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Abstract

Background: Public stigma against depression contributes to low employment rates among individuals with depression.
Contact-based educational (CBE) interventions have been shown to reduce this public stigma.

Objective: We investigated the ability of our Virtual Reality Antistigma (VRAS) app developed for CBE interventions to reduce
the stigma of depression.

Methods: Sixteen medical students were recruited and randomized 1:1 to the intervention group, who used the VRAS app
(VRAS group), and the control group, who watched a video on depression. The depression stigma score was assessed using the
Depression Stigma Scale (DSS) and Attitudinal Social Distance (ASD) questionnaire at pre- and postintervention. Feasibility
was assessed in both groups and usability was assessed only in the VRAS group after the intervention. A qualitative study was
performed on the acquisition of knowledge about stigma in both groups based on participants’ answers to open-ended questions
and interviews after the intervention.

Results: The feasibility score was significantly higher in the VRAS group (mean 5.63, SD 0.74) than in the control group (mean
3.88, SD 1.73; P=.03). However, no significant differences were apparent between the VRAS and control groups for the DSS
(VRAS: mean 35.13, SD 5.30; control: mean 35.38, SD 4.50; P=.92) or ASD (VRAS: mean 12.25, SD 3.33; control: mean 11.25,
SD 1.91; P=.92). Stigma scores tended to decrease; however, the stigma-reducing effects of the VRAS app were not significant
for the DSS (pre: mean 33.00, SD 4.44; post: mean 35.13, SD 5.30; P=.12) or ASD (pre: mean 13.25, SD 3.92; post: mean 12.25,
SD 3.33; P=.12). Qualitative analysis suggested that the VRAS app facilitated perspective-taking and promoted empathy toward
the patient.

Conclusions: The CBE intervention using virtual reality technology (VRAS app) was as effective as the video intervention.
The results of the qualitative study suggested that the virtual reality intervention was able to promote perspective-taking and
empathy toward patients.

Trial Registration: University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR) UMIN000043020;
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000049109

(JMIR Form Res 2022;6(5):e28072) doi: 10.2196/28072
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Introduction

Major depressive disorder (depression) is a severe medical
illness accounting for more than 15 million disability-adjusted
life years [1]. Individuals with depression must deal with the
illness itself and the stigma (misconceptions) associated with
depression [2]. One of the causes of stigma is a lack of
knowledge about depression [3]. Stigmatization by the public,
reflected in attitudes such as “people complaining of depression
are weak,” is known as public stigma [3], whereas internalizing
such public stigma and viewing oneself as “weak”
(self-devaluation) is known as self-stigma [4,5]. Public stigma
contributes to a low employment rate of patients with depression
and self-stigmatization by patients [2]. Self-stigma impedes
help-seeking [6]; thus, reducing public stigma toward patients
with depression is crucial. Like the general public, health care
providers may also stigmatize patients, such as viewing
depression as a sign of personal weakness. Such stigma can
consequently affect the quality of care offered to patients [7,8].
Health care providers thus need to be targeted when addressing
issues of stigma surrounding depression.

Many interventions have been conducted to reduce the public
stigma of mental illness [7,9,10]. Among these, contact-based
educational (CBE) interventions have been shown to reduce
stigma against mental illness [10,11]. A CBE intervention,
which is based on the intergroup contact theory, uses contact
with the stigmatized group to provide knowledge, reduce
anxiety, and enhance perspective-taking and empathy toward
the stigmatized group to reduce stigma [12].

Two main avenues are available for a CBE intervention:
in-person [11] and video-based contact, which is a typical
media-based contact [13]. In-person contact requires an actual
patient who provides their testimony in a presentation
[11,14,15]. However, in-person contact has been conducted less
frequently than video-based contact [10] because of the
difficulties in recruiting patients [16] and the negative effects
of identity disclosure. Moreover, the intervention requires
well-trained individuals with a history of mental illness to
deliver the presentation [17]. By contrast, video-based contact
uses premade videos of patients providing testimonies about
their illness [13,18], which is much easier to set up and is more
cost-effective to disseminate [19].

