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Abstract

Background: Socia anxiety disorder (SAD) is characterized by excessive fear of negative evaluation and humiliation in social
interactions and situations. Virtual reality (VR) treatment is a promising intervention option for SAD.

Objective: The purpose of this study wasto create a participatory and interactive VR intervention for SAD. Treatment progress,
including the severity of symptoms and the cognitive and emotional aspects of SAD, was analyzed to evaluate the effectiveness
of theintervention.

Methods: Intotal, 32 individualswith SAD and 34 healthy control participantswere enrolled in the study through advertisements
for online bulletin boards at universities. A VR intervention was designed consisting of three stages (introduction, core, and
finishing) and three difficulty levels (easy, medium, and hard) that could be selected by the participants. The core stage was the
exposure intervention in which participants engaged in socia situations. The effectiveness of treatment was assessed through
Beck Anxiety inventory (BAI), State - Trait Anxiety Inventory (STALI), Internalized Shame Scale (ISS), Post-Event Rumination
Scale (PERS), Socia Phobia Scale (SPS), Social Interaction Anxiety Scale (SIAS), Brief-Fear of Negative Evaluation Scale
(BFNE), and Liebowitz Social Anxiety Scale (LSAS).

Results: In the SAD group, scores on the BAI (F=4.616, P=.009), STAI-Trait (F=4.670, P=.004), ISS (F=6.924, P=.001),
PERS-negative (F=1.008, P<.001), SPS (F=8.456, P<.001), BFNE (F=6.117, P=.004), KSAD (F=13.259, P<.001), and LSAS
(F=4.103, P=.009) significantly improved over the treatment process. Compared with the healthy control group before treatment,
the SAD group showed significantly higher scores on all scales (P<.001), and these significant differences persisted even after
treatment (P<.001). In the comparison between the VR treatment responder and nonresponder subgroups, there was no significant
difference across the course of the VR on.
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Conclusions: Thesefindingsindicated that a participatory and interactive VR intervention had a significant effect on alleviation
of the clinical symptoms of SAD, confirming the usefulness of VR for the treatment of SAD. VR treatment is expected to be one

of various beneficial therapeutic approaches in the future.
Trial Registration: Clinical Research

Information Service (CRIS) KCT0003854;

https://cris.nih.go.kr/cris/search/search _result st01.jsp?seq=13508

(J Med Internet Res 2020;22(10):€23024) doi: 10.2196/23024

KEYWORDS

anxiety; social anxiety disorder; virtual reality; intervention; effectiveness; questionnaires

Introduction

Social anxiety disorder (SAD) is characterized by excessive
fear of negative eva uation and humiliation in social interactions
(eg, meeting unfamiliar people) and situations (eg, being
observed while eating or drinking, and performing in front of
others) [1]. Individuals with SAD avoid expressing opinions,
talking to people, and forming friendships with colleagues.
People with high social anxiety tend to negatively interpret
ambiguous social information [2]. Therefore, individuals with
SAD show negative interpersonal behavior, including conflict
and emotional avoidance. This weakens interpersonal
relationships and ultimately leads to social isolation [3]. In
particular, SAD canimpair work, research, and socid life[4,5],
aswell as reduce well-being [6].

Contemporary theories of SAD emphasize the role of cognitive
processes in maintenance of the disorder [7]. Individuals with
SAD fed fear and anxiety about being embarrassed in social
situations. Cognitive aspects of social anxiety include recalling
past experiences of failure and having postevent negative
ruminations, both of which exacerbate anxiety by negatively
predicting future social events[8]. In addition, individualswith
SAD are very sensitive to negative evaluation and socia
rejection [1]. People with internalized shame are likely to
experience anxiety in interpersonal relationships, asthisis based
on awareness of negative evaluations from others[9].

Cognitive behavior therapy (CBT) isan effective treatment that
targets the characteristics of SAD. CBT supposes that when
people who experience social anxiety are exposed to socially
threatening situations, negative thoughts are automatically
evoked, triggering unstable behaviors, emotions, and physical
reactions[10,11]. CBT helpsidentify the unhealthy core beliefs
and rigid personal rules that contribute to socia anxiety, and
then provides various skills and strategies to test and weaken
unhealthy attitudes, and to develop and strengthen alternatives.
However, people with social anxiety symptoms have high
barriers to seeking help from experts due to fear of the stigma
surrounding mental health [12]. Additionally, patientswith SAD
are often not treated as the cost of treatment is high, and it is
difficult to access information about professional treatments
and services available to individuals. Moreover, the waiting
time for treatment is long and the treatment barrier is high due
to limited access to specialized services [13]. Therefore, the
accessibility of CBT via mobile and desktop computers has
beenincreasing [14], and the scope of treatment through virtual
reality (VR) has been expanding recently [15].

http://www.jmir.org/2020/10/€23024/

VR creates a virtual environment that is blocked from the
outside, providing the feeling of being in a new life-sized,
computer-generated environment in which one can beimmersed.
Stereo audio, hand controllers, and eye trackers can be used to
create a much more immersive experience. Safety, cost
effectiveness, and convenience are advantages to using VR in
psychiatric settings. VR can provide exposure treatment to
individuals in a safer way than actual exposure, allowing for a
quick response and change of stimulus factors if patients
experiencedifficulty. It also reducesthe time and costsinvolved
in real exposure treatment [15].

