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Abstract: Many people are affected by phobias. They feel debilitated when faced with increased levels of 
anxiousness. Psychologists employ exposure therapy to treat patients with phobias. Virtual reality (VR) 
exposure therapies are often effective for treatment of certain phobias as they are easy to set up, provide 
immersive experiences and reduce risks of physical harm to patients in a controlled setting. As part of the 
design requirements many VR systems have been examined. The final design solution is a VR system 
utilizing the Oculus Rift VR Headset, headphones, a controller input and biometric feedback for quantitative 
analysis. The main design requirements are as follows: psychological relevance, patient control, biometric 
feedback, affordability and accessibility. Most importantly, throughout the design cycle, feedbacks from 
psychologists have been implemented. The solution was tested as part of a user study for acrophobia. 

1. BACKGROUND 
A phobia is classified as a type of anxiety 

disorder as it is a strong, irrational fear of 
something that poses little or no real danger [1]. 
Phobias are prevalent among many individuals. 
Approximately 4% to 5% of the United States 
population are clinically diagnosed with significant 
phobias each year [2]. Additionally, there are 
undiagnosed phobias ranging from specific 
phobias or more complex social phobia associated 
with public settings [3]. Those affected by phobias 
feel mentally and physically debilitated when faced 
with the increased anxiety levels in specific 
scenarios.  

Psychologists can work with patients with 
phobias by using exposure therapy. By exposing 
patients to their fears, psychologists and patients 
work together to gain control of their anxiety levels 
over time. By doing so, patients can lead healthier 
lives. Real life exposure therapy has many 
limitations such as space and cost constraints. 
Therefore, virtual reality (VR) exposure can be 
used to circumvent the limitations of real life 
exposure therapy. The objective of the VR is to 
simulate real life settings in order to allow patients 
with an immersive experience. The objective of the 
design project was to develop a virtual reality 
phobia treatment system for psychologists 
integrating biometrics and analytical tools in order 
to provide improved care and diagnoses to 
patients. 

2. REQUIREMENTS 
The most important requirement from the first 

iteration was psychological relevance. Therefore, a 
psychologist advisor was always consulted in order 
to gather clinical procedures in practice. The 
procedures were then translated to design 
requirements: psychological relevance, patient 
control, biometric feedback, affordability and 
accessibility. Additionally, the system flow was 

determined to be as follows: psychologist 
consultation, VR exposure therapy and evaluation 
and analysis. Throughout the design iterations, all 
aspects of the system were implemented 
considering the system flow. 

In order to carry out the validation portion of the 
project, the clinical procedures were used to 
acquire ethical approvals. The current clinical 
protocols were also used during the user study 
sessions in order to have consistency between the 
design project and actual psychological studies. 

3. DESIGN 
After determining the design requirements, the 

state of the art was examined as part of the 
engineering design. The advantages and 
disadvantages of the current solutions were 
evaluated. Considering the design requirements 
and added notes from the psychologist advisor, the 
proposed solution included an Oculus Rift VR 
Headset, biometric sensors, circumaural 
headphones and a controller for input. Additionally, 
according to the psychological requirements and 
scope for the design project, acrophobia (fear of 
heights) was chosen as the phobia of focus. 

 
Figure 1: Patient setup 

There were three main design iterations: low 
fidelity, medium fidelity and high fidelity. The final, 
high fidelity iteration included many improvements 



over six months of work. The final solution included 
a platform that psychologists would be able to use. 
By accessing the psychologist interface, a 
psychologist would be able to load or create new 
patient profiles, launch simulations, monitor real-
time biometrics, access analytical tools after the 
simulation and take notes. The simulation 
consisted of a skyscraper that a user would be 
able to walk inside while looking at different height 
levels through the window. The user would be able 
to go to higher or lower levels using an elevator. 
Biometric integration was also implemented which 
allowed for the recording of biometrics of a patient 
during a session. The video of the simulation was 
captured which was later accessed through 
analytical tools. The analytical tools also included 
time series examination of biometrics. The platform 
allowed for all the functionalities using one 
application. 

 
Figure 2: Patient perspective of VR simulation 

4. VALIDATION 
As part of design validation, a user study 

consisting of thirteen users was completed. All of 
the users disclosed to having acrophobia of some 
level. Through many psychologist consultations, 
proper procedures were adopted for use during the 
user studies. 78% of the users participating in the 
user study found the simulation to be realistic and 
comparable to a real life situation. 67% of users 
exhibited positive biometric correlation with anxiety 
levels. Also, users had significant physiological 
response on the highest level, including dizziness, 
wobbly legs and overall increases in anxiety levels. 
Using the analytical tools and video capture data, 
the sessions were examined.  

 
Figure 3: Analytical tools 

The validation was necessary to confirm the 
psychological relevance of the solution. Due to the 

subjective nature of psychology, there is a lack of 
definitive correlation between quantitative findings 
and qualitative evaluations. As a result, there were 
speculations during the beginning stages of the 
project about the validity of biometric readings to 
evaluate studies. However, the 67% positive 
correlation between the biometrics and anxiety 
levels according to user comments and video and 
audio data proved that although quantitative 
results may not provide a final diagnosis, they can 
in fact supplement both short and long term 
treatments and aid psychologists in evaluating 
patient progress over time, allowing them to 
diagnose patient cases more effectively.  

5. CONCLUSIONS 
The goal of the design project was to provide 

psychologists with a system to treat patients with 
phobias using virtual reality exposure therapy, 
biometrics and analytics. In order to achieve the 
goal, the most important aspect of the project was 
to acquire the proper requirements from experts in 
psychology. The requirements gathered during 
psychologist consultation sessions resulted in the 
development of all the features during the 
iterations leading to the final design.  

Although the original requirements were always 
considered for each iteration, feedback was always 
implemented during design cycles. In order to be 
psychologically relevant, the technical 
development needed to be supplemented by the 
modifications suggested by the psychologist. In 
addition to feedback, other recommendations were 
made during various demo presentations. Such 
recommendations were considered and cross-
referenced with the design requirements to be 
implemented. As a whole, the final design was a 
result of many iterations. 

The general feedbacks throughout the design 
cycle were very positive from engineering and 
psychological professionals. Most importantly, the 
overall solution was well received by the 
psychologist advisor. The analytical tools 
correlating the biometrics and video and audio 
capture data were noted to be very useful. The 
system was also determined to be psychologically 
relevant. As a result, the final design was 
consistent with the goal. 
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