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Abstract 

 

Acrophobia, the intense fear of heights, affects a significant portion of the global population. 

Traditional therapeutic approaches, such as Cognitive Behavioral Therapy (CBT), have been 

supplemented by emerging technological solutions like Virtual Reality (VR). This paper explores 

the role of VR-based visual imagery in treating acrophobia. We examine the use of immersive 

environments, integration of multi-sensory stimuli, and how images in VR are designed to elicit 

controlled exposure therapy outcomes. Additionally, the paper discusses the impact of realism, 

scaling, and interactivity of VR-generated images on patient treatment efficacy. VR-based 

acrophobia treatment, particularly when leveraging realistic images and immersive environments, 

represents a promising advancement in therapeutic techniques for phobia management. 
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Introduction 
 

Acrophobia typically manifests in late adolescence to early adulthood, affecting individuals aged 

15 to 35 (Krijn, 2004; Botella, 2010). Research indicates that specific phobias, including 

acrophobia, have an incidence rate of about 5% among university students. Current treatments for 

acrophobia include cognitive behavioral therapy (CBT), exposure therapy, virtual reality exposure 

therapy (VRET), medication, and mindfulness therapy (Coelho, 2009; Leong, 2025c). VRET has 

gained widespread recognition due to its interactivity, flexibility, controllability, confidentiality, 

safety, and repeatability. However, challenges remain, such as the relationship between VR 

realism and anxiety, evaluating treatment effectiveness, the possibility of self-adjusting VR 

environments without a therapist, and the integration of auditory and tactile stimuli. 
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To address these issues, this study designs a VR system that adapts based on patients' 

physiological indicators. The system employs the Pico 4 Enterprise VR headset and biometric 

hardware to monitor real-time data. It also integrates an emergency stop function, ensuring patient 

safety during treatment. The system applies Unity for game development and uses a database for 

data storage and analysis, allowing for exploration of adaptive thresholds. This study focuses on 

foundational methodological research and comparative analysis to establish a basis for future 

experimental validation. VR simulates real or imagined environments through computer-generated 

3D virtual environments. Users interact with the virtual environment via head-mounted displays 

(HMDs), controllers, and other devices, experiencing immersive sensations involving vision, 

hearing, and touch (Schuemie, 2001; Leong, 2024a; Pan 2024). The user's perspective and 

interaction effects are continuously updated based on head and hand movement tracking. In VRET, 

patients confront their fears gradually and safely through simulated fear-inducing scenarios, such 

as heights or enclosed spaces. The controlled environment reduces real-world risk, and the 

difficulty level can be adjusted according to the patient's responses. For instance, the Oxford VR 

program, published in The Lancet, demonstrated that VR effectively treated three-quarters of 

participants with acrophobia. 

 

 

Literature Review 

 

The early use of VR in therapeutic contexts began in the 1990s. Researchers explored VR as a tool 

for exposure therapy, taking advantage of its ability to create realistic and interactive 

environments. One of the pioneering studies (Rothbaum et al. 1995) demonstrated that VR could 

be used effectively to treat fear of flying, setting a precedent for its application in other phobias. 

VR environments can simulate various heights with high realism, allowing patients to experience 

and confront their fear in a safe and controlled setting. Studies (Emmelkamp, 2002; Krijn, 2004) 

highlighted the potential of VR-based exposure therapy in reducing symptoms of acrophobia by 

providing an immersive experience that can be gradually intensified. Improvements in graphics, 

haptic feedback, and interactive elements have contributed to more immersive and realistic 

experiences. This section reviews recent literature on VR-based acrophobia treatment, focusing on 

the effectiveness of VR images and environments (Leong, 2024b; 2025b; 2025a). Recent studies 

have affirmed the effectiveness of VR-based treatments for acrophobia. Emmelkamp et al. (2002) 

conducted a study comparing VR exposure therapy to in vivo exposure therapy, finding that VR 

therapy significantly reduced acrophobia symptoms. Studies by Wiederhold et al (2003) and 

Botella et al. (2010) have explored these technological enhancements, demonstrating that 

improved VR systems contribute to better therapeutic outcomes. Comparative studies and meta-

analyses have reinforced the effectiveness of VR-based treatments. A meta-analysis by Carl et al. 

