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Abstract

Background: Youth social anxiety is rising; however, evidence for therapist-guided virtual reality (VR) exposure remains
sparse.

Objective: This randomized controlled trial will test whether such a VR program is associated with reductions in social-anxi-
ety symptoms in youth aged 15 to 25 years.

Methods: Participants will be recruited from schools, tertiary institutions, and community centers in Hong Kong and screened
for eligibility. Youth aged 15 to 25 years who score 25 or higher on the Social Phobia Inventory (SPIN) will be randomly
allocated to either the VR intervention group or the waitlist control group in a 1:1 ratio. The VR group will receive a 6-session
therapist-facilitated VR intervention, focusing on exposure to realistic social scenarios, real-time physiological monitoring,
and Al-driven adaptive support. The control group will not receive the VR intervention during the primary assessment
period but will be offered access after the 3-month follow-up assessment. Both groups will be assessed at baseline, 1 month
(postintervention), and 3 months for the primary outcome of social anxiety (SPIN) and the secondary outcome of depression
(Patient Health Questionnaire-9). An exploratory cost analysis will estimate the cost per unit reduction in SPIN scores.

Results: A total of 90 participants (45 in each group) will be recruited. Participant enrollment began in March 2026, and
data collection will continue until the required sample size is reached. The primary findings are expected to be published in
late 2027. Outcome analyses will use a linear mixed effects model under the intention-to-treat principle, with missing data
accounted for under the assumption of missing-at-random.

Conclusions: This trial will provide preliminary evidence on the efficacy, feasibility, and acceptability of a therapist-facilita-
ted VR intervention for youth social anxiety in Hong Kong. Given the waitlist comparator and 3-month follow-up period,
findings will not establish VR-specific effects, long-term effectiveness, or implementation-level cost-effectiveness.

Trial Registration: ClinicalTrials.gov NCT06876779; https://clinicaltrials.gov/study/NCT06876779
International Registered Report Identifier IRRID): PRR1-10.2196/86937
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Introduction

Social Anxiety Among Youth

Social anxiety, also known as social phobia, is characterized
by a marked fear of social situations where individuals may
be scrutinized by others, often leading to avoidance behaviors
and distress [1,2]. It, often arising in adolescence, is among
the most common anxiety disorders affecting youth and can
substantially disrupt academic performance, peer relation-
ships, and emotional well-being [3,4]. A central feature of
social anxiety is extreme sensitivity to negative evaluation,
perpetuating cycles of self-doubt and anticipatory anxiety
[4]. Among young people, persistent concerns over potential
judgment can lead to social withdrawal and diminished social
support, thereby exacerbating loneliness and isolation [5].
Indeed, in an investigation involving adolescents and young
adults, researchers found that social anxiety often manifests
before major depression, underscoring the urgent need for
early screening and targeted interventions in this population

[6].

Therapist-Facilitated Virtual Reality
Interventions

Virtual reality (VR)-based interventions provide immersive
and controllable environments in which anxiety-provoking
social or performance situations can be simulated [7,8]. For
youth with social anxiety, VR may be particularly useful
because feared situations can be presented gradually, repeated
safely, and adjusted according to the participant’s level of
difficulty; however, youth-specific evidence remains limited
and requires further controlled evaluation [9]. Compared
with in vivo exposure alone, VR may reduce some prac-
tical barriers by allowing exposure tasks to be delivered
in a private and standardized setting, although transfer
to real-world functioning should be examined empirically
rather than assumed [7,8,10]. Therapist facilitation may
further strengthen VR-based interventions. A trained therapist
can help participants identify feared predictions and safety
behaviors, prepare for exposure tasks, monitor distress,
and consolidate learning through debriefing and homework
planning [11,12]. However, evidence on therapist-facilitated
VR interventions for youth social anxiety remains limited,
and the extent to which symptom improvement transfers to
daily functioning requires further empirical investigation [9,
10].

Research Gaps

Robust evidence on VR treatment for adolescent social
anxiety is still sparse, particularly from randomized control-
led trials (RCTs). This gap is noteworthy because adoles-
cents, often described as “digital natives,” are generally
receptive to technology-mediated care—a factor that can
boost both engagement and adherence [9]. Although a small
body of research indicates that self-guided VR programs
can reduce anxiety by providing convenient, on-demand,
and relatively low-cost exposure practice [7,8], the added
value of therapist-facilitated VR remains largely untested.
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In a guided format, clinicians can give real-time feed-
back, fine-tune exposure tasks, and address comorbid issues
such as cognitive distortions or emotional dysregulation as
they emerge [13]. This active professional involvement is
likely to improve treatment adherence, deepen therapeutic
engagement, and optimize clinical outcomes by keeping the
exposure simultaneously challenging and safely supported
[13].

