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Keywords: 2015 and 2025 assessing VR interventions designed to enhance
Virtual Reality, empathy among medical students. Following PRISMA 2020
Empathy, Medical guidelines, nine eligible studies (N = 553) were identified from four
Education, Immersive databases. The included designs comprised five randomized
Learning, Simulation, controlled trials (RCTs) and four single-group pre-post studies,
Systematic Review primarily utilizing immersive head-mounted VR simulations. Across

studies, all reported post-intervention empathy increases, with six
demonstrating statistically significant improvements (p < 0.05). The
strongest effects were noted in VR simulations portraying
stigmatized or vulnerable patient perspectives, such as psychosis,
depression, and chronic illness. Methodological appraisal using the
MERSQI tool indicated moderate study quality (scores 10-13.5/18).
Overall, immersive VR demonstrates measurable effectiveness in
improving empathy among medical students, surpassing traditional
didactic approaches. However, further large-scale, longitudinal
research is required to confirm sustainability and translate self-
reported gains into clinical behavioral outcomes.

INTRODUCTION

Empathy is an integral component of medical professionalism, it forms the cornerstone
of the fundamental and dynamic physician-patient relationship. The capacity for empathy is
vital for providing high quality patient-centered care which minimizes communication
barriers and fosters a strong relational alliance built on trust. Given this foundational
importance, the cultivation and maintenance of empathy is regarded as a core professional
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competency that must be explicitly addressed within medical education curriculum.

At the psychosocial level, empathic engagement fosters a trusting and open therapeutic
relationship which diminishes communication constraints and encourages patients to
disclose their full illness narrative without concealment. This enhanced rapport leads to a
more accurate diagnosis and crucially, better patient compliance with treatment plans, and
self care adherence which ultimately results in optimized healthcare outcomes and increased
patient satisfaction.

Despite its critical importance, empirical evidence consistently highlights a challenging
phenomenon within medical education which is the tendency for clinical empathy levels
to erode as students progress through their medical training. This decline represents a
failure of traditional curriculum to sustain a core humanistic quality against the pressures of
professional socialization.

Longitudinal studies utilizing validated instruments such as the JSE have confirmed and
identified a particularly vulnerable period in the curriculum. The most pronounced decline
typically occurs during the critical transition to the clinical phase of medical school, often
corresponding to the third year. This timing is highly paradoxical as this stage marks the
student’s increased exposure to direct patient contact, making empathy most needed at the
moment it tends to diminish. This phenomenon is sometimes dramatically summarized as,
"The devil is in the third year," reflecting the intense challenges and psychological pressures
inherent to early clinical rotations. Cross-sectional studies corroborate this trend. Research
shows that while medical students may start with high levels of empathy, there is a consistent
and measurable drop in mean empathy scores with increasing years of education even if not
always reaching statistical significance in every specific cohort study.

Virtual Reality (VR) technology presents a potent answer to the challenges facing
traditional medical education by offering a significant shift toward scalable and standardized
experiential learning. VR utilizes computer generated three dimensional (3D) environments
to create highly immersive and interactive simulated experiences. These simulations are
often delivered through Head Mounted Displays (HMD) which provide a high sense of
presence and allow users to engage with virtual objects, characters, and complex scenes
which compels the individual to assume that they are experiencing a real life scenario.

The primary functional advantages of immersive VR compared to physical simulation
include the remarkable accessibility and replicability of the learning experience, minimal
setup time, potential for remote and collaborative learning (multiplayer VR), and a long term
reduction in costs and resource allocation compared to perpetual reliance on costly physical
facilities and standardized actors. This controlled environment ensures that critical and high
stakes clinical experiences are delivered in a safe and secure environment which allows for
critical decision making practice without posing risk to actual patients.

Despite VR’s clear technical capacity to address the core pedagogical needs of modern
medical education, analysis of contemporary VR research shows an overwhelming emphasis
on the development of technical and psychomotor competencies over humanistic skills. This
substantial bias towards technical application leaves the domain of non psychomotor skills
which includes empathy, communication, and clinical management, underrepresented.