(2021) reviewed multiple studies on VR exposure therapy for various phobias, including 

acrophobia.  

 

 

Methodology and Experimental Setup 

 

This section outlines the methodological framework and experimental setup used to evaluate the 

effectiveness of Virtual Reality (VR)-based therapy for acrophobia treatment, focusing on the role 

of immersive images in virtual environments. A randomized controlled trial (RCT) was designed 
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to evaluate the effectiveness of VR-based therapy in treating acrophobia compared to traditional 

exposure therapy. Participants were randomly assigned to one of two groups, VR-based exposure 

therapy (VR group) and Traditional in vivo exposure therapy (control group). Both groups 

received six weekly sessions of exposure therapy, with their progress assessed at multiple points 

during the treatment. 

Participants were recruited from a pool of individuals diagnosed with acrophobia, meeting 

the criteria as outlined by the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders). 

Recruitment occurred through flyers at psychology clinics, online forums, and university 

counseling centers. The inclusion criteria were age 18 to 50 years old, diagnosed with moderate to 

severe acrophobia (using the Acrophobia Questionnaire, AQ). No prior experience with VR 

therapy. No history of severe motion sickness or vestibular disorders. Participants who were 

undergoing any form of cognitive-behavioral therapy (CBT) or were on medication for anxiety 

were excluded from the study to avoid confounding factors. In Apicella’s study, A sample of 20 

healthy subjects took part in the experimental activity. Before treatment began, participants 

underwent a pre-treatment evaluation that included: Acrophobia Questionnaire (AQ), Behavioral 

Avoidance Test (BAT), Physiological Measurements. This baseline data was used to compare 

changes in fear levels throughout the treatment. 

For the experimental group, a VR-based system was created using high-end VR hardware 

(such as Pico 4, the Oculus Quest or HTC Vive) and specialized therapeutic software designed for 

treating phobias. The VR environment was tailored to simulate height-related scenarios designed 

to trigger acrophobic responses. The setup included motion-tracking sensors to monitor head and 

body movements, ensuring a fully immersive experience. The software environment was 

developed using Unity 3D to create realistic 3D images and height-based scenarios. The virtual 

environments ranged from standing on rooftops, bridges, and balconies to walking on suspended 

glass walkways. The environments were gradually intensified to provide increasing levels of 

height exposure. High-resolution, photorealistic images were rendered in virtual environments to 

evoke realistic fear responses. Factors considered in the design included: Depth perception, 

Environmental details, Dynamic lighting. 

In addition to visual stimuli, the VR system incorporated auditory cues. The realistic sound 

effects such as wind, distant traffic noise, and creaking platforms were introduced to enhance the 

sense of immersion. In some scenarios, participants experienced slight vibrations or tremors 

through the VR controllers to simulate instability or motion often associated with high places. 

Each participant in the experimental group underwent six VR therapy sessions over six weeks, 

with each session lasting approximately 45 minutes. In the first session, participants were 

introduced to the VR equipment and environment, allowing them to acclimate to virtual 

surroundings without height stimuli. In subsequent sessions, participants were gradually exposed 

to height-related stimuli in the virtual environments. The intensity and difficulty level of the height 

scenarios increased progressively as participants demonstrated tolerance and reduction in anxiety. 

During each session, therapists employed CBT-based techniques such as deep breathing and 

cognitive restructuring to help participants manage their anxiety while confronting height stimuli. 

