you here
today?, the system may interpret the intent as identify-
ing the patient’s ‘chief complaint’ Once the intent is rec-
ognized, the chatbot generates an appropriate response
by considering the ongoing conversational context. At
this stage, dialog management plays a critical role. It
involves tracking the flow of the interaction, preserving
contextual continuity, and selecting suitable responses or
actions for the VPs to deliver. The VPs application main-
tains accuracy in matching user questions with appropri-
ate responses by referencing a set of predefined intents,
ensuring coherence and realism in the simulated clinical
interaction.

Each 3D avatar was enhanced with articulated skeletal
structures and dynamic body animations, complemented
by culturally authentic voiceovers to emulate realistic
patient behaviors, gestures, and accents. The underly-
ing Al algorithms empowered the VPs to select appro-
priate facial expressions, gestures, and verbal responses
autonomously during user interactions. Their replies
were programmed via simple, user-friendly terminology,
and they were designed to listen and respond contextu-
ally to user questions. Nonverbal communication was
also integrated, including eye contact, facial expressions
of pain, body language, and hand gestures, to indicate the
location and radiation of pain. The VPs could addition-
ally convey understanding or disagreement through head
nods or shakes. Figure 1 illustrates the designed 3D vir-
tual consultation room and one of the VP avatars.

The VP application, including the custom-designed VR
environment, 3D avatars, and integrated speech func-
tionalities, was deployed on the Oculus Meta Quest 2,
a VR headset developed by Meta. This device offers an
immersive and user-friendly VR experience, known for
its intuitive control, interactivity, and adaptability across
various applications. Users can effortlessly launch the
application and engage with virtual patients via the head-
set’s hand-held controllers.
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Fig. 1 Virtual patient avatar in the designed 3D consultation environment

Methods

The developed VPs were then evaluated for their con-
tent, face, construct, and concurrent validity tests as well
as their reliability for assessing medical students’ history
taking and communication skills. The study was per-
formed at the Faculty of Medicine and Health Sciences,
Universiti Putra Malaysia, Malaysia, and involved under-
graduate medical students and lecturers teaching the
programme.

All participants were informed about the objec-
tives, procedures, potential risks, and benefits of the
study prior to participation. Written informed consent
was obtained from each participant before data collec-
tion. Participation was voluntary, and participants were
informed of their right to withdraw from the study at any
stage without any academic or personal consequences.

Content validity

Content validity refers to the extent to which an instru-
ment accurately measures the content it is designed to
assess [19]. In this study, it evaluates whether VPs, partic-
ularly medical scenarios and responses by VPs, are rele-
vant to the subject matter. A set of questionnaires related
to the content and responses of the VPs were derived and
modified from previous studies [20-23].

The modified questionnaire included 15 items, which
the experts, who are medical lecturers, were required
to rate. The items were rated via a Likert scale, with
scores of 1 indicating that the content was not relevant,
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2 indicating that it was somewhat relevant, 3 indicating
that it was relevant, and 4 indicating that it was very rel-
evant. The questionnaire comprised items that evaluated
the relevance, appropriateness and educational useful-
ness of the VPs. Specifically, the experts assessed the VPs’
feedback, language and tone, verbal, paraverbal and non-
verbal communication aspects of medical history taking.
The questionnaire also examined the suitability of each
case for evaluating students’ questioning ability, realism
of patient responses and overall usefulness of the VPs in
teaching and assessing communication skills in under-
graduate medical training. They also rated the VPs ability
to simulate a realistic scenario that allowed the student to
take a full and appropriate patient history relevant to the
specific medical problem, ensuring all essential patient
data could be elicited. This approach provides a quantita-
tive assessment of the lecturers’ perceptions with respect
to the suitability and comprehensiveness of the content
and the appropriateness of the responses by the VPs.
Prior to evaluation, all experts were provided with a
brief description of the study objectives and the con-
structs and domain used in the questionnaire to ensure
consistency in interpretation. They were introduced
to the VPs and instructions on their usage. They inter-
acted with each of the three VPs sequentially and sub-
sequently completed the questionnaire. They were also
invited to provide open-ended feedback on the overall
appropriateness and relevance of the VPs, including the
cultural realism and suitability of each VP’s background,



Mohd Salim et al. BMC Medical Education (2026) 26:264

communication style and behavioral nuances, as well as
any other suggestions for improvement. The feedback
gathered was subsequently used to refine the dialogues
and non-verbal expressions, ensuring that each VP and
their responses were relevant, contextually appropri-
ate and culturally sensitive, accurately reflecting patient
portrayals commonly encountered in Malaysian clinical
settings.