This underrepresentation highlights the crucial absence of statistically significant and
definitive validation by suggesting that the current body of quantitative literature dedicated
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to non-technical skills, including empathy, suffers from several weaknesses which is a low
volume of studies, methodological heterogeneity, and insufficient sample sizes. This validates
the necessity for a systematic review that is highly focused exclusively on quantitative studies
related to VR and empathy which ensures that the existing and scattered data is rigorously
consolidated and analyzed to determine a definitive magnitude of effect.
1. Empathy
Empathy is a complex and multidimensional construct that is integral to effective social
and clinical interactions. It is generally defined as the ability to understand, be aware of, be
sensitive to, and vicariously experience the feelings, thoughts, and experiences of another
person. In the clinical setting, empathy is often described as the act of correctly
acknowledging the emotional state of another. Multiple instruments have been developed to
measure levels of empathy, among them are :
o Jefferson Scale of Empathy
A 20-item scale measuring cognitive empathy in medical students focusing on
understanding and compassionate care towards patients. Usesa 7-point Likert
scale, is widely validated, and specific to healthcare contexts.
e Interpersonal Reactivity Index
A general empathy measure with 28 items and four subscales: Perspective Taking
(adopting others' viewpoints), Empathic Concern (sympathy for others), Personal
Distress (self anxiety in tense settings), and Fantasy (imaginative transposition into
fictional situations). Uses a 5-point Likert scale and measures multidimensional
empathy not specific to medicine.
e Toronto Empathy Questionnaire
A 16-item scale assessing behavioral, emotional, cognitive, and physiological aspects
of empathy with good reliability. Used broadly in research beyond medicine.
2. Virtual Reality
Virtual Reality (VR) is defined as a computer generated three dimensional environment
that users can explore and interact with, often through the use of specialized equipment such
as head mounted displays (HMDs) such as HTC Vive and Meta Quest devices that enable
immersive experiences. VR technology tricks the brain into perceiving these virtual
environments as real by simulating multiple senses, primarily vision and hearing. Levels of
immersion in virtual reality are divided into two which are:
e [mmersive
Involves HMDs that provide a fully immersive experience by isolating users from the
physical environment and offering a 360 degree interactive virtual space.
e Semi-Immersive
Utilizes setups like desktop VR or Cave Automatic Virtual Environment (CAVE)
systems where users interact with a virtual environment but remain partly aware of
the physical surroundings. Examples include flight simulators and virtual labs.

RESEARCH METHOD

This mixed methods systematic review was conducted and reported following the
guidelines established in the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 Statement.

ISSN 2798-3471 (Cetak) Journal of Innovation Research and Knowledge
ISSN 2798-3641 (Online)



11578

JIRK S
Journal of Innovation Research and Knowledge C‘ ' S]nta@
Vol.5, No.10, Maret 2026 G

The inclusion and exclusion criteria were defined using the PICO framework. P
(Population) included medical students across both pre-clinical and clinical years, excluding
those in dentistry and nursing programs, I (Intervention) was strictly defined as the use of
immersive Virtual Reality (VR) requiring a Head Mounted Display (HMD) for empathy or
communication skills training. Studies using non-immersive digital methods such as 2D
video, desktop simulations, or non-HMD virtual classrooms were excluded. C (Comparison)
required the presence of a control or comparison group including standard lecture,
simulation, or no intervention, as well as a pre-intervention baseline for single group studies.
O (Outcome) was limited to studies reporting quantitative results using a standardized and
validated empathy scale such as JSE or IRI. We included Randomized Controlled Trials
(RCTs), Non-Randomized Controlled Trials, and Controlled Pre-Post studies. Exclusions
included other review articles, qualitative studies, case reports, editorials, and abstracts
without full text data. Only articles published between January 2015 and October 2025 (the
last 10 years) in English or Indonesian were considered.

