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Abstract. Acrophobia, a common specific phobia, significantly affects patients'
daily lives and mental health. Traditional treatments such as cognitive-behavioral
therapy (CBT) and medication have certain limitations in practical application.
Virtual reality exposure therapy (VRET), as an innovative treatment approach,
has shown unique advantages. This paper reviews the effectiveness of VRET in
the treatment of acrophobia, explores the effects of integrating physiological sig-
nals into the VRET system, and based on the analysis results, proposes sugges-
tions for system design and scenario optimization aimed at enhancing treatment
outcomes and patient experience.
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1 Introduction

Acrophobia, a common specific phobia, primarily manifests as an irrational fear and
avoidance of heights or high places. Patients often experience physiological and psy-
chological symptoms such as increased heart rate, dizziness, sweating, and panic when
at high elevations or even when merely imagining being at heights[1]. This fear not
only restricts daily activities, such as using elevators, working at heights, or crossing
bridges, but can also severely impact work, social interactions, and overall quality of
life[2].

Traditionally, the treatment of acrophobia has relied heavily on Cognitive Behav-
ioral Therapy (CBT) and medication. Among these, Exposure Therapy is a widely uti-
lized technique within CBT that aims to reduce fear responses by gradually exposing
patients to fear-inducing situations[3]. However, traditional Exposure Therapy poses
several limitations in practical applications, such as difficulties in controlling real-life
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scenarios, a lack of a sense of safety during treatment, low patient compliance, and high
implementation costs [9].

With the rapid advancement of Virtual Reality (VR) technology, new opportunities
have emerged in the field of psychological therapy. VR technology is capable of creat-
ing highly realistic three-dimensional interactive environments, allowing patients to ex-
perience and gradually adapt to fear-inducing stimuli in a safe and controllable virtual
setting [17]. Virtual Reality Exposure Therapy (VRET) is an innovative treatment
method that applies VR technology to Exposure Therapy. VRET utilizes computer-
generated virtual environments to simulate fear-inducing scenarios, enabling patients
to gradually confront and adapt to their fear stimuli under the guidance of a therapist[5].
Compared to traditional methods, VRET offers the following advantages:

High Controllability: Therapists can precisely control the intensity, duration, and
contextual changes of stimuli within the virtual environment, flexibly adjusting treat-
ment plans to meet the needs of different patients [8].

High Safety: Patients are exposed in a virtual environment without facing the phys-
ical dangers present in real environments, enhancing their sense of safety and helping
to improve treatment acceptance and compliance[19].

High Accessibility: Virtual environments can be reused anytime and anywhere, re-
ducing the cost and time associated with setting up scenarios in real environments,
thereby enhancing the economic feasibility and scalability of treatment[18]. Current
research indicates that VRET has achieved positive outcomes in the treatment of acro-
phobia. Studies have shown that VRET effectively reduces fear levels, improves cog-
nitive and behavioral responses, and offers enhanced personalization and precision
[16].

The application prospects of VR technology in psychological therapy are broad[10-
13]. Future research and practice are expected to further advance the use of VRET in
treating various psychological disorders, providing patients with more effective and
convenient treatment options.

2 VRET in the Treatment of Acrophobia: Effectiveness and
System Optimization Recommendations

This study conducted a comprehensive literature review by searching databases such as
PubMed, Web of Science, PsycINFO, and Scopus for publications between 2000 and
2024 related to the effectiveness of Virtual Reality Exposure Therapy (VRET) in treat-
ing acrophobia. Keywords used in the search included “virtual reality,” “VR,” “expo-
sure therapy,” “VRET,” “acrophobia,” and “fear of heights.” Inclusion criteria were
studies with experimental control groups or multiple comparison groups, therapist in-
volvement during treatment, and detailed descriptions of virtual scenarios. Ultimately,
24 representative studies were selected for analysis.
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2.1 Review and Comparison of VRET Effectiveness Studies

This paper analyzes six representative studies, demonstrating that VRET is an effective
method for treating acrophobia in Table 1, comparable to traditional treatment methods
and even outperforming them in certain aspects.

