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Abstract
Many companies are competing to develop Virtual Reality (VR) because they see it as a great industrial potential.
However, the acceleration of VR applications penetration does not come up with customer experiences development.
Fatigue, which generated by eye conflict, is still becoming a natural problem that the VR user feels. While actually,
this condition can be minimized by adjusting the parallax. Furthermore, no particular guideline has stated the
maximum duration of using VR to prevent visual fatigue. This research is aimed to validate the effect of the VR
environment and the task inside towards visual fatigue. Objective and subjective measurement is applied respectively
into the static and dynamic scenario. Critical Flicker Fusion Frequency, Eye Fixation, Eye Saccades, and Eye Blink
Rate are used to measure the eye capability to handle the fatigue. This research is expected to find out the relationship
between parallax inside the VR environment to visual fatigue. This result can be used by the VR developer as a concern
when developing VR in the future. This research contributes to generating the exact maximum duration of VR used
as a guideline to prevent visual fatigue while using the VR.
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1. Introduction

The popularity of virtual reality and 3D TV generates the need of conducting an extensive research to find out the
effect and maximum duration of human-VR interaction to ensure the effectivity and comfortability of user (Vinnikov
et al. 2016). This type of research will become an urgent need when user aware of the effect of the long period us of
VR. There are no available guidelines to be used as the fundamental of VR implementation so far. By now, VR
developer-only gives a suggestion of duration which not based on scientific research. This issue would also be related
to the user's safety because VR has implemented in many essential applications, such as in the surgical area.
Visual fatigue is an effect of the accommodation-vergence conflict that arises when observer viewing stereoscopic 3D
display (Vinnikov et al. 2016). Eyes are tending to perceive visual fatigue because they are difficult to merge the left
and right retinal images with binocular parallax when viewing stereoscopic images (Emoto et al. 2006). One of the
main causes of unwanted effects of interacting with 3D TV is depth distortion (Kim et al. 2011). This condition shows
the importance of generating natural images by adjusting the depth distortion’s amount. The power of 3D impact can
be adjusted by changing the parallax, but excessive parallax can trigger the visual fatigue occurred (Kim et al. 2011).
Basically, the interaction between human and virtual environment can be generated in a static and dynamic
environment. This research hypothesizes that there is some different effect of visual fatigue between them. This
statement is supported by the initial condition of static and dynamic that have different workload to the user. The
objectives of conducting this research are to know the fundamental concept to understand whether fatigue has the
same degree for static and dynamic.

2. Methods

An extensive literature review was carried out to introduce the fundamental concepts and provide an overview of
visual fatigue measurement.
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3. Data Collection

This chapter contains the summary of literature review as shown in Table 1.
Table 1. Literature Review Summary
Study (authors,
year)

Stimuli

(Zhou et al.
2019)

ShiftedS3DImageDatabase
(SSID)

(Wang et al.
2015)

LED
lighting
tubes and
fluorescent
tubes

(Iatsun, Larabi,
and
FernandezMaloigne
2015)

2D video
3D video

(Kim D. et al.
2011)

Random
dot
stereogram

Type of
Measurement
Subjective
visual
discomfort
scores
Eye tracking
data

Independent
Variables

Measurement
indicators
Accuracy
Heat map
Eye fixation

Subjective
responses
Task
performance

Reading
accuracy, rate,
and efficiency

Eye movement

Moderate
Video
Low Video

Number of
Participant

Group of
Participant

24

between 21
and 27, avg
23,6

12

Questionnaire
Visual gaze

20

Eye blink

6
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Objective

23 to 34
years old

analyze the
lighting
influences of
several LED
conditions
towards
visual fatigue,

22 to 30

Knowing the
symptoms
differences
between 2D
and 3D model
towards visual
fatigue and
knowing the
impact of them
to visual
characteristics
and the
accumulation
of visual
fatigue.
Measuring
visual fatigue

Researchable
Gaps

Result

Visual fatigue
affected by
illuminance, CCT
and the type of
light source.
Visual fatigue
can be
compressed by
LED lighting. It
is better than
using fluorescent
lighting

Content type and
duration
generates
significant
impact towards
video fatigue
accumulation and
visual
functions

Moderate visual
fatigue generates
greater impact
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Study (authors,
year)

Stimuli

(Emoto, Niida,
and Okano
2006)

Stereoscopi
c TV

(Vinnikov,
Allison, and
Fernandes
2016)

(Lin et al.
2008)

3D virtual
scenes

Visual
Basic 6.0
experiment
al interface

Type of
Measurement

Subjective
Visual Function
Oculomotor
function
Eye data

Independent
Variables

Measurement
indicators

Age
Depth cues
DOF

Display factor
and vibration
factor

Number of
Participant

Group of
Participant

9 young
adults and 7
older adults

accuracy,
reaction time,
CFF, visual
acuity, and
subjective
measurement.

