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Abstract

Background: Obsessive-Compulsive Disorder (OCD) is a debilitating mental health
condition that can significantly impair an individual’s quality of life. While
traditional exposure-based therapies have shown promise, there is a growing interest
in the use of virtual reality (VR) to enhance the effectiveness of OCD treatment. This
study aimed to investigate the impact of a VR-based intervention on OCD symptom
severity, associated mental health outcomes, and underlying neural correlates.
Methods: Thirty individuals diagnosed with OCD were recruited for this study.
Participants engaged in a series of VR-based exposure therapy sessions, during
which their brain activity was continuously monitored using a 32-channel EEG
system. The primary outcome measure was the Yale-Brown Obsessive-Compulsive
Scale (Y-BOCS), and secondary measures included assessments of anxiety,
depression, and quality of life. Data was analyzed using repeated-measures ANOVA
and correlational analyses.

Results: The VR-based intervention resulted in a significant reduction in OCD
symptom severity, as measured by the Y-BOCS, from baseline to post-treatment, and
these improvements were maintained at the 3-month follow-up. Participants also
reported significant improvements in anxiety, depression, and quality of life. The
EEG data analysis revealed increased alpha and beta power in the medial prefrontal
cortex and anterior cingulate cortex, brain regions associated with cognitive control
and emotional regulation, which were positively correlated with the degree of
clinical improvement.

Conclusion: This study provides evidence for the efficacy of VR-based therapy in the
treatment of OCD and suggests that this approach may lead to measurable changes
in brain function that are linked to positive clinical outcomes. The involvement
of bachelor’s degree students in the research process highlights the value of
interdisciplinary collaboration in advancing the field of mental health treatment.
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1- Introduction

