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Abstract: Cybersickness remains a significant challenge for virtual reality (VR) applications, par-
ticularly in highly immersive environments. This study examined the effects of immersion, task
performance, and individual differences on cybersickness symptoms across multiple stages of VR
exposure. Forty-seven participants aged 18–45 completed a within-subjects design that involved
the Cybersickness in Virtual Reality Questionnaire (CSQ-VR) and the Deary–Liewald Reaction Time
(DLRT) task. Cybersickness symptoms were assessed across four stages: before and after VR immer-
sion, and before and after a 12 min rollercoaster ride designed to induce cybersickness. The results
showed significant increases in symptoms following the rollercoaster ride, with partial recovery
during the post-ride tasks. Eye–hand coordination tasks, performed after the ride and VR immersion,
mitigated nausea, as well as vestibular, and oculomotor symptoms, suggesting that task engagement
plays a key role in alleviating cybersickness. The key predictors of symptom severity included
a susceptibility to motion sickness and gaming experience, particularly proficiency in first-person
shooter (FPS) games, which was associated with a reduced cybersickness intensity. While task engage-
ment reduced symptoms in the later stages, particularly nausea and vestibular discomfort, overall
cybersickness levels remained elevated post-immersion. These findings underscore the importance
of task timing, individual differences, and immersive experience design in developing strategies to
mitigate cybersickness and enhance user experiences in VR environments.

Keywords: virtual reality; cybersickness; VR sickness; motion sickness; reaction time; eye–hand
coordination; immersion; mitigation; gaming skills; IT skills

1. Introduction

Virtual reality’s (VR) popularity has gained a lot of momentum in recent years due to
its increasing usefulness and applicability in various fields outside of the entertainment
industry. This surge in popularity owes itself in big part to the release of more accessible
head-mounted displays (HMDs) (e.g., Meta Quest 1 and 2), which made the use of VR
more enticing in research. Some of VR’s varied uses include the training of health profes-
sionals [1], general education and skill learning [2], engineering and product design [3],
predicting consumer behavior [4], improving athletic performance [5], improving elderly
people’s well-being [6], as well as assisting with psychological research and experimen-
tation [7,8] and psychological screening for certain disorders, such as schizophrenia or
ADHD [9,10].

However, one prevalent obstacle to the applicability of VR in research that is most
often discussed in the literature is cybersickness. Cybersickness, or virtual reality-induced
symptoms and effects (VRISEs), refers to a set of symptoms that usually include disorienta-
tion, dizziness, nausea, imbalance, and/or oculomotor strain and fatigue. Cybersickness
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should not be confused with simulator sickness. While they do share similarities, cyber-
sickness tends to induce more disorientation symptoms in users, such as dizziness, vertigo,
or general discomfort, whereas simulation sickness causes more oculomotor symptoms,
such as eyestrain or headaches [11,12]. It also differs from motion sickness, where the main
contributing factor is vestibular stimulation, whereas, in the case of cybersickness, it is
mainly a result of visual stimulation [13].

One of the most cited theories that attempts to explain the negative aftereffects of
VR use is the Sensory Conflict Theory [13,14]. This theory suggests there is a discrepancy
between the information provided by the vestibular and visual systems. This provides
an experience different from people’s sensory expectations, which have formed based
on their past experiences. Humans experience discomfort as they receive movement
information from the visual system while wearing the HMD, but they remain physically
stationary, which means that there is no movement information received from the vestibular
system, despite an expectation for it. This sensory conflict is what causes VRISEs. Visual
information that includes more complex self-motion leads to even more intense conflict
and more cybersickness symptoms [15]. Cybersickness poses a threat to VR’s applicability
since it contributes to the creation of a negative experience for a lot of people, which might
even lead to a portion of them rejecting this technology altogether. In this paper, we aim
to explore how completed tasks inside VR can have a mitigating effect on cybersickness
symptoms. Additionally, we shall explore how individual factors, like gaming habits, and
the act of exiting VR, can affect cybersickness experienced, as well as the possible negative
aftereffects on reaction times.

1.1. Eye–Hand Coordination Tasks in VR

What might play a significant role in the mitigation process for the VRISEs is the task
the participants are asked to perform while inside VR. Adapting to a virtual environment
might mean that users will need to readapt to the physical world afterwards to reduce
negative symptoms [16]. A recalibration process might occur during which users simply
stay idle and wait for the symptoms to subside; a mitigation strategy called natural decay.
Alternatively, a different option is for users to complete an activity to help them mitigate
their symptoms. Champney et al. [16] reported that a peg-in-hole task, an eye–hand
coordination task, can help alleviate VR-induced discomfort after the end of a session.
The purpose of the task is to supply the participants with sensory information, reducing
tactile and visual conflicts by allowing them to place 25 pegs in holes on a pegboard, thus
facilitating corrections to visuospatial distortions and balancing their senses.