To measure content validity, the content validity index
(CVI) was calculated. The CVI indicates the level of
agreement in relation to the validity of each item and
the scale, with values ranging from zero to one. The
acceptable CVI value is at least 0.78 [24, 25]. The assess-
ment occurs both at the item-level content validity index
(I-CVI) and the scale-level content validity index (S-CVI/
Ave). The formulas for both the I-CVI and S-CVI/Ave are
as follows:

I — CVI =the number of individuals
who agreed that an item

was relevant [rating 3 or 4]

/total number of experts
and

S — CVI/Ave = average of the I

— CVI scores/the
number of items

The CVI calculation was conducted via Microsoft Excel.
Refinements to the content of the scenario cases and
the responses from the VPs were derived on the basis of
feedback from the experts.

Face validity

Face validity refers to the extent to which a simulator
appears realistic and appropriate in representing the
actual task it is intended to replicate [26]. This study
involves assessing the appearance of VPs, including the
satisfaction level of users, particularly medical students,
and identifying areas for potential enhancement. A set of
questionnaires related to the realism of users’ experiences
with VPs was derived and modified from previous stud-
ies [20-22, 27]. Undergraduate medical students were
recruited to gain experience in handling and communi-
cating with VPs. They were then instructed to assign rat-
ings to each item in the questionnaire on the basis of the
VPs’ clarity and comprehensibility.

The questionnaire comprised 17 items that evaluated
the realism, usability and clarity of the VPs. Specifically,
the students assessed the visual quality and realism of
the 3D environment, the smoothness of movement, the
clarity and responsiveness of voice-based interactions
and the quality of verbal and paraverbal expressions
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demonstrated by the VPs. The questionnaire also exam-
ined the simplicity, ease of use, and user-friendliness of
the VP interface, as well as the overall suitability of the
VDPs for assessing communication skills among medical
students. The items were rated via a Likert scale, with
scores of 1 indicating that they were not clear and incom-
prehensible, 2 indicating that they were somewhat clear
and comprehensible, 3 indicating that they were clear
and comprehensible, and 4 indicating that they were very
clear and comprehensible.

Prior to evaluation, all students were provided with a
brief description of the study objectives and the con-
structs and domain used in the questionnaire to ensure
consistency in interpretation. They were introduced to
the VPs and instructions on their usage. They interacted
with the VPs and subsequently completed the question-
naire. They were also invited to provide open-ended
feedback on the overall realism and clarity of the VPs,
including the usability and any other suggestions for
improvement for further refinement.

To measure face validity, the face validity index (FVI)
was calculated. The FVI was established with a minimum
threshold of 0.80 for acceptability [28]. The FVI encom-
passes both the item-level face validity index (I-FVI) and
the scale-level face validity index (S-FVI/Ave), which are
designed to assess the clarity and comprehensibility of
the items. The formulas are as follows:

I — FVI =the number of individuals who
agreed that an item was clear and

comprehensible [rating 3 or 4]/total
number of students

and

S — FVI/Ave = average of the I — FVI

scores/the number of items

The FVI calculation was conducted via Microsoft Excel.
Improvements to the features of the VP application were
made on the basis of the students’ feedback.

Reliability

Reliability refers to the consistency and stability of a
measurement, denoting that when good reliability is
achieved, users obtain the same results when they repeat
the assessment [29]. In this study, the test aimed to assess
the reliability of VPs by evaluating their consistency
across various scenarios and the performance of medical
students.

An objective structured clinical examination (OSCE)
comprising three stations was conducted with first-year
medical students. Each station involved each VP, which
lasted for six minutes. The students were assessed while
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being evaluated by examiners through a laptop stream
from the Oculus Meta Quest 2 device. OSCE check-
lists were provided to assess the students’ performance
at each station, with a focus on their history-taking and
communication skills. These checklists were developed in
accordance with the format used at UPM. Following the
examination, the reliability of the OSCE scores for all the
students was determined via Cronbach’s alpha value.

Construct validity

Construct validity can be demonstrated when a test mea-
sures the construct it claims to be measuring. Specifically,
one group possessing the construct performs better than
another group lacking the construct [30]. In this study,
the extent to which VPs are able to differentiate between
different levels of expertise is investigated.

An OSCE comprising three stations was conducted,
similar to the reliability test. In this study, two different
groups of students were assessed, namely, first-year and
third-year undergraduate medical students. The same
VPs and OSCE checKklists were used in both groups. The
performances of first-year and third-year students were
compared. It was expected that the performance of third-
year students, who are more experienced in taking his-
tory and communicating with patients, would be better
than that of first-year students.