Throughout the VR therapy sessions, participants’ physiological and psychological responses 

were monitored in real-time. The Heart Rate Variability (HRV) is measured using a wearable 

monitor to assess the participant’s stress response during height exposure. Galvanic Skin Response 

(GSR) captured to measure the intensity of anxiety responses during the exposure tasks. Subjective 

Anxiety Ratings where participants provided self-reported anxiety ratings on a scale of 1 to 10 at 

the start, middle, and end of each session. The control group underwent traditional exposure 
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therapy in real-world height scenarios. Each participant attended six therapy sessions in which 

they were gradually exposed to height-related stimuli in real life (e.g., standing near tall windows, 

climbing stairs to high floors, etc.). Anxiety levels, heart rate, and subjective anxiety ratings were 

recorded during these sessions, similar to the VR group. 

After the completion of the six therapy sessions, participants underwent the same set of 

assessments as conducted pre-treatment. Follow-up assessments were conducted at one-month and 

three-month intervals post-treatment to evaluate the long-term effectiveness of both VR and in 

vivo therapies. The data collected during pre-treatment, during therapy sessions, and post-

treatment was analyzed using statistical software such as python. Repeat measures ANOVA was 

used to assess the impact of time (pre-treatment, post-treatment, follow-up) and therapy type (VR 

vs. traditional) on participants' acrophobia symptoms. Each study provides unique insights into 

how different virtual environments induce varying levels of acrophobia, with many using height-

based scenarios such as elevators, rooftops, and cliffs to elicit fear responses (Hong et al., 2017; 

Krijn et al., 2004; Rothbaum et al., 1995). The effects measured typically involve reductions in 

acrophobia over time, confirmed by both psychological and physiological markers. We referenced 

the scenes from the studies mentioned in (Hong et al., 2017; Krijn et al., 2004; Rothbaum et al., 

1995; Kristína et al., 2024; Apicella et al., 2024; Russo et al., 2024) and independently designed 

three types of scenarios for our virtual reality system. These include: 

Glass Bridge: In this scenario, users walk across a transparent glass bridge suspended at a 

significant height (see Figure 1). The clear visibility of the drop below induces a heightened sense 

of fear, allowing patients to gradually confront their fear of heights. 

 

 
Figure 1. Glass Bridge 

 

Airport: This environment simulates the experience of being at an airport, where users either 

sit in the cockpit or as a passenger, observing the surroundings from an elevated position (see 

Figure2). The goal is to expose patients to height-related anxiety while maintaining a sense of 

safety within the enclosed space of an airplane. 

 

 
Figure 2.  Airport 
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High-rise Building with a Glass Elevator: This scenario places the user in a skyscraper 

equipped with a glass-walled elevator. As the elevator ascends, users can look out over the city, 

progressively experiencing greater heights (see Figure 3). This scenario combines dynamic 

movement and a continuously changing view to gradually desensitize patients to height-related 

anxiety. 

 

 
Figure 3. High Rise Building with a Glass Elevator 

 

 

Results and Discussion 

 

By comparing the patients' data across multiple scenarios, the analysis of exposure effects in 

the different environments is as follows. 

The glass bridge scenario is designed to allow patients unrestricted movement, offering a 

controlled static visual stimulus. The primary focus of this scenario is to provide visual exposure 

to heights without introducing dynamic environmental changes, allowing for a gradual and 

manageable increase in anxiety levels related to the perception of height. 

In the airport scenario, patients remain in a seated position, simulating the motion of an 

aircraft. This scenario combines a physically static experience with dynamic external stimuli, 

simulating the sensation of movement through changing visual cues. This setup introduces a 

moderate degree of anxiety as patients are exposed to height through perceived motion, while 

maintaining a passive physical state. 

The High-rise Building with a Glass Elevator scenario introduces both physical movement 

and dynamic visual exposure. Patients experience a gradual ascent in an open-view elevator, 

simulating height changes in real-time. The increasing elevation and continuous environmental 

change provide a more complex stimulus, challenging patients with both motion and a 

progressively more intense visual perspective. 