In recent years, virtual reality (VR) has been used for intergroup
contact, promoting perspective-taking and empathy [20-22].
The usage of VR for intergroup contact also allows researchers
to measure and monitor changes in the intergroup interactions
in real time [23]. VR has also increasingly been used in the field
of mental health [24,25] to reduce anxiety, such as interaction
with a virtual spider to help treat arachnophobia (fear of spiders)
[26] and interaction with virtual humans to treat social anxiety
disorder [27]. In addition, VR has been used to reduce the public
stigma of schizophrenia [28-30].

Perspective-taking allows the user to experience a situation
from the perspective of another individual, leading to a better

understanding of others, affecting others’ evaluations, and
enhancing empathy [31,32]. Therefore, it was expected that a
CBE intervention using VR for depression stigma may lead to
improved knowledge of depression, reduction in anxiety, and
an increase in empathy, resulting in an overall reduction in
stigma [12].

In this study, we investigated the ability of the Virtual Reality
Antistigma (VRAS) app, which was developed for CBE
interventions, to reduce the stigma of depression.

Methods

Participants
Participants were recruited online. The study was performed in
August 2019. Participants were recruited from the University
of Tokyo Graduate School of Medicine and School of Medicine.
They were informed about the title and background of the study
through the website. Exclusion criteria included a current
diagnosis of depression or having a history of depression. No
payment or reward was offered or provided for participation in
the trial. The trial was completed within 1 month of recruitment.

VRAS App
The VRAS app was developed for Android OS smartphones
(Google LLC, Mountain View, CA) to be used with a
head-mounted display (HMD). The duration of the VRAS
experience was approximately 5 minutes, and the frame rate
was set to 60 frames per second to reduce the risk of VR
sickness [33].

The VRAS app provides an immersive virtual environment
consisting of three sections (Figure 1). The first section was a
workplace environment experienced from a third-person
perspective, in which the user observed a scene where the patient
was scolded by his boss who stigmatized the patient. The
purpose was to improve understanding toward depression stigma
in a workplace setting from the perspective of a colleague. The
second section was a counseling environment experienced from
a second-person perspective. The user took on the role of a
counselor to ask three questions related to the effect of
depression on the life of the patient. The purpose was to educate
the user about the symptoms of depression and struggles of the
patient. The third section used the first-person perspective; the
user assumed the role of the patient and experienced the
symptoms of depression and workplace stigma, with the purpose
of inducing empathy [34,35].

The VRAS app thus allowed users to interact with a virtual
patient with depression from different perspectives. The virtual
patient provided testimony about his struggles against
depression, as an essential component of CBE interventions
[17,36]. Educational messages for the VRAS app include (1)
messages about the high prevalence of mental disorders, (2)
messages about social inclusion/human rights, and (3) messages
emphasizing that the patient is also a human being [37]. All
three of these message types have been demonstrated to be
helpful in reducing stigma [13,38].
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Figure 1. The three sections of the Virtual Reality Antistigma (VRAS) app. (A) User watches the patient being scolded by the boss due to depression
stigma. (B) User takes on the role of the counselor in listening to testimonies by the patient. (C) User, as a patient, is scolded directly by the boss.

Video Material
Participants in the control group watched the video “I Had a
Black Dog,” written and illustrated by Matthew Johnstone in
collaboration with the World Health Organization. The video
served as the CBE material, because it showed an animation of
a virtual patient, included testimony from the patient about his
struggle with depression [17,36], and replaced false beliefs
about depression with correct information (“myth-busting”)
[17,39]. The video contained educational messages about (1)
the high prevalence of mental disorders, (2) social
inclusion/human rights, and (3) recovery-oriented practices
[37]. These messages have been demonstrated to be effective
in reducing stigma [13,38]. This video was of similar duration
to the VRAS app (about 5 minutes). The Japanese translation

of the official Japanese picture book “I Had a Black Dog” was
used as the subtitle for the video.

