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Abstract

Background: Virtual reality exposure therapy (VRE) has shown promising efficacy for the 

treatment of social anxiety disorder (SAD) and related comorbidities. However, most trials 

conducted to date were therapist-led, and little is known about the efficacy of self-guided 
VRE. Therefore, this randomized controlled trial (RCT) aimed to determine the efficacy of a 

self-directed VRE for SAD.

Method: Forty-four community-dwelling or undergraduate adults diagnosed with SAD based on 

the Mini International Neuropsychiatric Interview were randomly assigned to VRE designed to 

last four sessions or more (n = 26) or waitlist (WL; n = 18). Self-reported SAD severity (Social 

Phobia Diagnostic Questionnaire and Social Interaction Anxiety Scale), job interview anxiety 

(Measure of Anxiety in Selection Interviews), trait worry (Penn State Worry Questionnaire), 

and depression symptoms (Patient Health Questionnaire-9) were administered at baseline, post-
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treatment, 3-month-follow-up (3MFU), and 6-month-follow-up (6MFU). Piecewise multilevel 

modeling analyses were conducted to manage clustering in the data.

Results: VRE vs. WL resulted in greater reductions in SAD symptom severity, job interview 

fear, and trait worry, with moderate-to-large effect sizes (Hedge’s g = −0.54 to −1.11) from 

pre-to-post treatment. Although significant between-group differences did not emerge for change 

in depression, VRE led to change in depression, whereas waitlist did not. These gains were also 

maintained at 3MFU and 6MFU. Further, facets of presence increased during the course of VRE 

(g = 0.36–0.45), whereas cybersickness decreased (g = −0.43).

Discussion: Brief, self-guided VRE might ameliorate SAD and comorbid worry, for young-to-

middle-aged adults with SAD. Other theoretical and practical implications were also discussed.

Keywords

Virtual reality; exposure therapy; Randomized controlled trial; Social anxiety disorder; Presence; 
Cybersickness; Emotional processing theory; Inhibitory learning

Social anxiety disorder (SAD) is a widespread mental health problem (Kessler et al., 2012), 

marked by persistent and intense fear and avoidance of interpersonal situations that may 

be evaluative (American Psychiatric Association, 2013). SAD is acknowledged to be a 

complex condition that can be chronic or unremitting (Vriends, Bolt, & Kunz, 2014). 

Relatedly, persons with SAD tend to display compromised work or school functioning, 

relationship satisfaction, and quality of life (Teo, Lerrigo, & Rogers, 2013), as well as 

increased comorbid physical and mental health problems (Jacobson & Newman, 2017; 

Schmidt, Keough, Hunter, & Funk, 2008). Therefore, designing and delivering efficacious 

treatments for SAD is important.

Novel state-of-the-art psychotherapies for SAD have been developed. These include 

cognitive bias modification approaches (e.g., video feedback, imagery rescripting), cognitive 

behavioral therapies (CBT; e. g., social skills training, behavioral experiments), internet 

CBT, and neuroenhancers (e.g., D-cycloserine, yohimbine) (Stangier, 2016). Exposure 

therapy is a well-established, gold-standard efficacious specific CBT component for SAD 

(Otte, 2011). Such exposure therapy is grounded in emotional processing theory (Foa & 

Kozak, 1986), which proposes that fear memories can be interpreted as structures that store 

data concerning events, responses, and meaning propositions. By activating and altering fear 

structures, it is thought that exposure therapy can ease emotional processing through gradual 

and recurrent experiences of distress-evoking yet potentially rewarding and physically 

safe social interactions (Zalta & Foa, 2012, pp. 75–104). Specifically, exposure therapy 

is supposed to activate the fear structure by involving the person with SAD in various 

anxiety-provoking social situations to adjust the fear structure via habituation (reduced fear 

after repeated encounters of phobic situations) and extinction (unlearning of acquired fear 

connections; Furlong, Richardson, & McNally, 2016). On the other hand, it is plausible that 

even if within- or between-session habituation did not occur, extinction learning might be 

achieved via practicing greater fear tolerance in diverse anxiety-evoking social situations 

(cf. inhibitory learning theory; Craske et al., 2008). Relatedly, the cognitive model of SAD 

(Leigh & Clark, 2018) posits that exposure therapy works by improving psychological 
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flexibility and other (vs. self-) focused attention as well as eliminating safety behaviors and 

threat hypervigilance, during anxiety-inducing social events.

Exposure therapy can be carried out in vivo (directly engaging with fear-evoking situations) 

or in vitro or imaginarily (continually visualizing exposure scenarios). However, in vivo 
exposure therapy can be time-consuming, costly, and how events unfold during exposure 

can neither be predicted nor controlled. Also, in vitro exposure therapy can be difficult 

and ineffective for highly-avoidant persons who lack the ability to envision specific scenes 

in clear detail and to stay in the imagined anxiety-inducing scenarios long enough for the 

imaginal exposure therapy to be effective (Hembree & Cahill, 2007; Vrielynck & Philippot, 

2009). Thus, virtual reality exposure therapy (VRE) has been designed as a means for 

persons with SAD to privately immerse in myriad computer-generated fear-provoking social 

situations that mimic the natural environment (Anderson, Rothbaum, & Hodges, 2003). 

VRE offers latitude for the psychologist to construct exposure situations, receives more 

acceptance from patients, provides greater privacy, and has lower dropout rates than in vivo 
exposure therapy (Garcia-Palacios, Botella, Hoffman, & Fabregat, 2007; Krijn, Emmelkamp, 

Olafsson, & Biemond, 2004). Further, most clinicians have viewed VRE favorably (Lindner, 

Miloff, Zetterlund, et al., 2019).

To date, seven randomized controlled trials (RCTs) have examined the impact of therapist-

directed VRE compared to waiting list (WL) for SAD. An early study showed that four 

therapist-facilitated 12-to-15-min sessions of VRE (vs. WL) efficaciously reduced public 

speaking phobia for highly anxious college students from baseline to post-treatment (Harris, 

Kemmerling, & North, 2002); despite this reduction, VRE was not superior to WL in 

lowering SAD symptoms. Another four-session VRE (vs. WL) that instructed participants 

to repeatedly read a children’s book to a virtual audience observed reductions in public 

speaking fear across time (Lister, Piercey, & Joordens, 2010); however, there were no 

changes on trait anxiety or social phobia symptoms. Relatedly, compared to WL, a 

therapist-guided, 12-session, VRE with various fear-inducing interpersonal situations led 

to decrements in SAD fear and avoidance severity, as well as public speaking phobia, 

among young adult females with public speaking anxiety (Wallach, Safir, & Bar-Zvi, 2011). 

Further, some sustained treatment gains at 1-year follow-up were observed (Safir, Wallach, 

& Bar-Zvi, 2012); however, high-anxious participants were not assessed for diagnoses of 

SAD in that study. In a similar nine-session, therapist-directed VRE (vs. WL) RCT for 

public speaking anxiety that additionally recruited patients with SAD and assigned between-

session homework, large effect sizes for treatment efficacy were observed from baseline 

to 1-year follow-up (Anderson et al., 2013); nonetheless, findings may not extend beyond 

persons who had expressed public speaking fear as their main problem. Relatedly, VRE (vs. 

WL) was more effective in reducing avoidance and unhelpful beliefs as well as increasing 

speech duration in persons with SAD whose interpersonal fears extended to numerous 

contexts (Kampmann et al., 2016). Additionally, cognitive behavioral therapy (CBT) plus 

VRE (vs. WL) targeting multiple social fears was more effective at decreasing SAD severity 

(Bouchard et al., 2017); however, as it examined VRE blended with CBT, the efficacy of 

self-guided VRE as a stand-alone treatment could not be deduced.
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Most of the VRE conducted so far has been therapist-led but attempts toward decreasing 

therapist participation have recently been underway. For example, one-session of minimally-

therapist-assisted VRE (vs. in vivo exposure therapy) produced comparable reduction in 

behavioral avoidance frequency and fear severity in spider phobic individuals (Miloff et al., 

2019). Likewise, completely self-guided, smartphone app-delivered VRE (vs. WL) resulted 

in large decreases in fear of heights for persons with acrophobia (Donker et al., 2019), 

with strong engagement across unique exposure scenarios that evoked varying degrees of 

fear (Donker, van Klaveren, Cornelisz, Kok, & van Gelder, 2020). In addition, the large 

effect of a relatively inexpensive, one-session, self-directed, Google Cardboard headset-

delivered VRE for public speaking phobia did not differ significantly from a therapist-

guided treatment (Lindner, Miloff, Fagernas, et al., 2019). Such efforts are important to 

test further as VR can enhance the delivery of self-help exposure therapy to persons with 

SAD by decreasing costs and increasing access when trained therapists are not available. 

