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Abstract: Brain functional changes could be observed in people after an experience of virtual reality
(VR). The present study investigated cyber sickness and changes of brain regional activity using
electroencephalogram (EEG)-based source localization, before and after a VR experience involving
a smartphone-assisted head mount display. Thirty participants (mean age = 25 years old) were
recruited. All were physically healthy and had no ophthalmological diseases. Their corrected
vision was better than 20/20. Resting state EEG and the simulator sickness questionnaire (SSQ)
were measured before and after the VR experience. Source activity of each frequency band was
calculated using the sLORETA program. After the VR experience, the SSQ total score and sub
scores (nausea, oculomotor symptoms, and disorientation) were significantly increased, and brain
source activations were significantly increased: alpha1 activity in the cuneus and alpha2 activity
in the cuneus and posterior cingulate gyrus (PCG). The change of SSQ score (after–before) showed
significant negative correlation with the change of PCG activation (after–before) in the alpha2 band.
The study demonstrated increased cyber sickness and increased alpha band power in the cuneus and
PCG after the VR experience. Reduced PCG activation in alpha band may be associated with the
symptom severity of cyber sickness.

Keywords: virtual reality; head mount display; electroencephalogram (EEG), brain cortical activity;
cyber sickness

1. Introduction

The term “virtual reality” (VR) refers to any particular environmental situation or technology that
is similar to reality, but is created by a computer. Recently, VR devices that combine smartphones and
head mount displays (HMDs) have been attracting the attention of smartphone users because they
allow users to experience VR worlds with several merits: low price, accessibility from anywhere and at
any time, and unlimited expansion of 3D materials. Smartphone companies are actively investing and
developing this technology [1,2].

However, after watching a thrilling VR video, people often feel sick or dizzy to a certain degree [3].
This discomfort could be due to ophthalmological maladjustment by VR [4]. To form three-dimensional
(3D) images, stereoscopic vision is necessary, because the brain perceives depth by combining images
of objects from the left and the right eyes. Similarly, 3D TVs and VR display images at different angles
to the left and right eye to produce stereoscopic images. The process of interlacing two different
images creates visual fatigue [5,6]. VR technologies that use HMDs show two different images to
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both eyes to simulate objects in the same location as real objects. However, since these images are
displayed on a very near screen of HMDs, the eye focuses on the screen rather than on the actual
distance. Consequently, ophthalmological adjustment through accommodation and convergence does
not occur successfully, causing eye strain [7].

One of the main discomforts after experiencing a VR is cyber sickness. The cyber sickness can
include symptoms such as dizziness, eyestrain, nausea, and sweating. In one series of experiments,
80% of participants reported an increase in sickness symptoms following immersion in a VR
environment [8]. In most participants, this increase was mild and subsided after exiting the VR
immersion. However, 5% of the participants could not complete the VR immersion because the effects
were so aversive. The aversion to VR could be a major obstacle to growth and progress of this kind of
future technology. Understanding the psychophysiology and brain regional activation of the cyber
sickness after VR could solve this obstacle and help with the growth and progress of the VR technology.

The changes in brain function after 3D VR experiences have been studied by using
electroencephalography (EEG). In EEG experiments, visual fatigue is indicated by increased low
frequency band amplitude and decreased high frequency band amplitude after a VR experience.
In particular, Wawrzyk et al. [9] observed increased alpha wave activity after participants watched
VR simulations with special goggles intended to arouse emotions, such as anger, fear, or excitement.
Furthermore, increases in delta and theta activity [10], as well as a decrease in beta activity [11], have
been found during visual fatigue. In addition, frontal midline theta power was significantly higher
during the encoding phase of VR from 3D television route presentation than during the same phase in
2D presentation [12]. Other studies have revealed increased power in the beta frequency band as an
indicator of 3D visual fatigue [13,14].

In a study about brain regional activity, the insula regions of the alpha and theta bands were more
highly activated while participants navigated using VR than when they simply watched a video from a
desktop monitor or a high resolution power wall screen [15]. Conversely, Baumgartner et al. [16] found
that event-related power decreased in the alpha band of parietal brain areas of children and adolescents
while they experienced a virtual roller coaster through television. One previous fMRI study in which
the participants experienced virtual roller-coaster rides showed that vertical motion engaged the
posterior insula, whereas horizontal motion was associated with an enhanced neural response in the
hippocampal areas [17]. Furthermore, virtual navigation has been related to increased activation of
the hippocampus, parahippocampus, and posterior parietal cortex compared to non-navigational
control tasks [18–23]. These studies showed inconsistent results in frequency bands and regions of
brain activation due to differences in 3D video clips presented by various 3D TVs or screens.