Overall, VRET demonstrates significant effectiveness in alleviating acrophobic
symptoms, comparable to traditional real exposure therapy, while offering advantages
in safety and convenience.

Table 1. Review and Comparison of VRET Effectiveness Studies
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Garcia-Pa- VRET group Various
. . VRET: 15, .
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In vivo: 15 .
al., 2007 group scenarios
Public

Kothgass- VRET group VRET: 30 HTC speaking

ner et al., vs. control i . Yes No Yes | 0.001
Control: 30 Vive virtual en-
2016 group .
vironments
VRET com- VRET + Bi- Multiol
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Revtio of | bined with bio- | ofccdback: I
cpefioe feedback vs. 25, Tradi- - anx1et.y-1n- Yes | Yes | Yes | 0.001
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traditional tional )
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VRET group VRET: 25
High immer-
sion virtual en- High Im- Cus- Varied
Slater & . . .
. vironment mersion: 10, tom height-re-
Wilbur, . No No No | 0.001
1997 group vs. low Low Immer- VR lated envi-
immersion sion: 10 setup ronments

group

3 The Impact of Physiological Data Integration in VRET

Physiological data plays a crucial role in assessing and enhancing the effectiveness of
Virtual Reality Exposure Therapy (VRET). By collecting and analyzing physiological
signals, researchers can objectively evaluate patients' physiological responses during
treatment, thereby optimizing treatment plans. Common physiological metrics include
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Heart Rate (HR), Heart Rate Variability (HRV), Electroencephalogram (EEG), and
Skin Conductance (SC).

e Heart Rate (HR) and Heart Rate Variability (HRV): An increase in heart rate and a
decrease in HRV are typically associated with heightened anxiety levels. By analyz-
ing HR data before and after treatment, researchers can assess whether patients' anx-
iety responses have diminished [21-22].

e Electroencephalogram (EEG): EEG data reflects changes in brain activity in re-
sponse to fear stimuli. Specific frequency band changes can indicate emotional reg-
ulation and alterations in fear responses [13-15].

e Skin Conductance (SC): SC measures the activity of sweat glands and can be used
to assess the level of autonomic nervous system arousal. A decrease in SC generally
indicates reduced anxiety and tension.

Through the analysis of these physiological metrics, researchers can gain deeper in-
sights into patients' physiological responses to fear stimuli, evaluate the efficacy of the
therapy, and optimize treatment plans. For example, Apicella et al. (2024) utilized EEG
and Electrocardiogram (ECQG) data to classify acrophobia within a VR environment,
further enhancing the personalization and precision of VRET.

4 Suggestions for VRET System Design and Scenario
Optimization

4.1 Design of VRET Systems

The data flow diagram of a VRET system is illustrated at Fig. 1. Brief Description of
Each Functional Module:

e Physiological Signal Collection Module

The Physiological Signal Collection Module continuously gathers users' physiolog-
ical data in real time, including brainwaves (EEG), heart rate (HR), and skin conduct-
ance (SC). These physiological signals objectively reflect the users' emotional and
physiological states, providing crucial support for the system's dynamic adjustments
and personalization.

e Data Processing and Analysis Module

The Data Processing and Analysis Module processes, analyzes, and extracts features
from the collected physiological signals to calculate the users' fear index. This quanti-
tative metric accurately reflects the users' emotional responses and serves as a vital
basis for the system's adaptive adjustments.

e Virtual Scene Generation and Adjustment Module

The Virtual Scene Generation and Adjustment Module creates realistic virtual reality
environments and dynamically adjusts the difficulty and characteristics of the scenes
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based on the users' fear index and feedback. By altering the environment, scene details,
and viewpoint settings, it provides users with a progressive experience, helping them
gradually adapt to and overcome their fears.
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Fig. 1. VRET System Data Flow

e Feedback and Control Module

The Feedback and Control Module integrates physiological signals and user feed-
back, employing adaptive algorithms to adjust system parameters in real time, ensuring
that the virtual environment aligns with the users' current states. It offers a user inter-
action interface to collect subjective experiences, enhancing the system's flexibility and
effectiveness.