Research has demonstrated the effectiveness of VR for several
psychiatric conditions such as anxiety disorder, eating disorder,
posttraumatic stress disorder, fear of misconduct, and
arachnophobia[16]. VR therapy has an advantage of alleviating
the burden of exposure treatment as it is difficult to configure
specific, appropriate in vivo exposure conditions for people
with SAD [17]. Theeffectiveness of thetherapy can be enhanced
through participatory VR because the patients can participate
directly with the controllers.

In recent VR treatment research, an environment such as a
virtual street, bus, or cafe was created. The results of the
research demonstrated less anxiety and paranoia about social
encountersin everyday life. In addition, patients reported social
interaction anxiety, reduced depressive symptoms, and improved
quality of life after VR treatment [18]. In aV R treatment study
that presented scenarios such as speaking in front of an audience
in a conference room, interviewing, self-introduction, and
talking with relatives in an apartment, this intervention was
effective in aleviating symptoms of socia anxiety [19].
Interactive and participatory VR therapies have the advantage
of providing high-immersion situations for participants. The
incorporation of interactive virtual scenarios into VR therapy
might more adequately target the idiosyncratic fears of
participants with SAD.

The purpose of this study was to create a participatory and
interactive VR intervention for the treatment of SAD and to
eva uate the effectiveness of the intervention as the treatment
progressed. Most VR treatments offer avariety of scenariosto
individuals with SAD, but each scenario has limitations in that
they are not tailored to the patient. In this study, the VR
intervention consisted of scenarios in which the participant
makes a presentation and the response of othersvaried according
to the level of difficulty. This scenario allows for the provision
of patient-specific VR treatment, and is configured to be more
immersive and participatory. The VR scenarios were created
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considering patients with SAD as the target audience. The
intervention was assessed in young adultswith SAD, specifically
comparing the characteristic features of SAD from baseline to
after several intervention sessions.

Methods

Participants

Werecruited individualsfor the SAD and healthy control groups
through advertisementsfor online bulletin boards at universities.
The inclusion criteria for the SAD group were as follows: (1)
Korean-speaking men or women between the ages of 19 and
31 years, (2) met the Diagnostic and Statistical Manua of
Mental Disorders-1V criteria for SAD assessed by
Mini-International  Neuropsychiatric  Interview [20], (3)
individuals who were psychotropic medication—naive without
a psychiatric comorbidity (excluding depressive disorder and
panic disorder), (4) not currently receiving psychotherapy, (5)
no current medical or neurological diagnoses, (6) no history of
psychotic symptomsvulnerableto aV R experience, and (7) not
vulnerableto visua stimuli such as epilepsy. Exclusion criteria
were as follows: (1) previous history of intellectual disability
or organic brain damage, (2) experienced psychotic symptoms
vulnerable to VR experiences, (3) vulnerable to visua stimuli
such as epilepsy, and (4) unsuitable for participation in magnetic
resonance imaging research. Healthy control participants had

http://www.jmir.org/2020/10/€23024/
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no other neurological or psychiatric diagnoses. To determine
whether the intervention had a clear, positive effect on
individuals with SAD, only participants who had a score of 82
or higher on the Korean Social Avoidance and Distress Scale
(KSAD) were enrolled [21]. The KSAD is a measure of the
degree of experiencing anxiety in social situations and the
tendency to avoid, and consists of 28 items assessed on a 5-point
scale. Potential participants completed the KSAD online before
enrollment. After the enrollment of participantswho had ascore
of 82 or higher onthe KSAD, we were ableto collect datafrom
amore homogeneous group of individualswith SAD who clearly
had social anxiety.

A total of 40 patients with SAD and 34 healthy participants
were enrolled in the study. Of these, 8 patients with SAD and
1 healthy control participant dropped out for personal reasons
(eg, time constraints). Thus, atotal of 32 patientswith SAD and
33 healthy control participants completed this study. This study
was part of alarger project that was conducted to evaluate the
effects of interactive and participatory VR solutions using
psychological scales, functional near-infrared spectroscopy,
functional magnetic resonance imaging, and severd
physiological signals. An overview of the entire study is
presented in Figure 1, and among these, only the psychological
scale results were analyzed for this study to reduce distraction
and clarify the subject. Other results will be presented in
subsequent articles.
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Figure 1. Overview of research flow chart for the entire project of participatory and interactive virtual reality (VR) treatment in patients with social
anxiety disorder (SAD). This study reports the results of the analyzed data from the psychological scales. The content in the unshaded boxes represents
different studies that will be presented in other papers. fMRI: functional magnetic resonance imaging; fNIRS: functional near-infrared spectroscopy.
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The study was approved by the KoreaUniversity AnamHospital ~ Participatory and I nteractive VR Intervention for SAD

Ingtitutional Review Board and was conducted in accordance . )

with the Declaration of Helsinki. All participants provided Composition and Content of the VR I ntervention

informed written consent after explanation of the study The participatory and interactive VR intervention for the control

procedures. of social anxiety symptoms consisted of three stages
(introduction, core, and finishing stages) and was divided into
threelevels (easy, medium, and hard) according to the difficulty
of the core stage content. The VIVE (HTC Corporation, Taiwan)
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VR headset was used for the intervention, and the heart rate,
skin tension, and eye movement of the participant during the
VR experience were measured.

