Exploring Blink-Rate Behaviors for Cybersickness Detection in VR
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A BSTRACT
Cybersickness continues to be one of the main barriers for mainstream adoption of Virtual Reality (VR). Despite the wealth of
research available on this topic, it is still an unsolved problem. This
paper explores the potential influence of cybersickness over the
course of a VR experience on player Blink-Rate. This investigation was conducted on the same VR task with two diverging control
schemes with a low or high risk of inducing cybersickness. A total of
34 participant data was collected from two separate playing sessions.
Although no significant differences were observed, sick individuals
showed to have a higher blink-rate frequency over the course of the
VR experience while non-sick individuals presented a more stable
blink-rate frequency.
Index Terms: Human-centered computing—Human Computer
Interaction (HCI)—Interaction Paradigms—Virtual Reality; Humancentered computing—Human Computer Interaction (HCI)—HCI
design and evaluation methods—User Studies
1 I NTRODUCTION
Despite the popularity of Virtual Reality (VR) over the past
years, VR-induced sickness still remains a serious issue that can
severely hinder the experience of its users, consequently limiting its
widespread adoption [12]. Although a wide variety of research has
been conducted on this topic, no specific explanation currently exists
on what exactly contributes to this phenomena. The most popular theory includes the visual-vestibular conflict [8] and visually-induced
self-motion illusion [1]. However, the literature often presents conflicting results when it comes to pin-pointing the exact causes of
cybersickness. Thus, making a generic solution capable of combating this problem difficult to achieve considering that the personal
factors of each individual can also determine this risk.
2 R ELATED W ORK
Previous literature suggests that one method of detecting cybersickness is to analyze human bodily responses - obtained through
physiological sensors [3, 7]. Given the influence of cybersickness to
human bodily functions it comes as no surprise that physiological
measures have often been employed for its detection and prediction.
Although the majority of the correlations between the physiological
data and self-assessed responses of cybersickness were found to be
inconclusive - using the Simulation Sickness Questionnaire [6] - one
of the more promising factors was eye-tracking (i.e. Blink-Rate and
Pupil Position).
Blink rate has often been associated with negative human behaviours such as stress and fatigue [9]. Furthermore, empirical
studies have also suggested that changes in blink rate can also be
a reliable measure for eyestrain [7]. Given that eye fatigue is one
of the core symptoms of the SSQ [6] it makes sense to explore this
factor as a potential variable for cybersickness detection [4].
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This work intends to further explore the eye blink frequency phenomenon on the effects of cybersickness. Unlike previous work,
which exclusively explored the correlation between SSQ and blink
rate, this paper focuses on comparing the blink rate between cybersick and non-cybersick individuals and infer if there is a difference
between both populations.
3 M ETHODOLOGY
Purposefully inducing cybersickness is a delicate process as the tolerance can vary substantially between individuals. Thus, to conduct
such an experiment with a degree of success, an extensive piloting
phase was conducted. Based on these empirical tests, two alternate
versions of the game were developed, where one version of the game
was designed to have a higher risk of inducing cybersickness than
the other.
3.1 Apparatus
The head-mounted display used in this study is the HTC Vive Pro
Eye (HTC, 2019). Both eyes update data at the sampling rate of
120HZ, and the estimated accuracy of the eye tracker is 0.5 degrees
with a latency of approximately 10 ms.
3.2 The Game
The task consists in an exploration game where players must collect
as many coins as possible within a large virtual maze over a period
of time. Coins are placed in such a way that it constantly pushes the
player to move forward1 . Lastly, each participant plays a level for a
total of 8 minutes.
Movement within VR environments is one of the main contributors of cybersickness [13], as the dissonance between virtual rotation
and the lack of physical movement can significantly conflict with
the vestibular system [10]. Two variants of the game were developed with different types of player displacement mechanics: the
Teleportation (TP) and Standard Control (SC).
3.2.1 Teleportation Control (TP) - Low Risk
This control scheme has players point to a location within the virtual environment and choose which location they wish to move to.
Previous research has suggested that “teleportation-type” control
schemes tend to provide comfortable experiences and provide less
risk of inducing cybersickness [13]. Thus, this control scheme is
designed to be the “low-risk” variation for inducing cybersickness.
3.2.2 Standard Control (SC) - High Risk
This control scheme uses exclusively the two joysticks available on
the controller. The left joystick controls the player displacement,
while the right joystick allows the players to rotate their virtual avatar.
Unlike teleportation, this control scheme is often avoided due to its
high risk of inducing cybersickness during actual play [2]. As such,
this control scheme is purposefully designed to be the “higher-risk”
variation.
3.3 Blinking Data Markers
For the purpose of this work three types of blinks are tracked and classified according to [11] as such: Short Blink (1 to 7 ms), Medium
Blink (8 to 15 ms) and Extended Blink (16 to 25 ms).
1 Anon

5 C ONCLUSIONS
Early results show an interesting pattern for “short blinks” specifically. Although the difference between Sick and Non-Sick are not
statistically significant an interesting pattern did emerge when observing the blink-rate of both groups. Sessions where individuals
reported to be sick tended to have a higher blinking frequency per
minute than non-sick sessions.
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Figure 1: The Average and Standard Error of the Blink Frequency per
Minute across all participants for both Sick and Non-Sick Groups.

3.4

Simulation Sickness Questionnaire (SSQ)

To assess the intensity of cybersickness among participants the standard Simulation Sickness Questionnaire (SSQ) was employed [6].
The SSQ can derive a rough numerical estimate of the intensity of
cybersickness felt by each individual. To obtain a more consistent
representation a pre-SSQ is filled before the start of the experiment
while the post-SSQ is filled at the end of the experiment. The difference between the post- and pre-SSQ is subsequently calculated
(∆SSQ).
3.5

Experimental Protocol

The experiment takes place over the course of two different sessions
of around 40 minutes each. Each session is conducted on two
different days (with a maximum interval of ≈ 1 to 3 days). For each
session a participant plays one variation of the game (SC or TP).
To ensure an equal balance between both variations and mitigate an
“order”-bias, the first version played by each participant alternates
from one participant to the next. It is important to keep in mind
that all participants play both variations of the game. Each session
employs the same sequence.
4

R ESULTS

In total 36 participants were recruited for the experiment. Out of
the 36 participants 2 participants had to be fully discarded due to
one abandoning the experiment midway and another presenting
corrupted data. As a result a total of 34 participants presented valid
sessions for both SC and TP. Based on the SSQ results, each session
was distributed into two categories: Sick (∆SSQ ≥ 15) and Non-Sick
(∆SSQ < 15) for a total of 32 and 36 sessions in each respective
category. This value was chosen based on previous literature [5],
which states that scores above this value are “sufficiently” high
enough to feel the effects of motion sickness.
The average blink rate per minute was plotted across all participants for both sick and non-sick conditions (see Fig. 1). A KS-Test
was also conducted to verify if there was a significant difference
between the blink-rate of both groups, which yielded a pvalue of
(≈ 0.28) still above the standard 0.05. Although inconclusive, it
can be observed that the blink-rate frequency tends to increase for
sick individuals comparatively to non-sick. This does go inline with
previous literature where a correlation was observed between cybersickness and blink rate [7]. Given that the blink frequency per
minute tends to extensively increase in the latter stages of the game.
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