No previous studies have explored psychophysiological alterations after VR experiences involving
smartphone-assisted HMDs. In the present explorative study, we used EEG-based source localization
to evaluate cyber sickness and changes in brain regional activation after the VR exposure.

2. Methods

2.1. Participants

A total of 30 healthy volunteers (17 men, 13 women) with a mean age of 25 ± 4 (age range:
20–37) years participated in this study. They were recruited using flyers and online social networking
sites. The participants were all college students and office workers, who frequently use smart devices.
We excluded participants who (1) had systemic or eye diseases; (2) abused drugs, alcohol, or other
substances, or had a dependency; (4) were pregnant; (5) had corrected vision worse than 20/20.
A trained researcher (J.-B.S.) used a semi-structured interview sheet to screen out participants with any
history of drug, alcohol, and other substance abuse or dependency. Refractive error was measured
using the Phoropter (HDR-7000; Huvitz, Korea) and the Chart Projector (HDC-9000 N/PF; Huvitz,
Korea). Participants with anisometropia, wherein the eyes have unequal refractive power, cannot
integrate HMD VR images, which are presented separately to each eye. For this reason, such people
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were also excluded. All experimental protocols were reviewed and approved by the Institutional
Review Board (IRB) at Inje University Ilsan Paik Hospital, Republic of Korea (2017-04-001-002) and
were executed in accordance with guidelines and regulations of the board. All participants gave
written informed consent in accordance with the Declaration of Helsinki.

2.2. Simulator Sickness Questionnaire (SSQ)

The SSQ was a self-reporting questionnaire used to measure cyber sickness. It consisted
of 16 questions about symptoms, which were divided into three main categories: (1) Nausea,
which includes general discomfort, increased salivation, sweating, nausea, difficulty concentrating,
stomach awareness, and burping. (2) Oculomotor symptoms, including general discomfort, fatigue,
headache, eyestrain, difficulty focusing, difficulty concentrating, and blurred vision. (3) Disorientation,
which encompasses difficulty focusing, nausea, fullness of the head, blurred vision, dizziness with
eyes open, dizziness with eyes closed, and vertigo [24]. Each symptom was rated from 0 (absent) to
3 (extreme). Then, it was summed up with weight (nausea: 9.54, oculomotor: 7.58, disorientation:
13.92) for each category, resulting in a possible score of 0–200.34 for nausea, 0–159.18 for oculomotor,
and 0–292.32 for disorientation category [24].

Subjects completed the SSQ before watching the VR video. After watching the video, they completed
the remainder of SSQ.

2.3. VR Equipment and VR Video

The VR machine used an HMD that was released by Samsung Electronics in September 2016
(Samsung New Gear VR, SM-R323; Samsung Electronics, Korea). This HMD connects to smartphones
to create VR. The smartphone used was the Galaxy Note 5 (SM-N920S; Samsung Electronics, Korea),
which was launched in August 2015. The VR videos had a viewing distance of 6–7 cm when the HMD
equipment was worn.

The 3D VR video clip was adapted from YouTube [25]. It included a roller coaster ride, scuba
diving, driving, airplane control, skydiving, etc. Each of these situations was presented at random to
the participants. The VR video clips ran for about 8 minutes and 54 seconds. The researchers have
observed the terms and conditions regarding the use of video contents, as the research project has been
categorized as a non-commercial report.