The literature search was performed across four major electronic databases: PubMed,
Google Scholar, Semantic Scholar, and OpenAlex. The core search strategy utilized a
combination of key terms and Boolean operators (AND/OR) to maximize sensitivity, focusing
on the population, intervention, and outcome. Relevant keywords were utilized in the
respective databases such as "Medical Students”, "Empathy" Training” OR “Empathy
Education” AND “VR” OR "Virtual Reality" OR “Immersive” AND “Empathy Score” OR
“Empathy Level”. Reference lists of all included articles and relevant systematic reviews were
also hand searched to identify additional sources.

The screening process involved three stages conducted independently by two
reviewers to minimize bias. First, all search results were aggregated and duplicates were
removed which was followed by an independent screening of titles and abstracts. Second, all
potentially relevant articles underwent a full text screening against the detailed eligibility
criteria. Any disagreements between the two independent reviewers at the full text stage
were resolved through discussion to reach a consensus. The entire screening process was
documented in a PRISMA Flowchart.Error! Bookmark not defined.
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Figure 1. PRISMA Systematic Review Flow Chart

Ultimately, 9 articles met all established eligibility criteria and were retained for data
extraction and synthesis. The retained literature represents a heterogeneous collection of
interventional designs which provide a comprehensive quantitative perspective on the effect
of VR on medical student empathy. The methodological quality of the nine studies was
appraised using the Medical Education Research Study Quality Instrument (MERSQI) which
is a validated tool designed to assess the methodological quality of research studies in
medical education. The instrument assesses studies across six domains, particularily key
features of studies such as study design, sampling, type of data, validity of the evaluation
instruments used, data analysis, and the outcomes measured until yielding a total score with
a maximum possible score of 18.

Table 1. MERSQI Appraisal of Included Studies
Author (Year) Study Samplin Typ Validityof Data Outcom MERSQ

Desig g eof Evaluation Analysi e I Total
n Data Instrument s Score
s' Scores
Mircheraghi, 3 2.5 1 3 3 1 13.5
Khadem-
Rezaiyan, and
Zeraati
(2025)
Zare-Bidaki 3 1 1 3 3 1 12
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etal. (2022)

Lin et al. 3 2.5 1 3 3 1 13.5
(2024)

Tomy et al. 3 1 1 2 3 1 11
(2023)

Al-Basri 3 1 1 3 3 1 12
(2019)

Nagasundara 1.5 1 1 3 3 1 10.5
m et al.

(2025)

Rehl et al. 1.5 1 1 3 3 1 10.5
(2024)

Alieldinetal. 1.5 1 1 3 3 1 10.5
(2024)

Kohn et al. 1.5 1.5 1 3 2 1 10
(2025)

Source: Scoring from appraisal of included studies using MERSQI

The MERSQI (Medical Education Research Study Quality Instrument) scores for the
nine included studies reflected a moderate standard of methodological quality across the
evaluated dimensions. The majority of studies achieved the maximum score in categories
such as study design, validity of evaluation instruments' scores, and data analysis which
suggests strong adherence to rigorous research design and robust analytic approaches. Some
studies were rated highly in sampling with a few studies scoring 2.5 indicating well executed
but not fully optimal sampling strategies. The mean total MERSQI scores ranged from 10 to
13.5 out of a possible maximum with a median score of 11, highlighting a moderate quality
although some studies scored lower mainly due to reduced scores in type of data or sampling.
The studies by Mircheraghi et al. (2025)Error! Bookmark not defined. and Lin et al.
(2024)Error! Bookmark not defined. obtained the highest total MERSQI scores of 13.5
which reflect a higher methodological rigor among the studies. Meanwhile, lower total scores
such as the study by Kohn et al. (2025)Error! Bookmark not defined. was largely
attributable to lower scores in data analysis suggesting some limitations in these areas.