Additionally, the lack of economic evaluations for
VR-based psychological interventions is a critical issue,
particularly during times of global economic downturns,
when funding for mental health support and research often
declines [14]. Without rigorous cost-effectiveness analyses,
policymakers may face challenges in allocating resources
efficiently, potentially limiting access to innovative digital
interventions that could provide scalable, engaging, and
sustainable mental health support for young individuals.
Addressing these gaps is important for understanding whether
VR interventions can be both potentially useful and feasible
for broader use in youth mental health care [15].

Research Objectives and Hypotheses

Our aim is to test the preliminary efficacy of a thera-
pist-facilitated VR intervention for reducing social anxi-
ety symptoms among young individuals, compared with a
waitlist control condition. The primary research question
is: “Does the therapist-facilitated VR intervention, when
compared to waitlist group, result in a reduction of social
anxiety symptoms among youths at 1-month (post-treatment)
and 3-month follow-up?”’ Additionally, the study aims to
investigate the cost-effectiveness of this intervention by
determining “What is the cost per unit reduction in the
SPIN score (if applicable)?” The study does not aim to
establish implementation effectiveness in routine service
settings or definitive generalization to real-world behavior.
Our hypotheses are as follows:

* HI1: Compared with the waitlist control, a therapist-
facilitated VR intervention will reduce social anxiety
symptoms at the 1-month (posttreatment) follow-up.

* H2: Compared with the waitlist control, a therapist-
facilitated VR intervention will reduce social anxiety
symptoms at the 3-month follow-up.

e H3: The VR intervention will demonstrate a cost per
unit reduction in social anxiety symptoms, providing an
estimate of its economic feasibility.

Methods

Trial Design

The design is a 2-arm, statistician-blind, parallel-group RCT
to test whether the VR intervention, compared with a waitlist
control condition, leads to a reduction in social anxiety among
youth. Assessments will be carried out at O (baseline, TO),
1 (posttreatment, T1), and 3 (follow-up, T2) months. A
summary of the trial design can be seen in Figure 1.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the proposed randomized controlled trial
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Ethical Considerations

The protocol and the informed consent form received
approval from the Hong Kong Shue Yan University Human
Research Ethics Committee (HREC 24-05(M3)). Eligible
participants willing to join the study will sign an online
consent form. For participants under 18 years of age,
additional parental or guardian consent will be obtained. To
reduce the likelihood or detection of harm, various safety and
security procedures will be implemented, such as exclud-
ing potentially psychologically ill participants during the
screening stage.

To ensure the confidentiality and security of participant
data, all collected information is securely encrypted during
transmission and storage, preventing unauthorized access.
Access to participant data is strictly limited to author-
ized research personnel. Additionally, personally identifiable
information is anonymized or deidentified wherever possible
to safeguard participant privacy. Each eligible participant will
receive compensation of approximately HK $500 (HK $1=US
$0.128 as of July 15, 2026) for their participation in the study.

Randomization, Allocation Concealment,
and Blinding

Participants will be randomized after the baseline assess-
ment using computer-generated block randomization with
a 1:1 allocation ratio within pre-established blocks of 90
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participants. To ensure balance, a randomized blocking
schema with block sizes of 2, 4, or 6 will be implemented.
An independent research assistant, uninvolved in statisti-
cal analysis, will conduct the randomization. Allocation
concealment will be maintained until the participant has
completed eligibility screening, provided informed consent,
and undergone baseline assessment. The allocation sequence
will be accessible only to the independent staff member
responsible for randomization. Research staff involved in
recruitment and baseline assessment will not have access
to the allocation sequence before assignment. Because of
the nature of the VR intervention and the waitlist control
condition, participants and therapists cannot be blinded after
allocation. However, the statistician conducting the primary
analysis will remain blinded to group labels until the primary
analysis has been completed. Group labels will be coded
as group A and group B during data cleaning and primary
analysis to reduce analytic bias.