2.4. EEG Data Acquisition and Analysis

The subjects sat on a chair in a room with the ambient noise blocked. Their resting state quantitative
EEG was recorded with their eyes open for 4 minutes, and then with their eyes closed for 4 minutes.
It was recorded both before and after the participants had watched the 3D VR video clip. EEG signals
were recorded using a Quick Cap with 62 Ag-AgCl electrodes and NeuroScan SynAmps (Compumedics
USA, El Paso, TX, USA). The electrodes were attached in accordance with the extended 10–20 system.
The vertical electrooculogram (EOG) was recorded by attaching the electrodes above and below the left
eye, while the horizontal EOG was recorded by attaching the electrodes to the outer canthus of each
eye. We analyzed the resting EEG data with the participants’ eyes open and closed using CURRY7
(Compumedics USA, Charlotte, NC, USA), which is commonly used for EEG pre-processing. Gross
artifacts were removed from the recorded data by visual inspection. Artifacts caused by eye blinks and
eye movements were removed using the covariance analysis of CURRY 7 [26]. The pre-processed EEG
data were divided into multiple epochs by a length of 2 seconds. Any epochs including significant
physiological artifacts (amplitude exceeding ±100 µV) at any site, over all 62 electrodes, were excluded
from the analysis. Power spectral analysis was used to compress the rhythmic information of the brain
wave signals. In power spectral analysis, periodogram function in MATLAB R2017b (MathWorks,
Natick, MA, USA) was used to calculate power spectral density of each epoch. The spectral power was
then averaged with respect to randomly selected 30 epochs.
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The band powers were classified into seven frequency bands: delta (1–4 Hz), theta (4–8 Hz),
alpha1 (8–10 Hz), alpha2 (10–12 Hz), beta1 (12–18 Hz), beta2 (18–30 Hz), and gamma (30–50 Hz).
The powers were averaged into three regions: anterior (FP1, AF3, F1, F3, F5, F7, Fpz, Fz, FP2, AF4, F2,
F4, F6, and F8), middle (T7, C1, C3, C5, Cz, T8, C2, C4, and C6), posterior (P1, P3, P5, P7, PO3, PO5,
PO7, O1, Pz, Poz, Oz, P2, P4, P6, P8, PO2, PO6, PO8, and O2), and global.

2.5. Source Activity Analysis

Since EEG has a high temporal resolution, it has been considered to be the most suitable
neuroimaging tool to investigate rapid changes in brain activity. However, EEG has some intrinsic
limitations. Firstly, sensor-level EEG has low spatial resolution due to volume conduction. In other
words, the brain signals may not reflect brain activity directly below the recording electrodes [27,28].
Secondly, EEG data can be contaminated with various noises and artifacts, so it can have a poor
signal-to-noise ratio [29,30]. Using EEG source-imaging methods is one of the cost-effective options
to improve the spatial resolution. For example, mapping the potential distribution of the scalp onto
the cortical source space below can improve the spatial resolution. Standardized low-resolution brain
electromagnetic tomography (sLORETA) is also a well-established source-imaging method [31]; it has
calculated brain source signals comparable to those of intracranial recording [32].

Particularly, sLORETA has been used to calculate the cortical distribution of the standardized
source current density. This is a representative source-imaging method for solving the EEG inverse
problem [31], assuming that the source activation of a voxel is similar to the source activity of the
surrounding voxels to compute a particular solution. It also applies an appropriate standardization
of the current density. The lead field matrix was computed using a realistic head model that was
segmented on the basis of the Montreal Neurological Institute (MNI) 152 standard template, wherein
the 3D solution space is restricted only to the cortical gray matter and hippocampus [33]. The solution
space was composed of 6239 voxels, with a 5 mm resolution. Anatomical structures, such as the
Brodmann areas, were labelled using an appropriate transformation from MNI to Talairach space [34].

This EEG source activity analysis method was similar to that of our previous study [35].

2.6. Statistical Analysis

The paired t-test was performed to compare the SSQ score before the participants watched
the VR video with that after. Two-way repeated-measures analysis of variance (rmANOVA) was
performed. Time (before and after the participants watched the VR video) and region (anterior,
middle, posterior, and global) were used as the within-subject factors of EEG frequency band power.
Two-way repeated-measures analysis of variance (ANOVA) was performed. Time (before and after the
participants watched the VR video) and region (angular gyrus, anterior cingulate, cingulate gyrus,
cuneus, extra nuclear, fusiform gyrus, inferior frontal gyrus, inferior occipital gyrus, inferior parietal
lobule, inferior temporal gyrus, insula, lingual gyrus, medial frontal gyrus, middle frontal gyrus, middle
occipital gyrus, middle temporal gyrus, orbital gyrus, paracentral lobule, parahippocampal gyrus,
postcentral gyrus, posterior cingulate, precentral gyrus, precuneus, rectal gyrus, subcallosal gyrus, sub
gyral, superior frontal gyrus, superior occipital gyrus, superior parietal lobule, superior temporal gyrus,
supramarginal gyrus, transverse temporal gyrus, and uncus) were used as the within-subject factors of
brain source activity. When a significant effect was found, post hoc comparisons were performed using
the paired t-test. Since many cortical areas were analyzed simultaneously as dependent variables,
Bonferroni correction for cases of multiple comparison was used. Adjusted p-value was calculated by
dividing 0.05 by the number of brain regions (i.e., adjusted p-value for frequency band power analysis:
0.05/4, padj < 0.0125; adjusted p-value for source activation analysis: 0.05/33, padj < 0.00151). Pearson
correlation analysis was performed to examine the relationship between SSQ score and brain source
activation. Statistical analyses were performed using SPSS 21 (SPSS Inc., Chicago, IL, USA).
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3. Results