In the introduction stage, participants wereinvited to select their
own avatar and learn how to use the VR interface. To help
participants adapt to VR and calm their mind, they partook in
a meditation-based warm-up session. The core stage was the
exposure intervention in which participants engaged in social
situations. The situation was to enter a room where they were
going to meet several other college students who were to
introduce themselves to each other. In the virtual situation, 7 to
8 nonplaying characters appeared and introduced themselves
(Figure 2). Oncethey finished their introductions, the parti cipant

Kimet al

with SAD pressed the record button on the screen to introduce
themselves. The nonplaying charactersin the scenario listened
to the participant’sintroduction, and the level of difficulty (easy,
medium, and hard) was determined according to the nonplaying
characters attitude and degree of reaction to the participant. As
thelevel of difficulty increased, the attitudes of the nonplaying
characterswho listened to the participant’sintroduction changed,
inthat they became more distracted and made small talk among
themselves. At the hard level, one of the nonplaying characters
challenged the participant when they were introducing
himself/herself by saying, “Pleaseintroduce yourself properly.”
The finishing stage presented general cognitive and behavioral
safety guidelines for SAD in both voice and text form in VR
[22].

Figure 2. Screenshots of participatory and interactive virtua reality (VR) treatment in patients with social anxiety disorder, shown from the first- and

third-person views[22].

First-person view

Number of VR Sessions and Procedure

The VR intervention was designed for participants to perform
atotal of 6 sessions. Participants were allowed to perform 2
sessions in arow in a single visit, and the first session was
started at an easy level. During the second session, participants
could select and proceed to their desired level. It was explained
that participants could stop at any time during the VR
experience. Researchers were present throughout the VR
experience to deal with any unexpected situations.

Participants completed a battery of assessments to evaluate the
psychological state before and after the therapeutic VR sessions.
Participants answered the self-reported psychological scales
four times: at baseline (before the VR experience), after the
second VR session, after the fourth session, and after termination
(ie, after the sixth session).

Assessments

Beck Anxiety | nventory

The Beck Anxiety Inventory (BAI) [23] measuresthe occurrence
and severity of anxiety symptoms. The BAl consistsof 21 items
and each answer is scored on a scale of 0 (not at al) to 3
(severely). Higher total scores indicate more severe anxiety
symptoms. We used the Korean version of the BAI (K-BAI)
[24].

http://www.jmir.org/2020/10/e23024/
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Third-person view

State-Trait Anxiety | nventory

The State-Trait Anxiety Inventory (STAI) [25] was designed
to measure state and trait anxiety in research and clinical
practice. State anxiety is defined as a transient, momentary
emotional status that results from situational stress, whereas
trait anxiety represents a predisposition to react with anxiety in
stressful situations [25]. The STAI consists of two subscales
for measuring theintensity of anxiety as an emotional state (20
items) and individual differences in anxiety proneness as a
personality trait (20 items). Each answer is scored on a scal e of
1 (not at al) to 4 (amost always/very much so). We used a
Korean version of the STAI (K-STALI) [26].

Social Phobia Scale

The Social Phobia Scale (SPS) [27] was designed to measure
the level of anxiety and fear in various socia performance
situations. The SPS consists of 20 items and each answer is
scored on ascale of 0 (not at all) to 4 (extremely). We used the
Korean version of the SPS (K-SPS) [28].

Social I nteraction Anxiety Scale

The Social Interaction Anxiety Scale (SIAS) [27] was designed
to measure fear of social interaction situations such as meeting
and talking with other people. Each question is presented in the
form of a self-describing statement that describes cognitive,
emotional, and behavioral responsesin various social interaction
situations. We used the Korean-Social Interaction Anxiety Scale

JMed Internet Res 2020 | vol. 22 | iss. 10 | 23024 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(K-SIAS) [28,29]. The K-SIAS consists of 20 items and each
answer is scored on ascale of 0 (not at al) to 4 (extremely).

Brief-Fear of Negative Evaluation Scale

The Brief-Fear of Negative Evaluation Scale (BFNE) measures
the fear of being negatively evaluated by other people. The
original, longer scale was developed by Watson and Friend [30],
while the short-form version selected only items that had a
correlation of 0.50 or more with the overall score. The Korean
version (K-BFNE) developed by Lee and Choi [21] was used
inthisstudy. The K-BFNE consists of 12 itemsand each answer
isscored onascale of 1 (strongly disagree) to 5 (strongly agree).

I nternalized Shame Scale

The Internalized Shame Scale (ISS) [31] assesses shame
proneness and internalized shame. The ISS has 30 items that
consist of two basic scalesfor shame (24 items) and self-esteem
(6 items). Shame-rel ated questions eval uate the extent of shame
that becomes magnified and internalized. We used the Korean
version of the 1SS (K-1SS) [32]. A factor analysis of the K-1SS
identified a4-factor structure: inadequacy (10 items), emptiness
(5 items), self-punishment (5 items), and fear of mistakes (4
items).