Years later, Curtis et al. [17] performed an experiment where the participants would
either wait 15 min after a motion sickness-inducing VR task for their symptoms to subside
or complete a virtual peg-in-hole task. In the second case, the task required the participants
to use a controller to place the pegs into a board with straw-like holes and it would end
if either the board was completed or after 15 min had elapsed. Both conditions showed
significant improvement in their symptoms without any significant difference between
them. Natural decay, eye–hand coordination tasks, virtual natural decay (staying inside
an idle virtual environment without movement), and virtual eye–hand coordination tasks
have also been tested against each other as possible mitigation methods. In a different
study, although the virtual eye–hand coordination task had the slightest influence on a
decrease in symptoms, it still had a comparable effect to the other mitigation methods [18].

However, the potential mitigating effects of eye–hand coordination tasks on cybersick-
ness have not been thoroughly explored. For instance, while the Deary–Liewald Reaction
Time task [19] used in previous studies involves eye–hand coordination, its potential for
reducing cybersickness symptoms has never been systematically examined. The VR ver-
sion of the DLRT requires synchronization between the visual stimuli and the participant’s
physical and virtual body movements, which could play a significant role in alleviating
symptoms. Despite its relevance, the extent to which eye–hand coordination tasks miti-
gate cybersickness remains unclear. This gap in the literature presents an opportunity to



Virtual Worlds 2024, 3 508

investigate whether such tasks interfere with or reduce cybersickness symptoms and to
what degree. Addressing this gap is essential for developing more effective strategies to
manage cybersickness in VR, particularly for novice users. Understanding these effects
could lead to better guidelines for VR use in professional settings and inform the design of
VR applications that prioritize user comfort and engagement.

1.2. Exiting VR

A recent study by Kourtesis et al. [20] produced some interesting results regarding
the importance of the specific time intervals at which participants are asked to rate their
cybersickness symptoms, i.e., before entering the VR, inside the VR, and after exiting the VR.
After removing the VR headset, the cybersickness ratings significantly decreased compared
to those made inside the VR environment. Specifically, the nausea and vestibular symptoms
scores decreased while their oculomotor symptoms remained stable after the immersion.
The authors suggest that this finding might be of great importance, as cybersickness ratings
in most studies usually occur after the VR headset has been removed and not during
an immersion. This means that previous studies might have undermined the effects of
cybersickness possibly due to lower ratings being reported after exiting VR.

Moreover, another study tested different levels of immersion based on the type of
equipment used by the participants and compared them in terms of their cybersickness
scores [21]. The low-immersive group completed the assigned task using a PC with a mono-
scopic screen, the semi-immersive group used a CAVE system, and the fully immersive
group wore a VR headset. The control group did not use any equipment. The fully immer-
sive group produced the highest cybersickness scores out of the three, a finding that further
illustrates that being inside a VR environment produces more cybersickness than being in a
virtual environment with lower immersion or entirely outside of the virtual environment.

The moment of exiting a VR environment has remained largely understudied. Knibbe
et al. [22] assigned 24 participants to four different VR scenarios for 10 min and then in-
terviewed them about what happened when they removed their VR headset. The results
from this study describe the act of exiting VR as a brief but intense process where users can
experience feelings of disorientation or fast changes to sensory stimuli. This transitional
experience also included alterations to how the participants perceived time, space, and
control. The readjustment to the physical world can be dynamic, and the sensory adapta-
tion that ensues may explain how specific cybersickness symptoms may be experienced
differently or less intensely by participants when exiting a virtual world.

In conclusion, the recent findings suggest that there might be a discrepancy between
self-reporting inside a virtual environment and self-reporting in the real world [20]. There
is a big gap in the previous literature regarding the time points in the experiment during
which researchers decide to measure cybersickness. Most research has only allowed
participants to rate their discomfort before and after a VR session, or, like in the case of [23],
the researchers had to ask the participants to give a cybersickness rating orally, which
can be problematic for maintaining immersion. To our knowledge, only two studies have
explained in detail in their methodology a way to allow their participants to rate their
discomfort without taking them out of the VR experience [20,24]. It is important to discuss
the possibility that the ratings inside a VR environment might be more intense compared
to the ratings after the end of a session. To do that, more research is needed that includes
even more frequent ratings during immersions.