In the SSQ, the following factors were significantly higher after VR than before VR: nausea
(16.218 ± 21.133 vs. 47.064 ± 31.684, p < 0.001), oculomotor symptoms (29.562 ± 23.750 vs.
67.715 ± 36.103, p < 0.001), disorientation (25.056 ± 35.517 vs. 101.152 ± 66.801, p < 0.001), and total
score (12.332 ± 13.854 vs. 41.044 ± 24.779, p < 0.001). This result is presented in Table 1.

Table 1. Differences in simulator sickness questionnaire (SSQ) scores before and after watching a video.

SSQ Score Before VR After VR
t p

Mean ± SD

Nausea 16.218 ± 21.133 47.064 ± 31.684 −5.877 <0.001
Oculomotor 29.562 ± 23.750 67.715 ± 36.103 −7.771 <0.001
Disorientation 25.056 ± 35.517 101.152 ± 66.801 −8.576 <0.001
Total 12.332 ± 13.854 41.044 ± 24.779 −8.904 <0.001

In the eyes open condition, the rmANOVA for frequency band power showed significant main
effects of time and brain region in theta (F = 4.879, df = 1.872, p = 0.013), alpha1 (F = 8.065, df = 1.112,
p = 0.006), alpha2 (F = 9.317, df = 1.201, p = 0.003), and beta1 (F = 4.988, df = 2.014, p = 0.010) frequency
bands. In the post hoc analysis, we did find significant differences in the theta, alpha1, alpha2, and beta
bands. Specifically, the alpha1 band power was significantly higher after VR than before VR in the
following segments: middle (2.703 ± 2.542 vs. 3.526 ± 3.453, p = 0.002), posterior (5.689 ± 5.595 vs.
9.025 ± 10.547, p = 0.004), and global (4.097 ± 3.960 vs. 6.055 ± 6.942, p = 0.004). The alpha2 band power
was significantly higher after VR than before VR in the following segments: anterior (4.533 ± 4.672 vs.
5.627 ± 5.697, p = 0.006), posterior (7.695 ± 8.202 vs. 9.943 ± 9.856, p = 0.003), and global (4.999 ± 5.003
vs. 6.233 ± 5.951, p = 0.003). This result is presented in Table 2.

Table 2. Differences of absolute power of electroencephalogram (EEG) with eyes open before and after
watching a video.

Before VR After VR
t p

Mean ± SD

Delta
Anterior 17.455 ± 6.010 17.261 ± 8.124 0.150 0.882
Middle 7.202 ± 3.145 7.212 ± 2.789 −0.017 0.986
Posterior 8.844 ± 3.202 9.061 ± 3.608 −0.637 0.529
Global 10.314 ± 3.320 10.463 ± 3.934 −0.251 0.804

Theta
Anterior 6.027 ± 2.612 7.017 ± 4.444 −2.544 0.017
Middle 3.550 ± 1.762 4.076 ± 2.884 −2.237 0.033
Posterior 4.312 ± 2.547 5.467 ± 4.779 −2.661 0.013
Global 4.477 ± 2.234 5.380 ± 3.967 −2.649 0.013

Alpha1
Anterior 3.976 ± 3.957 5.764 ± 7.507 −2.559 0.016
Middle 2.703 ± 2.542 3.526 ± 3.453 −3.409 0.002 *
Posterior 5.689 ± 5.595 9.025 ± 10.547 −3.106 0.004 *
Global 4.097 ± 3.960 6.055 ± 6.942 −3.103 0.004 *

Alpha2
Anterior 4.533 ± 4.672 5.627 ± 5.697 −2.991 0.006 *
Middle 2.991 ± 2.684 3.420 ± 2.860 −2.381 0.024
Posterior 7.695 ± 8.202 9.943 ± 9.856 −3.248 0.003 *
Global 4.999 ± 5.003 6.233 ± 5.951 −3.233 0.003 *
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Table 2. Cont.