Recruitment

The trial will enroll 90 participants, allocating 45 to each arm.
Allowing for 15% attrition, this sample provides 90% power
to detect a treatment effect at T1, assuming an independent
samples 2-tailed ¢ test, an a level of .05, and Cohen d of
0.75. The target size also accords with comparable 2-arm VR
intervention studies [16].
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The first participant was enrolled in March 2026. The
study will recruit participants from various settings in Hong
Kong, including middle schools, tertiary institutions, and
community centers. Adequate participant enrollment will be
facilitated through partnerships with collaborating institu-
tions, which will post digital flyers and promotional videos
on their social-media platforms to reach the target population.
The participants’ inclusion criteria were as follows: youth
aged 15 to 25 years with a score of 25 or higher on the
Social Phobia Inventory (SPIN). The exclusion criteria were
as follows: (1) inability to attempt a baseline assessment
(eg, due to being unpermitted to leave a psychiatric ward);
(2) photosensitive epilepsy or significant visual, auditory, or
balance impairment; (3) currently receiving another inten-
sive psychological intervention; (4) a history of neurological
conditions (eg, traumatic brain injury); and (5) insufficient
language proficiency to understand the intervention require-
ments. In this trial, any endorsement of suicidal ideation
will trigger crisis intervention procedures. Participants will
be promptly flagged, and a trained clinician will notify the
school or guardian to ensure appropriate safety measures are
taken. School tutors or social workers familiar with students’
mental health will help identify participants unsuitable for the
study, especially those whose conditions may be masked in
self-report questionnaires. Participants will be recruited and
screened online or offline, but will complete all interventions
offline. Participants will be briefed through tutorial video
clips demonstrating the research flow regarding intervention
procedures, timing, and frequency.

Protocol Development

Intervention Group: Therapist-Facilitated VR
Treatment

The objective of the VR intervention is to facilitate the
relearning of safety in social events among young individ-
uals. The VR intervention involves the implementation of
repeated behavioral experiment tests, which aim to assist
participants in realizing that their level of safety is higher
than their initial perception. All intervention sessions will be
delivered by credentialed mental health professionals who
meet the following criteria: (1) each therapist will have
completed systematic training in cognitive behavioral therapy
(CBT) and will have used CBT as their primary clinical
modality for a minimum of 1 year; (2) all therapists will
hold a master’s degree in clinical psychology, counseling
psychology, or social work and maintain an active profes-
sional license or registration in their respective jurisdiction;
(3) a registered clinical supervisor, possessing at least 8
years of postqualification experience, will oversee the entire
treatment process, provide weekly case consultations, and
conduct random session audits to ensure fidelity; and (4)
an intervention manual will be developed to standardize
session structure, therapeutic techniques, and VR scenario
use; therapists will complete manual-based training and must
demonstrate competency in role-play assessments before
treating study participants. The therapists will take charge of
the following 3 key phases of the intervention process:
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* Intake interview: the mental health worker will assess
dysfunctional assumptions and safety behaviors to
identify each participant’s key cognitive patterns,
allowing VR exposure and cognitive restructuring to be
tailored to their most relevant fears and defenses.

* Document establishment: the mental health professio-
nal will establish documentation for each participant,
which serves to enhance the efficacy of subsequent
VR sessions by allowing the mental health professional
to better prepare for participants’ responses and
provide more targeted guidance. Furthermore, this
documentation will also serve as a means to track and
record participants’ progress throughout the trial.

* VR session preparation: the mental health professio-
nal will assist participants in preparing for the VR
sessions. This involves guiding individuals through
the intervention process, which includes helping
them recognize and address dysfunctional thinking
styles, encouraging them to put aside maladaptive
defense strategies, conducting debriefing sessions at the
conclusion of each session, and providing feedback to
tailor the progression of each participant. The mental
health professional will also encourage participants to
apply the learning from VR into the real world through
homework tasks to be carried out between sessions.

Theoretical Framework

This research will use Clark and Wells’s cognitive model
of social phobia (Figure 2) [11]. This model identifies the
following 4 key processes that maintain social avoidance
[12]:

* Social situation: for adolescents, commonplace events
such as giving a short class presentation constitute
highly salient “social situations” that can trigger the
Clark-and-Wells cycle; epidemiological work shows
that such youth-relevant contexts frequently precipitate
the first onset of social anxiety [17].

* Activates assumptions: exposure to these situations
activates developmentally tuned self-rules. Assump-
tions such as “If I look awkward, my peers will
screenshot and mock me” are shaped by heightened
peer sensitivity during adolescence. These maladaptive
assumptions prime threat detection systems and lower
the threshold for anxiety activation [18].

* Perceived social danger (negative automatic thoughts):
the activated rules generate rapid thoughts such as “My
hands are shaking—everyone will notice,” inflating
both the probability and the cost of negative peer
evaluation [19].