Trial Design
This was a randomized, controlled pilot study combined with
a qualitative study to compare the effect of the VRAS app and
video materials on depression. Participants were randomized
1:1 to the intervention group (VRAS group) or control group
(Figure 2). Randomization was performed by randomly
allocating a number from 0 to 1 to each participant using
Microsoft Excel software. Randomization, enrollment, and
assignment of participants were performed by the main
experimenter overseeing the trial. Neither the participants nor
experimenters were blinded in this study.

Figure 2. Flowchart of the study. VRAS: Virtual Reality Antistigma.

By referring to a previous study using similar scales [40], the
sample size was calculated to allow performance of an
independent-samples t test with a significance level (α) of 5%,
power of 80%, mean difference of 0.75, and standard deviation
of 0.5. The number of participants required was calculated as
eight per group.

The flow of the trial was as follows. The participant first
provided informed consent, completed a set of preintervention
questionnaires (participant’s knowledge of depression and
stigma, Depression Stigma Scale [DSS], and Attitudinal Social
Distance [ASD]), and was randomized to the VRAS group or
control group. Participants in the VRAS group used the VRAS
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app, whereas those in the control group watched the video
material. After using the VRAS app or watching the video, the
participant immediately completed a set of postintervention
questionnaires (DSS, ASD, and feasibility scale for both groups,
and a usability scale for the VRAS group only). Participants
were required to complete all three sections of the VRAS app.
No changes were made to the VRAS app between recruitment
and the end of the trial period. The trial was conducted
face-to-face with one participant at a time, and only once per
participant. The duration of the trial was 30 minutes. Participants
in the VRAS group were instructed to stop immediately if they
experienced any VR sickness during the VR experience.

Outcomes
The preintervention survey measured participants’ knowledge
of depression and public stigma, as well as the degree of stigma.
To measure the degree of public stigma, we used the following
vignette of an individual with depression (the Japanese version
was used for this study) [41,42]:

John is 30 years old. He has been feeling unusually
sad and miserable for the last few weeks. Even though
he is tired all the time, he has trouble sleeping nearly
every night. John doesn’t feel like eating and has lost
weight. He can’t keep his mind on his work and puts
off making decisions. Even day-to-day tasks seem too
much for him. This has come to the attention of his
boss, who is concerned about John’s lowered
productivity.

The DSS was used for participants to describe the individual in
the vignette along a 5-point Likert scale; a higher DSS score
indicates less stigmatization [40,41]. The ASD (also on a 5-point
Likert scale) was used to measure the willingness of participants
to have contact with the individual in the vignette; a lower ASD
score indicates greater willingness [43].

A feasibility scale was also used to assess the feasibility of the
VRAS app and video material as an educational tool. A usability
scale was used to evaluate the usability of the VRAS app. Both
the feasibility and usability scales were modified from the
Web-Based Learning Tool (WBLT) [44] and used a 7-point
Likert scale (1=strongly disagree, 4=agree, 7=strongly agree).

Statistical Analysis
A t test was applied to the pre- and postintervention results for
within- and between-group comparisons. Data were analyzed

using the Python programming language (Python 3.6.9; Python
Software Foundation) [45], with the significance level set at
α=.05.

Qualitative Study
Open-ended questions were provided for participants to answer
after the intervention. All questionnaires were self-administered.
Participants in both the VRAS and control groups were asked
to describe what they understood about stigma against
depression after their experience and were told to write “none”
if they still did not understand stigma after the intervention.
Participants in the VRAS group were asked about their overall
impressions on the features of the VRAS app and if there were
any features in need of improvement. Participants in the control
group were given an opportunity to experience the VRAS app
after the experiment and were then interviewed regarding the
VRAS app and video material.

The results of the qualitative studies were analyzed using
MAXQDA2022 software (VERBI Software, Berlin, Germany)
and were coded by two authors (HO and LW) based on the
mediators of intergroup contact: “Knowledge acquisition,”
“Anxiety reduction,” “Perspective-taking,” and “Empathy” [12].