For example, it could decrease costs if used as part of a stepped care model. All patients 

within a health management organization (HMO) who could benefit from VRE, could first 

be assigned to complete self-guided VRE within a clinic. The clinic might contain multiple 

VRE equipped rooms and overseen by one minimum wage paid staff person who serves 

as a technician troubleshooting any mechanical faults with the equipment. If this was not 

sufficient to lead to remission the patient would then be provided more intensive in-person 

CBT with a well-trained and qualified CBT practitioner (Boeldt, McMahon, McFaul, & 

Greenleaf, 2019; Newman, Szkodny, Llera, & Przeworski, 2011). Alternatively self-help 

VRE equipment could be rented and/or purchased and used at home as the price of VRE 

devices has been declining across time (Bun, Gorski, Grajewski, Wichniarek, & Zawadzki, 

2017).

Accordingly, building on prior work, we aimed to examine the efficacy of self-guided 

VRE for persons with SAD. There are several innovative aspects of the VRE used in the 

current study. First, our VRE had a virtual therapist built into it who auditorily guided 

participants through the exposure exercises and who conveyed CBT principles (see online 

supplementary material (OSM) for therapist script examples). We are aware of only one 

prior self-help VRE controlled trial that included a virtual therapist and this was for a 

treatment for acrophobia (Donker et al., 2019). The use of the virtual therapist also adds 

to prior work on non-self-help VREs (Anderson et al., 2013; Bouchard et al., 2017; Harris 

et al., 2002). Relatedly, the present VRE included a built-in system to deliver and record 

subjective units of distress (SUDS) ratings. Further, it detected if the participant talked in 

response to the lifelike human character (professional actors were hired to play these roles) 

and the characters would wait until the participant provided verbal output before continuing 

the preprogrammed interaction. The current study also augments prior self-guided VRE 

controlled trials that did not contain cutting-edge, omnidirectional (360°), and dynamic 

video technology driven by machine learning optimization algorithms, biometrics, and 

programming rules (Lindner, Miloff, Fagernas, et al., 2019; Lister et al., 2010). Also, to 

our knowledge, no other self-help controlled VRE study for SAD conducted exposure to 

bidirectional social interactions (Lindner, Miloff, Fagernas, et al., 2019; Lister et al., 2010). 

Moreover, our study provided between-session exposure homework exercises to consolidate 

learning; a procedure mirroring face-to-face CBT but not conducted by any other self-help 
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VRE study to date and omitted by more than half of the prior non-self-help studies on VRE 

for anxiety disorders thus far (refer to meta-analysis by Benbow & Anderson, 2019).

We hypothesized that from baseline to post-treatment, self-guided VRE would result in 

substantially greater decrease in primary outcomes (SAD severity and job interview anxiety) 

when compared to WL. Further, we hypothesized that VRE (vs. WL) would lead to larger 

reductions in secondary outcomes, namely trait worry and depression symptom severity. 

In addition, we anticipated that pre-post-treatment gains would be maintained across 3-

month follow-up (3MFU) and 6-month follow-up (6MFU) periods. Lastly, we conducted 

exploratory analyses to examine whether there would be enhancement in presence (i.e., 

sense of virtual world mimicking real-life scenarios) and reduction in cybersickness across 

VRE sessions.

1. Method

1.1. Participants

Participants were individuals with SAD1 (n = 44) selected from the community and local 

colleges through the Subject Pool, as well as a research advertisement portal (StudyFinder) 

and social media platforms (Facebook, Nextdoor, Instagram, Reddit, Craigslist). Average 

age was 23.30 years (SD = 9.32, range = 18–53). Of these, 77.3% were female, and 52.3% 

identified as White, 22.8% as African American, and the remaining 25% as Hispanic, 

Latino, Asian, American Indian, or Alaska Native. Half (or 50%) of the participants had 

a high school diploma, 31.2% had some formal high school education, and 18.2% had a 

Bachelor’s degree or some college education. They were compensated up to $40 worth of 

Amazon gift cards (pro-rated based on degree of participation) for their time and effort in the 

study.

1.2. Pre-Treatment clinical interview

Psychiatric Diagnoses.—The face-to-face, brief, and precise Mini International 

Neuropsychiatric Interview (MINI; Sheehan et al., 1998) structured psychiatric diagnostic 

interview was used to determine diagnoses of SAD and other mental disorders. The MINI is 

based on the Diagnostic and Statistical Manual–Fifth Edition (DSM-5; American Psychiatric 

Association, 2013) and has been validated against other psychometrically sound diagnostic 

interviews (First, Spitzer, Gibbon, & Williams, 1997; Robins et al., 1988). Sheehan et al. 

(1997) found strong sensitivity (0.81) and specificity (0.86) for a current SAD diagnosis 

as well as acceptable sensitivity (0.67–0.96) and strong specificity (0.86–0.99) for other 

disorders.

1.3. Outcome measures at pre-, post-Treatment, 3MFU, and 6MFU

SAD Symptom Severity.—The 25-item Diagnostic and Statistical Manual-Fourth 

Edition–Text Revised (DSM-IV-TR)-aligned Social Phobia Diagnostic Questionnaire 

(SPDQ; Newman, Kachin, Zuellig, Constantino, & Cashman-McGrath, 2003) was used to 

assess degree of fear and avoidance related to diverse social situations. It has good 2-week 

1Data on diagnostic comorbidities were included in Table S1 of the OSM.
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retest reliability (κ = .63), strong internal consistency (Cronbach’s αs = .95, .97, .95, .96, in 

the present study), as well as good convergent validity and discriminant validity (Newman 

et al., 2003). Further, it has excellent sensitivity (82%) and specificity (85%) (Newman et 

al., 2003). The 20-item Social Interaction Anxiety Scale (SIAS; Mattick & Clarke, 1998) 

was also used to assess SAD symptom severity. Participants rated on a 5-point Likert scale 

(0 = not at all characteristic or true of me to 4 = extremely characteristic or true of me) 

their degree of anxiety regarding social interactions (e.g., “When mixing socially I am 

uncomfortable”). The SIAS had excellent 4-to-12-week retest reliability (r = .92) (Mattick & 

Clarke, 1998), good internal consistency (αs = .82, .81, .85, .83 in the present study), as well 

as strong convergent and discriminant validity across diverse samples (Heimberg, Mueller, 

Holt, Hope, & Liebowitz, 1992).

Job Interview Anxiety Severity.—The 30-item Measure of Anxiety in Selection 

Interviews (MASI; McCarthy & Goffin, 2004) was used to assess job interview anxiety 

severity. Respondents endorsed on a 5-point Likert scale (1 = strongly disagree to 5 = 

strongly agree) the degree to which they experienced anxiety surrounding appearance, 

behavioral, communication, performance, and social aspects of interviewing (e.g., “I become 

very uptight about having to socially interact with a job interviewer”). Higher scores denoted 

greater job interview anxiety. The MASI has shown acceptable internal consistency (αs 

= .80, .80, .84, .82 in the present study), and strong convergent and discriminant validity 

(McCarthy & Goffin, 2004).

Worry Symptom Severity.—The 16-item Penn State Worry Questionnaire (PSWQ; 

Meyer, Miller, Metzger, & Borkovec, 1990) was utilized to measure trait worry. Participants 

rated the extent to which they tended to worry excessively (e.g., “My worries overwhelm 

me”) on a 5-point Likert scale (1 = not typical at all to 5 = very typical). The PSWQ 

has shown good internal consistency (αs = .81, .79, .86, .83 in the current study), retest 

reliability (r = .74–.94), convergent and discriminant validity (Hopko et al., 2003).