* Processing self as a social object: attention turns
inward; the adolescent continuously monitors facial
redness, voice quiver, or online “likes,” embodying
the self as an observable object. This self-focused
processing amplifies somatic and cognitive symptoms
(eg, tachycardia, blanking) while prompting safety
behaviors, such as looking down, muting the mic, and
overediting photos, that temporarily soothe anxiety yet
block disconfirmation of catastrophic beliefs [20].
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Figure 2. Cognitive model of social anxiety disorder used in this study.
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Intervention Design and VR Scenarios

The intervention comprises 6 sessions of 60 minutes each.
This structure could be effective and practical for the target
demographic in Hong Kong, considering the efficacy of brief
interventions, challenges with longer program retention, and
the need for adaptability to the local context [21]. There are 6
VR scenarios: a café, classroom, interview room, public bus,
social gathering, and family gathering. Each scenario consists
of 10 sequentially structured tasks, increasing in difficulty
over time. For example, in a job interview scenario, task 1
involves the participant interacting with a friendly inter-
viewer. Task 2 introduces a neutral, more serious interviewer.
Task 3 features a foreign language—speaking interviewer,
requiring the participant to respond in a nonnative language

https://www researchprotocols.org/2026/1/e86937

(eg, English). Before each task, participants will see an
automated dashboard through the VR headset, providing
background information and clear instructions on required
actions, such as introducing themselves by saying, “Hello,
my name is Chan Da Men.” To enhance engagement and
support, the system monitors response time and, if no
response is detected within 20 seconds, automatically displays
assistance options, including taking a short break, requesting
support from a psychologist, or extending response time. This
structured approach ensures that participants receive gradual
exposure, real-time guidance, and adaptive support, enhanc-
ing learning, confidence, and anxiety management in the VR
intervention.

The ecological validity of the scenarios was strengthened
through pilot interviews with youth who reported elevated
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social anxiety symptoms, as well as consultations with local
mental health professionals and a parent (see the “Pilot
Study” section for more details). The selected scenarios were
chosen because they reflect common social and perform-
ance-based contexts encountered by youth in Hong Kong,
including classroom participation, public speaking, job or
school interviews, commuting and public transport interac-
tions, peer gatherings, café or casual social encounters,
and family gatherings. These situations were considered
developmentally relevant because adolescents and young
adults in Hong Kong often face intense academic expect-
ations, bilingual or multilingual communication demands,
dense public social environments, and frequent evaluation
in school, university, and early-career settings. The VR
tasks within each scenario were therefore designed to
reflect locally recognizable interpersonal demands rather
than generic exposure tasks. Examples include responding
to questions from teachers or interviewers, initiating or
maintaining conversations with peers, managing attention
from others in public spaces, and coping with perceived
evaluation during group or family interactions. This cultur-
ally and contextually informed design aims to improve the
relevance and acceptability of the intervention for Hong Kong
youth while maintaining a standardized structure for trial
delivery.

Intervention Flow

Structure of Each Intervention Session

Before each of the 6 intervention sessions, participants can
freely choose from the 6 available VR scenarios based on
their personal preferences and therapeutic needs. Each session
is structured into 3 key phases (intervention flowchart; Figure
3):

Figure 3. Intervention flowchart of the virtual reality (VR) program.
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e Warm-up (10-20 min): in the first session, therapists
introduce themselves, provide an overview of the
6-session intervention, explain procedures and safety
precautions, and address participants’ questions and
concerns to build rapport. From the second to the sixth
session, therapists review the chosen scenario, reflect
on the previous session, and conduct a homework
check-in to reinforce learning and progress.

* VR intervention (30 min): participants move to a
separate VR-equipped room, where they wear a VR
headset and a smartwatch to track physiological
indicators, while a camera records real-time responses
for later video feedback analysis. During the 30-minute
session, the intervention runs autonomously without
therapist assistance. Therapists remain in a monitoring
room, receiving real-time feedback on participants’
body movements, voice volume, reaction speed, and
fluency, as well as physiological indicators (eg, heart
rate and skin conductance). If needed, therapists are on
standby to enter the participant’s room on request.

* Debriefing (20 min): after the VR session, partici-
pants and therapists review the experience using video
feedback and physiological data, identifying specific
challenges, such as self-focused attention or cognitive
distortions contributing to social anxiety. Therapists
introduce coping strategies, such as deep breathing, to
help manage anxiety in real-world situations. Before
concluding the session, participants receive simple
homework assignments, such as practicing breathing
exercises in daily social interactions to reinforce
learning and real-life application.

VR intervention (30 min)—participant room

+ Participant wears VR headset and smartwatch.

* VR runs autonomously.

+ Therapist monitors in a separate room.

+ Participant can request therapist assistance if needed.

Intervention Feature 1: Wearable Watch for
Real-Time Biological Data Collection

To enhance real-time monitoring of participants’ mental
states during the intervention, a commercially available
wearable health-monitoring device will be used to collect
physiological indicators, including: (1) electrodermal activity
(EDA), which reflects changes in skin conductance and
indicates levels of physiological arousal and emotional
responses; and (2) heart rate variability (HRV), which
measures variations in heartbeats associated with stress
and emotional regulation. These physiological markers offer
objective indicators of anxiety and emotional responses
during VR-based exposure tasks.

