!,'{’ul I1=1'I lg !l“{’l-}ml”l!‘@l & ‘q September & October 2025. Volume 15. Number 5

Research Paper \ )
Enhancing Compassionate Care: Virtual Reality
Boosts Medical Students Empathy Toward
Hypertensive Patients

Seyed Farzin Mircheraghi' (9, Majid Khadem-Rezaiyan?? (©, Abbas Ali Zeraati*"

1. Department of Internal Medicine, School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.

2. Medical Sciences Education Research Center, Mashhad University of Medical Sciences, Mashhad, Iran.

3. Department of Community Medicine, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.

4. Kidney Transplantation Complications Research Center, Faculty of Medicine, Mashhad University of Medical Science, Mashhad, Iran.

Use your device to scan

and read the atict online (#IEILETE) Mircheraghi SF, Khadem-Rezaiyan M, Zeraati AA. Enhancing Compassionate Care: Virtual Reality Boosts
; Medical Students’ Empathy Toward Hypertensive Patients. Journal of Research & Health. 2025; 15(5):493-504. http://dx.doi.
org/10.32598/JRH.15.5.2582.1

d | http:/dx.doi.org/10.32598/JRH.15.5.2582.1

ABSTRACT

Background: Hypertension is a major public health problem that may lead to cardiovascular,
renal, visual, and auditory complications. According to previous studies, besides pharmacological
treatments, other factors are also effective in controlling hypertension, such as healthcare
providers’ empathy toward patients. As an innovative tool, virtual reality (VR) has been used in
recent years to promote empathy. This study aimed to investigate the effects of VR on the empathy
of medical students, medical residents, and fellowship students toward hypertensive patients.

Methods: In this experimental study, 198 medical learners, after stratification based on their
program level, were randomly assigned to the VR (intervention) group and the pamphlet (control)
group. At first, both groups filled out the Jefferson scale of empathy (JSE) questionnaire. Seven
days later, participants in the VR group were exposed to a VR scenario under normal audiovisual
conditions for the first minute, followed by exposure to visually simulated glaucoma, macular
edema, cataract, and vitreous hemorrhage, accompanied by a simultaneous tinnitus sound
as visual and auditory complications of hypertension. The participants in the control group
were exposed to a written pamphlet about visual and auditory complications of hypertension.
Afterward, both groups answered the JSE Questionnaire again. Finally, 93 participants from the
VR group and 88 participants from the control group were eligible for analysis.

Results: The results showed that although there was no statistically significant difference between
both groups in the empathy scores at the pre-intervention phase (P=0.706), after exposure to VR and
pampbhlet, the empathy scores of the VR group (112.46+12.67) were significantly higher than those
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Introduction

ypertension (HTN) is regarded as a major
public health problem [1, 2]. According
to estimates, more than 1.2 billion peo-
ple around the world are suffering from
HTN [3], and HTN is the cause of death
in more than 7.8 million people per year
worldwide [4]. On the other hand, HTN
is considered the most common modifiable risk fac-
tor for cardiovascular disease [5] and the second most
common cause of chronic kidney disease (CKD) [6]. It
is also regarded as a predisposing factor for many other
complications, including stroke [7], retinopathy [8], cat-
aracts [9], and hearing disorders [10].

According to recent studies, the prevalence of HTN
in the Iranian population is estimated to be about 25%
in adults and 42% in the elderly [11]. Despite the high
importance of blood pressure control, various factors
prevent its implementation. These factors are classified
as factors related to healthcare providers, the patient,
and the health system [12]. In this regard, the empathy
of healthcare providers toward hypertensive patients is
considered one of the factors that affect the performance
of healthcare providers [13]. Empathy is generally con-
ceptualized as the capacity to perceive and share the
feelings of another person [14]. Some researchers have
shown that enhancing the empathy of physicians and
nurses toward hypertensive patients has a positive effect
on controlling their blood pressure level [13]. Thus, it
seems that improving the empathy in healthcare provid-
ers could be a reasonable non-pharmacologic approach
to the management of HTN.