Depression Symptom Severity.—The 9-item Patient Health Questionnaire (PHQ-9; 

Kroenke, Spitzer, & Williams, 2001) was used to assess extent of depression symptom 

severity. Respondents rated the frequency with which they encountered depression 

symptoms (e.g., “Little interest or pleasure in doing things”) in the past 2 weeks on a 4-point 

Likert scale (0 = Not at all to 3 = Nearly every day). The PHQ-9 demonstrated excellent 

internal consistency (αs = .80, .71, .85, .80 herein), good retest reliability (r = .84), and 

strong construct validity (Kroenke et al., 2001; Kroenke & Spitzer, 2002).

Qualitative Feedback.—At post-treatment, we solicited open-ended feedback on the 

acceptability of the VRE via two items: (a) Would you recommend this program to others 

who might have problems similar to yours? (Response format: Yes/No) (b) Why? (Open-

ended).

1.4. Session-by-session process measures

The following measures were administered during every VRE session.
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Presence.—The 14-item iGroup Presence Questionnaire (IPQ; Schubert, Friedmann, & 

Regenbrecht, 2001) was administered. Respondents endorsed the extent to which they 

experienced the VRE scenarios to be realistic after immersing in the virtual environment 

for 25–30 min during each session on a 7-point Likert scale. The IPQ measured three 

elements of presence: involvement (4-item; e.g., “Somehow I felt that the virtual world 

surrounded me.”); realness (4-item; e.g., “How real did the virtual world seem to you?”); 

spatial presence (6-item; e.g., “I felt present in the virtual space.”). The IPQ evidenced 

high internal consistency (average α = .90 in this study) and construct validity (Vasconcelos-

Raposo et al., 2016).

Cybersickness.—The 16-item Simulator Sickness Questionnaire (SSQ; Kennedy, Lane, 

Berbaum, & Lilienthal, 1993) was used. It comprises 3 domains: disorientation (e.g., 

vertigo, dizziness), nausea (e.g., burping, elevated salivation, nausea, stomach tightness), 

and oculomotor effects (e.g., blurred vision, eyestrain, headache, problems concentrating). 

Participants rated the degree to which they experienced the symptoms currently on a 4-point 

Likert scale (1 = none to 4 = severe). The SSQ has shown strong internal consistency (α = 

.98 herein) and construct validity (Bouchard, Robillard, & Renaud, 2007).

Subjective Units of Distress (SUDS).—Participants rated their level of SUDS on an 

11-point Likert scale (0 = not at all to 10 = extremely) at various time-points before and 

during each exposure (Wolpe & Lazarus, 1967).

1.5. Procedure

To be eligible, participants had to be 18 years old or above, provide informed consent, 

and meet DSM-5 criteria (American Psychiatric Association, 2013) for SAD. The SAD 

diagnosis was determined based on responses to the SPDQ (Newman et al., 2003) self-report 

at the screening stage and the face-to-face MINI (Sheehan et al., 1998) structured psychiatric 

diagnostic interview during the first laboratory visit. The face-to-face components of the 

current pilot RCT took place from December 2018 to March 2020 before the COVID-19 

restrictions began to take effect. We were originally aiming for 30 participants each in 

the VRE and WL groups but had to stop recruiting for the study due to the COVID-19 

pandemic. In addition, all three of the VRE dropouts during treatment were due to our 

inability to provide a full course of the VRE treatment due to COVID-19. Exclusion criteria 

included presence of psychosis, mania, alcohol or substance use disorder, suicidality, or 

any medical or organic disorder that hindered meaningful participation. In the present 

study, the inter-rater agreement for the SAD diagnosis by two highly trained independent 

raters was good (Cohen’s κ = .80, 95% CI [.70,.95]). Also, inter-rater agreement herein 

was satisfactory-to-excellent across all other MINI-derived DSM-5-based mental disorders 

(average κs = .59–1.00).

After the baseline MINI interview, eligible participants completed symptom self-reports 

(counter-balanced to rule out order effects). Each participant was subsequently randomized 

to VRE or WL based on a Microsoft Excel randomizer that generated a random set of 

numbers used to determine treatment allocation for each participant (‘1’ coded for VRE 

and ‘0’ for WL); an established method in clinical trials (Padhye, Cron, Gusick, Hamlin, & 
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Hanneman, 2009). Experimenters were blinded to the treatment allocation. Whereas eligible 

VRE participants began treatment immediately during the first lab visit, WL participants did 

not begin treatment until after four weeks (see Fig. 1 for CONSORT flow chart).

1.6. VRE for general social skills Training or job interview anxiety

We collaborated with a VR company, BehaVR (https://www.behavr.com/), that develops and 

provides VR-based mental health treatments (Paul, Bullock, & Bailenson, 2020; Summers, 

Schwartzberg, & Wilhelm, 2021). Specifically, we worked with Limbix to script the VR 

actors’ verbal and non-verbal behaviors, virtual therapist’s instructions, task prompts, and 

treatment rationale content in all scenes shown on a Pico Goblin VR headset. Two exposure 

therapy themes were created (informal dinner party or formal job interview) based on 

CBT principles and the literature. The headset displayed a 5.5-inch diagonal screen size 

(depth: 139.7 mm; height: 122 mm; width: 68 mm) with 2560 × 1440-pixel resolution, 3 

degrees of freedom, 92° field of view, a refresh rate of 70Hz, and 54–71 mm interpupillary 

distance (Kyoto, 2017). The VRE also contained cutting-edge 360° stereoscopic views 

allowing for an omnidirectional range of visual perspective as participants could look in 

all directions within the virtual environment. It also contained dynamic video technology 

driven by machine learning optimization algorithms, biometrics, and programming rules 

(Lindner, Miloff, Fagernas, et al., 2019; Lister et al., 2010). With respect to biometrics, it 

had the ability to detect voice output (e.g., a person not speaking served as a precondition 

to virtual therapist prompts for participants to speak with the avatar). Also, the VRE could 

identify head position and movement (i.e., detected when participants positioned their heads 

to point to and highlight a specific SUDS Likert Scale rating, and detected when participants 

looked up, down, or sideways within corresponding 360-degree views). Displays of the 

pre-recorded VRE videos could be smoothly operated wirelessly with a tablet, monitored by 

the researchers, and it showed the selected scenes in real-time. Further, the headset could be 

conveniently switched on and off, and tracked. The exposure scenes each lasted between 1.5 

and 10 min.

Participants were allowed to choose between the informal dinner party or the formal job 

interview themes for VRE. For both themes, each scene was developed to be more anxiety-

provoking as the VRE progressed. In greater anxiety-inducing scenes occurring later in 

the program, the virtual interviewers and actors were directed to display less compassion, 

friendliness, humor, and pleasant verbal and non-verbal behaviors and demeanors to elicit 

elevated anxiety (Carless & Imber, 2007). Also, the voice of a virtual therapist was 

embedded within the VRE to coach the participants through each distinct scene by orienting 

and prompting them to the exposure therapy task(s), as well as conveying core principles of 

exposure therapy, and repeating the instructions if the participant was not responsive within 

5 s. Each scene started with a paused video, during which participants were oriented by 

the virtual therapist to the context (see OSM for examples of therapist dialogue). The VRE 

also automatically administered the SUDS for participants to rate their distress before each 

scenario began, immediately upon first exposure, and toward the end of the exposure. At 

these time points, when the VRE presented the 11-point SUDS, the scene paused (i. e., 

characters froze) momentarily, participants positioned their head to face their chosen number 

on the response scale which was then highlighted, and they then pressed a button on the 
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VRE headset for their responses to be logged. Using the same process, participants were 

automatically prompted by the virtual therapist to retrospectively rate their peak, and lowest 

SUDS immediately after each exposure scene ended. On the whole, the VRE automatically 

prompted SUDs ratings before, immediately upon first exposure, peak, lowest, and toward 

end of exposure which were recorded within the VRE.

