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Background: Virtual reality is no longer created solely with design graphics. Real
life 360° videos createdwith special shooting techniques are now offered as open
access to users’ experience. As a result, this widespread use of VR systems has
increased the incidence of visually induced motion sickness.

Objective: In the present study, we aimed to investigate impact of brightness-
contrast levels of real-life 360° videos on susceptibility to visually inducedmotion
sickness during immersive virtual reality headset viewing.

Methods: In this study, 360° real-world day and night driving videos publicly
available on YouTube VR were used as stimuli. Stimuli were presented in 2-min
segments. Electrodermal activity was recorded throughout the stimulus
presentation, and SSQ was administered immediately afterward.

Results:No significant differencewas found between the experiments in terms of
dermal activity. There is a statistically significant difference in total SSQ scores and
in symptoms of fatigue, eye strain, head fullness, blurred vision, and dizziness (p <
0.005; p < 0.01) after then the night video.

Conclusion: The present study examined the likely impact of brightness and
contrast levels in VR environments on VIMS provocation.
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1 Introduction

The magical visual world that virtual reality (VR) technology offers us is used not only
for education or entertainment purposes but also in many areas, from virtual travel to
rehabilitation and in various professional trainings (Dawe et al., 2014; Jensen and
Konradsen, 2018). Therefore, VR systems are becoming a part of the everyday life of
thousands of people.
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Despite their increased usage, VR systems have not yet
completed their development. A new design and a new
application are introduced almost every day. Nevertheless, VR
triggered visually induced motion sickness (VIMS), characterized
by headache and oculomotor symptoms, remain as a constraint in its
utility (Davis et al., 2014; Dawe et al., 2014; Fineschi and Pozzebon,
2015; Jensen and Konradsen, 2018; Weech et al., 2019). Differences
emerge when VR systems are compared with the real world,
especially in light perception. To simulate the perception of the
real world in virtual scenes, reproducing the effects of incident light
on the visual system is essential and very difficult. Traditional head-
mounted VR displays (HMDs) are not capable of displaying high
dynamic brightness and color range of the human eye perception in
the real world (Keshavarz et al., 2014). For this reason, various
research-development projects are ongoing to prevent VIMS
symptoms in order to optimize issues like resolution, light
quality, contrast adjustment, brightness, and flicker rate (Cha
et al., 2021; Keshavarz et al., 2015). Additionally, the widespread
usage of 360° videos has incited researchers to study on optimizing
contrast and brightness of 360° VR videos to avoid VIMS (Luidolt
et al., 2020).

VR systems are already used in various Motion Sickness (MS)
studies (Clausen et al., 2019; Ehinger et al., 2019) and, for vestibular
rehabilitation in MS (Bala et al., 2018). Additionally, its utility for
rehabilitation in various peripheral vestibular disorders has gained
broad acceptance (Petel et al., 2022; Recenti et al., 2021). VR
technology in vestibular rehabilitation offers excellent opportunities
in terms of boosting patient motivation and integration of
rehabilitation sessions into everyday life. However, VR systems are
clearly a trigger for VIMS (Cha et al., 2021; Keshavarz et al., 2014;
Keshavarz et al., 2015). Electrodermal activity (EDA) was first
associated with simulator disease in a seminal study by J. G.
Andreassi in the early 1980s (Meusel et al., 2014). Subsequently,
EDA has been used in various studies investigating motion sickness,
and visually induced motion sickness (Dennison et al., 2016;
Schneider et al., 2022). Accordingly, EDA is a suitable tool for
measuring physiological responses that virtual environments may
trigger. In our study, with reference to previous studies, it was decided
to use EDA as a data collection tool to document the participants’
physiological responses objectively. Sensory decoding and perceptual
construction of visual scene with low ambient light (e.g., nighttime
driving) includes greater ambiguity leading to more process
demanding. Relatively slow and effortful visual perceptual
processing is expected to impair the visual vestibular matching,
hence greater EDA response. In order to create a gradual challenge
environment, which is the basis of rehabilitation protocols, we
thought that easily tolerable stimuli should be used first, followed
bymore difficult tolerable stimuli, and this would be better reflected in
EDA activity. Triggering VIMS in individuals with pre-existing
sensitive or damaged vestibular system may lead to frustration and
discontinuation of the rehabilitation. In addition, the more stimuli are
recruited from real life, the more patients are demanded to integrate
rehabilitation practices into their real lives. In the present study, we
aimed to investigate impact of brightness-contrast levels of real-life
360° videos on susceptibility to VIMS during immersive VR headset
viewing. We believe the results of this study, obtained from healthy
volunteers, might address some basis for optimization of future
protocols of vestibular rehabilitation.