In recent years, new technologies, such as virtual real-
ity (VR) simulators, have allowed physicians and medi-
cal students to experience situations in an immersive
way [15] that was not possible before. Some research-
ers have used VR simulators to evaluate their effect on
the empathy of physicians and medical students toward
patients [16]. The potential of exploiting VR to increase
empathy is so promising that several researchers have
referred to VR technology as the “Empathy Machine”
[17]. So far, there has been no research investigating the
possible effects of VR technology on empathy toward
hypertensive patients. Therefore, the present study was
conducted to evaluate the effects of VR simulators on
the empathy of medical students, internal medicine resi-
dents, and fellows toward hypertensive patients. Due to
previous reports about the possible positive effects of en-
hanced empathy on patients’ blood pressure control [13],
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the results of this study could have important implica-
tions for the non-pharmacologic management of HTN.

Methods
Sampling strategy

This experimental research was conducted from 2023
to 2024 in Ghaem and Imam Reza Hospitals of Mash-
had University of Medical Sciences in Iran. The subjects
were selected from medical students, internal medicine
residents, and fellows who had a clinical course from
2023 to 2024 in the internal medicine wards of the men-
tioned hospitals.

In this study, the stratified randomization technique
was used. Accordingly, stratification was done based on
the educational program, including the general medi-
cine program, internal medicine residency, and internal
medicine-related subspecialty fellowship program. The
samples in each stratum were randomly assigned to VR
or pamphlet groups based on the numbers created by
Random Number Generator Software, version 1.4. Due
to the large number of students in the general medicine
program, the calculation of the required sample size in
this stratum was based on the statistical parameters of the
most relevant study [16], considering a: 0.05 and : 0.20
(80% statistical power), along with an estimated dropout
rate of about 10%. This led to the determination of 45
samples for each group (90 samples for both groups) as
the minimum requirement. Owing to the limited number
of internal medicine residents and internal medicine-re-
lated fellows, all eligible participants in these two strata
were considered potential participants and were random-
ly assigned to the VR and pamphlet groups.

Study design

Eligible participants who completed the informed con-
sent form were included in the study. After entering the
study, the participants were placed in one of the control
(pamphlet) or intervention VR groups utilizing the strati-
fied randomization technique. Subsequently, the partici-
pants in both groups completed the Jefferson scale of
empathy (JSE) [18]. A week after the study’s first phase,
the second phase was implemented. The participants of
the control group were given an educational pamphlet
about visual and auditory complications of HTN, and
the JSE was given to them again. The participants of the
intervention group were exposed to the VR simulator of
visual and auditory complications of HTN. After this en-
counter, the JSE was given to the intervention group as
well. Finally, the JSE related to the study’s second phase
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was also collected from the participants of both groups,
and along with the JSE of the first phase, entered the
analysis stage.

Inclusion criteria

This study enrolled medical students, internal medicine
residents, and fellows experiencing a clinical educational
course at Ghaem and Imam Reza Hospitals of Mashhad
University of Medical Sciences between 2023 and 2024.

Exclusion criteria

Confirmed diagnosis of HTN in candidates, previ-
ous experience in educational courses using medical
VR simulators, and withdrawal from the research were
exclusion criteria of this study. Owing to the unknown
safety profile of VR for pregnant women, the potential
risk of falling due to immersion in the VR environment,
and to prevent probable bias that may result from the
density of pregnant women in the control group, preg-
nancy was also considered an exclusion criterion.

Blinding strategy

Due to the apparent differences between the tools used
in the intervention and control groups, it was impossible
to blind the participants and researchers. However, the
data analyzer was blinded during the analysis.

Intervention materials

In this study, depending on the randomization results,
each participant was placed in one of the VR or pamphlet
groups.