RESULTS AND DISCUSSION
1. General Results

A total of 9 articles were included in the quantitative synthesis, comprising a diverse
array of interventional designs to address the effect of VR on empathy in medical students.
These studies involved a total population of #1813 medical students and a final participant
count or sample size of 553. The majority of the evidence was comprised of interventional
designs including 5 Randomized Controlled Trials (RCTs) and 4 Single-Group Pre-Post
Studies. All studies focused on undergraduate medical students across pre-clinical and
clinical phases and used validated scales with the Jefferson Scale of Empathy (JSE) being the
predominant measurement tool.
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N Author Title Study Populati VR Comparis Empathy
. 'ear) Desig on & Technolog on Scale
n Sample 'y Methodol Used
Size Utilization ogy
(Ntotal/
Nsample)
Mircherag Enhancing RCT Medical VR Exposure Jefferson
hi, Compassio students, scenarioof toa Scale of
Khadem- nate Care: internal  audiovisua written Empathy
Rezaiyan, Virtual medicine | pamphlet (JSE)
and Reality residents symptoms about
Zeraati Boosts , and experience visual and
(2025)Err Medical fellows d by auditory
or! Students’ experien hypertensi complicati
Bookmar Empathy cing a ve ons of
k not Toward clinical patients. hypertensi
defined. Hypertensi educatio on.
ve Patients nal
course
(198/18
1)
Zare- Evaluating RCT 2ndand One Routine Jefferson
Bidaki et the Effects 3rdyear sessionof educationa Scale of
al. of medical  aVirtual | program, Empathy
(2022)Err Experienci students  Reality whichwas  (JSE) -
or! ng Virtual (NR/144 Simulation visiting Student
Bookmar Reality ) of patients Version
k not Simulation Psychosis  under
defined. of (VRSP). supervisio
Psychosis nin the
on Mental psychiatric
Illness ward
Stigma,
Empathy,
and
Knowledge
in Medical
Students
Lin et al. Canvirtual RCT Fifth- VR VR Jefferson
(2024)Err reality year and scenario scenario Scale of
or! technology sixth- simulating simulating Empathy
Bookmar be used for year the daily the daily (JSE)
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k not empathy medical life of a life of a
defined. education students depressed general
in medical (59/59) medical (normal)
students: a student medical
randomize student
d case-
control
study
Tomyetal. Immersive RCT Medical = Immersive Screen Jefferson
(2023)Err and students VR based VR Scale of
or! screen- in pre- scenario scenario Empathy
Bookmar based medical focused on focusedon (JSE) -
Kk not virtual and social social Student
defined. reality medical isolation isolation Version
simulation phases utilizing utilizing
s enhance (42/36) HTC Vive Apple iMac
empathy HMD. and
headphone
S
Al-Basri Learning RCT Second Supplemen “Education Toronto
(2019)Err Empathy with  tofourth tary VR- as usual" Empathy
or! Through pre/p year based (medical Questionn
Bookmar Virtual ost clinical educationa school aire
k not Reality: A test year 1 communic
defined. Mixed medical interventio ation skills
Methods students n sessions
Study (34/34) comprising and clinical
of patient  interaction
POV and s).
debrief.
Nagasunda Measuring Single Doctor of Short Internal Jefferson
rametal. theeffects Arm Medicine clinical pre- Scale of
(2025)Err and Pre/P medical scenarioin interventio Empathy
or! feasibility = ost students VR from nal (JSE)
Bookmar of virtual Study onchild the point baseline
k not reality in and of view of
defined. developing adolesce a child
empathy nt health admitted
among placeme  with
medical ntin asthma.
students in teaching
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a hospital
paediatric (200/22)
setting
Rehletal. Feasibility Single Osteopat Storyline Internal Jefferson
(2024)Err ofa Arm hic based cine- pre- Scale of
or! cinematic-  Pre- medical VR interventio Empathy
Bookmar virtual post students episodes nal (JSE)
k not reality Study from designed baseline
defined. training three to educate
program campuse medical
about S students
opioid use (1011/4 about
disorder 8) Opioid Use
for Disorder
osteopathi (OUD),
c medical social
students: a determina
single-arm nts of
pre-post health, and
study implicit
bias.
Alieldin et  Efectivenes Single First- VR Internal Jefferson
al. S Arm year scenario pre- Scale of
(2024)Err ofimmersi Pre- medical  that interventio Empathy
or! vevirtual  post students focused on nal (JSE)
Bookmar reality Study (105/19) loneliness baseline
k not in teaching and social
defined. empathy isolation in
to medical older
students: adults and
a mixed their efect
methods on their
study health
outcomes
was
selected
Kohn etal. Virtual Withi  Third- Immersive Internal Jefferson
(2025)Err reality n- and virtual pre- Scale of
or! communic  Subjec fourth- reality interventio Empathy
Bookmar ation ts Pre- year simulation nal (JSE)
Kk not training in  post medical  usinga baseline
defined. pain Study students HMD
medicine: (20/10)  utilizing a
_effects on _human-
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medical operated
students’ Virtual
racial bias, Patient
empathy, (VP)
and avatar of
interview different
performan races
ce with (black &
virtual white)
patients interacting
with
participant
s in clinical
setting.