2 Material and method

2.1 Participants

Participants were healthy volunteers within the age range of
22–40 years. Volunteers who were diagnosed with any systemic,
neurologic, or neuro-otologic diseases including motion sickness
were excluded. In order to exclude participants with undiagnosed
motion sickness, we applied Motion Sickness Susceptibility
Questionnaire (MSSQ) and Visual Induced Motion Sickness
Symptom Questionnaire (VIMSSQ). Participants with total score
percentile of less than 50% (total raw score < 11.3) in MSSQ were
included. The other specific inclusion criterion required participants to
deny any prior experience of intolerable symptoms of VIMS that
compelled them to discontinue or avoid visual displays.
(i.e., answering the 2nd question of VIMSSQ as “Never”) (Table 1).
The studywas calculated to have at least 20 participants, andwith power
analysis (alpha = 0.05 and ß = 0.95), 24 participants were included.

2.2 Stimulus

Two open-access 360° VR videos were searched in the YouTube
VR with the criteria as follows: real world videos at night or daylight
with natural brightness-contrast features, at least 4K resolution,
driving in traffic from first-person point of view. Two min of day
light driving (0:00- 2.00 min) (Utah, 2018) and night driving (6.25-
8.25) (ActionKid, 2020) were clipped. The clipped videos included
similar traffic density, number of turns. Therefore, the two VR video
clips were comparable in terms of inducing visual vestibular
mismatch except for ambient light conditions of the scene.

The literature has reported that VR exposure longer than 10 min
triggers VIMS, and the severity of the symptoms increases as the
exposure duration increases (Chang et al., 2020). However, there is
evidence that even short-term VR exposure (<10 min) can cause VIMS
(Dennison et al., 2016; Kim et al., 2005). When the studies of Kim and
Dennison were examined, we observed that the skin conductivity had
an initial rapid phase and showed amore linear increase in the following
periods. Considering the superiority of today’s VR technology at that
time, 2-min visual stimuli could provide sufficient stimulation.
Considering that the rest period required for the regression of
symptoms that may occur due to stimulation should be at least
twice the stimulus duration, the rest period was planned as 5 min.

2.3 Laboratory environment

The room temperature of the VR laboratory was set at 22.5°C.
Participantswere seated on a swivel chair. The experimentwas conducted
in two blocks (Figure 1). The stimuli were presented through head
mounted display (HDM) Oculus Quest II VR (Facebook Technologies,
LLC/United States). Five-min break was given between blocks.

2.4 Data collection

Electrodermal activity (EDA) was recorded by Shimmer3 GSR +
Unit (Dublin, Ireland). GSR electrodes were then placed on the
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TABLE 1 Descriptive statistics of MSSQ ad VIMSSQ.