The collected data will be transmitted in real-time to the
back-end control panel (CP), allowing the research team

https://www researchprotocols.org/2026/1/e86937

to monitor participants’ anxiety responses during different
VR scenarios. If the system detects elevated physiological
responses (eg, increased EDA or decreased HRV) during
a specific VR task, it signals that the participant may
be experiencing heightened anxiety. The biological data
will be reviewed postsession with the counseling psycholo-
gist. During follow-up discussions, the CP will explore the
participant’s experience, validate their emotional responses,
and help them develop personalized coping strategies based
on their reactions.

Intervention Feature 2: Al-Driven Adaptive
Support and Ethical Safeguards
During sessions, Al-driven interactive support was provided

through Doubao (developed by ByteDance), an Al-powered
large language model used in this study primarily for speech

JMIR Res Protoc 2026 | vol. 15 1e86937 | p. 6
(page number not for citation purposes)


https://www.researchprotocols.org/2026/1/e86937

JMIR RESEARCH PROTOCOLS

recognition and response detection. Based on predefined
indicators such as task progression, response delay, and
physiological arousal patterns, the system may provide brief
and standardized prompts. If signs of frustration, distress,
elevated arousal, or prolonged nonresponse are detected, the
Al adjusts its approach by offering reassurance, motivational
feedback, or brief reminders to use breathing or grounding
strategies introduced by the therapist. The AI component is
used as a lightweight supportive function; it does not provide
diagnoses, make clinical decisions, assess risk independently,
or replace therapist judgment. Moreover, after each VR
session, Doubao Al generates a personalized postsession
report summarizing the participant’s emotional and physio-
logical responses, as well as task completion. The report
highlights moments of peak anxiety and recommendations
for the next session, including areas for improvement and
potential adjustments to intervention difficulty or pacing. Any
Al-generated feedback used in debriefing will be reviewed by
the therapist, who will decide whether and how to incorporate
it into the session discussion. Prompts and feedback templates
will be reviewed by the research team to ensure that they are
clinically appropriate, nonjudgmental, and consistent with the
intervention manual. The back-end code and implementation
details can be made available upon reasonable request.

To protect data privacy, identifiable participant informa-
tion will not be included in Al-generated summaries. Study
data will be coded using participant IDs, and access to
identifiable data will be restricted to authorized research
personnel. Data transmission and storage will follow the
approved data security procedures described in the ethics
application. Participants will be informed during the consent
process that Al-supported feedback may be used as part of
the intervention, the type of data involved, the purpose of the
Al-generated feedback, and the limits of Al involvement.

Potential Adverse Effects and Safety
Procedures

Potential adverse effects related to VR exposure will be
monitored throughout the intervention. These may include
cybersickness symptoms such as dizziness, nausea, eye-
strain, headache, or disorientation; temporary dissociative-
like discomfort or a reduced sense of presence after
leaving the immersive environment; and excessive emotional
activation during anxiety-provoking social tasks. Before the
first VR session, participants will be informed of these
possible reactions and reminded that they may pause or stop
the session at any time without penalty.

During each VR session, participants will be monitored
through real-time behavioral observation, voice responses,
task progression, and physiological indicators. Therapists will
remain available to enter the VR room or provide sup-
port if the participant requests assistance or if the moni-
toring data suggest substantial distress. Sessions will be
paused or terminated if the participant requests to stop,
reports significant discomfort, shows signs of cybersickness,
becomes unable to continue the task, or if the therapist judges
that continuation may not be clinically appropriate.
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After each session, therapists will conduct a debriefing
to review the participant’s subjective experience, emotional
responses, and any adverse reactions. Any adverse events will
be documented by the research team and reviewed during
supervision. Participants requiring additional psychological
support will be referred to appropriate school, community, or
clinical services.

Pilot Study

A pilot study, conducted from January 2025 to April 2025,
interviewed 26 individuals with SPIN scores of 25 or higher
in Hong Kong to identify the most anxiety-provoking social
situations and inform VR scenario design. Participants were
asked: “What social settings do you fear the most, such as
public speaking or interviews?” Based on their responses,
the top 6 most anxiety-inducing situations were identified,
including public speaking and job interviews. These findings
will guide the development of VR scenarios that replicate
realistic high-anxiety situations, ensuring the intervention
effectively targets key challenges faced by individuals with
social anxiety. Further details of the pilot study will be
provided in a forthcoming article titled “Ecological Drivers
of Youth Social Anxiety and Stakeholder Perspectives on
Virtual Reality Intervention Design: A Qualitative Study in
Hong Kong and Mainland China”.

To obtain a broader ecosystem perspective, interviews
were conducted with 4 mental health professionals and 1
parent, eliciting views on adolescent social anxiety and
their day-to-day challenges. The semistructured guide elicited
participants’ views on adolescent social anxiety across five
domains: (1) the current prevalence and presentation of
the problem, (2) perceived etiological factors, (3) existing
supports and resources, (4) gaps or areas in need of improve-
ment, and (5) opinions on whether, and how, VR technology
could assist youth with social anxiety.