Post-Event Rumination Scale

The Post-Event Rumination Scale (PERS) [33,34] wasdesigned
to measure the frequency of postevent ruminations in social
situations. The PERS comprises two scales including negative
rumination (15 items) and positive rumination (9 items). Each
answer isscored on ascale of O (never) to 4 (very often); higher
scores indicate more frequent rumination. We used the Korean
version of the PERS (K-PERS) [35].

Liebowitz Social Anxiety Scale

The Liebowitz Social Anxiety Scale (LSAS) [36] assesses the
degree of anxiety and avoidance in several typical socia and
performance situations. The LSAS consists of 24 items, which
are answered for the degree of fear or anxiety (0, none to 3,
severe) and avoidance (O, never to 3, usualy). Higher total

http://www.jmir.org/2020/10/€23024/
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scoresindicate more severe social anxiety symptoms. We used
the Korean version of the LSAS (K-LSAYS) [37].

Statistical Analysis

To examine the difference in categorical and continuous
variables between the 2 groups (SAD and healthy control

groups), we used the X test and the independent t test,
respectively. To compare differences in the scores on the
psychological scal esbetween the SAD group and healthy control
group at baseline and after termination, t tests were conducted.
Repeated-measures analysis of variance (ANOVA) was
conducted to investigate changes in the scores of the
psychological scalesin participants with SAD over the course
of the VR intervention. All statistical analyses were performed
using SPSS software version 24.0 (IBM Corp, Armonk, NY,
USA). The significance level was set at P<.05 (two-tailed).

Results

Demographic information showed that the mean age of the SAD
(n=32) and healthy control (n=33) participants was 23.12 (SD
3.12) and 2355 (SD 3.38) years, respectively, with no
significant difference (P=.60). There was aso no significant
intergroup difference in gender distribution (P=.16), with 11
males (34%) and 21 females (66%) in the SAD group, and 17
males (52%) and 16 femal es (49%) in the healthy control group.
The mean education duration of the SAD group was 14.59 years
(SD 1.37) and that of the healthy control group was 14.94 years
(SD 1.77), which was not significantly different (P=.38).

The psychological scales related to SAD were classified into
several categories. general anxiety symptoms (BAI, STAI),
SAD symptoms (SPS, SIAS, BFNE, KSAD, and LSAS), shame
(ISS), and rumination (PERS). The comparison of scores on
the psychological scales between the healthy control and SAD
groups at basdline is shown in Table 1. For each scale, scores
weresignificantly higher in the SAD group compared with those
of the healthy control group (all P<.001).
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Table 1. Comparison of psychological states between the socia anxiety disorder (SAD) and healthy control (HC) groups at baseline.

Measures SAD group (n=32), mean (SD) HC group (n=33), mean (SD) t df P value
BA|2 15.03 (10.46) 3.39 (3.89) 6.16 63 <.001
STA|-SP 48.72(9.79) 35.42 (7.50) 8.45 63 <.001
STAL-T® 52.28 (10.50) 33.49(7.16) 9.82 47.1 <.001
sp<d 30.63 (13.69) 5.76 (5.50) 9.71 48.25 <.001
SJASE 42.81 (12.51) 18.30 (6.98) 7.76 63 <.001
BENES 43,63 (8.99) 27.94(7.25) 1471 6185 <.001
KSADY 107.34 (14.60) 49.03 (17.29) 8.73 63 <.001
LsASh 72.34 (23.54) 21.85 (15.58) 9.96 53.56 <.001
Iss

Total 50.09 (17.30) 16.15 (9.26) 7.84 41.82 <.001

I nadequacy 16.34 (7.98) 4.33(3.43) 7.32 63 <.001

Emptiness 10.88 (4.81) 3.30(3.34) 8.27 38.78 <.001

Self-punishment 10.09 (5.10) 2.18(1.84) 9.99 63 <.001

Fear of mistake 12.78 (2.24) 6.33 (2.91) 4.69 63 <.001
PERY

Negative rumination 31.38(10.88) 9.52 (7.37) —4.87 53.23 <.001

Positive rumination 15.06 (6.28) 25.33(10.29) 9.55 40.50 <.001

3BAI: Beck Anxiety Inventory.

BSTAI-S: State-Trait Anxi ety Inventory—State.
CSTAI-T: Sate-Trait Anxiety Inventory—Trait.

dsps;: Social Phobia Scale.

®SIAS: Socia Interaction Anxiety Scale.

'BFNE: Brief-Fear of Negative Evaluation Scale.

9K SAD: Korean Social Avoidance and Distress Scale.
PLSAS: Liebowitz Social Anxiety Scale.

1SS! Internalized Shame Scale.

JPERS: Post-Event Rumination Scale.