The dinner party exposure therapy theme comprised six scenes that encompassed four major 

social fear domains (Klinger et al., 2005): assertiveness fear (e.g., vocalizing a contrarian 

perspective), intimacy fear (e.g., making small talk), observation anxiety (e.g., performing 

a task under observation by others), and performance anxiety (e.g., feeling the pressure to 

impress others). Participants had to introduce themselves to the host of the dinner party 

(Scene 1; refer to Fig. 2a), order a drink in front of others without the presence of the party 

guide (Scene 2), ask the host for directions to the restroom (Scene 3), express dissenting 

opinions (Scene 4), flag the host to send a drink back (Scene 5), and speak to a person of 

authority (Scene 6). Table S2 and Figs. S1a–1e in the OSM detail the dinner party exposure 

therapy-themed scenes.

The job interview exposure therapy theme consisted of seven scenes developed based 

on empirically-supported exposure therapy and related CBT protocols for SAD (Hope, 

Heimberg, & Turk, 2019; Mayo-Wilson et al., 2014). Participants underwent these exposure 

therapy scenes in the following order: wait to be called for an interview with two other 

visibly anxious interviewees in the waiting room (Scene 1); sit quietly and by themselves in 

the conference room for a few minutes before the first interview began (Scene 2); answer 

standard questions about themselves, as well as their skill sets, potential contributions, 

greatest professional strength, and communication skills, in a one-on-one interview format 

at a conference room with a friendly interviewer (Scene 3); respond to three non-traditional 

questions to assess their degree of creative thinking, in a one-on-one interview format at a 

casual setting of the office cafeteria (Scene 4); experience a hostile and critical interviewer 

who first accused them of being late, and then asked two difficult questions to assess 

their weaknesses and degree of creative thinking, in a one-on-one interview format at a 

conference room (Scene 5); answer two questions on how they thought prior colleagues 

would appraise them and their workplace conflict resolution skills, in a group interview 

format with two other interviewees in a conference room (Scene 6; refer to Fig. 2b); 

prepare an impromptu speech for 1.5 min and deliver it to two interviewers who appeared 

disengaged and unfriendly during the 3-min speech delivery (Scene 7) (refer to Table S3 and 

Figs. S2a–S2f for more details).

1.7. Session protocol

Throughout the treatment study, no in-training, licensed, or trained human therapist was 

available for participants to access and the research assistant (RA) with whom the participant 

interacted only served as an administrator. As mentioned, all aspects of the intervention 

(e.g., instructions, therapy rationale, SUDS ratings) were standardized and delivered by 

scripted audio instructions or automated via the VRE equipment through the virtual 

therapist with no treatment-related human therapist needed. For instance, no human help 

was provided with regard to using the VRE, and the RAs were neither trained clinically 
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to perform cognitive behavioral therapy nor to articulate exposure therapy principles, 

rationales, and approaches.

VRE participants attended the sessions held in a clinical psychology lab twice a week, for 

50–60 min each. During each session, participants were first greeted by an RA whose duties 

were to oversee completion of the research-related self-reports before and after each session 

and to ensure that standard audio scripts were administered at the appropriate times. The 

RA also advanced the VRE to the next exposure therapy scenario only after the participant 

showed adequate habituation using a standard algorithm (across three consecutive trials, 

SUDS reduced by at least 50% or SUDS before exposure was ≤ 3). At the start of each 

session, participants received psychoeducation about exposure therapy by listening to an 

audiotape and reading handouts that informed them what exposure therapy was and how it 

worked to treat SAD (e.g., reversing the vicious cycle of avoidance, directing participants 

to purposefully enter social situations that create anxiety and to stay and engage fully 

in those contexts). For instance, participants were instructed to focus fully on connecting 

with their emotions and people in the virtual environment as they would in real-life, and 

to allow and tolerate whatever discomfort came up during each social exposure exercise. 

The audiotapes emphasized in various ways the importance of avoiding avoidance and not 

doing anything to get rid of anxious feelings during each exposure session (e. g., distracting 

oneself, not paying close attention). As the audiotape played, participants referred to a 

handout illustrating the vicious cycle of avoidance (Anxiety of social situations → Person 

tells oneself they cannot cope with situation → Avoidance of situation provides temporary 

relief → Decreased confidence in being able to cope → Long-term avoidance of social 

opportunities) and how VRE will reverse the cycle of avoidance (Exposure to social 

situations → Learning to tolerate anxiety → Confidence in being able to cope → Reduced 

avoidance in the short- and long-term → Greater opportunities for social engagement).

In the first session, the audio directed participants to anchor their SUDS levels by recalling 

experiences where they would rate their SUDS to be 0 = not at all, 10 = extremely, and 

5 = moderately, in that order. During the next 20–25 min, they wore a Pico Goblin VR 

headset to immerse in the VRE. The time spent in the VRE was standardly capped at 25–30 

min to prevent cybersickness (Bouchard, Robillard, Loranger, & Larouche, 2012). The VRE 

prompted participants to rate their SUDS before, upon first exposure, immediately before 

ending, as well as to report their peak (highest), and lowest SUDS retrospectively after 

each exposure scene. If, the initial SUDS before exposure was ≤ 3 across three consecutive 

trials, the participant was advanced to the next exposure scenario. If any initial SUDS 

before exposure was ≥ 4, the same exposure scenario was repeated until habituation (defined 

as at least 50% reduction from peak SUDS across 3 consecutive trials) was achieved. 

Thus, participants engaged in at least three trials for each exposure scene. At the end 

of each lab visit, participants completed the process measures of presence, cybersickness, 

self-focused attention, other-focused attention, self-efficacy, and feared negative prediction. 

WL participants began Session 1 about four weeks post-randomization. In total, VRE 

participants engaged in 1–8 exposure therapy sessions (M = 3.55, SD = 1.68, median 

= 4.00). Treatment was mutually terminated only after participants displayed habituation 

following 2 cycles of the VRE and engagement with homework, described below.
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1.8. Pre-to post-Treatment between-session homework

Participants were prescribed between-session in vivo exposure therapy homework to 

consolidate within-session learning. Three minutes of standardized audio rationale and 

instructions for homework was provided at the end of session. This homework highlighted 

the value of practicing the skills participants learned from the VRE to their everyday 

lives between sessions. It emphasized the importance of participants putting themselves 

out there to feel more confident and to stay in the situation long enough to make it more 

likely that their anxiety would decrease (ideally decreasing 50% from their initial anxiety 

when entering the situation). The homework emphasized that the actual exposure exercise 

outcome (e.g., receiving a positive response to asking a person out for a date) did not matter, 

and emphasized the importance of remaining in anxiety-inducing social situations to build 

confidence in their ability to cope. Each participant referred to a handout and was instructed 

to select at least one unique exposure therapy scenario to engage with at least once before 

the next session. To promote feasibility of in vivo exposure, participants were instructed 

to commit to fulfilling an achievable behavioral goal, to plan and specify their real-life 

exposure therapy activities, as well as the place, day, and time for completion. Further, 

to increase compliance, participants were instructed to anticipate obstacles to homework 

completion and brainstorm solution (s). Participants were instructed that for each homework 

exposure task they were to record their SUDS and self-efficacy at various time-points of the 

exposure (e.g., before undergoing the behavioral task), wherein some ratings (i.e., upon first 

exposure, peak, lowest, toward the end) were retrospectively recalled immediately after the 

exposure ended.

1.9. Research fidelity monitoring

Three Ph.D./Psy.D. clinical psychology candidates ensured high fidelity to delivery of 

the research protocols. Further, the doctoral candidates trained and supervised 7 RAs 

by role-playing the initial psychiatric diagnostic interview, and how to administer the 

standard protocol (e.g., algorithm for advancement to the next scene) and research-related 

measures during each session. Also, regular group RA meetings were conducted to address 

any research protocol-related problems, offer more training if needed, and to preserve 

standardization of research protocol delivery. All sessions were videotaped. Throughout 

the process, a Ph.D. candidate watched 15% of the tapes to offer corrective feedback if 

required to ensure that the RAs followed the standardized research protocol. Additionally, 

the doctoral candidates ensured that the research team requested that participants completed 

the 3MFU and 6MFU self-reports online.