Source: General findings from included studies

Geographically, the research demonstrates a global effort with studies originating from
North AmericaError! Bookmark not defined.Error! Bookmark not defined.Error!
Bookmark not defined.Error! Bookmark not defined., the Middle EastError! Bookmark
not defined.Error! Bookmark not defined.Error! Bookmark not defined., TaiwanError!
Bookmark not defined., and AustraliaError! Bookmark not defined., confirming the
universal relevance of this educational challenge. The combined sample sizes, while
individually modest, represent a collective exposure of several hundred medical trainees to
VR empathy training.

The core of the intervention across the nine studies heavily relies on Immersive Virtual
Reality (IVR) typically delivered via Head Mounted Displays (HMDs) which are employed to
maximize the sense of presence and embodiment. This modality is favored by researchers as
it is theorized to be the most effective mechanism for stimulating genuine perspective
taking.Error! Bookmark not defined.Error! Bookmark not defined. A smaller subset
utilized less immersive approaches such as Cinematic VR (Cine-VR)Error! Bookmark not
defined. or a comparison between immersive and screen-based VRError! Bookmark not
defined. which allow for a future assessment of immersion level as a moderating factor. The
specific patient scenarios are diverse and strategically target populations often facing stigma
or complex communication barriers. These range from simulating the experience of
psychosisError! Bookmark not defined., depressionError! Bookmark not defined., and
Opioid Use Disorder (OUD)Error! Bookmark not defined., to general situations like the
perspective of a child in a paediatric settingError! Bookmark not defined., social isolation
in older adultsError! Bookmark not defined., and patients with hypertensionError!
Bookmark not defined..

The primary outcome measure is highly standardized which lend strong comparability
to the results. Nearly all studies utilized one of the versions of the Jefferson Scale of Empathy
(JSE), either the student (JSE-S) or health professional student (JSE-HPS) edition which
provides a consistent quantitative metric of self-reported empathy with one study utilizing
the Toronto Empathy Questionnaire (TEQ).

2. Quantitative Results
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Of the five comparative studies included in the review which consisted of RCTs, three
studies (60%) reported a statistically significant increase in empathy scores favoring the VR
intervention group over the control or comparison group while two studies (40%) found no
statistically significant difference in empathy change between the VR and control groups
based on the post-test scores

Table 3. Descriptive Statistics of RCTs
Author  Empathy Sam Interve Compa Mean Mean Mean Mean P-