10
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Younger
and older
adults

Objective
induced by
stereoscopic
videos

evaluate the
role of
gaze-contingent
DOF on
subjective
experience of
the 3D scene

Investigate the
relationship
between
vibration and
reading
performance.
Identify task of
numeric
characters on
the visual
display

Researchable
Gaps

Result
(increasing) to
eye-blinks rate
rather than the
low visual
fatigue. The
value will be
decreasing more
in the second half
of the session.
Visual fatigue
generated by
extreme
horizontal
binocular
parallax and
intermittent
changes in
parallax
The depth quality
decreasing by the
value of DOF. It
is for people who
don’t have
accommodation
capability in real
life. DOF is not a
straightforward
solution for
accommodationconvergence
conflict.
Reaction time,
accuracy and
visual fatigue
influenced by the
vibration’s
frequency and
magnitude.
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Study (authors,
year)

Stimuli

Type of
Measurement

(Bahill, A. T.
and Stark, L.
1975)

(Komogortsev
and Abdulin
2015)

Independent
Variables

Measurement
indicators

Number of
Participant

Group of
Participant

Objective
terminal
(VDT).

Researchable
Gaps

To prove that
glissades,
overlapping
saccades, and
low-velocity,
non-Main
Sequence
saccades are
generated by
fatigue of the
saccadic eye
movement
system; to show
that small
saccades can
generate fatigue;
to demonstrate
that as few as 30
saccades of SOdeg
magnitude may
generate
significant effects
of fatigue; to
recommend the
variations in
neurological
control signals
associated with
fatigue; and to
recommendation
future clinical
and research
applications of
recording the
eye movements

Saccades

Dot on a
black
screen

Eye tracking
Questionnaire

Fixation,
Saccades,
Subjective
scores

36

19 – 31
years with
an average
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to investigate
eye fatigue
detection
capabilities of

Result

assessing if the
achieved metric
sensitivity to

the Fixational
Qualitative
Score, has better
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Study (authors,
year)

(Hoffman et al.
2008)

(Kim, Choi,
Choi, et al.
2011)

(Cheng et al.
2018)

Stimuli

Type of
Measurement

Independent
Variables

Measurement
indicators

Number of
Participant

Group of
Participant
age of 21.8
(SD=3.2)

E-books

Eye blink
Eye movement

Type of video

Eye flicker
frequency
Subjective
measurement

Reading
materials
Reading
durations

the eye
movementbased metrics
called
behavioral
scores

to investigate
how the
relationship
between
accommodation
- and vergencespecified
distances
influence visual
performance
and fatigue.

Random
dot
stereogram
s

Video

Objective

The
incremental
number of
visual fatigue
accumulation
influence the
saccade
movement of
the eye
(decreasing)
and the number
of eye blink
(increasing).
24
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11.75 (±
0.4) years

Researchable
Gaps
fatigue can be
kept
on the low cost,
low sampling
frequency of
eye tracking
equipment.
another
objective
metrics with
high eye
fatigue
sensitivity

Monitoring
visual fatigue
system based
on eye-blink
detection and
eye-movement.

Automatic
depth
adjustment can
control the
amounts of
parallax based
on the
results of visual
fatigue
monitoring
system.

examines how
reading-related
factors
influence the
visual fatigue

examine the
relationships
between
reading content
and

Result
sensitivity to eye
fatigue
than the existing
saccade-based
metrics,

Visual fatigue
increased by the
decreasing
number of
saccade
movement.

the different
reading materials
have no
significant
difference in
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Study (authors,
year)

(Walther,
Larsen, and
Fry 2001)

(Shi et al.
2011)

(Yoon et al.
2020)

Stimuli

Type of
Measurement

Daily
activities
and table
tennis VR
simulation

SSQ

Letter
visual chart

Pupil diameter
size, Blinking
frequency,
accommodation
-convergence
time
Eyelids open
value
Reaction Time
Subjective
ratings

Gameplay

Accommodative
factors
Subjective
ratings

Independent
Variables

Group of
participants

Lighting
conditions.
Work period

Game modes.
Methods types

Measurement
indicators

Number of
Participant

Group of
Participant

62

5

23
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VR and
control
group

mean age
of 24

Objective
that incurred
when reading
both e-books
and paperbased book

investigating
how HMDs
may also lead
to visual and
cognitive
aftereffects

to investigate
the visual
fatigue
diversity
towards the
static and
dynamic
lighting
environment
for the VDT
work
To examine the
differences in
refraction,
accommodative
factors, visual
parameters, and
subjective
symptoms by