Concurrent validity

Concurrent validity refers to the estimation of individual
performance on different assessments, where one assess-
ment is new and the other is well established and proven
to be valid [31]. In this study, the researcher aimed to
assess the performance of medical students via two dis-
tinct methods: VPs, a novel approach, and human SPs, a
traditional method in OSCE examinations.

Two different OSCEs comprising three stations were
conducted with the same group of students. One exam-
ination involved VPs, whereas another examination
utilized human SPs. The same scenario and OSCE check-
lists were used in both examinations. The correlation of
student performance between VPs and human SPs was
determined. It was expected that the students’ perfor-
mance would correlate regardless of the type of patients
involved in the OSCE.

Data analysis

All the data were analyzed via IBM SPSS Statistics soft-
ware version 25. The distribution of the data for con-
struct and concurrent validities was first analyzed via the
Kolmogorov-Smirnov test. Normally distributed data
was analyzed via a parametric test and are presented as
the mean+standard deviation. Any p-values of <0.05
were considered significant.
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Results

Content validity

A total of 12 lecturers participated as experts in the test.
The panel was well balanced in terms of gender and
seniority, ranging from 3 to 15 years of work experience
and representing a diverse range of academic and clinical
backgrounds. Experts were drawn from both pre-clinical
and clinical disciplines, such as Anatomy, Physiology,
Obstetrics and Gynecology and Family Medicine. All
experts were qualified medical doctors with substantial
experience in teaching and assessing history-taking skills,
as well as in conducting patient interviews in real clinical
settings. This multidisciplinary composition ensured that
the content validity evaluation encompassed both educa-
tional and clinical perspectives relevant to the intended
learning context.

The I-CVI scores for all 15 items in the questionnaire
varied between 0.83 and 1. The S-CVI/Ave value, which
is the average of the I-CVI scores, was found to be 0.93.
These values exceed the 0.78 threshold [24, 25], indicat-
ing that the content within the VPs is deemed acceptable.
Furthermore, these findings suggest that the responses
provided by the VPs are appropriate for evaluating stu-
dents’ history-taking and communication skills.

Face validity

There were 43 medical students who participated as rat-
ers in the test, which provided a sufficiently large group
to gather diverse and meaningful feedback on the VPs.
They represented a well-balanced distribution of gen-
der and ethnicity, reflecting the diversity of the medical
student population. All students had at least one year
of experience in learning and practicing history taking
skills, including prior exposure to SP encounters as part
of their training. This background ensured that the stu-
dents were adequately familiar with conventional history
taking methods, allowing them to provide informed and
meaningful feedback on the realism and usability of the
VP interactions.

The I-FVI scores for all 17 items in the questionnaire
ranged from 0.86 to 1. The S-FVI/Ave, which represents
the average of the I-FVI scores, achieved a value of 0.96.
These scores exceed the 0.80 threshold [28], indicating
that the features within the VPs are clear and compre-
hensible. This shows that the VPs were perceived as real-
istic and appropriate for student interaction, suggesting
good usability and acceptance among learners.

Reliability

A total of 42 students participated in the OSCE to mea-
sure the reliability of the VPs. Table 1 shows the mean
score of each OSCE station. Cronbach’s alpha value is
0.415, which indicates that VPs have low reliability [32].
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Table 1 Mean scores for each OSCE station utilizing VPs and the
cronbach’s alpha value (n=42)

OSCE station Mean score (SD) Cron-
bach'’s
alpha

Station 1 (chest pain) 81.71(9.67) 0415

Station 2 (urinary tract infection) 83.73 (9.08)

Station 3 (gastritis) 78.94 (9.51)

SD standard deviation

Table 2 Comparison of OSCE performance between first-year
and third-year medical students utilizing VPs

Group n Mean score (SD) df p value
First year 42 80.74 (6.52) 62 0.219
Third year 22 82.83 (6.08)

n frequency, SD standard deviation, df degrees of freedom

Table 3 Mean OSCE performance score when actual SPs and
VPs are utilized (n=42)

Type of patients Mean score (SD)
Actual SPs 83.66+8.29
VPs 80.74+6.52

n frequency, SD standard deviation

Construct validity

A total of 42 first-year medical students and 22 third-
year medical students participated in the OSCE. Table 2
shows the mean OSCE scores across all the stations for
each group. Independent t-tests revealed no significant
difference (p=0.219), although third-year students pre-
sented slightly better results than first-year students did.
This suggests that third-year students, who were exposed
to real patients as well as SPs and opportunities to refine
their history-taking skills, performed better than first-
year students did, but the difference was not statistically
significant.