Changesin Social Anxiety

Repeated-measures ANOVA was conducted to assess changes
in scores from baseline on the psychological scales in the
participants with SAD after 2, 4, and 6 VR sessions. As shown
in Table 2, general anxiety symptoms as measured by the BAI
and STAI-T significantly improved after treatment, whereas
the STAI-S did not improve significantly. SPS, SIAS, KSAD,

http://www.jmir.org/2020/10/€23024/

BFNE, and L SAS, which are measuresto eval uate the symptoms
of SAD, al showed significant improvement after VR. The ISS
showed significant improvement on the overall scale, and on
the emptiness, self-punishment, and fear of mistakes subscales.
There was no significant difference in inadequacy. Negative
rumination, which is a subscale of the PERS, showed a
significant improvement after the VR treatment, but positive
rumination did not (Multimedia Appendix 1, Table 2).
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Table 2. Changesin psychological states of participants with social anxiety disorder.

Measures Baseline, mean  Session 2, Session 4, Session 6, F statistic (df) P value
(SD) mean (SD) mean (SD) mean (SD)
BA|2 15.03 (10.46) 11.97(9.33)  12.94(11.29) 9.94(958)  4.616(2.348)  .009
STAI-S? 48.72 (9.78) 48.25(10.14) 49.44(11.97) 46.25(9.96) 1.264 (2.684) .29
STAI-T¢ 52.28 (10.50) 49.88(11.02) 51.81(10.97) 47.56(11.57) 4.670(2.556)  .004
gp<d 30.63 (13.69) 27.16 (13.61) 25.22(13.70) 23.00(13.03) 8.456(2.400)  <.001
SIASE 42.81 (12.51) 41.06(11.86) 37.44(12.34) 35.47(12.83) 13.155(2.734) <.001
BENE 43.63 (8.99) 39.31(11.00) 38.75(7.72) 37.59(7.29) 6.117(2.027) .004
KSADY 107.34 (14.60)  104.16(14.28) 99.66(13.37) 97.69(12.55) 13.259(2.369) <.001
LSAS 71.34 (4.16) 74.03(4.77) 68.28(4.13) 64.00(4.11) 4.103(2503) .009
Iss!
Overall 50.09 (17.30) 43.91(17.40) 43.13(18.34) 38.78(16.85) 6.924(2.372)  .001
Inadecuacy 16.34 (7.98) 1475(8.38) 14.72(8.22) 1344(7.81) 2.604(2719 .06
Emptiness 10.88 (4.81) 881(552) 881(503)  7.69(447) 5152(2.769)  .002
Self-punishment 10.09 (5.09) 9.16(4.68) 841(476)  7.50(433)  5528(2.194) .005
Fear of mistake 12.78 (2.24) 11.19(2.42) 11.25(320) 10.16(3.05) 10.891(2.662) <.001
PERS/
Negative rumination 31.38(10.88) 27.03(10.97) 25.81(10.78) 23.41(11.10) 6.974(2.730) <.001
Positive rumination 15.06 (6.29) 1313(5.84) 14.47(6.73) 1356(6.83) 1.008(2.812) .39

3BAI: Beck Anxiety Inventory.

bSTAI-S: State-Trait Anxi ety Inventory—State.
CSTAI-T: Sate-Trait Anxiety Inventory—Trait.

dsps;: Social Phobia Scale.

®SIAS: Social Interaction Anxiety Scale.

'BFNE: Brief-Fear of Negative Evaluation Scale.

9K SAD: Korean Sacial Avoidance and Distress Scale.
PLSAS: Liebowitz Social Anxiety Scale.

iISS: Internalized Shame Scale.

IPERS: Post-Event Rumination Scale.

Posthoc analyses for pairwise comparisons between baseline
to sessions 2, 4, and 6 were performed by the Bonferroni
method. The scales of BAI (P=.003), and overall (P=.01),
emptiness (P=.001), and self-punishment (P=.001) of the ISS
showed significant differences between baseline and session 6.
The scales of PERS (P=.01), SPS (P=.005), SIAS (P<.001),
BFNE (P=.01), and KSAD (P<.001) showed significant
differences between baseline and session 4. The fear mistake
subscale of the ISS (P=.005) showed a significant difference
between baseline and session 2 (Multimedia Appendix 1).

Changesin Psychological States Between Responder
and Nonresponder Subgroups After VR Treatment

In general, the response to treatment is defined as a reduction
of 50% or more from the baseline psychological scale. We

http://www.jmir.org/2020/10/€23024/

conducted a repeated-measures ANOVA for comparative
analysis by dividing the participantsinto subgroups: those with
a 50% or more reduction of the BAI scale value compared to
the baseline were defined asthe treatment responder group, and
those with a less than 50% reduction were classified as the
nonresponder group.

As presented in Table 3, all psychological scale values except
for STAI-S, positive subscale of the PERS, and inappropriate
subscale of the 1SS showed significant changes across the VR
treatment session in both subgroups. A significant
session-by-group interaction was found for the BAI value;
however, no session-by-group interaction was observed for the
other psychological scales.
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Table 3. Changesin psychological states between responder and nonresponder subgroups according to virtual reality treatment.?