Ethical Considerations
The study is registered at the University Hospital Medical
Information Network Clinical Trials Registry (UMIN-CTR;
UMIN000043020). Trial registration was completed
retrospectively because ethics approval was obtained from the
Research Ethics Committee of The University of Tokyo
(approval number 2019099NI) before conducting the trial.

Results

Participant Characteristics
Eighteen students volunteered for this study and disclosed their
medical history of depression. Two volunteers were excluded
from the study due to a history of depression. The remaining
16 students completed the trial and their data were analyzed.
The characteristics of participants at baseline are provided in
Table 1. Before the intervention, 50% of participants in the
VRAS group and 63% of participants in the control group
showed some degree of knowledge about stigma against
depression (Table 1). All participants in both groups completed
the trial (VRAS app and video).
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Table 1. Participant characteristics at baseline (N=16).

P valueControl group (n=8),
n (%)

VRASa group (n=8),
n (%)

Total sample (N=16),
n (%)

Characteristics

.25Sex

1 (13)3 (38)4 (25)Male

7 (87)5 (62)12 (75)Female

.30Student status

8 (100)7 (88)15 (94)Graduate student

0 (0)1 (12)1 (6)Undergraduate student

>.99Knowledge about depression as a medical illness

8 (100)8 (100)16 (100)Yes

000No

.52Contact with a patient with depression

7 (88)6 (75)13 (81)Yes

1 (12)2 (25)3 (19)No

.11Have received education on depression

7 (88)4 (50)11 (69)Yes

1 (12)4 (50)5 (31)No

.61Knowledge about stigma against depression

5 (63)4 (50)9 (56)Yes

3 (37)4 (50)7 (44)No

aVRAS: Virtual Reality Antistigma app.

DSS Scores
No significant differences between the intervention and control
groups were identified for the nine DSS items preintervention
(P=.81) or postintervention (P=.92) (Table 2). In addition, none
of the nine items differed significantly between pre- and
postintervention. After the intervention, the mean scores for

both the VRAS and control groups tended to increase
(suggesting decreased stigma); however, these differences were
not significant (P=.12 and P=.15, respectively) (Table 2). For
the VRAS group, a significant decrease in stigma was seen only
for the item “People with this problem are unpredictable”
(P=.01). In the control group, no mean score was significantly
different before and after the intervention.
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Table 2. Detailed Depression Stigma Scale scores pre- and postintervention.

Control group (n=8)VRASa group (n=8)Item

P valuebPost, mean (SD)Pre, mean (SD)P valuebPost, mean (SD)Pre, mean (SD)

.694.13 (0.83)4.00 (0.76).084.38 (1.06)4.00 (1.07)1. Person could snap out of the problem

.564.25 (0.89)4.00 (0.76).604.50 (0.76)4.38 (0.74)2. Problem is a sign of personal weakness

.604.38 (0.92)4.25 (0.89).354.38 (0.74)4.25 (0.71)3. Problem is not a real medical illness

.144.00 (0.76)3.38 (0.52).294.38 (0.52)4.00 (0.76)4. People with this problem are dangerous

.524.38 (0.74)4.13 (0.99)1.004.25 (0.71)4.25 (0.71)5. Avoid people with this problem

.693.50 (0.76)3.38 (0.52).014.13 (0.64)3.25 (0.46)6. People with this problem are unpredictable

.083.63 (0.52)3.25 (0.89).452.88 (1.25)3.13 (0.99)7. If I had this problem, I would not tell any-
one

>.993.63 (0.74)3.63 (0.74)>.993.25 (1.04)3.25 (1.04)8. I would not employ someone with this
problem

>.993.50 (1.07)3.50 (1.07).173.00 (1.20)2.50 (1.20)9. I would not vote for a politician with this
problem

.1535.38 (4.50)33.50 (3.46).1235.13 (5.30)33.00 (4.44)Total personal stigma

aVRAS: Virtual Reality Antistigma app.
bTwo-tailed paired t test.