Concurrent validity

Table 3 shows the mean scores of the OSCE across all
stations utilizing actual SPs and VPs. Pearson correla-
tion coefficient analysis revealed that »=0.094 (p=0.552).
This suggests that while there is a minor positive relation-
ship between the performances with SPs and VPs, the
correlation is not substantial enough to be considered
significant.

Discussion

Our findings indicate that the content and face validity
scores for the VPs were high, reflecting the appropri-
ateness and relevance of both the case content and the
VPs’ responses. Additionally, the design features of the
VPs and the virtual consultation room were perceived to
closely resemble real-life clinical scenarios. These results
suggest that VPs hold promise for further application in
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educational settings, including structured assessments
such as OSCEs.

Unfortunately, the reliability scores of the VPs across all
three OSCE stations were low. Several factors may have
contributed to this, including the small number of par-
ticipating students and the limited number of VP scenar-
ios included in the assessment. Previous reports suggest
that increasing the number of stations or VP cases may
improve reliability. For example, Yudkowsky et al. (2019)
emphasized that reliability can be enhanced by increas-
ing the number of assessment points [33]. In the pres-
ent study, only three VP cases were developed, primarily
because of the significant time and resources needed.
Creating effective VPs involves complex programming to
process user speech input accurately, which necessitates
training machine learning models to recognize patterns
and generate appropriate responses [34—36]. Moreover,
substantial budgeting is required for software develop-
ment and avatar modeling. Prior studies have empha-
sized that adequate financial investment at the early
stages is essential for producing high-fidelity, education-
ally relevant VR simulations [37, 38].

The construct validity results showed that third-year
students performed better on average than first-year stu-
dents did, although the difference was not statistically
significant. This may be due to the small sample size,
which reduces the statistical power and increases the risk
of overlooking true differences [39]. A larger sample may
help confirm whether the observed trend reflects mean-
ingful performance differences on the basis of clinical
experience. Differences in clinical exposure and famil-
iarity with the VP platform may also have influenced
outcomes. As Botezatu et al. (2010) noted, variation in
simulation performance often stems from unequal famil-
iarity with the tool [40]. Additionally, if VP scenarios
are not well aligned with students’ training levels, their
ability to differentiate competence may be limited [41].
External factors such as stress, time constraints, or tech-
nical issues may also influence their performance.

Our findings also demonstrated that although students
may perform well in history-taking with SPs, this does
not necessarily translate to better performance with VPs
during assessments. This may be due to limited training
and familiarity with the VP platform, which could have
affected students’ ability to engage effectively with the
system. Previous studies support this observation. Fink
et al. (2023) reported that students perform better with
SPs than with VPs, likely because of the additional help
provided by the SPs [42]. The less favorable results in this
study may be influenced by examiner variability and the
technical limitations of the VP system. Although exam-
iner training was provided and a structured instrument
was used, the inherent subjectivity in evaluating complex
skills like medical communication remains a persistent
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challenge. While VPs are designed to simulate clinical
encounters, they may not yet capture the full complexity,
responsiveness, and interactive depth of real-time human
SPs. This highlights the ongoing challenge of developing
virtual tools that authentically replicate clinical realism.

The results may also be influenced by the characteris-
tics or experiences of the students themselves. Several
studies have noted that students often perceive VPs as
less realistic due to the absence of body language, facial
expressions and emotional responsiveness, which can
lead to discomfort and lower performance [43-45].
While students found the VPs realistic and comprehen-
sible based on face validity, the system may not have
captured the nuanced interpersonal dynamics, emo-
tional responsiveness and adaptive dialogue that typically
occur in human SP encounters. Furthermore, Maicher
et al. (2019) emphasized that accurate speech recogni-
tion remains critical; students who are nonnative English
speakers or have learning difficulties may face additional
challenges when interacting with VDPs, affecting their
ability to adapt to this assessment method [46].

Although certain psychometric indicators, particu-
larly reliability, were less robust, the findings collectively
highlight the educational potential of VPs. The strong
evidence for content and face validity demonstrates their
authenticity and relevance as simulated clinical encoun-
ters. While the current version may not yet be suitable for
use as an independent summative assessment tool, VPs
can play a valuable role in formative learning, enabling
students to practice clinical reasoning, communication
and history-taking skills in interactive and feedback-rich
simulations. Integrating VPs alongside traditional SPs
and real patient sessions can enrich students’ experiential
learning and support progressive development of clinical
competence.