1.10. Data analyses

All statistical analyses were carried out using R version 3.6.3 (R Core Team, 2020). The 

nlme R package (Pinheiro, Bates, DebRoy, & Sarkar, 2020 & R Core Team, 2020) was 

used to conduct multilevel modeling analyses given repeated measures nested within persons 

and treatment groups (Enders, 2017). Treatment groups were coded as ‘0’ (WL) and ‘1’ 

(VRE). Time-points were coded as ‘0’ (pre-treatment), ‘1’ (post-treatment), ‘2’ (3MFU), 

and ‘3’ (6MFU). To ascertain treatment effect on dimensional SAD as a primary outcome, 

we calculated a composite SAD symptom severity score by averaging standardized SPDQ 
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and SIAS scores to refrain from multiple testing and prevent Type I error (Stolz et al., 

2018). Other outcomes were indexed by single measures: job interview anxiety (MASI); 

trait worry (PSWQ); depression severity (PHQ-9). Regarding time trends, the multilevel 

models included the intercept, time, group, and time by group interaction as fixed effects, 

and intercept as a random effect. We also determined if the proportion of participants 

with clinically significant change (Jacobson & Truax, 1991) differed between groups 

from pre-to-post-treatment. Missing data (17% in total) due to dropouts and COVID-19 

restrictions (refer to CONSORT flowchart in Fig. 1) was managed with multiple imputation 

via a predictive mean matching algorithm based on Rubin’s (1987) rules using the mice 
R package (van Buuren & Groothuis-Oudshoorn, 2011). Multilevel multiple (vs. single) 

imputation minimizes bias (e.g., reduces standard error) and enhances power and efficiency 

in estimating random and fixed effects of continuous outcomes (Audigier et al., 2018), 

especially for treatment studies with four or more time-points comprising < 30% of missing 

data (Collins, Schafer, & Kam, 2001; Enders, 2011; Gottfredson, Sterba, & Jackson, 

2017). To this end, multilevel multiple imputation yields more credible estimates. As 

recommended, 50 imputations, each with 100 iterations based on the Markov chain Monte 

Carlo method, were used (Grund, Lüdtke, & Robitzsch, 2018). To ease interpretation, 

Hedge’s g was computed, such that values of 0.2, 0.5, and 0.8 denoted small, moderate, and 

large effect sizes, respectively (Dunst, Hamby, & Trivette, 2004).

1.11. Power analysis

Following recommendations (Arend & Schafer, 2019), an a priori power analysis was 

conducted that mirrored study conditions (e.g., attrition rate of 20–30%, sample size of 

N = 44) with the R package lmmpower (Magnusson, 2018). After 5000 replications 

per condition, we observed 85.12–92.62% power to identify significant Group ✕ Time 

interaction effects with g = 0.5. Thus, the current pilot RCT was well-powered.

2. Results

2.1. Descriptive data and initial group differences

Fig. 1 presents the CONSORT flowchart of this pilot RCT. In total, the attrition rate was 

20%.2 Table 1 displays descriptive data for each measure in each group across time. No 

initial group differences were observed in the SAD composite (β(SE) = 0.43 (0.22), p = 

.054, g = 0.60), MASI (β(SE) = 4.41 (4.90), p = .370, g = 0.28), and PHQ-9 (β(SE) = 2.00 

(2.24), p = .27, g = 0.34). However, pre-treatment PSWQ was significantly higher for VRE 

than WL (β(SE) = 7.41 (1.81), p = .002, g = 1.00).

3. Primary outcomes

Table 2 as well as Figs. S3–S6 present the simple slopes of multilevel model results for all 

time-points. Table 3 displays the multilevel model pre-to-post-treatment results.

2Due to space constraints, attrition analyses were included in Appendix A of the OSM.
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SAD Severity Composite.

During pre-to-post-treatment, a significant Group ✕ Time interaction effect emerged (β(SE) 

= −0.97 (0.28), p < .001, g = −1.06). Simple slope analyses indicated significantly larger 

VRE decrease in SAD severity composite score (β(SE) = −1.84 (0.17), p < .001, g = −4.77) 

relative to WL (β(SE) = −0.86 (0.21), p = .002, g = −2.35). Further, showing maintenance 

of gains, the within-VRE SAD severity composite score did not significantly change during 

post-3MFU (β(SE) = 0.01 (0.05), p = .765, g = 0.12) and post-6MFU (β(SE) = −0.04 (0.14), 

p = .747, g = −0.13). VRE (vs. WL) had a marginally significantly higher proportion of 

participants with clinically reliable improvement on the SAD composite severity (Reliable 

recovery: 88.46% vs. 66.67%; No change: 11.54% vs. 33.33%; χ2(df = 1) = 3.11, p = .078, 

g = 0.54).

Job Interview Anxiety.

From pre-to-post-treatment, a significant Group × Time interaction effect emerged (β(SE) 

= −13.95 (6.48), p = .037, g = −0.66). Simple slope analyses indicated that decrement in 

MASI was larger in VRE (β(SE) = −36.28 (3.83), p < .001, g = −4.17) relative to WL (β(SE) 

= −21.59 (4.82), p < .001, g = −2.51). Also, within the VRE group, MASI substantially 

decreased at pre-3MFU (β(SE) = −16.33 (1.94), p < .001, g = −3.70) and pre-6MFU (β(SE) 

= −12.35 (1.44), p < .001, g = −3.77). Showing maintenance of gains, there were no 

significant changes in MASI at post-3MFU (β(SE) = − 0.28 (1.03), p = .791, g = − 0.10) and 

post-6MFU (β(SE) = −4.41 (3.22), p = .184, g = −0.53). Contrary to prediction, VRE (vs. 

WL) did not significantly differ in terms of proportion of participants with clinically reliable 

improvement on the MASI (Reliable recovery: 84.62% vs. 66.67%; No change: 15.38% vs. 

33.33%; Reliable deterioration: 0.00% vs. 0.00%; χ2 (df = 1) = 1.95, p = .163, g = 0.42).

3.1. Secondary outcomes

Trait worry.—From pre-to-post-treatment, a significant Group ✕ Time interaction effect 

was found (β(SE) = −8.43 (3.33), p = .015, g = −0.78). Simple slope analyses showed that 

reduction in PSWQ was notably greater in VRE (β(SE) = −21.28 (2.11), p < .001, g = 

−4.45) than WL (β(SE) = −13.17 (2.64), p < .001, g = −2.80). Also, PSWQ significantly 

reduced at pre-3MFU (β(SE) = −9.24 (1.24), p < .001, g = −3.27) and pre-6MFU (β(SE) = 

−8.19 (1.10), p < .001, g = −3.28). Showing maintenance of gains, no significant changes 

were observed from post-3MFU (β(SE) = −1.71 (1.02), p = .107, g = −0.65), and post- 

6MFU (β(SE) = −6.00 (3.51), p = .100, g = −0.66). The proportion of participants who had 

clinically reliable improvement in PSWQ scores did not significantly differ between VRE 

and WL from pre-to-post-treatment (Reliable recovery: 88.46% vs. 72.22%; No change: 

11.54% vs. 27.78%; Reliable deterioration: 0.00% vs. 0.00%; χ2(df = 1) = 1.89, p = .170, g 
= 0.42).

Depression severity.—From pre-to-post-treatment, no significant Group ✕ Time 

interaction effect was observed (β(SE) = −3.61 (2.05), p = .087, g = −0.54). Simple slope 

analyses indicated that PHQ-9 decrement was significant in VRE (β(SE) = −6.70 (1.34), p < 
.001, g = −2.21) but not WL (β(SE) = −2.79 (1.44), p = .079, g = −1.09). Further, within the 

VRE group, PHQ-9 considerably decreased at pre-3MFU (β(SE) = −2.88 (0.57), p <.001, g 
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= −2.21) and pre-6MFU (β(SE) = −2.28 (0.50), p <.001, g = −2.00). Showing maintenance 

of gains, no significant shifts in PHQ-9 were found at post-3MFU (β(SE) = −0.12 (0.32), p 
= .711, g = −0.15) and post-6MFU (β(SE) = −1.24 (0.95), p = .202, g = −0.51) within the 

VRE.3 VRE (vs. WL) did not significantly predict clinically significant change in PHQ-9 

from pre-to-post-treatment (Reliable recovery: 57.69% vs. 50.00%; No change: 42.31% vs. 