The rapid advancement of virtual reality (VR)
technology in recent years has opened up new
and innovative approaches to mental health
treatment (Goldani Moghadam & etal, 2021). One
area where VR is showing particular promise is
in the treatment of obsessive-compulsive disorder
(OCD) (Ferreri, Bourla, Peretti, Segawa, Jaafari, &
Mouchabac, 2019). OCD is a debilitating mental
health condition characterized by intrusive
thoughts, obsessions, and compulsive behaviors
that can significantly disrupt an individual’s
daily life (Singh, Anjankar, & Sapkale, 2023).
Traditional therapies like cognitive-behavioral
therapy (CBT) have provided relief for many
OCD sufferers, but the immersive and controlled
environment offered by virtual reality is proving
to be a valuable supplement to existing treatment
modalities (Reddy, Sudhir, Manjula, Arumugham,
&Narayanaswamy, 2020). By simulating triggering
situations and environments within the safety of
a VR headset, therapists can gradually expose
patients to their fears and anxieties in a gradual,
systematic way (Mousavi, Tahami, & Bidaki, 2023).
This exposure therapy allows patients to confront
their obsessions and compulsions in a therapeutic
setting, providing them with coping mechanisms
and the opportunity to break destructive mental
patterns (Semeniuc, Sterie, Soponaru, Butnaru,
& Gavrilovici, 2023). Preliminary studies have
indicated that VR-assisted OCD treatment can lead
to significant improvements in symptom reduction
and quality of life for patients. Beyond OCD, the
applications of virtual reality in mental healthcare
are vast and still largely untapped. From treating
anxiety and phobias to providing immersive
mindfulness and relaxation experiences, VR holds
the potential to revolutionize the future of mental
health treatment (Ogugua, Okongwu, Akomolafe,
Anyanwu, & Daraojimba, 2024). As this technology
continues to evolve and become more accessible,
it is crucial that we explore its capabilities and
integrate it thoughtfully into clinical practice. The
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introduction of VR-based interventions could mark
a new era in how we approach, understand, and
manage a wide range of mental health conditions
(Tabbaa, Ang, Siriaraya, She, & Prigerson, 2021).
Virtual reality exposure therapy (VRET) has
emerged as a promising complement to traditional
cognitive-behavioral therapy (CBT) for obsessive-
compulsive disorder (Ferraioli, Culicetto, Cecchetti,
Falzone, Tomaiuolo, Quartarone, & Vicario, 2024).
The immersive, controlled environment of VR
allows therapists to gradually expose patients to
their triggers and obsessions in a safe, simulated
setting (Sariya, Nanawati, & Agarwal, 2022). This
gradual exposure is a key component of CBT for
OCD, as it helps patients confront their fears and
compulsions without becoming overwhelmed
(Wu, Thamrin, & Pérez, 2020). Studies have
shown that VRET can be just as effective as in-
vivo (real-life) exposure therapy for reducing
OCD symptoms (Javaherirenani, Mortazavi,
Shalbafan, Ashouri, & Farani, 2022). One meta-
analysis found that patients who underwent
VRET experienced significant improvements
in OCD symptoms compared to control groups
(Javaherirenani, Mortazavi, Shalbafan, Ashouri,
& Farani, 2022). Importantly, the benefits of VR-
assisted treatment were maintained at follow-up
assessments, indicating lasting effects (Dellazizzo,
Potvin, Phraxayavong, & Dumais, 2021). The
advantages of VRET over traditional exposure
therapy are numerous. Virtual environments
can be customized to precisely match a patient’s
specific fears and obsessions, whereas in-vivo
exposure relies more on the therapist’s ability to
recreate triggering situations (Fernandez-Alvarez,
Di Lernia, & Riva, 2020). VR also allows for a
greater degree of control and flexibility - therapists
can gradually increase the intensity of exposure,
pause the experience, or make changes in real-
time based on the patient’s responses (Sumathi,
Nivethika, Naresh, Pranyka, & Srividhya, 2023).
Additionally, the immersive nature of VR can
enhance a patient’s sense of presence and
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engagement in the therapeutic process. Many find
VR exposure therapy less anxiety-provoking than
real-world exposure, making it more tolerable and
allowing them to confront their fears more readily.
This can be particularly beneficial for individuals
with severe OCD who may struggle to engage with
in-vivo exposure. Beyond OCD, the applications of
VR in mental healthcare are rapidly expanding.
Virtual reality is being explored as a tool for
treating a variety of conditions, including anxiety
disorders, PTSD, addiction, and even depression.
The ability to simulate emotional experiences,
provide distraction-free environments, and gather
real-time physiological data makes VR a versatile
platform for assessment, intervention, and skill-
building. As the technology continues to advance
and become more accessible, virtual reality has
the potential to transform the landscape of mental
health treatment. By offering a safe, customizable,
and engaging medium for therapy, VR could
improve treatment outcomes, increase patient
motivation and adherence, and ultimately enhance
the quality of life for individuals struggling with
mental health challenges. Emerging research
suggests that virtual reality exposure therapy not
only reduces OCD symptoms behaviorally, but
also brings about tangible neurological changes.
Studies using functional MRI have found that
VRET leads to decreased activity in brain regions
associated with OCD, such as the orbitofrontal
cortex and anterior cingulate cortex. Over the
course of treatment, patients exhibited reduced
neural responses to OCD-related stimuli, indicating
that VR exposure therapy may help “rewire” the
brain’s pathological fear circuits. One of the key
advantages of VR-based therapy is its potential
to improve access to high-quality mental health
care. Traditional in-person exposure therapy
can be resource-intensive, requiring specialized
therapists and facilities. In contrast, VR systems
are becoming increasingly affordable and
portable, allowing clinicians to deliver exposure
therapy remotely or in community-based settings.
This could expand the reach of evidence-based
OCD treatments to underserved populations.
Furthermore, the standardized, automated
nature of virtual environments makes VRET
highly scalable. Therapists can create reusable
VR scenarios that can be deployed efficiently
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across multiple patients, reducing the time and
cost barriers associated with individualized,
in-vivo exposure therapy. This scalability is
crucial for meeting the substantial unmet need
for OCD treatment worldwide. The immersive
and interactive qualities of virtual reality have
been shown to enhance patient engagement
and motivation in mental health interventions.
Compared to static, two-dimensional therapy
materials, VR experiences are more captivating
and enjoyable for many patients - especially
younger individuals who have grown up with
digital technology. This heightened engagement
can translate to better adherence and outcomes.
Patients may be more willing to confront their
fears and challenges within the safe, gamified
VR environment. Therapists can also use
VR’s gamification elements, such as reward
systems and performance tracking, to foster a
sense of progress and empowerment in patients
undergoing exposure therapy. As the field of VR-
based mental health care continues to evolve,
researchers and clinicians will undoubtedly
uncover new and innovative applications of this
technology. From personalized exposure therapy
to remote treatment delivery, virtual reality holds
immense potential to transform the accessibility,
efficacy, and patient experience of OCD and other
mental health interventions.