Researchable
Gaps
reading
ambient factors

Effect and
cause
determination
of visual and
cognitive
changes

Result
terms of affecting
visual fatigue
levels.
Long periods of
reading without
proper rest
should be
avoided
larger changes in
accommodation
were linked to
more severe
sickness
symptoms
suggesting that
decoupling
accommodation
and vergence
could be more
adverse than
previously
thought
Preventing visual
fatigue
effectively can be
maintained by
adjusting the
static and
dynamic
lighting
conditions
there was a
significant
increase in the
near point of
accommodation
(NPA),
convergence
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Study (authors,
year)

(Duffy and
Alan 2002)

(Richard et al.
2012)

Stimuli

Virtual
machine
illustration

Ball in a
projected
virtual
screen

Type of
Measurement

Visual
performance
Eye fatigue
questionnaire

Number of
catches
Hand ball
distance

Independent
Variables

background–
foreground
luminance
ratios

Ball condition
Group of
participants

Measurement
indicators

Number of
Participant

Group of
Participant

20

15
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Grouping
based on
conditions

Objective
using two types
of virtual
reality (VR)
content with
depths of
perception
variations.
to specify
whether
differences in
eye fatigue and
visual
performance
can
be shown under
varying virtual
industrial
lighting
conditions
Knowing the
impact of
DVFs towards
human
performance by
analyzing ball
catching and
archery.

Researchable
Gaps

Result
(NPC), and
subjective
symptom scores
after the
immersive mode

In virtual
environment,
there is a
significant
difference in
performance and
eye fatigue with
varying virtual
light
conditions
a significant
positive effect of
the DVFs, that
could be
either classified
as “performanceassisted” or
“learningassisted.”
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4. Discussion

Visual fatigue has been researched in several published journals, but the scope and area of interest are different. Some
researchers use 2D stimuli or 3D stimuli presented in TV or monitor, but some are represented through a projectedbased interface. The stimuli differences create many types of stimuli and instrument to make it. Random dot stimuli
are one example of simple stimuli. The stimuli can be presented in a static and also dynamic environment. The
workloads given to the user are different between the static and dynamic environment. The interaction between user
and stimuli can be conducted by using computerized hardware or using more advanced technology that can directly
interact with the stimuli.
How to measure visual fatigue is another challenge in this area. Visual fatigue frequently measured subjectively. The
subjective measurement conducted by giving the user a questionnaire after they interact with the stimuli. The
questionnaire can be measuring the symptom related to eye un-comfortability to eye fatigue, or even motion sickness
sometimes. But in scientific research, we are attempted to measure fatigue in a quantitative way. Some objective
approach is used to balance the need of quantitative measurements, such as Critical Flicker Frequency (CFF), eye
movement, eye blink rate, etc.
Critical Flicker Frequency (CFF) is a measurement conducted using Portable CFF measurement. The difference
between the mean value of CFF before and after some interaction is used as the critical measurement point. This value
is generated from the informed point when the user finds the stable flickering light from the measurement. From the
bottom-up strategy, the user should look for when the light is starting to flickering for the first time. This strategy is
involving low-frequency flickering light as the starting point. On the other hand, the user should look for the point
when the flickering light is not flickering anymore in the top-down strategy. This is the point where the user feels that
the flickering light remain stable. The visual fatigue is generated when the mean CFF value from the interaction
decreased.
Eye movement consists of several types of data. The most used eye movement data that can indicate visual fatigue is
eye fixation and eye saccades. Eye movements can show the interest of humanity. When the visual attention was
getting slower, it can be a cause of visual fatigue. Saccades can be defined as the movements of an eye between two
eye fixations. Eye saccades movement will be decreased when the visual fatigue increases. Meanwhile, fixation is a
metric that explains the state of the eye when the eye is relatively held on to a place, and then the visual system can
record the detailed information about that. Two kinds of fixation data could get from the eye movement records, such
as fixation duration and fixation count or frequency. Before analyzing, the data should be filtered using the median to
avoid the outlier influence.
The subjective scores are used by giving some questions related to eye conditions. The questions should be made by
looking at the eye fatigue symptoms. To provide the evaluations, the subjects should provide some ratings subjectively.
The ratings are provided on a yes or no scale or Likert scale. The value of the ratings represents their feelings at that
time. That measurement is used as the dependent variable that can indicate visual fatigue. Some of the reviewed papers
use different dependent variables to check the relationship of some variables related to visual fatigue. The independent
variable should be compatible with the research objective. The experimental setting also should be made suitably.

5. Conclusion

Those literature review can be used as the base importance of conducting a research that evaluating the visual fatigue
which can be generated in static and dynamic 3D VR environment. Objective and subjective measurement should be
run simultaneously to yield the optimum result of the hypothesis. Critical Flicker Frequency (CFF), Eye movement
data and eye blink rate is some most used parameter to measure visual fatigue. Meanwhile, for the subjective
measurement we can use eye fatigue questionnaire.
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