According to the pilot results, the VR intervention was
designed to address the unique characteristics of youth with
social anxiety and incorporate suggestions from local mental
health professionals. As a result, it stands out from existing
VR interventions with 5 key innovative features:

» Targeted focus on social phobia: unlike general VR
exposure therapy, this VR intervention is specifically
designed to address social anxiety, providing immersive
scenarios tailored to gradually expose participants to
anxiety-inducing social situations.

* Autonomous VR sessions: the system operates without
requiring a therapist to be physically present. If no
response is detected for 30 seconds, a prompt appears
asking the participant whether they need a break or
would like to invite a psychologist into the session for
real-time support.

» Al-integrated feedback system: equipped with Doubao
Al the system provides real-time prompts and
encouragement based on physiological and behavioral
data. For instance, if an elevated heart rate is detected,
the AI may prompt: “You’re doing great! Remember
the deep breathing exercise from last time? Let’s try it
together—inhale for 3 seconds...exhale.”
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* Wearable device integration: participants wear a
smartwatch that tracks EDA and HRV during VR
sessions. These physiological responses are monitored
in real time and displayed on the back-end CP, allowing
therapists or researchers to assess stress levels remotely.
Gamification and reward system: this VR intervention
includes a point-based system where participants earn
experience points for completing tasks. These points
can be exchanged for rewards, such as customizing
their avatar’s appearance in the virtual world, enhanc-
ing engagement and motivation.

Control Group: Waitlist Control

Participants in the waitlist control group will have access
to the VR intervention withheld until after the 3-month
follow-up assessment. To prevent confounding effects from
relevant concomitant care and interventions, participants will
be required to refrain from receiving any other treatments
or interventions specifically targeting social phobia during
the study period. The rationale for this comparator is that
this study is an early-stage RCT designed to estimate the
preliminary efficacy, acceptability, feasibility, and safety
of a newly developed therapist-facilitated VR intervention

Wang et al

in a youth population in Hong Kong. Before conducting
a more complex and resource-intensive active-controlled
trial, it is necessary to first examine whether the interven-
tion can be delivered as planned, whether participants can
tolerate and engage with immersive exposure, and whether
the study procedures, assessment schedule, and outcome
measures are feasible. The waitlist design will also provide
initial estimates of recruitment feasibility, adherence, dropout,
outcome variability, and potential treatment signals, which
can inform the design and sample size calculation of future
trials. Providing delayed access also helps address ethical
concerns by allowing control participants to receive the
intervention after the primary assessment period.

Outcomes

Basic demographic and clinical data, including age, gender,
region, and socioeconomic status, will be collected. The
primary outcome will be the SPIN, while the secondary
outcome will be the Patient Health Questionnaire-9 (PHQ-9)
for depressive symptoms. All outcomes will be self-assessed
using the following online measurements at baseline, 1-month
(postintervention), and 3-month follow-up (Figure 4).

Figure 4. SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) schedule throughout the study period. PHQ-9: Patient

Health Questionnaire-9; SPIN: Social Phobia Inventory; VR: virtual reality.
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Primary Outcomes: SPIN

Developed by Connor et al [22], SPIN is a brief self-report
tool consisting of 17 items that assess fear, avoidance, and
physiological discomfort in social situations. It is specifi-
cally designed for use with social anxiety disorder [23].
The Chinese version of the SPIN has been examined with
good internal consistency (Cronbach a=0.85) and test-retest
reliability (r=0.73). A cutoff value of 25 or higher has
demonstrated strong reliability and validity and is commonly
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used to screen for social anxiety in the Chinese population
[24].

Secondary Outcomes: PHQ-9

The PHQ-9 is widely used to screen for the presence and
severity of depression, monitor the severity of depression
over time, and assist with the diagnosis of depression. Each of
the 9 items is scored from O (“not at all”’) to 3 (“nearly every
day”), with a total score ranging from 0 to 27. Higher scores
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indicate more severe depressive symptoms. PHQ-9 scores
of 5, 10, 15, and 20 represent mild, moderate, moderately
severe, and severe depression, respectively. The Chinese
version of the PHQ-9 demonstrates high internal validity and
consistency, as evidenced by a Cronbach a of 0.86 and strong
test-retest reliability with a correlation coefficient of 0.86,
affirming its efficacy for use in Chinese-speaking populations
[25].