(Year) Scale ple  ntion rison +SD +SD +SD  4SD  value
Used Size Group  Group (VR (VR (Com (Com for
Size Size Pre- Post- pPre- p chang
(Nvyg) (Ncompy Test) Test) Test) Post- e
Test)
Al-Basri Toronto 34 17 17 4711 52.18 4753 4894 p=
(2019) Empathy 0.01
Question
naire
Zare- Jefferson 144 72 72 1188 1287 115.7 1219 p<
Bidaki  Scale of 1+ 6+ 5+ 9+ 0.000
etal. Empathy 1250 9.40 13.49 12.39
(2022) (JSE) -
Student
Version
Mircher Jefferson 181 93 88 107.2 1124 106.7 1081 p=
aghi, Scale of 6+ 6+ 7+ 7+ 0.024
Khade  Empathy 12.69 12.67 1338 12.59
m- (SE)
Rezaiya
n, and
Zeraati
(2025)
Lin et Jefferson 59 30 29 5485 5.558 5,597 5691 p-=
al. Scale of + + + + 0.39
(2024) Empathy 0.422 0.509 0.468 0.490
(SE)
Tomy et Jefferson 42 32 10 1135 1223 1157 1198 p=0.
al. Scale of 0 1 0 0 142
(2023) Empathy
(JSE) -
Student
~Version

Source: Quantiative results from RCTs included
Al-Basri (2019)Error! Bookmark not defined. reported one of the strongest findings,
confirming a statistically significant difference in the mean change of TEQ scores that favored
the VR group. The VR based curriculum group achieved a mean post-test score of 52.18

ISSN 2798-3471 (Cetak) Journal of Innovation Research and Knowledge
ISSN 2798-3641 (Online)



11586

JIRK —_——
Journal of Innovation Research and Knowledge C‘ ' S]nta@
Vol.5, No.10, Maret 2026 G

compared to a pre-test score of 47.11, representing an average increase of 5.07 points. The
reported probability value of p = 0.01 provides a high degree of confidence that the observed
difference was due to the VR intervention rather than chance. In addition, the effect size of
the VR intervention was measured by the author, suggesting a large effect size with a Cohen’s
d value of 0.89. Zare-Bidaki et al. (2022)Error! Bookmark not defined. utilized a VR
simulation of psychosis to reduce mental health stigma and enhance empathy involving 144
medical students. the VR Simulation of Psychosis (VRSP) group demonstrated a significant
increase in total empathy, reporting a mean post-intervention score of 128.76+9.40
compared to a pre-intervention baseline of 118.81+12.50. This study reported a statistically
significant difference in empathy scores between the VR group and the control group (p <
0.000). Mircheraghi et al. (2025)Error! Bookmark not defined. which focused on empathy
toward hypertensive patients in a VR simulation of audiovisual symptoms, reported a
statistically significant mean difference in the JSE scores favoring the VR group as well as
between pre-test and post-test scores in the VR group. The VR intervention group saw their
mean Jefferson Scale of Empathy (JSE) score rise from a pre-intervention mean of
107.26+12.69 to a post-intervention mean of 112.46+12.67. The reported p-value for pre-
test and post-test results in the intervention group was p<0.001 indicating a significance in
the result scores. The reported between-group p-value was p = 0.024 which confirms the
superiority of the VR intervention at the standard level of significance.

Lin et al. (2024)Error! Bookmark not defined. which examined a VR simulation of
depression, failed to find a statistically significant difference in the change of JSE scores
between the VR intervention group and the control group (General Medical Student
Scenario) despite a slight positive mean change between pre-intervention and post-
intervention groups (+0.073). The total JSE score mean increased slightly from 5.485+0.422
to 5.558+0.509 in the intervention group. The authors reported a p-value of p = 0.39 which
is well above the conventional threshold for statistical significance (p < 0.05). Tomy et al.
(2023)Error! Bookmark not defined. compared both immersive VR and screen-based VR
against a passive control. Although the immersive VR groups showed significant within-
group pre-post gains in empathy of +8.81 with a p-value of p < 0.001, the critical comparative
analysis demonstrated no statistically significant difference when the immersive VR was
directly contrasted with the control condition (p = 0.142).