Differences in participants’ backgrounds may have
influenced the validation outcomes in various ways. For
instance, experts from different disciplines and with
varying levels of teaching experience may emphasize dif-
ferent aspects of realism, clinical accuracy or educational
value when evaluating VPs. Likewise, students’ cultural
and linguistic backgrounds could affect their comfort
level and communication style during VP interactions.
The incorporation of cultural and linguistic elements in
the VP design aimed to enhance authenticity and con-
textual relevance. Although these potential influences
were not examined in the present study, acknowledging
their presence is important for interpreting the findings
and guiding future research. Subsequent studies should
explore how user demographics and cultural-linguistic
diversity influence perceptions, engagement, and perfor-
mance outcomes in VP-based learning and assessment.

VPs and simulations, in general, provide a safe and
controlled environment for students to practice clinical
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skills without posing any risk to real patients [47]. Simu-
lation-based training has been shown to enhance clinical
competence and decision-making by enabling repeated
practice in standardized conditions, even for complex
scenarios [48]. VPs help reinforce learning and improve
diagnostic accuracy, effectively bridging the gap between
theoretical knowledge and clinical application [8, 42, 47].

This study represents one of the earliest efforts to
develop and validate a fully immersive, Al-driven VP
system within a Malaysian medical education context.
Unlike many existing VP platforms that rely on text-
based or screen-mediated interactions, our system inte-
grates voice-enabled communication through the Syn
Bot framework, powered by AI, NLP and NLU technolo-
gies. The incorporation of Wit.ai, a speech-recognition
tool, enables the VPs to interpret user intent and respond
dynamically, thereby mirroring authentic clinical dia-
logue and enhancing interactional realism. Collectively,
this integration of immersive VR technology and intelli-
gent conversational capability advances the design of VPs
beyond conventional 2D or scripted models. The immer-
sive 3D consultation environment strengthens learner
engagement and sense of presence. These unique features
distinguish the present work from previous studies con-
ducted primarily in Western contexts and underscore its
potential relevance for broader adaptation in similar edu-
cational environments.

A major challenge encountered in this study was tech-
nical, particularly involving limitations in speech recogni-
tion, gender representation, and language compatibility.
Issues with speech recognition and text-to-speech func-
tionality can disrupt history-taking by generating irrel-
evant or inaccurate responses, often caused by limited
input flexibility and user pronunciation variations. These
technical challenges were identified through observations
during student—VP interactions. In addition, technical
aspects such as the usability and comfort of HMDs sig-
nificantly influence the user experience in VR-based VP
interactions.

This study was also limited to a single medical school,
which restricts the generalizability of the findings. Dif-
ferences in institutional assessment practices and learner
demographics may influence outcomes. Furthermore, the
small number of student participants and VP scenarios
was a result of time and budget constraints.

Future research should aim to address several limita-
tions identified in this study. Increasing the sample size
and incorporating students from various universities
would improve the generalisability of the findings and
provide more rigorous statistical analysis. Increasing the
quantity and diversity of VP scenarios, especially those
exhibiting varied degrees of complexity, could enhance
the tool’s reliability and ability to assess different facets of
clinical competence. Integrating a wider array of clinical
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disorders and different difficulty levels may enhance the
assessment’s discriminatory efficacy. Future develop-
ment efforts should focus on enhancing the AI and NLP
competencies of VPs. Improving voice recognition accu-
racy and emotional responsiveness will facilitate a more
authentic and immersive simulation experience, hence
narrowing the divide between virtual and actual patient
interactions.

Conclusion

This study presents the development and initial valida-
tion of VPs designed to assess history-taking and com-
munication skills among medical students. The VPs
demonstrated acceptable content and face validity, sug-
gesting that the case content, interface, and simulated
environment were appropriate and realistic. However,
the reliability and other forms of validity evidence, such
as construct and concurrent validity, are limited. These
findings may be influenced by factors such as a small
sample size, variability in student preparation, limited
scenario complexity, and technical challenges related to
speech recognition and system responsiveness. Address-
ing these limitations in future research, such as by
recruiting larger and more diverse cohorts, standardizing
students and examiners, incorporating a greater range of
progressively complex scenarios and refining the techni-
cal architecture, may enhance the robustness of the valid-
ity evidence and strengthen the overall utility of VPs as
educational and assessment tools.

Despite these limitations, this work contributes to the
growing body of research on immersive simulation tools
in medical education. It highlights both the potential and
the challenges of implementing VPs as assessment and
learning tools. Further refinements in scenario design, Al
integration, and the user interface are essential to maxi-
mize the pedagogical potential of VPs. With continued
development, VPs hold promises as scalable and effective
tools for preparing students to navigate real-world clini-
cal encounters with competence and confidence.
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