Adherence and Perceived Real-World
Application

To assess participant adherence, a fidelity rating scale will
be used, specifically measuring key aspects, such as session
attendance and completion of assigned homework. Real-
world application is a critical issue in evaluating interven-
tion efficacy. To explore perceived real-world application,
a mixed methods approach was used. A custom self-report
questionnaire was administered at posttreatment and follow-
up to measure perceived changes in social functioning,
academic or occupational engagement, and real-life applica-
tion of coping strategies. Items assessed outcomes, such
as reduced avoidance, greater participation in daily tasks,
and satisfaction with the intervention’s relevance to every-
day life. To complement these data, semistructured inter-
views explored how participants applied therapeutic gains
in real-world contexts, including specific examples of social
interactions, academic challenges, and emotional regulation.

Physiological Data

HRV and EDA data collected during VR sessions will
be analyzed using repeated-measures ANOVA to examine
within-subject changes across sessions and between-group
differences over time. For EDA, any fluctuation exceeding
2 SDs from the participant’s baseline, sustained within a
5-second window before and after the peak, will be flagged as
an arousal event. These events will be quantified per session
and used as indicators of physiological reactivity. Their
frequency and timing will be explored in relation to session
content and subjective distress and may serve as predictors or
correlates of treatment engagement and emotional processing.

Statistical Analysis
Primary Analysis

The primary analysis will follow the intention-to-treat
principle, meaning that all randomized participants will
be analyzed according to their assigned groups regardless
of intervention adherence, withdrawal, or protocol devia-
tion. Between-group differences in SPIN scores at 1-month
posttreatment and 3-month follow-up will be examined using
linear mixed effects models. The model will include group,
time, and the group-by-time interaction as fixed effects,
baseline SPIN score as a covariate, and a participant-specific
random intercept to account for repeated measurements. The
data will be automatically generated by Google Forms once
participants complete their responses. A P value of less than
.05 will be used as the level of statistical significance.
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Secondary Analyses

A similar linear mixed effects modeling approach will be
used for secondary outcomes, including depressive symptoms
measured by the PHQ-9. Exploratory analyses will exam-
ine adherence indicators, including the number of sessions
attended, task completion, and homework completion. Where
appropriate, adherence may be examined as a predictor
or moderator of symptom change. Physiological indicators,
including HRV and EDA, will be analyzed descriptively and,
where data quality permits, using repeated-measures models
to explore within-participant changes across sessions and
associations with subjective outcomes.

Covariates and Potential Confounding
Variables

Selected baseline variables will be included in the final
analyses to improve precision. These may include age,
gender, baseline social anxiety severity, baseline depressive
symptoms, recruitment setting, and prior or concurrent mental
health support.

Missing Data and Dropout-Related Bias

Linear mixed effects models can accommodate missing
outcome data under the missing-at-random assumption.
Patterns of missingness and dropout will be examined
descriptively by group. If missing data are substantial,
multiple imputation or other sensitivity analyses will be
conducted to assess the robustness of the findings.

Cost Analysis

The cost analysis will encompass the following components:
(1) personnel costs, including expenses for the training and
recruitment of mental health professionals; (2) VR equip-
ment and software costs, such as VR headsets and software
licenses; and (3) materials and supplies (eg, office supplies,
printing, and miscellaneous). The total cost will be divided by
the average reduction in SPIN scores to calculate the cost per
unit reduction in SPIN score.

Dissemination Plan

Findings will be disseminated through peer-reviewed
publications, academic conferences, and knowledge exchange
activities with collaborating schools, community organiza-
tions, and youth mental health stakeholders. Nontechnical
summaries will be prepared for service providers and
community partners to support future intervention refinement
and implementation planning.

Results

The pilot study has already generated a ready participant
pool, with numerous individuals indicating their willingness
to join the VR intervention once it launches. Several partner
organizations, including local nongovernmental organizations
and middle schools, have also expressed interest in partici-
pating in the program. Recruitment for the first cohort is
scheduled to begin in March 2026 and continue through
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December 2026. The study’s design, management, analysis,
and reporting are independent of the funder. Demographic
features, such as age, gender, and education level, will
be reported to provide a comprehensive overview of the
participant population. The primary analysis, focusing on
social anxiety, will be conducted using an intent-to-treat
approach, carefully accounting for missing values. Various
visualizations, including trend graphs, charts, flow diagrams,
and other illustrative tools, will be used to depict participants’
changes over time. Additionally, subgroup analyses will be
included to explore variations within specific segments of the
participant population.

Metrics such as intensity and frequency of use will also
be reported to provide insights into participants’ engagement
with the intervention. Lastly, any significant changes in the
software or the delivery of the intervention during the study
period will be documented and reported to ensure transpar-
ency and contextualize the findings.