ASD Scores
No significant difference in the mean total ASD score between
groups was evident preintervention (P=.49) or postintervention
(P=.47) (Table 3). None of the five items in ASD differed
significantly from pre- to postintervention for either group.
Tendencies toward a decrease in the mean total score, suggesting
increased willingness for contact, were seen in both the VRAS

and control groups, but the differences were not significant
(P=.21 and P=.11, respectively) (Table 3). For the VRAS group,
only the score for the item “Make friends with the person”
showed a significant increase in willingness after the
intervention (P=.03). In the control group, no items showed
significant differences in mean scores before and after the
intervention.

Table 3. Attitudinal Social Distance scores pre- and postintervention.

Control group (n=8)VRASa group (n=8)Item

P valuebPost, mean (SD)Pre, mean (SD)P valuebPost, mean (SD)Pre, mean (SD)

.202.38 (0.52)2.75 (0.71).602.75 (0.89)2.88 (0.83)1. Move next door to the person

.352.00 (0.53)2.13 (0.64).602.25 (0.89)2.38 (0.92)2. Spend an evening socializing with the
person

.352.38 (0.52)2.25 (0.46).032.13 (0.64)2.63 (0.74)3. Make friends with the person

.082.00 (0.53)2.38 (0.74)>.992.50 (0.76)2.50 (0.93)4. Work closely on a job with the person

.352.50 (0.53)2.63 (0.52).172.63 (0.74)2.88 (0.99)5. Have the person marry into the family

.1111.25 (1.91)12.13 (2.03).2112.25 (3.33)13.25 (3.92)Total score

aVRAS: Virtual Reality Antistigma app.
bTwo-tailed paired t test.

Feasibility Scale
The perceived feasibility of the interventions was compared
between the two groups (Table 4). No significant difference
was seen for the items “This intervention provides useful
knowledge related to stigma” or “I think this intervention is an
appropriate educational tool to learn about depression stigma”

between groups (P=.17 and P=.26, respectively). However, a
significant difference in score was identified for “I understood
depression stigma through this intervention,” suggesting that
participants in the VRAS group had gained a better
understanding of stigma against depression postintervention
compared to the control group.
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Table 4. Detailed scores of the feasibility scale.

P valuebControl group (n=8), mean (SD)VRASa group (n=8), mean (SD)Questions

.174.50 (1.31)5.38 (1.06)1. This intervention provides useful knowledge related to stigma

.264.50 (2.00)5.50 (1.31)2. I think this intervention is an appropriate educational tool to
learn about depression stigma

.033.88 (1.73)5.63 (0.74)3. I understood depression stigma through this intervention

aVRAS: Virtual Reality Antistigma app.
bTwo-tailed unpaired t-test.

Usability Scale
Based on a score range of 1 to 7, the mean scores for the items
“This VR experience is physically stressful” and “This VR
experience is mentally stressful” were 3.13 (SD 1.73) and 2.75
(SD 1.58), respectively, suggesting that users did not find the
VRAS experience to be particularly stressful. Participants also
did not find the VR experience to be “long” (mean 1.75, SD
0.71) or “boring” (mean 1.75, SD 0.71). The mean score for “I
had VR sickness during this VR experience” was 1.63 (SD
1.19), suggesting that users did not experience severe VR
sickness using the VRAS app. No technical issues with the
VRAS app were reported, and all participants managed to
complete the VR experience without any difficulties.

In terms of feedback on features of the VRAS app in need of
improvement, participants commented that they hoped to learn
about methods to better deal with individuals suffering from
depression, a refresher section to reinforce the knowledge
gained, more scenarios emphasizing recovery, and scenarios
involving family members of the patient.

As for the overall impression of the VRAS app, the following
feedback was received from participants: “The VRAS
application contains good educational content,” “The usage of
perspective-taking from a third-person to a first-person
perspective provided a better understanding of depression
stigma,” “The scenario seems exaggerated and might not happen
in a real-life situation,” “I experienced some delay in movement
in the virtual world,” and “I think that the VRAS application
would be useful as a training tool for managers.”