MSSQ

MSSQ
subfactors

Mean ±
SD

Raw score- C Childhood/
items

Mean ±
SD

Types not
experienced- C

Total
sickness
score- C

Raw
score-

C

Total
MSSQ

Road- C 0.6 ± 0.3 2.18 ± 2.31 Cars- C 0.79 ± 0.88

2.29 ± 1.82 3.75 ± 3.51 5.45 ± 4.98

8.20 ±
6.86

Buses or
coaches- C

0.83 ± 0.92

Trains- C 0.17 ± 0.38

Aviation- C 0.17 ± 0.38 0.16 ± 0.38 Aircraft- C 0.17 ± 0.38

Maritime- C 0.35 ± 0.13 0.83 ± 0.13 Small boats- C 0.33 ± 0.76

Ships, e.g., channel
ferries- C

0.38 ± 0.58

Entertainment- C 0.27 ± 0.21 1.79 ± 2.17 Swings in
playgrounds- C

0.29 ± 0.46

Roundabouts in
playgrounds- C

0.54 ± 0.83

Big dippers, funfair
rides- C

0.13 ± 0.34

Video simulators/
VR- C

0.13 ± 0.44

MSSQ
subfactors

Mean ±
SD

Raw score- A Adulthood/
items

Mean ±
SD

Types not
experienced- A

Total
sickness
score- A

Raw
score- A

Road- A 0.3 ± 0.19 1.04 ± 1.33 Cars- A 0.33 ± 0.56

1.58 ± 1.66 2.16 ± 2.33 2.74 ± 3.02

Buses or
coaches- A

0.5 ± 0.66

Trains- A 0.08 ± 0.28

Aviation- A 0.08 ± 0.28 0.08 ± 0.28 Aircraft- A 0.08 ± 0.28

Maritime- A 0.27 ± 0.07 0.58 ± 0.97 Small boats- A 0.29 ± 0.55

Ships, e.g., channel
ferries- A

0.25 ± 0.44

Entertainment- A 0.16 ± 0.13 0.75 ± 1.24 Swings in
playgrounds- A

0.04 ± 0.20

Roundabouts in
playgrounds- A

0.21 ± 0.51

Big dippers, funfair
rides- A

0.21 ± 0.41

Video simulators/
VR- A

0.17 ± 0.48

VIMSSQ

Question number Items Mean ±
SD

Total VIMSSQ

Q1 Nausea 0.41 ±
0.58

2.62 ± 3.29

Headache 0.54 ±
0.72

Dizziness 0.45 ±
0.65

(Continued on following page)
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participants’ left index andmiddle fingers. VR google set to participants
head and baseline EDA recording start (first 20 s). During the baseline
EDA period participants explored the VR environment. Experiment
blocks started after then baseline, and EDA recording continued during
to the 2min of VR stimulation. Simulator SicknessQuestionnaire (SSQ)
was collected immediately after each VR session (Figure 1).

2.5 EDA analysis

There are two time-domain measures available for high-accuracy
analysis of electrodermal activity (EDA) signals collected from
individuals under a specific workload: skin conductance level (SCL)
and skin conductance response (SCR). SCL (unitmicro-Siemens, µS) is a
tonic measure dependent on small changes in EDA. Typically, it is
calculated by averaging numerousmeasurements during a resting period
in the absence of specific stimuli. SCR, on the other hand, represents
rapid transient phenomena within EDA. Event-related SCR (ERSCR) is

considered as the initial phasicmeasure. ERSCR is typically followed by a
series of SCR called non-specific SCR (NSSCR which is considered as a
tonic measure in the post-stimulus period. Both SCR responses can be
elicited by the stimulus and whether to focus on NSSCR or ERSCR
depends on the nature of the stimulus and study protocol.

In the present study, ERSCR analysis is applied. EDA data,
exported in.csv format, were imported into MATLAB R2022a
(Mathworks, United States) for further analysis. In order to
retrieve pure SCL data, arithmetic means of the EDA signal for
each individual during are calculated and compared with
corresponding baselines. To retrieve pure ERSCR data, 40 Hz
frequency which is known to be noise had to be digitally filtered
using an envelope method. To this end, first, power spectrum
analysis of all measured data is done. Second, amplitudes and
durations of each ERSCR are calculated. From time domain
perspective, ERSCR amplitudes are signal peaks (peak heights)
through time and ERSCR durations are time required for each
phasic response to subside (peak widths) (Figure 2). Then, statistical

TABLE 1 (Continued) Descriptive statistics of MSSQ ad VIMSSQ.

MSSQ

MSSQ
subfactors

Mean ±
SD

Raw score- C Childhood/
items

Mean ±
SD

Types not
experienced- C

Total
sickness
score- C

Raw
score-

C

Total
MSSQ

Fatigue 0.33 ±
0.63

Eyestrain 0.87 ±
1.19

Q2 This value was not calculated because individuals who answered “never” to this question were included in the study

Q3 This question was not asked to the participants because it was the question that should be asked to individuals who did not answer “never”
to the second question

Abbreviations: C, childhood; A, adulthood.

FIGURE 1
Study design.
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analysis of retrieved EDA data is carried out which is explained in
detail under corresponding heading (Figure 2).