Table 4. Descriptive Statistics of Single Group Pre-post Design

Author (Year) Empath Sampl Mean+SD MeantSD Mean P-
y Scale e (Nygy (Pre-Test) (Post-Test) Differenc value
Used e (Post - for
Pre) chang
e
Nagasundara Jefferson 22 113.94+7.6 122.548.1 +8.6 p<
m etal. (2025) Scale of 0.0001
Empathy
(SE)
Rehl et al. Jefferson 36 88.7+14.6 93.8+16.0 +5.1 0.023
(2024) Scale of
Empathy
Journal of Innovation Research and Knowledge ISSN 2798-3471 (Cetak)
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(SE)
Alieldin etal. Jefferson 19 121.52+47.3 127.474+6.2 +5.94 p<
(2024) Scale of 6 3 0.01
Empathy
(SE)
Kohn et al. Jefferson 10 118.61+7.1 121.447.8 +2.8 NR
(2025) Scale of
Empathy
(JSE)

Source: Quantitative results from pre-post studies included

Of the four studies utilizing a single-group pre-post design, three (75%) reported a
statistically significant increase in the mean empathy scores when comparing pre-
intervention (baseline) results to immediate post-intervention results. 1 study was unable to
report statistical inferences, stating a methodological limitation in sample size, however the
study may portray a trend while unable to provide statistical evidence.

Nagasundaram et al. (2025)Error! Bookmark not defined. reported the strongest
statistical outcome while focusing on a VR paediatric clinical scenario. Mean empathy scores
for the intervention group increased from a pre-VR score of 113.9+7.6 to a post-VR score of
122.5+8.1, representing an average gain of +8.6 points. This increase in the mean empathy
scores was observed and deemed highly significant with a probability value of p < 0.0001.
This result indicates a negligible probability that the observed empathy gain occurred by
chance. In addition, this study also reported a Cohen’s d value of 1.1, suggesting a large effect
by VR intervention on post-intervention empathy scores. Rehl et al. (2024)Error! Bookmark
not defined. utilized a cinematic-VR program to address Opioid Use Disorder (OUD) and
demonstrated a statistically significant improvement in empathy scores after the online cine-
VR training. The mean JSE score for the VR group rose from 88.7+14.6 (baseline) to 93.8+16.0
(post-training). This finding was supported by a p-value of p = 0.023, establishing a
significant measurable positive shift in attitudes toward a stigmatized patient population.
The effect size of the intervention on post-test scores was also calculated and reported
resulting in a Cohen’s d value of 0.40 which suggests a small effect. Alieldin et al.
(2024)Error! Bookmark not defined. focused on VR interventions focused on experiences
of older adults struggling with social isolation. First-year medical students (N=19)
undergoing an immersive VR scenario recorded an average gain of +5.94 points with mean
scores rising from a pre-test average of 121.52+7.36 to a post-test average of 127.47+6.23. A
paired sample t-test on the pre- and post-test JSE scores confirmed a statistically significant
improvement in these empathy levels with a reported p-value of p < 0.01. Kohn et al.
(2025)Error! Bookmark not defined., while lacking statistical support, provided raw data
which showed a directional change consistent with the other studies. Empathy scores
increased from a mean of 118.6+7.1 (Pre-trial) to 121.4+7.8 (Post-trial). This small increase
(+2.8) suggests a potential positive effect, however as no statistical inference was made, it
cannot contribute as statistical evidence.

A complete and thorough analysis of the numerical data reveals a nuanced picture,
encompassing not only studies showing significant success but also those whose findings fell
short of statistical significance. Out of 9 studies, all of them reported an increase in empathy
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levels after exposure to VR intervention, however only 6 reported a statistical significance to
improvements, 2 reported a lack of statistical significance, while 1 failed to report any
inferencial data related to empathy levels.