38.89%; Reliable deterioration: 0.00% vs. 11.11%; χ2(df = 2) = 3.04, p = .219, g =0.53).4,5

3.2. Feasibility measures

Number of scenes.—Participants initially randomly assigned to the VRE (n = 26) 

completed a range from 3 to 55 scenes, for an average of 18 scenes (SD = 14). Fifteen 

participants (58%) reached scenes of the highest difficulty level.

Presence.—From Sessions 1 to 5, significant moderate increases across time were 

observed for spatial presence (β(SE) = 0.074 (0.031), p = .019, g = 0.36), involvement 

(β(SE) = 0.093 (0.039), p = .017, g = 0.36), and realness (β(SE) = 0.092 (0.031), p = .003, 

g = 0.45). Moreover, Table 4 shows that spatial presence (g = 0.56) and realness (g = 0.83) 

in the current RCT were significantly higher than an earlier original study (Regenbrecht 

& Schubert, 2002). However, no significant difference between studies were found for 

involvement (g = 0.37) in comparison to Regenbrecht and Schubert (2002). Also, presence 

facets did not significantly differ from Mostajeran, Balci, Steinicke, Kuhn, and Gallinat 

(2020; g = −0.19–0.25). Table 4 details these between-study findings.

Cybersickness.—From Sessions 1 to 5, a significant moderate decrease over time 

was found for cybersickness (β(SE) = −0.58 (0.24), p < .001, g = −0.43). Moreover, 

cybersickness from the current RCT was significantly lower than data from Bouchard, 

St-Jacques, Renaud, and Wiederhold (2009) who recruited patients with specific phobias (g 
= −0.84), but not patients with SAD in Kim et al. (2017; g = 0.02; see Table 4).

Homework compliance.—Eighty percent of participants (n = 21) randomly assigned to 

the VRE demonstrated homework compliance. The number of separate between-session in 
vivo exposure exercises that participants completed ranged from 1 to 13 (M = 3.96, SD = 

4.27).

Qualitative Feedback.—A large proportion of participants (85%) mentioned that they 

would recommend the VRE to others struggling with elevated SAD (refer to Table S6 for 

detailed feedback).

3More information on RCI outcomes were included in Table S7 of the OSM.
4Multilevel models that included both random intercept and random slope of time – an approach that reduces biased and 
anticonservative parameter and standard error estimates (Bell, Fairbrother, & Jones, 2018) – yielded similar results, as shown in 
Tables S8 and S9.
5All findings were similar when we conducted sensitivity analyses using full information maximum likelihood (FIML) instead of 
multiple imputation. FIML uses all available data but does not strategically replace missing values (Graham, 2009).
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4. Discussion

The present study tested the efficacy of self-guided VRE as an independent treatment for 

persons with SAD with diverse interpersonal fears. Findings showed that from baseline to 

post-treatment, VRE (vs. WL) produced greater reductions in SAD severity (indexed by 

SPDQ and SIAS), job interview anxiety, and trait worry, but not depression symptoms. 

Significant pre-post-treatment effect sizes between groups ranged from moderate-to-large 

dimensionally (g = −1.11 to −0.66), and categorically (indexed by reliable change indices; 

g = 0.42 to 0.54). Further, the non-significant between-group effect of VRE (vs. WL) on 

depression severity was moderate dimensionally (g = −0.54) and categorically (g = 0.53). 

Moreover, within-group analyses revealed that although VRE led to significant change in 

depression pre to post, there was no change in the wait-list group. Furthermore, VRE 

effected large decrements in SAD symptom severity, job interview anxiety, trait worry, 

and depression symptom severity from baseline to 3-month and 6-month follow-up time-

points (gs = −4.60 to −2.00). Further, maintenance of treatment gains was observed. 

Overall, our results are consistent with data pooled across 7 studies demonstrating that 

at least three sessions of VRE were superior to WL at reducing social fear and avoidance 

symptoms for persons with SAD (Hedge’s g = −1.70 to − 0.76; Horigome et al., 2020; 

Morina, Kampmann, Emmelkamp, Barbui, & Hoppen, 2021). Correspondingly, participants’ 

feedback largely suggested that the VRE was acceptable, presence and cybersickness levels 

were better or comparable to other VRE, most participants were compliant with homework, 

and a majority reached their most difficult scenes, demonstrating feasibility of the self-help 

protocol.

SAD and job interview anxiety severity likely improved during and after VRE due to 

the accumulation of corrective experiences (i.e., disconfirmed expectations of negative 

outcomes) in diverse fear-evoking social interactions (cf. emotional processing theory; Foa 

& McLean, 2016). Relatedly, participants likely learned that distress associated with social 

interactions was tolerable and would eventually abate if they remained in the situation 

and allowed themselves to experience the full range of emotions that might arise in 

various anxiety-inducing social situations. Indeed, prior exposure therapy for SAD trials 

evidenced that reduced SAD severity over time coincided with decline in threat probability 

overestimation and anticipatory processing (Wong et al., 2017). Further, pre-post treatment 

gains could be explained by the occurrence of within- and between-session habituation that 

has been shown to reliably predict enhanced exposure therapy outcomes (see recent meta-

analysis by Rupp, Doebler, Ehring, & Vossbeck-Elsebusch, 2017). Another account might 

be that, irrespective of habituation, VRE altered emotion-laden memory structures such 

that novel, safety-based learned connections among previously-feared and avoided situations 

inhibited prior threat-based connections (cf. inhibitory learning theory; Craske, Treanor, 

Conway, Zbozinek, & Vervliet, 2014). Of note, habituation and/or extinction learning likely 

occurred via the virtual therapist repeatedly emphasizing the goal of purposefully feeling 

anxious during exposure exercises in the service of major and long-term aims (e.g., attaining 

a dream job) and the importance of tolerating anxiety. Also, SAD symptom improvement 

might have occurred via the audiotapes reiterating and elaborating on how exposure therapy 

reverses the cycle of avoidance during psychoeducation at the start of each session. Further, 
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SAD severity enhancements may be due to the recurrent homework assignments that 

detailed instructions to practice exposure exercises irrespective of the actual outcomes and to 

stay in the situation until their anxiety reduced.

Simultaneously, changes in specific cognitive and behavioral processes might explain why 

SAD and job interview anxiety severity declined more in VRE than WL. For instance, it is 

plausible that the VRE might have led to decrements in self-focused attention, as proposed 

by cognitive theories (Norton & Abbott, 2016), and observed in CBT for SAD (Gregory & 

Peters, 2017). In addition, it is possible that reduced hyper-self-monitoring during exposure 

therapy co-occurred with decreased focus on anxiety symptoms (Hofmann, 2000), thus 

leading to lower SAD symptoms from baseline to post-treatment and follow-up periods. On 

that note, the self-guided VRE and audiotapes highlighted how essential it was to interact 

with the human-like characters mindfully as they would in real-life settings and to eliminate 

any safety behaviors (e.g., distracting oneself or being overly self-conscious). Similarly, 

persons might have raised their self-efficacy during the VRE (Kampmann, Emmelkamp, 

& Morina, 2019), and thus experienced less fear and coped more effectively with myriad 

interpersonal situations. Noteworthy was the fact that the virtual therapist and audiotapes 

in the current study impressed upon participants how engaging in more frequent exposure 

exercises could help them to build and gain confidence to tolerate, enter, and manage more 

social situations. Future studies should incorporate process measures of pertinent constructs 

to test mechanisms of change in VRE for SAD and to clarify the SAD profiles for whom 

VRE would be helpful.