Qualitative Analysis
The total number of comments in the VRAS group (n=8) was
33 and that in the control group (n=8) was 6. Three participants
in the control group commented “none” related to their
understanding of stigma. In the VRAS group, 14 sentences were
related to knowledge acquisition, 4 sentences were related to
perspective-taking, and 2 sentences were related to empathy.
In the control group, 5 sentences were related to knowledge
acquisition and 1 sentence was related to empathy; however,
there was no comment related to perspective-taking. In both
groups, none of the comments was related to anxiety reduction.
The other comments in the VRAS group were related to the
usability of the VRAS app.

All eight participants in the control group were interviewed on
the VRAS experience after the video experience, with two
sentences pertaining to knowledge acquisition and one sentence

each pertaining to perspective-taking and empathy, respectively.
There was no sentence on anxiety reduction.

Typical comments regarding knowledge acquisition in the
VRAS group included “I learned that colleagues and superiors
discriminate against patients with depression by viewing them
as lazy and weak despite being sick,” “Stigma worsens
depression,” and “A lack of knowledge causes stigma.” A typical
comment indicating a shift in perspective was “I think I was
able to understand the patient with depression better as I was
able to experience third, second perspective, and first-person
perspectives.” Typical comments on empathy included “I
understood people with depression from many angles,” “I can
understand the patient from many different perspectives,” and
“I realized that the stigma of depression makes it difficult for
patients to have their symptoms understood by those around
them, and it also makes them feel bad, which worsens their
depression.”

In the interviews conducted with the participants in the control
group after testing the VRAS app, the following comments were
made: “I can understand the patient’s feelings in the VR
environment,” “The VR experience was useful to understand
the patient’s story,” “VR is better than video because it is more
immersive,” and “I can concentrate better in VR.”

Discussion

Principal Results
We compared the effect of the VRAS app developed for CBE
interventions with that of a video intervention on reducing
stigma related to depression. CBE using the VRAS intervention
was as effective as the video intervention. The qualitative study
suggested that the VRAS intervention generated more empathy
for patients with depression by shifting users’ perspectives to
that of the patient.

In the following, the results are discussed in accordance with
the mediators of intergroup contact for reducing public stigma
mentioned above (ie, knowledge acquisition, anxiety reduction,
perspective-taking, and empathy).

Knowledge Acquisition
Although there was a decrease in stigma after the intervention
in the VRAS group, the difference was not statistically
significant. We speculate that this may be due to the educational
content of the VRAS app. As the VR experience was limited
to approximately 5 minutes to reduce the risk of VR sickness
[33], we included only educational messages designed to reduce
stigma [13,38], such as messages about the high prevalence of
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mental illness and social inclusion/human rights, as well as “see
the person” messages [37]. A recent study also showed that the
inclusion of biomedical content (eg, the biological mechanisms
underlying mental illness, including neurotransmitters such as
dopamine and serotonin) could reduce stigma [46]. Thus, the
knowledge gained from the VRAS experience may have been
insufficient to reduce depression stigma.

To ensure that the participants had a similar background and
knowledge of depression, only medical students were enrolled
in this study. Biomedical content may have been particularly
relevant to improve the effectiveness of the VRAS app in this
population. The lack of such content may have affected the
stigma scores. However, the optimal educational content to
reduce stigma is controversial [47]. In any case, providing
knowledge appropriate to the participant is essential [48]. We
believe that VR technology can accomplish this, because it
enables cost-effective modification of educational content to fit
the demographic characteristics of the user.

The results of the qualitative study suggested that the VRAS
group acquired knowledge about stigma more readily than the
control group. This may be attributed to the fact that the VRAS
app deepened the user’s understanding of stigma by allowing
them to meet the virtual patient in a virtual world and experience
their behavior and speech in environments similar to the real
world. In addition, the participants in the VRAS group
commented that the different perspectives of the VRAS app
enhanced their understanding of stigma, which was reflected
by the results of superior knowledge acquisition in the VRAS
group. The usage of the VRAS app for the CBE intervention
also overcame some of the difficulties such as ethical issues
associated with face-to-face interactions with patients.