The intensity of sensory stimulation varies between these scenarios, with the level of patient 

exposure increasing as the virtual environments transition from static to dynamic. This allows for 

a controlled, scalable approach to treating acrophobia, ensuring that the level of exposure adapts 

as the patient's tolerance improves. The Acrophobia Questionnaire (AQ) was used to assess self-

reported fear and avoidance of height-related situations. Both groups showed significant 

reductions in AQ scores from pre-treatment to post-treatment, but the VR group exhibited a greater 

decrease (Emmelkamp, 2002), shown as in Figure 4. 
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Figure 4. Comparison of VR vs In Vivo Therapy for Acrophobia 

 

The between-group analysis using an independent samples t-test showed that the VR group 

had significantly lower post-treatment AQ scores compared to the vivo group (ρ = 0.02), indicating 

that VR-based therapy was more effective at reducing acrophobia symptoms. 

 

 

Conclusion 

 

This study demonstrates the adaptation of Virtual Reality (VR)-based exposure therapy, 

particularly using immersive, high-quality images, in treating acrophobia. The results indicate that 

VR-based therapy not only reduces self-reported anxiety and avoidance behaviors more effectively 

than traditional in vivo exposure therapy, but also leads to greater physiological desensitization, 

as evidenced by reductions in heart rate and galvanic skin response. Furthermore, participants in 

the VR group showed more sustained improvements in acrophobia symptoms during follow-up 

evaluations, suggesting that the immersive nature of VR environments fosters long-term benefits. 

The findings underscore the potential of VR technology to offer a controlled, customizable, and 

safe environment for phobia treatment. By allowing individuals to confront their fears in a virtual 

setting with a gradual increase in stimulus intensity, VR therapy provides a more effective and 

accessible alternative to traditional methods. The high realism of the images and multi-sensory 

integration in the VR environment likely play a critical role in these enhanced outcomes. In 

conclusion, VR-based acrophobia treatment, particularly when leveraging realistic images and 

immersive environments, represents a promising advancement in therapeutic techniques for 

phobia management. Future research should explore the application of similar VR technologies to 

other phobias and anxiety disorders to further validate its efficacy and broaden its use in clinical 

settings. 
  

 

References 

 

1. Apicella, A., Arpaia, P., Barbato, S., & et al. (2025). Domain Adaptation for Fear of Heights 

Classification in a VR Environment Based on EEG and ECG. Inf Syst Front, 27, 139–154. 

https://doi.org/10.1007/s10796-024-10484-z 

2. Botella, C., Garcia-Palacios, A., Baños, R., Quero, S., & Bretón-López, J. (2010). Virtual 

reality in the treatment of pain. Journal of Cyber Therapy and Rehabilitation, 3(2), 195-208. 

https://doi.org/10.1007/s10796-024-10484-z


 

 

INTI JOURNAL | Vol.2025, Issue 2, No.5 

eISSN:2600-7320 

https://intijournal.intimal.edu.my 

 

https://www.researchgate.net/publication/235934047_Virtual_reality_in_the_treatment_of_p

ain 

3. Carl, E., Stein, A. T., Levihn-Coon, A., Pogue, J. R., Rothbaum, B., Emmelkamp, P., 

Asmundson, G. J. G., Carlbring, P., & Powers, M. B. (2019). Virtual reality exposure therapy 

for anxiety and related disorders: A meta-analysis of randomized controlled trials. Journal of 

Anxiety Disorders, 61, 27–36. https://doi.org/10.1016/j.janxdis.2018.08.003 

4. Coelho, C. M., Waters, A. M., Hine, T. J., & Wallis, G. (2009). The use of virtual reality in 

acrophobia research and treatment. Journal of Anxiety Disorders, 23(5), 563–574. 