Additionally, why did VRE lead to reductions in trait worry across baseline to post-treatment 

and follow-up time-points? This was probably because participants randomly assigned 

to VRE (vs. WL) had higher trait worry at pre-treatment, such that reductions over 

time reflected regression to the mean. Alternatively, such results were unsurprising given 

heightened trait worry in SAD (Starcevic et al., 2007). Moreover, findings aligned with prior 

similar studies that showed decline in perceived stress, worry, or academic anxiety over the 

course of VRE for community-dwelling adults (Kampmann et al., 2016), adolescents, and 

children (Whiteside et al., 2020). Plausibly, our unguided VRE effected changes in trait 

worry as the program helped persons with SAD unlearn unhelpful perseverative thinking 

habits while enhancing present-mindedness and tolerance for uncertainty. These ideas are 

supported by recent successful RCTs of self-help Internet-delivered extinction therapy based 

on operant conditioning principles (Andersson et al., 2017, 2020). Future RCTs can test 

these notions.

Interestingly spatial presence and realness increased across sessions and cybersickness 

decreased. To our knowledge, these are novel findings in the literature. VRE RCTs and 

open trials conducted to date typically measured presence and cybersickness once at baseline 

but have not assessed if global presence or its specific facets changed throughout treatment 

(refer to reviews by Botella, Fernández-Álvarez, Guillén, García-Palacios, & Baños, 2017; 

Ling, Nefs, Morina, Heynderickx, & Brinkman, 2014). Thus, we showed that presence and 

cybersickness are malleable constructs amenable to change across sessions during the period 

participants were actively receiving VRE. The presence finding is consistent with evidence 

that experiencing presence in virtual environments assisted people with feeling involved as 
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they focused on the aims, procedures, exposure exercises, and related behavioral tasks of 

the VRE (Kang et al., 2021). Also, rise in presence might be partly due to the fact that 

technical glitches (e.g., frozen videos) were collaboratively eliminated prior to commencing 

the pilot trial. Additionally, increased presence might be due to the cutting-edge, real-world 

video processing and dynamic delivery of the BehaVR headset. Although we have no 

data supporting the superiority of a cloud-based Dynamic Experience Engine (DEE), it is 

possible that the use of DEE rules, engagement optimization algorithms, and biometrics, 

contributed to a sense of realness in the VRE environment. It is important for VR research 

to continue to aim toward smooth transitions from the real world to virtual environments. 

Relatedly, decline in cybersickness across treatment in the current study might imply that 

any habituation or extinction effects occurring during VRE can encompass reductions in 

both anxiety and cybersickness symptoms.

Limitations of the current study merit attention. First, the study had a relatively small 

sample size; nonetheless, the statistically significant moderate-to-large effect sizes implied 

that the current pilot RCT was well-powered, and this was also reflected in our a priori 
power analysis. Subsequent investigations would benefit from increased sample size (Page 

& Coxon, 2016). Second, the use of a WL control group could inflate effect sizes 

(Cunningham, Kypri, & McCambridge, 2013); thus, future VRE RCTs are encouraged to 

use an active control (Nolet, Corno, & Bouchard, 2020). The study also did not include 

a behavioral avoidance task (BAT; Castagna, Davis, & Lilly, 2017) to assess participants’ 

head-on confrontations with actual social scenarios before and after treatment. Future VRE 

studies could thus include a BAT to offer further evidence that VRE-derived gains transfer 

to real-life situations. Also, although there was no trained therapist available, participants 

did have contact with an RA. Thus, it is possible that the treatment benefitted from human 

contact. At the same time, all aspects of the current study that were handled by an RA 

(e.g., transiting clients from one exposure therapy scenario to the next using our habituation 

algorithm) could be easily automated by embedding conditional rules into the VRE program 

and via streaming audio or video turned on and off by participants prior to and following 

each virtual exposure. Shortcomings notwithstanding, strengths of the current pilot study 

included the gold-standard RCT method, use of a psychiatric diagnostic interview, and 

the self-guided nature of the intervention. Additionally, the present pilot RCT had a high 

retention rate (i.e., attrition rate of 20% was akin to in vivo exposure therapy and other 

VREs; Benbow & Anderson, 2019) and low deterioration rate (i.e., current deterioration 

rate of 0–4% for anxiety measures matched prior meta-analytic data; Fernandez-Alvarez 

et al., 2019). Further, the current pilot RCT included a 6-month follow-up, and it had 

elevated presence and reduced cybersickness relative to prior studies (Bouchard et al., 2009; 

Regenbrecht & Schubert, 2002) that did not similarly use a stereoscopic 360° camera. 

Also, although the study protocol was administered in a lab, the immersive and algorithm-

driven self-guided VRE with its automated instructions on all aspects of the treatment (e.g., 

treatment rationale, homework delivery, etc.) could be delivered at any location.

If findings were to be replicated, several clinical implications deserve consideration. 

Unguided, brief, self-help VRE has the potential to improve dissemination of exposure 

therapy, since most therapists in the community lack organizational incentive, training, 

and proficiency to optimally deliver exposure therapy or prefer to offer relaxation-based 
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treatments (Becker-Haimes et al., 2017). Provision of access to the self-directed VRE 

equipment could be provided by setting it up at a venue (e.g., dedicated rooms with 

computers, VRE equipment, and detailed instructions to navigate exposure exercises within- 

and between-sessions) within a primary care facility. Staff could be available to troubleshoot 

technical problems and maintain the site. Relatedly, self-directed VRE embedded in 

cellphones that are tailored to the person’s chief presenting SAD-related avoidance problems 

could be conveniently inserted into VRE head mounted devices utilized in those facilities. 

Choosing self-directed VRE as the first course of action for SAD in a stepped-care primary 

treatment facility may ultimately offer greater access to diverse communities at lower cost 

by requiring zero or fewer face-to-face CBT sessions (Boeldt et al., 2019; Fairburn & Patel, 

2017; Lindner et al., 2017). Alternatively, the equipment and access to the audio content, 

could be rented to participants for a delimited period of time and used within their homes. 

Another possibility is for CBT practitioners to incorporate the VRE program into their 

clinical care as an adjunctive treatment to allow for repeatable social exposure without 

adversely affecting therapeutic alliance (Maples-Keller, Bunnell, Kim, & Rothbaum, 2017).
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Fig. 1. 
CONSORT flow chart
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Fig. 2a. 
Scene 1 in the Dinner Party-Themed VRE Protocol for General Social Anxiety
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Fig. 2b. 
Scene 6 in the Job Interview Anxiety-Themed VRE Protocol

Zainal et al. Page 27

Behav Res Ther. Author manuscript; available in PMC 2022 January 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zainal et al. Page 28

Ta
b

le
 1

D
es

cr
ip

tiv
e 

st
at

is
tic

s 
of

 o
ut

co
m

e 
m

ea
su

re
s 

at
 a

ll 
tim

e-
po

in
ts

.

P
re

-T
re

at
m

en
t

P
os

t-
T

re
at

m
en

t
3M

F
U

6M
F

U

M
(S

D
)

M
(S

D
)

M
(S

D
)

M
(S

D
)

SA
D

 c
om

po
si

te
W

L
0.

88
(0

.8
4)

−
0.

09
(0

.8
9)

–
–

–
–

V
R

E
1.

31
(0

.6
1)

−
0.

52
(0

.6
0)

−
0.

45
(0

.4
6)

−
0.

49
(0

.7
7)

SP
D

Q
W

L
16

.9
9

(4
.4

2)
12

.5
3

(4
.9

2)
–

–
–

–

V
R

E
19

.1
2

(3
.5

0)
9.

52
(3

.5
1)

10
.1

0
(2

.6
3)

10
.2

6
(4

.3
0)

SI
A

S
W

L
46

.4
5

(1
4.

54
)

29
.8

0
(1

3.
28

)
–

–
–

–

V
R

E
53

.4
8

(9
.5

3)
25

.2
9

(9
.5

0)
25

.8
2

(8
.6

8)
23

.9
5

(1
2.

00
)

M
A

SI
W

L
70

.4
6

(1
6.

27
)

47
.8

9
(2

2.
48

)
–

–
–

–

V
R

E
74

.8
7

(1
5.

80
)

38
.3

5
(1

4.
72

)
42

.2
1

(1
2.

16
)

37
.8

0
(1

8.
08

)

PS
W

Q
W

L
60

.1
9

(7
.8

1)
47

.0
9

(7
.7

1)
–

–
–

–

V
R

E
67

.6
0

(6
.9

2)
46

.4
2

(8
.7

3)
49

.0
1

(1
0.