Measures Responders (n=14), Nonresponders (n=18), Main effect of session Session-by-group interaction
mean (SD) mean (SD)
F (df) Pvaue F(df) P value
BA|P 6.021 (2.446) .002 4.684 (2.446) .008
Baseline 12.93 (10.28) 16.68 (10.60)
Session 2 8.71(7.79) 14.50 (9.84)
Session 4 6.57 (6.05) 17.89 (12.04)
Session 6 3.21(4.04) 15.17 (9.41)
STAJ-C 1.178 (2.737) 32 1.087 (2.737) 36
Basdline 45.64 (8.39) 51.11 (10.32)
Session 2 44.79 (8.53) 50.94 (10.70)
Session 4 43.14 (6.21) 54.33 (13.18)
Session 6 41.93 (6.22) 49.61 (11.14)
sTAl-TY 4.875 (2.515) .006 1.675 (2.515) 19
Baseline 47.00 (10.06) 56.39 (9.10)
Session 2 46.00 (10.68) 52.89 (10.58)
Session 4 57.06 (9.04) 57.06 (9.50)
Session 6 4057 (8.93) 53.00 (10.56)
spse 8.849 (2.407) <.001 0.983 (2.407) .39
Basdline 26.00 (15.65) 34.22 (11.11)
Session 2 23.14 (15.75) 30.28 (11.16)
Session 4 18.64 (13.18) 30.33(12.18)
Session 6 16.71 (12.39) 27.89 (11.58)
gAY 13.819 (2.659) <.001 1.418 (2.659) 25
Basdline 37.21 (12.21) 47.17 (11.21)
Session 2 36.43 (11.79) 44.67 (10.91)
Session 4 29.86 (11.55) 43.33 (9.56)
Session 6 29.21 (10.37) 40.33 (12.67)
BENEY 5.976 (2.052) .004 0.672 (2.052) 52
Baseline 41.93 (9.56) 44.94 (8.56)
Session 2 39.36 (9.96) 39.28 (12.04)
Session 4 36.64 (7.89) 40.39 (7.39)
Session 6 35.64 (6.71) 39.11 (7.55)
KsAD" 12.854 (2.359) <.001 0.168 (2.359) .88
Basedline 102.36 (13.68) 111.22 (14.46)
Session 2 97.93 (8.57) 109.00 (16.09)
Session 4 94.29 (12.30) 103.83 (12.95)
Session 6 91.71 (5.89) 102.33 (14.44)
LSAS 3.024 (2.471) 04 0.727 (2.471) 51
Baseline 33.50 (12.73) 42,67 (11.51)
Session 2 36.29 (15.51) 43.11 (10.42)
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Measures Responders (n=14), Nonresponders (n=18),  Main effect of session Session-by-group interaction
mean (SD) mean (SD)
F (df) Pvaue  F(df) P value

Session 4 31.07 (11.10) 42.72 (10.38)
Session 6 29.29 (9.43) 39.94 (11.02)

1S9 Overall 6.835 (2.345) .001 0.309 (2.345) 77
Baseline 45.79 (18.97) 53.44 (15.60)
Session 2 40.86 (18.22) 46.28 (16.87)
Session 4 39.07 (18.12) 46.28 (18.38)
Session 6 33.00 (15.49) 43.28 (16.89)

ISS Inadequacy 2.574 (2.698) .07 0.343 (2.698) 77
Basdline 14.36 (8.42) 17.89 (7.50)
Session 2 13.57 (8.65) 15.67 (8.29)
Session 4 12.86 (8.03) 16.17 (8.30)
Session 6 11.07 (6.96) 15.28 (8.12)

ISS Emptiness 5.090 (2.761) .004 0.350 (2.761) 77
Baseline 9.86 (5.11) 11.67 (4.55)
Session 2 8.14 (4.96) 9.33(6.01)
Session 4 8.07 (5.03) 9.39 (5.09)
Session 6 6.14 (3.44) 8.89 (4.89)

ISS - Self-punishment 5.486 (2.198) .005 0.143 (2.198) .88
Basdline 9.43 (5.12) 10.61 (5.16)
Session 2 8.21 (4.71) 9.89 (4.65)
Session 4 7.29 (4.43) 9.28 (4.96)
Session 6 6.43 (4.43) 8.33 (4.17)

ISS Fear of mistake 10.598 (2.645) <.001 0.417 (2.645) 72
Baseline 12.14 (2.45) 13.28 (1.99)
Session 2 10.93 (2.76) 11.39 (2.17)
Session 4 10.86 (2.93) 11.56 (3.45)
Session 6 9.36 (3.32) 10.78 (2.76)

PERSX Negative rumination 6.931 (2.720) .001 0.354 (2.720) 77
Baseline 28.14 (10.31) 33.89 (10.93)
Session 2 24.71 (12.64) 28.83 (9.45)
Session 4 22.29 (12.00) 28.56 (9.14)
Session 6 19.00 (8.69) 26.83 (11.77)

PERS Positive rumination 0.855 (2.822) 46 0.375(2.822) 76
Basdline 15.29 (5.01) 14.89 (7.27)
Session 2 14.43 (5.69) 12.11 (5.90)
Session 4 15.64 (6.46) 13.56 (6.97)
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Measures Responders (n=14), Nonresponders (n=18), Main effect of session Session-by-group interaction
mean (SD) mean (SD)
F (df) Pvaue  F(df) P value
Session 6 15.21 (6.80) 12.28 (6.76)

#Treatment responder and nonresponder subgroups were divided according to the reduction of the BAI scale value by 50% or more compared to the

baseline value.