The VR simulator for visual and auditory complica-
tions of HTN was developed using the C# programming
language in the Unity3D game engine. The virtual envi-
ronment and 3D models were designed using Blender
and 3ds Max software before being transferred to the
Unity3D game engine. In order to produce the visual ef-
fects related to macular edema, cataracts, vitreous hem-
orrhage/retinal detachment, and glaucoma in the virtual
environment of the VR simulator (Figure 1), the images
and descriptions presented in the articles and scientific
sources were applied as a guide [19-21]. After obtaining
permission from the “British tinnitus association” and its
official website [22], authentic tinnitus sample sounds
available on this website was used as the source of tin-
nitus sound applied in the VR simulator [23]. The HTC
Vive head-mounted display, along with its controllers,
was used to run the VR simulation in a secure 2x3 m
area (Figure 1). An assistant was present in the simula-
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tion room as a safety observer throughout the entire du-
ration of the VR simulator’s use to prevent possible acci-
dents and assist the participants. However, no accidents
occurred during the use of the VR simulator throughout
the study.

In the VR scenario, the kitchen environment of a house
was displayed, with several dishes on the table and some
cabinets, and the learner had to transfer them to the sink.
In the first minute, this process was done with normal
sound and images representative of normal audiovisual
conditions; in the second minute, the tinnitus sound was
active. In the next 4 minutes, the images of the kitchen
environment were published with the simulation of im-
paired vision based on “macular edema”, “glaucoma”,
“cataracts” and ‘“vitreous hemorrhage/retinal detach-
ment” without any abnormal sounds, and in the last
minute of the simulation, the learners could experience
the visual abnormality of “vitreous hemorrhage/retinal
detachment™ and tinnitus sound, simultaneously (Figure
1). The termination of the VR simulation was set for the
end of the 7t* minute.

On the other hand, the educational pamphlet on the vi-
sual and auditory complications of HTN consisted of a
6-page text featuring color images that depicted normal
vision as well as images of the visual complications of
HTN, such as cataracts, glaucoma, macular edema, and
vitreous hemorrhage/retinal detachment. Additionally, a
section of the text included the definition and descrip-
tions of tinnitus as an auditory complication of HTN.
The allowable time to read the pamphlet was 7 minutes,
and its scientific content was equivalent to that presented
in the VR simulator.

Data collection tool

To evaluate the participants’ empathy in this study,
the Persian version of the Jefferson scale of empathy
for physicians and health professionals (JSE-HP) [24]
was used. The original form of this questionnaire was
designed by Hojat et al. [18]. Shariat et al. translated
this questionnaire into Persian and confirmed its validity
and reliability [24]. The JSE is a questionnaire consist-
ing of 20 questions, each with 7 response options based
on the Likert scale, ranging from strongly disagree (1
point) to strongly agree (7 points). The scores from both
positive and negative questions are summed, and each
participant’s final empathy score is obtained by adding
the scores of all 20 questions. Therefore, the final score
can range from 20 to 140 [18].
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Statistical analysis

Data analysis was done using SPSS software, version
16. The Kolmogorov—Smirnov test was used to check
the data for normal or non-normal distribution. Quantita-
tive variables were described using Mean+SD, median,
and quartiles. Qualitative variables were described using
frequency and percentages. Subsequently, a paired t-test
and an independent t-test were used to compare paramet-
ric data, and the Mann-Whitney U and Wilcoxon tests
were used to compare and analyze non-parametric data.
Cronbach’s o was also used to confirm the reliability of
the questionnaire. All tests were two-tailed, and a P<0.05
was considered statistically significant.

Results

Initially, 198 learners participated in this research.
However, due to reasons, such as the refusal of the par-
ticipants to continue the study or the emergence of exclu-
sion criteria, 17 of the participants were excluded from
the research. Finally, the data of 181 participants reached
the analysis stage. Regarding division based on partici-
pation in the intervention or control groups, 93 subjects

Table 1. Demographic characteristics of participants
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were in the intervention group VR, and 88 were in the
control group (pamphlet). Detailed demographic fea-
tures of participants are shown in Table 1.