2.6 Statistical analysis

IBM SPSS Statistics 26.0 software and GraphPad Prism
10.2.1 were used for statistical analysis. Descriptive statistics were

used to summarize demographic variables. The Shapiro-Wilk test
was conducted to evaluate the normality of the difference values of
ERSCR number, ERSCR peak height, ERSCR peak width, and Total
SSQ between Experiment I and Experiment II conditions. The
Shapiro-Wilk test results rejected normality assumption as
follows: for ERSCR number, W = 0.913 and p = 0.041; for
ERSCR peak height, W = 0.800 and p = 0.000; for ERSCR peak
width, W = 0.802 and p = 0.000; and for Total SSQ, W = 0.751 and

FIGURE 2
Flowchart of EDA data analysis.

TABLE 2 Wilcoxon signed rank test results for the EDA and SSQ.

Variables Daylight
(mean ± SD)

Night
(mean ± SD

Environment n Mean
rank

Sum of
ranks

Z p

Total number of
ERSCR

25,750 ± 8,974 31,416 ± 12,930 Night < daylight 9 8.78 79.00 −1,796 0.072

Night > daylight 14 14.07 197.00

Night = daylight 1

ERSCR peak heights 0.052 ± 0.046 0.039 ± 0.036 Night < daylight 14 13.21 185.00 −1 0.317

Night > daylight 10 11.50 115.00

Night = daylight 0

ERSCR peak widths 2,347 ± 0.805 2,669 ± 1,897 Night < daylight 13 11.08 144.00 −0.171 0.864

Night > daylight 11 14.18 156.00

Night = daylight 0

Total SSQ 2,541 ± 3,550 5,458 ± 5,904 Night < daylight 2 2.50 5.00 −2,994 0.003*

Night > daylight 12 8.33 100.00

Night = daylight 10

*p < 0.005.
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p = 0.000. In this context, the Wilcoxon signed-rank test was used to
compare EDA and SSQ data between day and night conditions.
Spearman’s correlation analysis was performed to examine the
relationship between EDA and SSQ measurements.

3 Results

The research was conducted with 24 participants between the
ages of 22–40 (25.29 ± 5.27) and 66.7% of the participants were

FIGURE 3
EDA averages.

TABLE 3 SSQ changes after experiments.

Exposure of daylight video (experiment 1) Exposure of night video (experiment 2)

Mean ± SD Med. (Min.- Max.) Mean ± SD Med. (Min.- Max.) p

General discomfort 0.17 ± 0.38 0 (0–1) 0.29 ± 0.55 0 (0–2) 0.257

Fatigue 0.04 ± 0.2 0 (0–1) 0.25 ± 0.53 0 (0–2) 0.025*

Headache 0.13 ± 0.45 0 (0–2) 0.17 ± 0.56 0 (0–2) 0.317

Eye strain 0.46 ± 0.72 0 (0–3) 0.88 ± 0.9 1 (0–3) 0.020*

Difficulty focusing 0.25 ± 0.53 0 (0–2) 0.42 ± 0.65 0 (0–2) 0.305

Increased salivation 0.04 ± 0.2 0 (0–1) 0.17 ± 0.38 0 (0–1) 0.180

Sweating 0 ± 0 0 (0–0) 0.08 ± 0.28 0 (0–1) 0.157

Nausea 0.17 ± 0.38 0 (0–1) 0.29 ± 0.62 0 (0–2) 0.257

Difficulty concentrating 0.17 ± 0.38 0 (0–1) 0.25 ± 0.53 0 (0–2) 0.317

Fullness of head 0.21 ± 0.59 0 (0–2) 0.46 ± 0.78 0 (0–2) 0.034*

Blurred vison 0.33 ± 0.48 0 (0–1) 0.58 ± 0.83 0 (0–3) 0.141

Dizzy (eyes open) 0.17 ± 0.38 0 (0–1) 0.58 ± 0.83 0 (0–2) 0.008*

Dizzy (eyes closed) 0.29 ± 0.62 0 (0–2) 0.54 ± 0.93 0 (0–3) 0.165

Vertigo 0.29 ± 0.46 0 (0–1) 0.54 ± 0.66 0 (0–2) 0.014*

Stomach awareness 0 ± 0 0 (0–0) 0.29 ± 0.75 0 (0–3) 0.066

Burbing 0 ± 0 0 (0–0) 0.04 ± 0.2 0 (0–1) 0.317

Wilcoxon test (*p < 0.05).
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female (n = 16) and 33% (n = 8) were male. In terms of diagnostic
criteria, none of the participants were susceptible to motion sickness
(MS) (Mean Total Raw Score 8.20 ± 6.86) or VIMS. Descriptive
statistics are presented in Table 1.