PBAI: Beck Anxiety Inventory.

CSTAI-S: State-Trait Anxiety Inventory—State.
dSTAI-T: Sate-Trait Anxiety Inventory—Trait.
€SPS: Social Phobia Scale.

fSIAS: Social Interaction Anxiety Scale.

9BFNE: Brief-Fear of Negative Evaluation Scale.
MK SAD: Korean Social Avoidance and Distress Scale.
ILSAS: Liebowitz Social Anxiety Scale.

I|sS: Internalized Shame Scale.

KPERS: Post-Event Rumination Scale.

Comparison of SAD and Control Groups After VR
Treatment

We analyzed whether the scores on the psychological scales
differed in the SAD group compared with those of the healthy

http://www.jmir.org/2020/10/€23024/

RenderX

control group after 6 VR treatment sessions. Results from
independent t tests showed that even after completing the VR
sessions, the SAD group continued to have significantly higher
scoresthan the healthy control group on al psychological scales
(Table 4).
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Table4. Comparison of psychological states between the social anxiety disorder (SAD) and healthy control (HC) groups after virtua reality treatment.

Measures SAD group (n=32), mean (SD) HC group? (n=33), mean (SD)  t df P value
BA|P 9.94 (9.58) 3.39 (3.89) 359 40.70 .001
STAJ-SC 46.25 (46.25) 35.42 (35.42) 4.96 63 <.001
STAL-TY 47.56 (11.57) 33.49(7.16) 5.92 63 <.001
Spse 23.00 (13.03) 5.76 (5.50) 6.91 41.45 <.001
sAs 35.47 (12.83) 18.30 (6.98) 6.67 4754 <.001
BENEY 37.59(7.29) 27.94 (7.25) 5.35 63 <.001
KsAD" 97.69 (12.55) 49.03 (17.29) 13.01 58.43 <.001
LSAS 64.00 (23.22) 21.85 (15.58) 8.62 63 <.001
Is9
Overdll 38.78 (16.85) 16.15 (9.26) 6.69 47.85 <.001
Inadequacy 13.43 (7.81) 4.33 (3.43) 6.05 42.28 <.001
Emptiness 7.69 (4.47) 3.30 (3.43) 4.45 63 <.001
Self-punishment 7.50 (4.33) 2.18(1.84) 6.41 41.65 <.001
Fear of mistake 10.16 (3.05) 6.33(2.91) 5.17 63 <.001
PERS®
Negative rumination 23.41 (11.10) 9.52 (7.37) 5.92 53.66 <.001
Positive rumination 13.56 (6.82) 25.33 (10.29) -5.45 55.76 <.001

8Since the control group did not receive the virtual reality treatment, psychological states of the healthy control group were measured only at baseline.

bBAI: Beck Anxiety Inventory.

CSTAI-S: State-Trait Anxiety Inventory—State.
dSTAI-T: Sate-Trait Anxiety Inventory—Trait.

€SPS: Social Phobia Scale.

fSIAS: Social Interaction Anxiety Scale.

9BFNE: Brief-Fear of Negative Evaluation Scale.

K SAD: Korean Social Avoidance and Distress Scale.
ILSAS: Liebowitz Social Anxiety Scale.

J|SS: Internalized Shame Scale.

KPERS: Post-Event Rumination Scale.

Discussion

Principal Findings

Theaim of thisstudy wasto analyze the effectiveness of anewly
developed participatory and interactive VR intervention for
individuals with SAD. In particular, using psychological tests
related to SAD, we evaluated whether the VR intervention was
effective in improving various symptoms.

General anxiety symptoms, measured by the BAI and STAI-T,
were significantly improved compared with those measured
before treatment, whereas state anxiety (ie, STAI-S) was not.
State anxiety increases the threat value assigned to a stimulus
or situation, and trait anxiety gives rise to a tendency to
constantly direct attention toward the source of threat [38]. Any
trait that does not change easily over a lifetime is a
distinguishing feature of a person’s character, and

http://www.jmir.org/2020/10/€23024/

RenderX

anxiety-related traits are among the most important risk factors
of anxiety disorder [39].

The scales that directly assess the symptoms of SAD showed
significant improvement compared with those measured before
treatment. SAD can be divided into symptoms that appear in
specific situations and general socia interactions [27], which
were assessed with the SPS and SIAS, both of which showed
significant improvement after VR. Scores on the LSAS and
KSAD were significantly reduced after treatment. However,
the LSAS score increased after session 2, and then decreased
in the subsequent two time points (session 4 and session 6).
BAI scoresdecreased in session 2, and then increased in session
4 before decreasing againin session 6. Similarly, the STAI (both
state and trait scales) showed adecrease from baselineto session
2, followed by an increase after session 4 and then a decrease
after session 6. Although this is only a pattern, it could be
speculated that the tendency of anxiety to increase during aVR
session is probably due to exposure to a VR session at a stage
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inthe middle of theintervention process before finally showing
a dgnificant therapeutic effect. This is an important
consideration, because increased anxiety during a VR session
may lead to a problem of dropping out of treatment due to poor
treatment adherence after theinitial treatment session. Treatment
compliance is important in CBT because it requires a certain
period of treatment, and exposure techniques can exacerbate
symptoms in some cases [40]. In general, VR treatment is
considered to have higher compliance than conventional
treatment [41], but it is necessary to pay attention to changes
in compliance during the treatment sessions.