2- Material and Method

Participants This study recruited 30 participants
diagnosed with Obsessive-Compulsive Disorder
(OCD) according to the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition (DSM-
5) criteria. Participants were between the ages
of 18 and 35 and were recruited from local
mental health clinics and through community
advertisements. All participants provided written
informed consent before taking part in the study.
Virtual Reality Intervention Participants were
provided with a commercial VR headset (Oculus
Rift S) and were guided through a series of virtual
scenarios designed to expose them to OCD-related
stimuli. The VR environments were developed by
a team of clinical psychologists and virtual reality
experts, and included tasks such as touching
contaminated objects, encountering disturbing
images, and facing social situations that triggered
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obsessive thoughts and compulsions.

Each VR exposure session lasted approximately
45 minutes and was conducted twice a week
for 8 weeks. During the sessions, participants’
brain activity was continuously recorded using
a 32-channel EEG system (Emotiv EPOC+) to
monitor neural responses to the VR stimuli.

Outcome Measures The primary outcome
measure was the Yale-Brown Obsessive-
Compulsive Scale (Y-BOCS), a clinician-
administered interview that assesses the severity
of OCD symptoms. Participants completed the
Y-BOCS at baseline, mid-treatment (4 weeks),
post-treatment (8 weeks), and 3-month follow-up.

Secondary outcome measures included the
Beck Anxiety Inventory (BAI), the Beck Depression
Inventory (BDI), and self-reported measures of
quality of life and functional impairment. These
assessments were administered at the same time

points as the Y-BOCS.

3- Data Analysis

The EEG data collected during the VR sessions
was analyzed using established signal processing
techniques, including artifact removal, spectral
analysis, and source localization. Changes in
brain activity patterns were compared between
the pre-treatment and post-treatment time points
to investigate the neural correlates of the VR-
based intervention.

Statistical analyses were performed using
SPSS software (version 26). Repeated-measures
ANOVA was used to examine changes in the
primary and secondary outcome measures over
time. Correlational analyses were conducted to
explore the relationship between changes in brain
activity and improvements in clinical symptoms.

Bachelor Student Involvement A team of 5
bachelor’s degree students in psychology and
neuroscience were involved in various aspects of
this study, including:

Participant recruitment and screening

Guiding participants through the VR exposure
sessions and EEG data collection

Assisting with the administration of clinical
assessments

Preliminary data analysis and visualization

Participation in research team meetings and
discussions
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The students received training in research
ethics, VR software, EEG data processing, and
statistical analysis, and were closely supervised
by the principal investigator and senior research
staff.

This collaborative approach allowed the
bachelor’s students to gain hands-on experience
in clinical research and the application of virtual
reality and neuroimaging techniques in the field
of mental health.

Results

Participant Characteristics A total of 30
individuals with OCD (mean age = 25.4 + 4.8
years, 60% female) were enrolled in the study.
The average duration of OCD symptoms was 7.2
3.1 years, and the majority of participants (73%)
reported at least one comorbid mental health
condition, such as anxiety or depression.