In analyzing the results extracted from the pre-inter-
vention phase questionnaires, considering the non-para-
metric nature of the VR group data and the parametric
nature of the pamphlet group data, the Mann-Whitney
U test was used to compare the empathy scores obtained
from the JSE (Table 2). The test showed no significant
difference between the scores of the two groups in the
pre-intervention phase (P=0.7006).

In contrast, empathy scores derived from the JSE
in both the VR and pamphlet groups in the post-inter-
vention phase were normally distributed. Therefore,
an independent t-test was used to compare them. Us-
ing the independent t-test, it was observed that, in the
post-intervention phase, the empathy scores of the in-
tervention (VR) group (112.46+12.67) were signifi-
cantly higher than those of the control (pamphlet) group
(108.17£12.59, P=0.024).

No. (%)
Demographics [P
All Participants® VR Group? Pamphlet Group®
Male 92(50.8) 51(54.8) 41(46.6)
Gender 0.33
Female 89(49.2) 42(45.2) 47(53.4)
20-30 132(72.9) 71(76.3) 61(69.3)
Age (y)° 30-40 45(24.9) 20(21.5) 25(28.4) 0.55
>40 4(2.2) 2(2.2) 2(2.3)
Family history of Yes 57(68.5) 64(68.8) 60(68.2) 105
HTN :
No 124(31.5) 29(31.2) 28(31.8)
General medi-
. 95(52.5) 50(53.8) 45(51.1)
cine program
el o] e el 71(39.2) 36(38.7) 35(39.8) 0.90
Program cine residency
Fellowship
Program 15(8.3) 7(7.5) 8(9.1)
[ I
JANAN

&The difference between the VR and pamphlet group; *No significant differences were observed in any of the demographic fac-
tors between the VR and pamphlet groups (the chi-square test of independence was performed); "The mean and median ages
of all individuals in the VR group were 27.62+4.96 and 26 years, respectively, and the mean and median ages of all individu-
als in the pamphlet group were 28.25+5.67 and 27 years, respectively. Using the Mann-Whitney U test (given the non-normal
distribution of the data), no significant difference was observed between the two groups (P=0.59); 'Both groups; *Intervention;

3Control.
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Table 2. Mean+SD, median, and quartiles of the intervention (VR) and control (pamphlet) group in the pre- and post-interven-

tion phases of the study

Indices VR!
Related

Pamphlet?

to Scores
Obtained Median
MeantSD 1
From the Q (Q2)
JSE

Q3

3
Median P

MeantSD Ql (Q2)

Q3

Before inter-

. 107.26+12.69  99.50 109.00 116.00
vention

After inter-

. 112.46+12.67
vention

103.50  114.00 122.00

P4 <0.001"¢

106.77+13.38

108.17+12.59

98.00 108.00 117.00 0.706%

100.25 109.50 116.50 0.024™

0.117*

Abbreviations: Q1: Quartile 1; Q2: Quartile 2; Q3: Quartile 3.

"Significant; 'Intervention group, *Control group, *The difference between groups, *For the difference between before and after

intervention inside each group, ®Mann—Whitney U test, AIndependent t-test, *Wilcoxon test, #Paired t-test.

Drswwy

Note: For comparison between groups, move horizontally in the table. For comparison of pre- and post-intervention in each

group, move vertically in the table.

In comparing the pre- and post-intervention findings in
the intervention (VR) and control (pamphlet) groups, the
indices related to the JSE scores of the VR group in the
post-intervention stage were significantly higher than
those in the pre-intervention stage (P<0.001), but in the
pamphlet group, the indices related to the JSE scores in
the pre- and post-intervention stages did not differ sig-
nificantly (P=0.117). These results were consistent with
the findings mentioned in the previous section (Table 2).

To address the unequal dropout of male and female
participants in the VR and pamphlet groups, a subgroup
analysis based on participants’ gender was conducted,
although the resulting inequality was not statistically
significant (P=0.33). In this subgroup analysis, it was
observed that exposure to the VR simulator significantly
improved the post-intervention scores of the JSE for
both males and females compared to their pre-interven-
tion scores (P=0.017 for males and P<0.001 for females)
(Table 3).