Cognitive and emotional components are known to be involved
in the development of SAD [42]. Scores on the ISS, which is
used to evaluate internalized shame, improved significantly as
VR treatment progressed, including a significant decrease on
almost every | SS subscal e (ie, emptiness, self-punishment, and
fear of mistakes). Shame is an emotional component related to
social anxiety that is based on a negative evaluation of the
awareness of others, suggesting a positive relationship between
social anxiety and shame [43-45]. A key part of cognitive
models of social anxiety isthat individuals perceive a negative
evaluation by others [7]. In this study, negative rumination
significantly improved after treatment, whereas positive
rumination was not significantly different. Past studies of
rumination have shown a relationship between negative
rumination and social anxiety, but the relationship between
socia anxiety and positive rumination has been inconsistent or
was not significant [33,46]. The improvement of negative
rumination suggests that this can affect the cognitive structure
of SAD.

Posthoc analysis to compare baseline scores to each session
time point showed that VR had a significant effect on the fear
of mistake subscale of the ISS at the initial point of treatment
(after session 2). In comparison, BAI and the overall, emptiness,
and self-punishment subscales of the | SS changed significantly
only at the end of treatment (after session 6), and PERS, SPS,
SIAS, BFNE, and KSAD scales showed significant changes
around the middle point of VR treatment (after session 4). We
could specul ate that the improvement patterns of psychological
symptoms may differ across the process of the VR treatment
sessions. Since prolonging or shortening the number of VR
treatment sessions might affect the therapeutic outcome on each
psychological state, future studies are needed to determine how
and when psychological symptoms change accordingtotheVR
treatment process and to establish the optimal number for VR
treatment sessions.

Although wefound significant improvementsin SAD symptoms
after treatment, these symptoms were till significantly different
compared with those of the control group. This result shows
that the VR intervention had a significant effect in the SAD
group, but that the participants with SAD till exhibited
prominent symptoms after VR treatment sessions. This suggests
that the treatment effect of VR alone might not be sufficient to
draw out the treatment response or remission. A meta-analysis
of VR treatment focused on anxiety disorders found a small
effect size [47]. Therefore, it is necessary to consider changes
in treatment methods such as the combination of various
treatment techniques, including conventional psychiatric
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treatment or more repeated VR trias, to achieve a sufficient
therapeutic effect in the real world.

We did not find any significant session-by-group interaction in
the majority of the psychological scales except for BAI between
the two subgroups of responders and nonresponders (according
to changesin the BAl scale). Thisresult can be presumed to be
due to the limitation of the methodology in which the SAD
group was divided into responder and nonresponder groups
according to a single psychological scale. It is challenging to
determine a clear cutoff as to what scale or criteria to use for
distinguishing responders. Moreover, since this study attempted
to collect datafrom amore homogeneous sample of individuals
with social anxiety symptoms (KSAD=82), subgroup differences
might not be expected. We hope to be ableto derive meaningful
resultsthrough further studies by comparison between subgroups
according to the degree of severity based on the scores of
different psychological scales, or by a comparative study
according to whether or not the individual is aso under
medication for anxiety.

The results of this study indicated improvements in almost all
elements of social anxiety measured, including general anxiety,
socia anxiety symptoms, and cognitive and emotional aspects
of social anxiety, in the SAD group after treatment. Previous
studies related to VR treatment for social anxiety have also
shown an improvement in symptoms [47-49]; however, this
study demonstrated an effect not only on social anxiety
symptoms but also on awide range of related factors, including
general anxiety symptoms and cognitive and emotional
characteristics.

Limitationsand Strengths

Our results should be interpreted within the context of the
study’s limitations. First, this study did not have a sham or
waitlist control group, which limitsinterpretation of theresults.
Second, this study employed self-rated scales that could be
confounded by bias (eg, participant motivation). Nonetheless,
a comprehensive evaluation related to social anxiety disorder
was attempted in analyzing the effectiveness of treatment,
including changes during treatment sessions. This study enrolled
participantsin the patient group who met strict diagnostic criteria
and had not received any other treatments, including psychiatric
drugs. Given these strengths, the therapeutic effect of a VR
intervention could be evaluated more accurately.

Conclusion

This study investigated the effectiveness of a newly devel oped
participatory and interactive VR intervention in patients with
SAD. The results show that a VR intervention can be an
effective treatment for various dimensions of SAD.
Technology-based treatment in psychiatry is more cost-effective,
easier to handle, and more manageable for both the therapist
and client. VR treatment is a promising tool in the field of
psychiatry, which can simulate situations for patients with
anxiety in asafe, controllable, and reproducibleway [15,50,51].
Future research should focus on ensuring that the effectiveness
of these immersive VR treatments persist after treatment, and
that treatments are made more effective through different
treatment combinations or changes in techniques.
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