VR's ability to trigger affective emotional responses that mimic genuine patient
reactions is a key differentiator from traditional didactic or even many simulation
techniques.Error! Bookmark not defined. Empirical evidence supports a correlation
between subjective engagement and measured empathy gains. Specifically, correlation
analyses revealed that a higher perceived sense of presence (r =0.415,p =0.01) and a greater
sense of immersion (r = 0.308, p = 0.049) both demonstrated a statistically significant
positive correlation with total JSE scores.Error! Bookmark not defined. This indicates that the more
realistic and engaging the simulation feels to the trainee, the stronger the resultant empathy
gain is likely to be. VR also consistently demonstrates effectiveness in boossting measurable
components of empathy. Specifically the cognitive component of Perspective Taking which
measures the intellectual capacity to understand another's viewpoint showed statistically
significant increases in both the depression scenario (p = 0.03)Error! Bookmark not
defined. and the pediatric scenario (p < 0.0035). Similarly, Compassionate Care which
represents the affective/behavioral commitment to help and acknowledge patient emotions
also improved significantly in depression (p = 0.01)Error! Bookmark not defined. and
pediatric scenario (p = 0.011).Error! Bookmark not defined.

Overall, VR supports a strong affective and emotional component by triggering
emotional responses identical to those of patients such as feelings of vulnerability, isolation,
and loss of agency as well as effectively targets conditions susceptible to provider stigma such
as Opioid Use Disorder (OUD) and psychosis leading to significant measurable empathy
gains. This makes VR a valuable tool for -cultivating humanism in healthcare and
building emotional intelligence by increasing self-awareness of emotional implications and
implicit biases.

While the preliminary quantitative findings are overwhelmingly positive, this study is
still limited by methodological restraints based upon the quality of the evidence base,
instruments used, as well as flaws in the sustainability and longetivity of the data. A core
constraint is the pervasive reliance on small and convenient samples (N=19Error!
Bookmark not defined., N=22Error! Bookmark not defined., etc.) often derived from
single academic centers. This limits the generalizability of findings across diverse medical
school settings. Another critical gap in the literature is the scarcity of data concerning the
longitudinal persistence of empathy gains. The reported significant increases rely heavily
on immediate post-intervention testing. Only one study included a prolonged follow-up
which provided only self-reported qualitative data on the endurance of the experience after
six months.Error! Bookmark not defined. The heavy reliance on self-reported instruments
(JSE and TEQ) introduces vulnerability to social desirability and subject bias which
potentially inflates the measured empathy scores.

CONCLUSION

The quantitative evidence strongly supports the effectiveness of Virtual Reality
simulations in significantly enhancing empathy levels among medical students which
demonstrates superior gains over traditional didactic and passive comparative methods.
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This efficacy is driven by the unique capability of Immersive VR to induce affective emotional
responses and facilitate deep cognitive perspective taking, therefore converting the
intellectual abstraction of patient experience into tangible and personalized reality.

This study notions that the efficacy of VR translates directly into actionable
applications in the medical education curriculum. VR interventions present substantial
logistical advantages over traditional empathy training modalities like standardized patient
encounters or long term workshops which are often time consuming and resource intensive.
The virtual environment provides a non-judgmental and safe space for learners to make
mistakes and process strong emotional reactions such as feelings of vulnerability or moral
injury without real world patient consequences. A longitudinal curricular approach is
recommended as VR exposure can be delivered early in pre-clinical years
to prime humanistic values and later in clinical years to provide a psychologically safe space
for students to reflect on and cope with difficult real world clinical experiences.

Further research must address the common methodological limitations of the
included studies such as small sample sizes, the reliance on self-reported outcome measures
such as JSE and TEQ, as well as the sustainablity of the data in the long term. Future
investigations should seek to generalize these findings across diverse institutional settings
and integrate objective behavioral metrics such as structured clinical observation during
OSCE:s to verify that the self-reported total empathy gains translate into demonstrable and
improved patient-centered care. Since empathy is known to naturally decline over time and
under systemic pressure, future large scale studies should incorporate quantitative
longitudinal follow-up measures (at 3, 6, and 12 months, etc.) to establish the sustained
impact and determine the necessary "dose" required to prevent the observed gains in
empathy from fading.
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