Also, as shown in Table 3, when comparing the differ-
ential scores (JSE score after the intervention minus its
score before the intervention), there was no statistically
significant difference between the male and female sub-
groups, whether exposed to VR (P=0.315) or the pam-
phlet (P=0.744).

In addition, the reliability of the questionnaires related
to the pre- and post-intervention stages was evaluated
using Cronbach’s a coefficient, which was calculated as
0.84 for the pre-intervention questionnaire and 0.85 for
the post-intervention questionnaire.

Discussion

As mentioned in the previous sections, HTN is a major
public health problem [1, 2] with numerous cardiovascu-
lar [5], cerebral [7], renal [6], visual [8, 9], and auditory
[10] complications. It is of great concern to health sys-
tems around the world. Numerous pharmacological and
non-pharmacological factors play a role in controlling
HTN, including the empathy of physicians and health-
care providers toward patients [13].

To improve the empathy of physicians toward hyper-
tensive patients, training courses must be designed, es-
pecially for young learners. However, it should be noted
that with the generational changes that have occurred in
recent decades, the learners present in medical schools,
hospital wards, and also young physicians who play an
essential role in advancing the goals of the health system
in the present and future, mainly belong to generations Y
and Z [25]. Researchers believe that the various charac-
teristics of these two generations are significantly differ-
ent from those of previous generations, such as Genera-
tion X, baby boomers, and the builders’ generation [25,
26]. In the field of education, there is a clear tendency
among Generation Z to use digital equipment, gamifica-
tion, and advanced technologies such as VR, augmented
reality, and mixed reality [25, 26].

The results of the present study are also in line with
the above statements. Specifically, the use of simple text
and color images depicting the complications of HTN
did not significantly change the learners’ empathy to-
ward patients. However, utilizing the VR simulator for
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Table 3. Comparison of the results in gender subgroups

(o

=

loanaenal_of B acaarch £ Haalth!
1 11681 Ul AN DV aILvVIT ALV eLiLil

Difference Between

LELEL LS Int:revf:rrl:ion Inte‘?\z‘:irtion P! !’re and q
Post-intervention
Mean+SD 107.74+14.20 111.88+12.52 4.13+11.54
Q1 99 104 -3
*&
Male M(eggn " i 0.017 .
Q3 117 122 11
VR group Mean+SD 106.69+10.71 113.16+12.98 6.47+10.72
Q1 100 103 0
*s
Female M(e(‘)j;a)‘” 106 s <0.001 .
Q3 114 121 12
p? 0.295¢ 0.631% 0.315%
Mean+SD 107.29+14.37 109.00+13.46 1.70£7.98
Qi1 98 100 -2
$
Male M(‘gjzi;’n 10 o 0.179 .
Q3 119 121 3
Pag”r“cfuh;et Mean£SD  106.31+12.60 107.44+11.88 1.1248.62
Q1 95 99 -5
$
Female M( gjzi?n . 108 0.375 .
Q3 115 114 7
p2 0.738* 0.570* 0.744*
LAl

Abbreviations: Q1: Quartile 1; Q2: Quartile 2; Q3: Quartile 3.

‘significant, 'The difference between before and after intervention inside each subgroup, “For the difference between sub-
groups, (males and females),“Wilcoxon test, *Paired t-test, “Independent t-test,°Mann-Whitney U test.

Note: For comparison between subgroups, move vertically in the table. For comparison of pre- and post-intervention phases
in each subgroup, move horizontally in the table.

visual and auditory complications of HTN significantly
improved the participants’ empathy toward hypertensive
sufferers.

It should be noted that the absence of a significant dif-
ference between the VR and pamphlet groups in the
pre-intervention phase partially confirms the correct
implementation of appropriate measures to eliminate
or adjust confounding factors, including randomization
and stratification of participants. This indicates that the
differences observed in the post-intervention phase were

not due to inherent differences between the intervention
and control groups and that these differences were more
likely related to the interventions.