e Data Storage and Reporting Module

The Data Storage and Reporting Module records and preserves users' physiological
data, interaction logs, and system adjustment information. Based on this data, it gener-
ates detailed reports to help users and professionals assess progress, providing a foun-
dation for subsequent interventions and optimizations.
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4.2  System Design Optimization Recommendations

Enhance Biological Data Collection and Processing Capabilities: Improve the precision
and sensitivity of physiological signal collection devices to ensure high-quality data
acquisition. For example, utilize high-resolution EEG, ECG, and skin conductance sen-
sors to minimize noise interference. Additionally, optimize data processing algorithms
to increase the speed and accuracy of real-time physiological signal analysis, providing
reliable data for timely system adjustments.

Improve Real-Time Interaction Performance: Optimize the software architecture and
communication protocols of the system to reduce latency in data transmission and pro-
cessing, ensuring seamless user operations and system feedback. By employing effi-
cient programming languages and optimized algorithms, enhance the overall system
performance to improve user interaction experiences within the virtual environment.

Increase System Personalization and Adaptability: Incorporate machine learning and
artificial intelligence techniques to analyze users' historical data and current states, cre-
ating customized virtual environments and intervention strategies for each individual
[20]. The system should dynamically adjust based on user responses to meet diverse
user needs, thereby enhancing the effectiveness of interventions.

4.3  Virtual Scene Design Optimization Recommendations

To achieve better therapeutic outcomes, realistic virtual environments are crucial.
When designing virtual scenes for VRET, authentic lighting effects, ambient sounds,
and physical interactions are incorporated to make users feel as if they are in a real
environment, thereby enhancing the immersive experience [. The VRET system designs
multi-layered scenes, ranging from simple to complex, to progressively guide users in
adapting. Additionally, the VRET system incorporates multi-sensory elements such as
auditory cues and haptic feedback, like environmental sounds and vibration feedback,
to enrich the experience. Based on these requirements, this paper designs virtual scenes
of a glass bridge in everyday life (Fig. 2), an airport (Fig. 3), and a high-rise building
with a glass elevator (Fig. 4).

Fig. 2. Glass Bridge
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Fig. 4. High-rise Building with a Glass Elevator

4.4  Strategies for Applying Biological Data in the System

Establish Models Linking Physiological Signals to Emotional States: By collecting ex-
tensive physiological data from users, apply statistical analysis and machine learning
methods to build models that correlate physiological signals with emotional states.
These models can be used to predict real-time emotional changes, providing a scientific
basis for adaptive system adjustments [4].

Implement a Self-Adaptive Mechanism Based on Biofeedback: Utilize real-time
monitored physiological signals to instantly assess users' emotional and stress levels.
Based on biofeedback, automatically adjust the content and difficulty of virtual scenes
to closely match the users' current states, achieving better intervention outcomes[17].

Personalized Data Analysis and Application of Biological Information: Conduct in-
dividualized analysis of users' physiological data to identify unique physiological re-
sponse patterns and emotional characteristics. Based on this analysis, develop targeted
intervention strategies and training plans, enhancing the system's ability to accommo-
date individual differences and boosting the effectiveness of interventions[2].

5 Performance Analysis

The study on the effectiveness of virtual reality exposure therapy in the treatment of
acrophobia and suggestions for system optimization. Study Overview:

e Participants: 100 individuals diagnosed with acrophobia (50 control group, 50 ex-
perimental group).
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e Duration: 12-week intervention program using virtual reality exposure therapy
(VRET).

Metrics: Anxiety levels (using standard scales such as SUDS - Subjective Units of

Distress Scale), physiological responses (heart rate), and behavioral assessments
(height avoidance behavior).