06
)

43
.0

1
(1

5.
12

)

PH
Q

-9
W

L
11

.2
0

(6
.0

1)
7.

94
(3

.6
0)

–
–

–
–

V
R

E
13

.2
0

(5
.8

0)
6.

46
(3

.1
1)

7.
46

(1
.5

7)
6.

22
(4

.0
7)

N
ot

e.
 F

U
 =

 f
ol

lo
w

-u
p;

 M
A

SI
 =

 jo
b 

in
te

rv
ie

w
 a

nx
ie

ty
 s

ca
le

; P
H

Q
-9

 =
 p

at
ie

nt
 h

ea
lth

 q
ue

st
io

nn
ai

re
–9

-i
te

m
; P

SW
Q

 =
 P

en
n 

St
at

e 
w

or
ry

 q
ue

st
io

nn
ai

re
; S

A
D

 c
om

po
si

te
 =

 a
ve

ra
ge

d 
st

an
da

rd
iz

ed
 s

co
re

 o
f 

th
e 

so
ci

al
 in

te
ra

ct
io

n 
an

xi
et

y 
sc

al
e 

an
d 

so
ci

al
 p

ho
bi

a 
di

ag
no

st
ic

 q
ue

st
io

nn
ai

re
; V

R
E

 =
 v

ir
tu

al
 r

ea
lit

y 
ex

po
su

re
 th

er
ap

y;
 W

L
 =

 w
ai

tli
st

 c
on

tr
ol

 c
on

di
tio

n.

Behav Res Ther. Author manuscript; available in PMC 2022 January 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zainal et al. Page 29

Ta
b

le
 2

W
ith

in
-g

ro
up

 s
im

pl
e 

sl
op

es
 a

na
ly

si
s 

of
 m

ul
til

ev
el

 m
od

el
in

g 
w

ith
 r

an
do

m
 in

te
rc

ep
t f

in
di

ng
s.

P
re

-p
os

t
P

re
-3

M
F

U
P

re
-6

M
F

U
P

os
t-

3M
F

U
P

os
t 

-6
M

F
U

β
g

β
g

β
g

β
G

β
g

SA
D

W
L

−0
.8

6*
*

−2
.3

5
–

–
–

–
–

–
–

–

C
om

po
si

te
V

R
E

−1
.8

4*
**

−4
.7

7
−0

.6
0*

**
−4

.8
0

−0
.8

7*
**

−3
.8

6
0.

01
0.

12
−

0.
04

−
0.

13

SP
D

Q
W

L
−3

.8
3*

*
−1

.9
3

–
–

–
–

–
–

–
–

V
R

E
−9

.5
9*

**
−4

.3
1

−4
.5

0*
**

−4
.5

0
−2

.9
2*

**
−3

.3
0

0.
37

0.
47

0.
16

0.
07

SI
A

S
W

L
−1

5.
34

**
*

−2
.5

0
–

–
–

–
–

–
–

–

V
R

−2
8.

12
**

*
−4

.5
8

−1
3.

75
**

*
−4

.6
0

−9
.7

8*
**

−4
.0

4
−

0.
67

−
0.

38
−

1.
87

−
0.

34

M
A

SI
W

L
−2

1.
59

**
*

−2
.5

1
–

–
–

–
–

–
–

–

V
R

E
−3

6.
28

**
*

−4
.1

7
−1

6.
33

**
*

−3
.7

0
−1

2.
35

**
*

−3
.7

7
−

0.
28

−
0.

10
−

4.
41

−
0.

53

PS
W

Q
W

L
−1

3.
17

**
*

−2
.8

0
–

–
–

–
–

–
–

–

V
R

E
−2

1.
28

**
*

−4
.4

5
−9

.2
4*

**
−3

.2
7

−8
.1

9*
**

−3
.2

8
−

1.
71

−
0.

65
−

6.
00

−
0.

66

PH
Q

-9
W

L
−

2.
79

−
1.

09
–

–
–

–
–

–
–

–

V
R

E
−6

.7
0*

**
−2

.2
1

−2
.8

8*
**

−2
.2

1
−2

.2
8*

**
−2

.0
0

−
0.

12
−

0.
15

−
1.

24
−

0.
51

β 
=

 r
eg

re
ss

io
n 

w
ei

gh
t; 

g 
=

 H
ed

ge
’s

 g
 e

ff
ec

t s
iz

e;
 F

U
 =

 f
ol

lo
w

-u
p;

 M
A

SI
 =

 jo
b 

in
te

rv
ie

w
 a

nx
ie

ty
 s

ca
le

; P
H

Q
-9

 =
 p

at
ie

nt
 h

ea
lth

 q
ue

st
io

nn
ai

re
–9

-i
te

m
; P

re
-3

M
FU

 =
 p

re
-t

re
at

m
en

t t
o 

3-
m

on
th

 f
ol

lo
w

-u
p;

 
Pr

e-
6M

FU
 =

 p
re

-t
re

at
m

en
t t

o 
6-

m
on

th
 f

ol
lo

w
-u

p;
 P

SW
Q

 =
 P

en
n 

St
at

e 
w

or
ry

 q
ue

st
io

nn
ai

re
; S

A
D

 c
om

po
si

te
 =

 a
ve

ra
ge

d 
st

an
da

rd
iz

ed
 s

co
re

 o
f 

th
e 

so
ci

al
 in

te
ra

ct
io

n 
an

xi
et

y 
sc

al
e 

an
d 

so
ci

al
 p

ho
bi

a 
di

ag
no

st
ic

 q
ue

st
io

nn
ai

re
; V

R
E

 =
 v

ir
tu

al
 r

ea
lit

y 
ex

po
su

re
 th

er
ap

y.

* p 
<

 .0
5

p 
<

 .0
1

p 
<

 .0
01

.

Behav Res Ther. Author manuscript; available in PMC 2022 January 14.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zainal et al. Page 30

Table 3

Multilevel model with random intercepts for pre-to post-treatment time-point, condition, and their interaction 

predicting outcome measures.

Parameter Estimates

β (SE) t g

SAD Composite Intercept 0.90 *** (0.17) 5.39 1.61

Pre-Post −0.91 *** (0.21) −4.29 −1.32

Condition 0.40 (0.21) 1.90 0.58

Pre-Post × Condition −0.97 ** (0.28) −3.45 −1.06

SPDQ Intercept 17.02 *** (0.93) 18.31 5.49

Pre-Post −4.11 ** (1.18) −3.48 −1.07

Condition 2.08 (1.19) 1.75 0.54

Pre-Post × Condition −5.73 *** (1.58) −3.63 −1.11

SIAS Intercept 46.80 *** (2.67) 17.50 5.24

Pre-Post −15.90 *** (3.45) −4.61 −1.41

Condition 6.45 (3.44) 1.87 0.57

Pre-Post × Condition −12.81 ** (4.59) −2.79 −0.85

MASI Intercept 70.70 *** (3.92) 18.05 5.41

Pre-Post −22.57 *** (4.83) −4.68 −1.43

Condition 4.01 (4.98) 0.81 0.25

Pre-Post × Condition −13.95 * (6.48) −2.15 −0.66

PSWQ Intercept 60.21 *** (1.84) 32.66 9.79

Pre-Post −12.89 *** (2.54) −5.08 −1.56

Condition 7.37** (2.40) 3.08 0.94

Pre-Post × Condition −8.43 * (3.33) −2.53 −0.78

PHQ-9 Intercept 11.19 *** (1.13) 9.94 2.98

Pre-Post −3.19 * (1.57) −2.03 −0.62

Condition 2.03 (1.46) 1.39 0.42

Pre-Post × Condition −3.61 (2.05) −1.76 −0.54

β = regression weight; g = Hedge’s g effect size; MASI = job interview anxiety scale; PHQ-9 = patient health questionnaire–9-item; PSWQ = 
Penn State worry questionnaire; SAD composite = averaged standardized score of the social interaction anxiety scale and social phobia diagnostic 
questionnaire; SE = standard error; t = t-statistic for the specific parameter estimate.

*
p < .05

**
p < .01

***
p < .001.
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