Also, the results of the analysis of male and female
gender subgroups showed that the positive effect of VR
on improving empathy and its superiority to the tradi-
tional method (pamphlet) are evident in both genders,
and there was no significant difference between the two
genders in improving empathy using VR. Although
previous studies have produced inconsistent and incon-

Mircheraghi SF, et al. Enhancing Compassionate Care: The Impact of VR on Medical Learners’ Perspectives Toward Hypertension Hardships. JRH. 2025; 15(5):493-504.
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Figure 1. VR simulator of visual and auditory complications of hypertension

Note: The upper and middle rows show the 3D and immersive images presented in this VR simulator: The upper right image
simulates normal vision, the upper left image simulates the vision of people with glaucoma, the middle right image simulates
the vision of people with macular edema, and the middle left image simulates the vision of people with cataracts. The pictures
of the lower row show an internal medicine resident experiencing the VR simulator of visual and auditory complications of
hypertension using an HTC Vive headset.

Mircheraghi SF, et al. Enhancing Compassionate Care: The Impact of VR on Medical Learners’ Perspectives Toward Hypertension Hardships. JRH. 2025; 15(5):493-504.
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clusive results regarding the effect of VR on different
genders, it is suggested that larger populations of both
genders be examined in future studies.

Regarding VR, it should be noted that immersion of
learners in simulated environments provides a strong
connection between them and these environments, creat-
ing a suitable opportunity for them to experience situa-
tions that could not be achieved under normal conditions
[15, 17,27, 28]. For example, learners with good vision
and hearing cannot understand the frustrating problems
of patients with visual and hearing disorders unless they
experience the same disorders. Currently, VR is a power-
ful technology that allows users to experience some situ-
ations that patients face without causing significant risks.
Thus, utilizing VR, users have an excellent opportunity
to understand some of the patients’ disorders and prob-
lems [15, 17,27, 28]. This unique opportunity, which has
received more attention in recent years, has introduced
VR as a very suitable tool for promoting empathy [15,
17, 27, 28], so that some experts have dubbed VR tech-
nology the “empathy machine” [17]. Also, recent studies
have shown VR’s positive effects in promoting empa-
thy toward patients with various diseases [16, 29]. The
present study’s finding, which shows the superior effect
of VR compared to traditional educational methods in
promoting empathy toward hypertensive patients, can be
considered a new confirmatory evidence for the impor-
tance of using VR as an “empathy machine” in various
diseases.

It should also be noted that empathy questionnaires are
composed of various components. For example, the JSE
has categorized its questions into three subcategories:
“walking in the patient’s shoes”, “perspective taking”,
and “compassionate care” [18]. By carefully examining
the titles of these subcategories, it can be seen that at
least two subcategories, “Walking in the Patient’s Shoes”
and “Perspective Taking”, can be achieved by using VR
simulators, and these simulators are superior to tradi-
tional educational methods in this regard. Therefore, it
can be expected that VR simulators exert a more positive
impact on empathy and improve scores more in empathy
scales compared to written methods, such as pamphlets.

Currently, there is no similar study investigating the
effect of VR simulators on promoting empathy toward
hypertensive patients. However, VR simulators have
been used for some other diseases, such as empathy to-
ward patients requiring organ transplants and empathy
toward patients with psychosis. For instance, in a study
published in 2021 on 128 Singaporean students aimed
to investigate the effect of VR-based experiences on
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creating empathy and cooperation among Singaporean
students in order to encourage kidney donation, Lee
and Kim noted that the use of VR to experience being
in the shoes of a patient in need of organ donation (kid-
ney) improved empathy and willingness to participate in
organ donation-related activities among the participants
[29, 30]. Also, in a study by Zare-Bidaki et al. in 2022,
which was conducted on 150 Iranian medical students, it
was observed that using a VR simulator of psychosis in
medical students led to improved students’ knowledge
and empathy toward psychosis, compared to traditional
educational methods [16].