Before VR After VR
t p

Mean ± SD

Beta1
Anterior 3.094 ± 1.358 3.158 ± 1.174 −0.400 0.692
Middle 2.819 ± 1.592 2.534 ± 1.089 1.489 0.147
Posterior 3.331 ± 1.751 3.676 ± 1.704 −2.441 0.021
Global 2.942 ± 1.263 3.063 ± 1.216 −1.191 0.243

Beta2
Anterior 4.944 ± 4.066 4.708 ± 2.811 0.546 0.589
Middle 3.394 ± 2.580 2.927 ± 1.721 1.558 0.130
Posterior 2.301 ± 1.480 2.562 ± 1.384 −1.732 0.094
Global 3.220 ± 1.754 3.181 ± 1.389 0.240 0.812

Gamma
Anterior 5.145 ± 4.356 4.824 ± 3.459 0.517 0.609
Middle 3.868 ± 3.569 3.214 ± 2.584 1.432 0.163
Posterior 1.414 ± 1.439 1.532 ± 1.308 −0.572 0.572
Global 3.058 ± 1.895 2.950 ± 1.614 0.381 0.706

* padj < 0.0125 (Bonferroni correction adjusted p-value: 0.05/4 = 0.0125, where 4 refers to four brain sub-regions).

In addition, in the eyes open condition, the rmANOVA analysis of brain source activities showed
significant main effects of time and brain region in alpha1 (F = 3.393, df = 5.355, p = 0.001) and alpha2
(F = 3.446, df = 5.207, p = 0.001) frequency bands. In the post hoc results, the following measurements
were significantly increased after VR than before VR: alpha1 (342.635 ± 236.021 vs. 515.076 ± 423.659,
p = 0.001) and alpha2 (590.988 ± 462.924 vs. 795.884 ± 683.322, p = 0.001) band activation in the
cuneus, as well as alpha2 band activation in the posterior cingulate gyrus (PCG) (370.731 ± 323.503 vs.
493.818 ± 442.367, p = 0.001). This result is presented in Table 3 and Figure 1.

Table 3. Differences of brain source activities with eyes open before and after watching a video.

Frequency Band
and Brain Region MNI Coordinate

Before VR After VR
t p

Mean ± SD

Alpha1 and Cuneus (−5, −80, 35) 342.635 ±
236.021

515.076 ±
423.659 −3.631 <0.001 *

Alpha2 and Cuneus (−5, −85, 35) 590.988 ±
462.924

795.884 ±
683.322 −3.657 <0.001 *

Alpha2 and PCG (5, −70, 15) 370.731 ±
323.503

493.818 ±
442.367 −3.633 <0.001 *

* padj < 0.00151 (Bonferroni correction adjusted p-value: 0.05/33 = 0.00151, where 33 refers to 33 brain sub-regions).

In the eyes closed condition, the rmANOVA analysis of frequency band power showed no
significant difference of main effect. However, in post hoc analysis, delta band power of the posterior
region (12.301 ± 5.067 vs. 13.434 ± 6.234, p = 0.047) and beta2 band power of the global region
(2.988 ± 1.126 vs. 3.186 ± 1.246, p = 0.047) were increased after VR. The rmANOVA analysis of brain
source activities showed a significant main effect of time and brain region in beta1 frequency band.
However, there was no significant result after post hoc analysis.

Pearson correlation analysis was applied to the change of source activities (after–before) of the
cuneus and PCG, as well as to the change of SSQ scores (after–before), to examine whether these factors
were related to cyber sickness.
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Figure 1. Distribution of differences in brain source activity (after VR vs. before VR) with eyes
open. (A) Alpha1 band—cuneus; (B) alpha2 band—cuneus; (C) alpha2 band—posterior cingulate
gyrus (PCG).

In the alpha2 band, PCG regional source activity was significantly associated with oculomotor
symptoms (r = −0.406, p = 0.026) and disorientation (r = −0.380, p = 0.038), as well as with total SSQ
(r = −0.386, p = 0.035). Pairs without any significant association between source activation and SSQ
scores were not presented. This result is presented in Figure 2.
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4. Discussion

In the present study, we found significant changes in psychophysiological and brain activation
following the VR exposure using a smartphone-assisted HMD. Firstly, the SSQ total score and its
subscale scores (nausea, oculomotor symptoms, and disorientation) were significantly increased
after the VR experience. Secondly, several brain regions showed a significant increase in activation.
In particular, alpha1 activity showed a robust increase in the cuneus, while alpha2 activity increased in
the cuneus and PCG. Thirdly, the change of PCG activation in alpha band showed significant correlation
with the changes of SSQ total scores and its two subscale scores (oculomotor and disorientation).