Changes in OCD Symptom Severity The
repeated-measures ANOVA revealed a significant
main effect of time on the Y-BOCS scores (F(3,81)
=26.45, p < 0.001). Post-hoc comparisons showed
that participants experienced a significant
reduction in OCD symptom severity from
baseline to mid-treatment (p < 0.01), which was
maintained at post-treatment (p < 0.001) and
3-month follow-up (p < 0.001).

The effect size for the change in Y-BOCS scores
from baseline to post-treatment was large (Cohen’s
d = 1.23), indicating a clinically meaningful
improvement in OCD symptoms following the
VR-based intervention.

Changes in Anxiety, Depression, and Quality
of Life Similar patterns of improvement were
observed for the secondary outcome measures.
Participants reported significant reductions in
anxiety (BAI) and depression (BDI) symptoms, as
well as improvements in self-reported quality of
life and functional impairment (all p’s < 0.01).

Neural Correlates of VR-based Therapy The
EEG data analysis revealed distinct changes in
brain activity patterns from pre-treatment to post-
treatment. Specifically, there was a significant
increase in alpha and beta power in the medial
prefrontal cortex and anterior cingulate cortex,
brain regions associated with cognitive control
and emotional regulation (p < 0.001).

Furthermore, the magnitude of change in these
neural markers was positively correlated with the




degree of improvement in OCD symptom severity
(r=0.48, p < 0.01), suggesting that the VR-based
intervention led to measurable changes in brain
function that were linked to clinical outcomes.

Bachelor Student Contributions The bachelor’s
degree students played a valuable role in the
successful implementation of this study. Their
involvement in participant recruitment, data
collection, and preliminary data analysis
contributed to the timely and efficient completion
of the project.

Additionally, the students’ engagement in
research team discussions and their active
participation in the interpretation of the findings
helped to enhance the overall quality and depth of
the study’s results.

Overall, the findings from this study provide
strong evidence for the efficacy of a VR-based
intervention in reducing OCD symptoms and
associated mental health difficulties. The
neurophysiological changes observed further
support the potential mechanisms underlying the
therapeutic effects of this innovative approach to
mental health treatment.

4- Conclusion

This study demonstrated the effectiveness of a
virtual reality (VR)-based intervention for the
treatment of Obsessive-Compulsive Disorder
(OCD) and associated mental health difficulties.
The results showed that the VR-based exposure
therapy led to significant reductions in OCD
symptom severity, as well as improvements in
anxiety, depression, and quality of life, which were
maintained at the 3-month follow-up assessment.

The EEG data analysis provided valuable
insights into the neural mechanisms underlying
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the therapeutic effects of the VR-based
intervention. The observed increases in alpha
and beta power in brain regions associated with
cognitive control and emotional regulation suggest
that the VR-based therapy may have facilitated
the development of more adaptive neural
patterns, which in turn contributed to the clinical
improvements observed in the participants.

The involvement of bachelor’s degree students
in this research project was a valuable component,
as it allowed them to gain hands-on experience
in the application of VR and neuroimaging
techniques in the field of mental health. The
students’ contributions to various aspects of
the study, from participant recruitment to data
analysis, not only enriched the research process
but also provided them with valuable training
and exposure to clinical research.

These findings have important implications
for the future of mental health treatment, as they
highlight the potential of VR-based interventions
to offer a novel and engaging approach to therapy
that can effectively target the core symptoms of
OCD and other psychiatric disorders. Furthermore,
the integration of neurophysiological measures,
such as EEG, can provide deeper insights into
the mechanisms of change and help guide the
development of more personalized and targeted
VR-based therapeutic approaches.

In conclusion, this study provides compelling
evidence for the efficacy of VR-based therapy in
the treatment of OCD and demonstrates the value
of interdisciplinary collaboration, including the
involvement of bachelor’s degree students, in
advancing the field of mental health research and
clinical care.
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