It is noteworthy that the mean empathy scores obtained
in both VR and pamphlet groups during the pre- (107.26
and 106.77, respectively) and post-intervention (112.46
and 108.17, respectively) phases were within the ex-
pected range for Iranian learners. According to previous
studies, the mean empathy scores of medical students of
the Islamic Azad University of Mashhad, internal medi-
cine residents of Iran University of Medical Sciences,
and psychiatric residents of Iran University of Medi-
cal Sciences were 73.70, 100.8, and 114.2, respectively
[24, 31]. Also, the calculated Cronbach’s o of the first
and second phases’ questionnaires of this study (0.84
and 0.85, respectively), were consistent with previous
values mentioned in the study by Shariat et al. (Cron-
bach’s 0=0.88) [24] and Hashemipour et al. (Cronbach’s
0=0.83) [32] regarding the reliability of the Persian ver-
sion of the JSE, which strengthens the reliability of this
tool.

Although the present study has paved the way for
studying the effects of using VR technology to promote
empathy toward hypertensive patients, it is recom-
mended that additional studies be performed to examine
the obtained results more closely and gain more robust
evidence in this regard. Like other research, this study
has its strengths and weaknesses. Notable strengths of
this study were the participation of learners of different
educational programs, the focus on the potential effects
of VR simulators in enhancing empathy toward hyper-
tensive patients for the first time, and the good reliability
of the JSE used as the data gathering tool. On the other
hand, the most notable weaknesses of the study were the
limited time and budget, the small number of participants
in residency and subspecialty fellowship programs, and
the unequal dropout of female and male participants in
the intervention and control groups.

To address the weaknesses, we recommend involving
multiple academic and medical centers in future studies.
Utilizing a larger population of participants and the si-
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multaneous participation of multiple academic centers
will not only increase the sample size of learners in resi-
dency and fellowship programs but also strengthen the
generalizability of the results to a broader range of stake-
holders across a wider geographical area.

Moreover, it is suggested that other individuals in-
volved in the care of hypertensive patients, including
nurses, other health professionals, and patients’ family
members, also be considered for encounters with VR
simulators depicting complications of HTN to examine
the effect of these simulators on their empathy.

It is also recommended that, in future studies, the is-
sue of education economics and health economics also
be considered regarding the use of VR simulators in
education, prevention, and treatment of diseases. In ad-
dition to calculating the direct and indirect costs of VR
and similar technologies for medical universities and the
Ministry of Health, the possible positive effects of these
technologies in reducing costs related to disease compli-
cations should also be considered so that by calculating
the cost/effectiveness ratio, more precise policies could
be generated in the field of using new technologies, such
as VR in education, prevention, and treatment of crucial
public health problems.

In this study, based on existing literature and the “ebb-
inghaus forgetting curve,” which indicates a severe de-
cline in recall after one week [33, 34], the interval between
the learners’ exposure to the JSE in the pre- and post-inter-
vention phases was set at one week. However, it is recom-
mended that in future studies, in addition to conducting
the intervention and measuring its results at the end of one
week, the participants’ empathy status be reassessed at
longer intervals to examine the persistence or changes in
empathy caused by the interventions over time.

Conclusion

The present study showed that the use of the VR simu-
lator of visual and auditory complications of HTN has
a significant effect on enhancing empathy in medical
students, internal medicine residents, and fellows toward
hypertensive patients compared to written educational
tools. This indicates that this technology has a higher po-
tential than traditional educational methods and tools in
enhancing students’ empathy toward patients with vari-
ous diseases. Due to previous studies that showed that
enhancing physicians’ empathy toward hypertensive pa-
tients can lead to more efficacious blood pressure control
in these patients, the application of VR as an “Empathy
Machine” can be proposed as a potential therapeutic

September & October 2025. Volume 15. Number 5

strategy in blood pressure control, in addition to the
educational effects of VR. This example explains how
innovative educational technologies could be exploited
as possible solutions for palliating major public health
problems, like HTN.
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