The increase in SSQ total and subscale scores clearly shows that participants experienced a
severe level of cyber sickness during and after using VR in a smartphone-assisted HMD. Traditionally,
researchers have attempted to explain motion sickness using two main theories: sensory conflict theory
and postural instability theory. Sensory conflict theory suggests that the motion sickness occurs when
the motion perceived by the visual, vestibular, and somatosensory systems differs from the expected
experience [36]. On the other hand, postural instability theory implies that one’s motion sickness
occurs due to the user’s inability to maintain a stable posture [37]. The cyber sickness experienced by
participants in this study could be explained in the context of both theories. In smartphone-assisted
head mount displays, two different images reach both eyes in a separate manner, at a separate time.
Since these images are displayed on a close-up HMD screen, ophthalmological adjustment through
accommodation and convergence may not occur successfully, causing eye strain and cyber sickness.

Our results show a significant increase in brain regional activation (the cuneus of alpha1 and
alpha2, and PCG of alpha2) after the VR experiment. These results suggest that alpha band power could
be significantly related to the VR experience. The previous VR based driving simulation experiments
have mainly reported changes in alpha band (8–13 Hz) [38,39], when participants felt tired after VR
experiences. The increase in alpha band power has been shown to be negatively related to cortical
activity [40–42]. In addition, low band power (delta, theta, and alpha) increases in the occipital and
parietal regions are correlated with the severity of motion sickness symptoms [38,43,44]. In sum,
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increased alpha power in the cuneus and PCG could represent the reduced cortical activity on those
regions after the VR experiment.

The cuneus, which is part of the occipital lobe, has been related to visual processing [45].
It is known to receive visual information from the contralateral superior retina, and the processing
of this information is modulated by other effects, such as attention, working memory, or reward
expectation [46,47]. In a previous study comparing navigation with video viewing, participants during
the navigation showed higher activation in the parietal and occipital brain regions, including the
cuneus [48]. Furthermore, the cuneus and post-central parietal lobe have been related to working
memory and navigation tasks [46,49].

Finally, considering that the activation changes in PCG were significantly correlated with the
changes of SSQ total and subscale scores, the posterior cingulate cortex is a key node of the Default
Mode Network (DMN)—a group of neural structures closely related to self-referencing and other
self-related processing [50–52]. The immersion of 3D VR can induce a user to feel a sense of ownership
of an avatar presented in a VR environment. This sense of ownership over one’s body has been
related to multisensory integration in the premotor and posterior parietal cortices [53–56], while the
emergence of sense of bodily self-location has been located to the posterior cingulate cortex [57,58].
Indeed, it has been consistently proven that extreme excitation of the PCG is associated with a variety
of mental health problems, including attention deficit hyperactivity disorder [59], depression [60],
and rumination [61]. In general, activation of the PCG is reduced during meditation, consistent with
the concept that self-related thinking is minimized during the activity [62,63]. PCG activity depends on
the arousal state, and its interactions with other brain networks may be important for self-awareness.
Our results suggest that the changes of PCG activation of alpha2 band after VR experiences using
smartphone-assisted HMDs indicates instability of mental awareness and arousal along with the loss
of the sense of ownership of body, which eventually causes cyber sickness.

The present study had some limitations. Firstly, it lacked a control condition. A 2D video
presentation using a plain monitor to a control group could have supplemented the study design by
enabling differentiation of characteristics of the 3D VR presentation. Secondly, the individual head
model was not used in the present study, so our results might be subjected to bias regarding the
precision of brain regions of interest.

The present study examined psychophysiological alterations in participants after the VR experience
using a smartphone-assisted HMD. To this end, we used an EEG-based source localization approach.
Our study revealed that cyber sickness symptoms were significantly increased after the VR exposure.
The cuneus and PCG were significantly activated in alpha frequency bands after the VR experience,
and the activation change of the PCG was significantly correlated with cyber sickness symptoms
experienced by participants. It is suggested that more sophisticated VR technology should be developed
to avoid these unnecessary psychophysiological alterations related to PCG activation in the future.
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