https://doi.org/10.1016/j.janxdis.2009.01.014 

5. Emmelkamp, P. M. G., Krijn, M., Hulsbosch, A. M., de Vries, S., Schuemie, M. J., & van der 

Mast, C. A. (2002). Virtual reality treatment versus exposure in vivo: A comparative evaluation 

in acrophobia. Behaviour Research and Therapy, 40(5), 509-516. 

https://doi.org/10.1016/s0005-7967(01)00023-7  

6. Freeman, D., Haselton, P., Freeman, J., Spanlang, B., Kishore, S., Albery, E., Denne, M., 

Brown, P., Slater, M., & Nickless, A. (2018). Automated psychological therapy using 

immersive virtual reality for treatment of fear of heights: A single-blind, parallel-group, 

randomised controlled trial. The Lancet Psychiatry, 5(8), 625–632. 

https://doi.org/10.1016/S2215-0366(18)30226-8 

7. Hong, Y.-J., Kim, H. E., Jung, Y. H., Kyeong, S., & Kim, J.-J. (2017). Usefulness of the Mobile 

Virtual Reality Self-Training for Overcoming a Fear of Heights. Cyberpsychology, Behavior, 

and Social Networking, 20(12), 753–761. https://doi.org/10.1089/cyber.2017.0085 

8. Krijn, M., Emmelkamp, P. M. G., Biemond, R., De Wilde De Ligny, C., Schuemie, M. J., & 

Van Der Mast, C. A. P. G. (2004). Treatment of acrophobia in virtual reality: The role of 

immersion and presence. Behaviour Research and Therapy, 42(2), 229–239. 

https://www.researchgate.net/publication/8113179_Treatment_of_acrophobia_in_virtual_real

ity_The_role_of_immersion_and_presence 

9. Kristína, V., Dagmar, S., Oto, J., Lenka, J., Kateřina, B., & Vojtěch, J. (2024). Virtual reality 

exposure effect in acrophobia: Psychological and physiological evidence from a single 

experimental session. Virtual Reality, 28(3), 137. https://doi.org/10.1007/s10055-024-01037-

5 

10. Leong, W. Y. (2024a, December 16-17). Enhancing Practical Skills Training Through Virtual 

Reality in TVET Education. 2024 International Conference on TVET Excellence & 

Development (ICTeD), Malaysia. http://dx.doi.org/10.1109/ICTeD62334.2024.10844618 

11. Leong, W. Y. (2024b, December 21-23). Optimizing Acrophobia Treatment Outcomes 

Through Personalized VR Image Scenarios and Simulations. 2024 RIVF International 

Conference on Computing and Communication Technologies (RIVF). 

http://dx.doi.org/10.1109/RIVF64335.2024.11009031 

12. Leong, W. Y. (2025a, February 7-8). Exploring Virtual Reality as a Medium for Cognitive 

Behavioral Treatment. The 21st IEEE International Colloquium on Signal Processing & Its 

Applications, Penang. https://doi.org/10.1109/CSPA64953.2025.10932980 

13. Leong, W. Y. (2025b, January 29-February 1). Virtual Reality for Anxiety Reduction in 

Individuals with Autism. The 10th International Conference on Digital Arts, Media and 

Technology (DAMT) and ECTI Northern Section Conference on Electrical, Electronics, 

Computer and Telecommunications Engineering (NCON), Thailand. 