Discussion

Expected Findings

This study is expected to provide preliminary evidence on
the efficacy, feasibility, and acceptability of a therapist-facili-
tated VR intervention for reducing social anxiety symptoms
among youth in Hong Kong. We hypothesize that participants
receiving the VR intervention will show greater reductions
in SPIN scores than those in the waitlist or delayed-interven-
tion control group at postintervention and at the 3-month
follow-up. We also expect to obtain exploratory findings
on depressive symptoms, adherence, physiological responses
during VR exposure, perceived real-world application, and
cost per unit reduction in SPIN scores.

Comparison With Prior Work

Previous reviews suggest that VR exposure therapy may
reduce symptoms of social anxiety disorder and may have
effects comparable to other exposure-based approaches in
some contexts [26,27]. More broadly, VR therapy has been
most extensively studied for anxiety-related conditions and
posttraumatic stress disorder, although evidence varies by
diagnosis, population, and intervention format [7]. However,
the existing literature still contains relatively few trials
focused specifically on adolescents and young adults, and
many studies differ in therapist involvement, scenario design,
follow-up duration, and comparator conditions. Therefore,
further randomized trials are needed to clarify how VR-sup-
ported interventions may be adapted for youth populations
and specific sociocultural contexts.

This study contributes to this body of literature by testing a
therapist-facilitated VR intervention that combines struc-
tured exposure tasks, therapist preparation and debriefing,
culturally relevant social scenarios, physiological monitor-
ing, and Al-supported feedback. Unlike fully self-guided
VR interventions, the current intervention retains therapist
involvement before and after VR exposure. This design
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allows therapists to help participants identify feared predic-
tions and safety behaviors, prepare for exposure tasks, review
their responses, and plan between-session homework. At
the same time, the VR component offers a standardized
and immersive environment in which exposure tasks can be
repeated and adjusted in difficulty.

Implications and Future Directions

If the intervention shows preliminary efficacy and
acceptability, the findings may inform the design of
a larger trial with longer follow-up and a more rigor-
ous comparator condition. Future studies should consider
active control groups, such as therapist-led psychoeduca-
tion, nonimmersive digital interventions, standard CBT-
informed support, or another credible psychological control
condition. Such designs would help distinguish the specific
contribution of VR from nonspecific effects, such as
therapist attention, expectancy, and structured contact. The
exploratory cost analysis may also provide initial informa-
tion on the resources required to deliver the intervention,
including therapist time, training, supervision, equipment,
software, and administrative costs. However, this trial will
estimate the cost per unit reduction in SPIN scores rather
than establish full cost-effectiveness in routine clinical or
community settings.

Limitations

Several limitations should be acknowledged. First, given
the multimonth research period, participant attrition was a
concern. To mitigate this, participants were screened for
motivation, supported throughout the study with dedicated
staff and reminders, and the VR experience was refined
based on pilot feedback to reduce technical issues and
enhance engagement. Second, the technological nature of the
VR intervention may limit generalizability, as youth more
familiar with digital tools may benefit more than older or
less tech-savvy individuals. Future research should explore
ways to improve accessibility across age groups. Third, the
disparity in content and intensity between the VR and control
groups may limit interpretability, as symptom improvements
could reflect therapist contact or session structure rather than
VR-specific effects. Future studies should consider a 3-arm
design to better isolate the unique contribution of VR. Fourth,
the use of a waitlist control has important methodological
limitations. Waitlist control conditions may produce larger
apparent treatment effects than more active or usual-care
comparators in psychotherapy trials, and they do not control
for nonspecific therapeutic factors, such as therapist attention,
expectancy, structured contact, or digital engagement [28].
Therefore, the findings will be interpreted as preliminary
efficacy compared with delayed intervention rather than as
evidence of VR-specific treatment effects. Future trials should
include active comparator conditions, such as therapist-led
psychoeducation, nonimmersive digital intervention, standard
CBT-informed support, or another credible psychological
control condition, to better isolate the unique contribution of
VR and therapist facilitation.
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Conclusions also generate exploratory findings on depressive symptoms,
adherence, perceived real-world application, physiological
responses, and cost per unit reduction in SPIN scores. Given
the use of a waitlist comparator and a 3-month follow-up
period, the findings should be interpreted as preliminary
and will not establish VR-specific treatment effects, long-
term effectiveness, or broad implementation outcomes. These
results may inform the design of future active-controlled trials
and longer-term evaluations of VR-supported psychological
interventions for youth social anxiety.

In conclusion, this protocol describes an RCT evaluating
the preliminary efficacy, feasibility, and acceptability of
a therapist-facilitated VR intervention for social anxiety
among youth in Hong Kong. By combining immersive VR
exposure, therapist preparation and debriefing, physiological
monitoring, and lightweight Al-supported prompts, the study
will provide initial evidence on whether this intervention
is associated with reductions in social anxiety symptoms
compared with a waitlist control condition. The study will
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