Effectiveness Metrics:

¢ Anxiety Reduction: Measured by SUDS before and after treatment.
e Physiological Response: Heart rate monitored during height exposure scenarios.
e Behavioral Change: Ability to tolerate greater heights without distress.

Anxiety Reduction After Treatment
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Fig. 5. Anxiety reduction after treatment
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Fig. 6. Height tolerance after treatment

¢ Anxiety Reduction: Participants in the VRET group showed a 60% decrease in av-
erage SUDS scores compared to 20% in the control group (Figure 5).
e Heart Rate Analysis: Average heart rate during virtual height exposure decreased

from 110 bpm to 85 bpm in the VRET group, while no significant change was ob-
served in the control group.
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e Behavioral Change: 80% of participants in the VRET group could tolerate a simu-
lated height of 10 meters by the end of the program, up from 20% at the start (Figure
6).

6 Discussion

This study conducted a comprehensive analysis of Virtual Reality Exposure Therapy
(VRET) in treating acrophobia. VRET creates realistic virtual environments, allowing
patients to gradually face fear-inducing height scenarios in safe and controllable condi-
tions. Multiple studies [6] have demonstrated that VRET is as effective as traditional
real-world Exposure Therapy in reducing acrophobia symptoms, while offering higher
safety and convenience.

The integration of physiological data plays a crucial role in enhancing therapeutic
outcomes. By monitoring physiological indicators such as heart rate and skin conduct-
ance in real-time, the system can dynamically adjust the intensity and nature of virtual
scenes based on patients' physiological responses. This biofeedback-based adaptive
mechanism allows for more precise control of exposure intensity, preventing overex-
posure or underexposure, thereby improving treatment efficacy [7].

6.1  The Significance of System and Scene Optimization in Enhancing
Therapeutic Outcomes

Optimizing the system and virtual scenes is essential for improving both the therapeutic
experience and outcomes for patients. Enhancing the realism and immersion of scenes,
adding multi-sensory stimuli (such as tactile and auditory feedback), and ensuring grad-
ual progression in scene difficulty help patients better engage with and adapt to fear-
inducing environments [8]. Additionally, designing scenes with appropriate difficulty
gradients that align with individual acceptance levels aids in effectively reducing pa-
tients' anxiety levels [18].

These optimization measures not only improve the patient's therapeutic experience
but also provide direction for the future development of VRET systems. Future VRET
systems should place greater emphasis on personalization and adaptability, utilizing
advanced technological methods to meet the diverse needs of different patients, thereby
enhancing treatment effectiveness and scalability.

6.2 Limitations and Future Directions

This study has several limitations. For instance, the small sample sizes in some studies
may limit the generalizability of the results. There is also a lack of long-term follow-up
data, making it difficult to assess the enduring effects of the treatment. Furthermore,
the applicability of the system has not yet been validated for other types of phobias.
Future research should involve larger sample sizes and conduct multi-center ran-
domized controlled trials to verify the effectiveness and feasibility of VRET in treating
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various phobias. Additionally, long-term follow-up studies are recommended to evalu-
ate the sustained efficacy of VRET and its impact on patients' quality of life. Exploring
the integration of physiological data and adaptive mechanisms in the treatment of other
psychological disorders is also a promising direction for further investigation.

7 Conclusion

This study highlights the significant role of Virtual Reality Exposure Therapy (VRET)
in treating acrophobia. The findings indicate that VRET, when combined with high-
quality immersive virtual environments and the integration of physiological data, ef-
fectively reduces patients' anxiety and avoidance behaviors while promoting physio-
logical desensitization responses.

System design and scene optimization are critical in enhancing the efficacy of
VRET. By improving the realism and interactivity of virtual environments and incor-
porating real-time biofeedback, treatments become more personalized and precise.

In conclusion, VR technology holds promising prospects in the field of psychologi-
cal therapy. It is anticipated that future research and practical applications will further
advance the use of VRET in treating various psychological disorders, offering patients
more effective and convenient therapeutic options.
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