http://dx.doi.org/10.1109/ECTIDAMTNCON64748.2025.10961989 

https://www.researchgate.net/publication/235934047_Virtual_reality_in_the_treatment_of_pain
https://www.researchgate.net/publication/235934047_Virtual_reality_in_the_treatment_of_pain
https://doi.org/10.1016/j.janxdis.2018.08.003
https://doi.org/10.1016/j.janxdis.2009.01.014
https://doi.org/10.1016/s0005-7967(01)00023-7
https://doi.org/10.1016/S2215-0366(18)30226-8
https://doi.org/10.1089/cyber.2017.0085
https://www.researchgate.net/publication/8113179_Treatment_of_acrophobia_in_virtual_reality_The_role_of_immersion_and_presence
https://www.researchgate.net/publication/8113179_Treatment_of_acrophobia_in_virtual_reality_The_role_of_immersion_and_presence
https://doi.org/10.1007/s10055-024-01037-5
https://doi.org/10.1007/s10055-024-01037-5
http://dx.doi.org/10.1109/ICTeD62334.2024.10844618
http://dx.doi.org/10.1109/RIVF64335.2024.11009031
https://doi.org/10.1109/CSPA64953.2025.10932980
http://dx.doi.org/10.1109/ECTIDAMTNCON64748.2025.10961989


 

 

INTI JOURNAL | Vol.2025, Issue 2, No.5 

eISSN:2600-7320 

https://intijournal.intimal.edu.my 

 

14. Leong, W. Y., Leong, Y. Z., & Kumar, R. (2025c, January 16-18). Innovations in Virtual 

Reality for Treating Acrophobia: Design and Implementation. International Conference on 

Cognitive Computing in Engineering, Communications, Sciences and Biomedical Health 

Informatics (IC3ECSBH025I2). http://dx.doi.org/10.1109/IC3ECSBHI63591.2025.10990951 

15. Levy, F., Leboucher, P., Rautureau, G., & Jouvent, R. (2016). E-virtual reality exposure 

therapy in acrophobia: A pilot study. Journal of Telemedicine and Telecare, 22(4), 215–220. 

https://doi.org/10.1177/1357633X15598243 

16. Pan, G. Y., & Leong, W. Y. (2024). Study on the effectiveness of virtual reality exposure 

therapy in the treatment of acrophobia and suggestions for system optimization. In Proceedings 

of the 2024 7th International Conference on Humanities Education and Social Sciences 

(ICHESS 2024) (pp. 876-886). Atlantis Press. https://doi.org/10.2991/978-2-38476-323-8_98 

17. Rothbaum, B. O., Hodges, L. F., Kooper, R., Opdyke, D., Williford, J. S., & North, M. (1995). 

Virtual reality graded exposure in the treatment of acrophobia: A case report. Behavior 

Therapy, 26(3), 547–554. https://doi.org/10.1176/ajp.152.4.626 

18. Russo, S., Tibermacine, I. E., Tibermacine, A., Chebana, D., Nahili, A., Starczewscki, J., & 

Napoli, C. (2024). Analyzing EEG patterns in young adults exposed to different acrophobia 

levels: A VR study. Frontiers in Human Neuroscience, 18, 1348154. 

https://doi.org/10.3389/fnhum.2024.1348154 

19. Schuemie, M. J., van der Straaten, P., Krijn, M., & van der Mast, C. A. (2001). Research on 

presence in virtual reality: A survey. CyberPsychology & Behavior, 4(2), 183-201. 

https://doi.org/10.1089/109493101300117884 

20. Wiederhold, B. K., & Wiederhold, M. D. (2003). Virtual reality therapy for anxiety disorders: 

Advances in evaluation and treatment. Cognitive and Behavioral Practice, 10(4), 482-490. 

https://www.researchgate.net/publication/280628469_Virtual_Reality_Therapy_for_Anxiety

_Disorders 

 

http://dx.doi.org/10.1109/IC3ECSBHI63591.2025.10990951
https://doi.org/10.1177/1357633X15598243
https://doi.org/10.2991/978-2-38476-323-8_98
https://doi.org/10.1176/ajp.152.4.626
https://doi.org/10.3389/fnhum.2024.1348154
https://doi.org/10.1089/109493101300117884
https://www.researchgate.net/publication/280628469_Virtual_Reality_Therapy_for_Anxiety_Disorders
https://www.researchgate.net/publication/280628469_Virtual_Reality_Therapy_for_Anxiety_Disorders