Anxiety Reduction
None of the comments from the participants indicated a
reduction in anxiety. A prior study using VR to reduce the
stigma of schizophrenia showed a reduction in stigma only for
participants who liked the person encountered, suggesting that
a more positive evaluation of the virtual patient may lead to a
reduction in anxiety [28]. However, because schizophrenia and
depression have different symptoms, we did not measure the
anxiety level of the participants.

Perspective-taking and Empathy
An advantage of VR interventions is the incorporation of
perspective-taking to stimulate empathy. Perspective-taking
and empathy have been suggested to be helpful in reducing
stigma toward others [12,31,32]. The VRAS app utilized a
third-person perspective to provide a short example of stigma,
a second-person perspective to allow the user to learn about the
struggles of patients with depression, and a first-person
perspective to put the user “in the shoes” of a patient to
understand the experience of having depression and being
stigmatized. From the results of the qualitative analysis, it was
suggested that the VRAS experience was able to induce empathy
and perspective-taking in the participants. However, the total
task duration of 5 minutes may have been insufficient to enhance
the empathy required, as reflected by the nonsignificant
reduction in stigma. Although the optimal duration of intergroup

contact is contentious and requires further research [23], VR is
immersive and may be a suitable tool to assist in inducing
empathy in a short duration.

Usability of the VRAS App
Hardware issues also affected the results of this study. The high
latency in the virtual world may have negatively affected
knowledge acquisition, undermining the effectiveness of the
VRAS app. In the qualitative study, some participants
commented that they experienced a delay in movement in the
virtual world. Latency is defined as the delay before data transfer
begins after an instruction to enact transfer. A latency of >50
milliseconds has been reported to lead to unpleasant VR
experiences by reducing the sense of presence in the virtual
world [49]. This may have undermined the learning effectiveness
of the VRAS app [50]. The VRAS app was developed for use
with Android OS smartphones and an HMD; however,
smartphones are generally inadequate for VR apps because of
latency issues [51]. The VRAS app had an average latency of
approximately 70 milliseconds, which may have degraded the
user experience and negatively impacted learning [52].

All participants managed to complete the entire VR task without
any issue. Although the VRAS app had high latency, we
improved its usability by restricting the duration to about 5
minutes to reduce the risk of VR sickness. Frame rate has been
shown to affect performance more than latency [53]. We
therefore developed the VRAS app to run at approximately 60
frames per second, which is considered sufficient [33].

Regarding the usability of the VRAS app, most participants did
not find the VR experience to be physically or mentally stressful,
or overly long, and none of the participants experienced VR
sickness. Participants also did not find the VR experience to be
boring or tedious. This may be due to the scenario design of the
VRAS app in which participants interacted with the patient in
different roles through the three sections. Interaction within a
virtual world has been shown to improve user engagement with
the learning materials and to make learning more enjoyable
[54].

Limitations
To our knowledge, this is the first randomized controlled pilot
study combined with a qualitative study aiming to reduce the
stigma of depression via a CBE intervention using VR
technology compared to a video intervention. This study had
several limitations. First, the participants and instructor were
not blinded, which may have affected motivation. Second, the
sample size was small; thus, further, larger studies are needed
to validate the effectiveness of the VRAS app. Third, the
baseline level of depression stigma in this study was low;
therefore, the app should be tested in a population with a higher
level of stigma. Fourth, the VRAS app focuses on the workplace
environment; scenarios involving environments such as schools
and the home are needed to expand its scope. Fifth, the duration
and content of the video materials were similar, but not identical,
to those of the VRAS app. Therefore, the validity of the video
control needs to be examined. Sixth, because no suitable
feasibility scale for this intervention type has been reported, we
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adapted items from the WBLT rating scale to create our scale,
which needs to be validated in further studies.

Conclusions
The CBE intervention using VR technology (VRAS app) was
as effective as a video intervention. The qualitative study

suggested that the VR intervention was able to enhance empathy
for patients, attributed to the perspective-taking. Further research
with a larger number of participants is warranted.
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