EDA recording during VR exposure and subsequent SSQ
assessment were statistically compared between experiment
conditions (daylight vs. night VR videos). In objective
measurements with EDA, no significant difference could be
obtained between the experiments in terms of dermal activity
(Total Number of ERSCR p = 0.072; ERSCR Peak Heights p =
0.317; ER.SCR Peak Widths p = 0.864) (Table 2; Figure 3).

In this study conducted with individuals without VIMS
sensitivity. Post-VR SSQ scores revealed that participants
reported more discomfort in all symptoms during exposure to
the night video, and a statistically significant difference exists in
total SSQ scores* (Table 2). Also, we found significant differences in
fatigue, eye strain, the fullness of the head, blurred vision, and
vertigo symptoms (p < 0.005; *p < 0.01). These symptoms are mainly
oculomotor (fatigue, eye strain, fullness of head, blurred vision). It

included only vertigo symptoms in the disorientation subfactor
(Table 3; Figure 4).

We observed a statistically significant negative correlation
between the number of ERSCR, mean peak heights, and mean
peak widths of ERSCR response to the daylight and night driving
scene conditions. In these correlations, it was determined that as the
number of EDA activities occurring during the experiments
increased, the mean peak heights and peak widths of the waves
decreased. In the night experiment, it was observed that as the
number of ERSCR’s increased, both mean peak heights and mean
peak widths of ERSCR decreased and showed a moderate negative
correlation. In the daylight experiment, a week correlation was
observed between peak heights and the number of ERSCR’s and
a moderate negative correlation with the peak widths (Figure 5). The
relationships of EDA and SSQ findings between daylight and night
were examined. A moderate positive correlation was observed
between daylight and night values of peak height and a high
positive correlation between daylight and night values of total
SSQ value (Figure 6).

FIGURE 4
Wilcoxon signed rank test chart of SSQ change after experiments.
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4 Discussion

This is a preliminary study providing insight for designing
future rehabilitative VR environments. In this regard, we
specifically focused on the potential impact of brightness and/or
contrast levels on VIMS.

VR’s advantage of creating unlimited stimulus, scenarios and
unlimited rehabilitation modules has made it more frequently
preferred in rehabilitation applications. Various studies have
shown that these applications are beneficial both in psychiatry
practice such as stress control (Kim et al., 2021) and in the field
of vestibular rehabilitation (Ugur and Konukseven, 2022; Xie et al.,
2021). It is a foreseeable problem that, especially in vestibular
disorders, triggering VIMS by visual stimuli will negatively affect
patient motivation and jeopardize the sustainability of vestibular
rehabilitation. Therefore, VR technology must solve this problem to
provide a good, safe user experience and reach a broader user base.

In particular associations between migraine susceptibility and both
VIMS and classical motion sickness have been known for a long time
(Abouzari et al., 2020; Golding and Patel, 2017; Lukacova et al., 2023).

Individuals with VIMS, MS, and Migraine often stay away from these
technologies, even out of concern about experiencing these symptoms
(Paroz and Potter, 2017). On the other hand, although the stimulus
presentation technique of VR systems is challenging for this patient
group, it will inevitably have an accelerating effect on adaptation
(Keshavarz et al., 2014; Palmisano and Constable, 2022; Ugur and
Konukseven, 2022). Many VR-based studies have been conducted to
identify the characteristics of VIMS, MS, andmigraine and to find ways
to alleviate them. Some studies have attempted to define the relationship
between visual features obtained from VR content (e.g., speed of
content, color changes, visual objects, field of view, and latency) and
levels of symptoms measured by questionnaires (Stauffert et al., 2020).

