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ABSTRACT

The emergence of virtual reality (VR) as an
immersive digital technology has redefined
what it means to be fully “present” in the
technological space and has introduced
questions pertaining to how similar the
neural response of these virtual
environments should mimic that of real
ones. Working under Prof. Tian, [ am
investigating how fear-prone individuals
react to VR environments that target their
fears by developing Unity games that
simulate four area of stimuli: height, sharp
objects, confined spaces, and unsettling
textures. The study is set to complete early
Fall 2023 and currently consists of data
collection from over a hundred participants
for the height stimuli alone. These findings
will assist us in understanding how the brain
processes underpinning immersive
technological experiences and what
restraints should exist as the technology
develops further.

1. INTRODUCTION
In the age of computers, the term “virtual”
has taken on the meaning of something not
physically existing, but instead made to
appear by software; virtual reality
recontextualizes the virtual space through a
simulated experience that allows the user to
view and interact with a computer-generated
environment, currently through headsets and
controllers. Given its high level of
immersion, engineers wonder whether

introducing the presence of real-life stimuli
has the ability to gauge the same sensations
individuals may feel from the actual event,
and if so, whether these platforms should
exist with safety and accessibility
components that can limit those sensations.

On one hand, the beauty of VR lies in its
ability to replicate visual and auditory
scenarios that draw upon sensations too
dangerous to experience in real life, and on
the other, unconsented exposure to such
scenarios can result in consequences that lie
on a psychological level. For fear stimuli,
specifically, the brain is not trained to
differentiate the legitimacy of virtual and
real environments beyond the credibility of
its visual components, thus, it is worth
exploring how “immersive” these
experiences really have to be to elicit the
same reactions.

2. RELATED WORKS
The virtual reality space has been
reconfigured in the past as a treatment tool
for various anxiety disorders, namely,
acrophobia. Virtual reality exposure therapy
(VRET) has the ability to simulate real
experiences at lesser degrees, thus allowing
the user to acclimate to the severity of the
stimulant without hindering the credibility
of the experience [1]. Though VRET has
been successful as a means to understand
what visual, vestibular, and postural control
systems are contributive of mimicking the



anxiety inducing sensations of real
stimulants, there is limited research
connecting these control systems to the
cognitive state of the individual [2].

To differentiate the brain’s activity between
“high presence” and “low presence” virtual
reality experiences, a study utilized
functional magnetic resonance imagery
(fMRI) by asking individuals to experience
two variations of a roller coaster ride game
that differed in levels of anticipation,
dynamic, and endings. As hypothesized, the
high presence version activated prefrontal
areas of the brain that alluded to a level of
presence. While the right dorsolateral
prefrontal cortex (DLPFC) down-regulated
the activation of the processing stream, the
left up-regulated areas of the medial
prefrontal cortex known to be involved in
self-reflective and stimulus-independent
thoughts [3]. Though brain activity cannot
be investigated on the same scale in this
study, physical response will serve as a lead
in the experimental setup similarly.

3. PROJECT DESIGN
Before each session of the study, the
participant is asked to fill out a consent form
that gauges their level of fear for each of the
four stimuli: height, sharp objects, confined
spaces, and unsettling textures. Based on the
participants highest ranking, they are
assigned an “order.” Each stimulus consists
of two games, each game consists of six
orders, and each order consists of three
scenes. In order to promote variability in our
data collection, the study cycles through the
twelve orders so that each participant ends
up playing a new set of three scenes.

When the session starts, the participant’s
heart rate data is collected using exercise
mode of a Fitbit smart watch, along with the
motion data from the VR headset and
controllers. Once the participant is wearing

both of these devices, the participant is
asked to play the first scene, guided by a
research assistant, and the game play is
screen recorded. After playing the first
scene, the participant is asked for
quantitative and qualitative feedback
regarding their level of fear and immersion
in a self-report survey and then asked to take
a break so their heart-rate can go down
before starting the next scene. After two
more rounds of scenes and surveys, the
study is concluded with one longer survey
about the study as a whole.

Using the self-report surveys, screen
recordings, heart-rate and motion data, the
data specific to each stimulus is analyzed in
accordance to the initial consent survey for
each participant and any notes regarding
their behavior (light-headedness, fainting,
panic attacks, etc.) are recorded in a
participant tracking sheet.

4. RESULTS & FUTURE WORK
As of now, the study is still administering
data collection and has yet to determine the
most efficient method of data analysis
respective to each of the fear stimuli. Full

data collection completion and analysis is
targeted for Fall 2023.
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