On the other hand, some of those studies have focused on
physiological responses (Davis et al., 2014; Dennison et al., 2016;
Naqvi et al., 2013). The most frequently preferred scale in these
studies is the SSQ (Kennedy et al., 1993; Kennedy et al., 1993).
Unlike the majority of previous studies that used scenes or game
sections that are digitally produced/programmed by software’s, we
utilized 360° VR videos of the first-person perspective and the actual
driving moment were used in day and night conditions. In both
experiments, a symptomatic self-report was taken with SSQ
following the end of the stimuli. Which revealed that night-shot
driving video induced more discomfort. Oculomotor symptoms
such as phatic and blurred vision increased significantly after
stimulation at night when darkness and contrast were more
intense. Given that, these symptoms are the primary oculomotor
symptoms of VIMS (Cha et al., 2021; Keshavarz et al., 2014; Ugur
and Konukseven, 2022), our results suggest that the low illumination
and high contrast may be prominent provoking factors for VIMS in
VR scenes. For this reason, attention should be paid to brightness
and contrast factors when planning rehabilitation protocols, and the
patient should be rehabilitated with gradual increases if necessary.
Particularly in the rehabilitation of chronic vestibular diseases such
as Meniere’s Disease, Vestibular Migraine, or Motion Sickness, the
triggering of VIMS may result in patients discontinuing the
rehabilitation. Therefore, considering to these issues in VR-based
vestibular rehabilitation applications is a crucial factor for the
sustainability of rehabilitation.

VIMS is a condition characterized by oculomotor symptoms and
disorientation and causes severe stress (Kennedy et al., 2010;
Keshavarz et al., 2015; Naqvi et al., 2013). For this reason,
various physiological measurement methods were utilized in
research on MS and VIMS, such as heart rate, respiratory rate,
skin temperature, electrodermal activity, electrocardiogram, and
electroencephalography (Dennison et al., 2016; Draper et al.,
2001; Groth et al., 2021). EDA is a preferred and trusted method
in VR-based research. In Dennison et al.’ s study investigating the
difference between cave and HDM concluded that presenting
stimuli with HDM triggered electrodermal activity (Dennison
et al., 2016). In Elena N. Schneider et al. reported that EDA
showed a high correlation with MS (Schneider et al., 2022). In
addition, it should also be kept in mind that thermoregulatory
activity occurs with the symptom of nausea (Nalivaiko et al.,
2014). The primary symptoms of VIMS are oculomotor
symptoms such as headache, eye strain and neurologic
involvement. Nausea is not the primary symptom (Cha et al.,
2021; Ugur, 2024). According to the findings from our study,
although oculomotor and disorientation were triggered, nausea

FIGURE 5
Intergroup correlation of SSQ and EDA values.
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was not. These findings may indicate that VIMS provocation was
achieved. Therefore, it is understandable that no statistical
significance was obtained in EDA activities. In future studies,
stimulus durations should be increased, and the most effective
duration should be determined in order to perform EDA
analyses effectively. However, there are significant limitations to
EDA measurements that must be acknowledged. One of the
significant challenges related to EDA signals has always been the
analysis of SCL and SCR due to high inter-individual variability,
preventing the establishment of any standardization across
individuals due to the frequently occurring second response
before the last SCR, which can be visually detected but is
challenging for automatic detection by the system.

Additionally, periodic shifts in the background SCL can be
significant for data analysis if they originate from specific
components. Whether a similar signal fragment is an SCR, or an
artifact can be understood through simple visual analysis. Moreover,
to accurately analyze NSSCRs, an observer needs to count all SCRs
in the dataset, which can become problematic if there are motion-
related artifacts during EDA measurements. Due to the mentioned
potential challenges, an experienced observer is required to

accurately calculate NSSCRs, limiting the potential of EDA
(Boucsein, 2012; Navarro et al., 2022). Despite these limitations
regarding EDA, we observed that EDA activity occurred by
Dennison as a result of the analysis of EDA signals we collected
from healthy individuals without VIMS susceptibility. In addition,
considering the provocateur properties of the dark environment, the
emergence of more EDA supports Elena N. Schneider’s report. As a
result, VR environments with higher darkness and contrast
presented using HDM can provoke VIMS symptoms even for
healthy individuals.

5 Conclusion

The present study examined the likely impact of brightness and
contrast levels in VR environments on VIMS provocation. Our
results justified contribution of low illumination and boosted
contrast are inducing factors to be considered for VIMS. We
therefore recommend avoiding stimuli with low brightness and
high contrast to improve the sustainability of rehabilitation when
designing protocols in VR environments.

FIGURE 6
Intragroup correlation of SSQ and EDA values.
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6 Limitation of the study

Our study is the first study using 360 VR. Therefore, the
stimuli were limited to 2 min by being conservative. Determining
the most effective stimulus duration should be prioritized in
future studies.
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