1.3. Cybersickness and Reaction Times

Reaction times can be defined as the amount of time that passes between the start of a
stimulus and the start of the response [25]. Various factors can negatively affect reaction
times, such as age [26], sleep deprivation [27], illness [28], and alcohol consumption [29].
Similar reports have been made for cybersickness symptoms, with nausea ratings correlat-
ing with a 20–50 ms increase in reaction times [23,30]. Based on these results, it has been
suggested that a virtual environment causes spatial disorientation due to sensory conflict,
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and more attentional resources are spent to deal with this instead of the reaction time task.
In [31], the participants controlled navigation in VR while wearing an HMD with either a
gamepad or a bike ergometer. Another group experienced VR on a large TV screen using a
bike ergometer for navigation, and a fourth group acted as control and did not participate
in any activity (20 participants in each group). The VR activity included riding a bike on
an island, and in between the rides on different paths, the participants filled out the SSQ
presented on a visual hologram. In total, the VR activity lasted 10 min. While all the VR
conditions showed a significant increase in reaction times compared to the control condi-
tion, the correlations between cybersickness levels and increases in reaction times were
very weak. This led the authors to conclude that there appears to be a general VR aftereffect
caused by the visual motor adaptation to a virtual environment, which causes a slight
deterioration in reactions, regardless of self-perceived levels of cybersickness. Additionally,
in a study with less provocative VR stimuli, the participants were asked to play a simple
game of Minecraft VR for 15 min. However, no significant increase in reaction times was
reported [32].

Within a different methodological framework, Szpak et al. [33] asked participants to
play a VR tennis game and complete the CANTAB five-choice reaction time test and an
SSQ before and after a VR session. Compared to the control group, the VR group showed
an increase in reaction times, but only on the cognitive component of the test, not the
motor component. However, this increase was not related to SSQ scores. On the other
hand, Kourtesis et al. [34] decided to measure reaction speeds within a VR environment,
consisting of attentional speed (recorded as the time it took the eyes to reach the target)
and motor speed (calculated as the remaining time after the eyes reached their target until
the participant’s hand pressed the correct button). It was shown that cybersickness played
a significant role and had a large effect on attentional speed but a small effect on motor
speed. The authors suggested that the overall reaction time increase is primarily due to the
deterioration of attentional speed.

Understanding how cybersickness influences cognitive functions like reaction times
is crucial. However, the previous research findings remain conflicting. Most studies have
found that reaction times increase after exposure to a virtual environment, but it is not yet
clear if this can be mainly attributed to the cybersickness factor.

1.4. Demographics and Cybersickness

Age appears to influence the intensity of cybersickness, though the evidence is inconsis-
tent. Some research suggests that older adults are more susceptible to intense cybersickness,
often leading them to exit VR simulations prematurely due to discomfort. This increased
vulnerability in older adults has been linked to factors like postural instability, which may
worsen with age and increase the risk of cybersickness [35–38]. However, other studies
suggest that older adults may experience less cybersickness, potentially due to differences
in physical conditions [39,40]. Interestingly, the studies focusing on younger populations
have not found age to be a significant predictor of cybersickness severity [20,34]. These
conflicting findings highlight the need for further research across diverse age groups to
better understand how age influences cybersickness.

Gender also plays a nuanced role in cybersickness, with studies offering varied conclu-
sions. Some research indicates that women may be more sensitive to cybersickness, pointing
to possible gender differences [18,38,41]. However, other studies did not find significant
differences between genders, suggesting that societal factors might influence reporting
behaviors—women historically report health symptoms more frequently, while men may
underreport them due to traditional expectations of masculinity [42–45]. Objective physi-
ological measures like heart rate and EEG generally show negligible gender differences,
contrasting with self-reported data that suggest gender-specific sensitivities [46,47].

Further complicating the issue, recent studies question whether biological sex signifi-
cantly influences VR discomfort. When VR headsets are properly adjusted, particularly
with regard to Inter Pupillary Distance (IPD), gender differences in cybersickness largely
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disappear, suggesting that the fit and customization of VR equipment are more crucial than
inherent gender differences [45]. Additionally, previous research indicates that gaming
experience may influence cybersickness, with differences between genders diminishing
when accounting for familiarity with digital environments [20,34].

1.5. Susceptibility to Motion Sickness and Cybersickness

Motion sickness and cybersickness, although triggered by different stimuli—physical
movement and visual vection, respectively—present clinically similar symptoms, especially
in their advanced stages [48]. Individual susceptibility to motion sickness varies widely,
influenced by a complex interplay of physiological and psychological factors. Notably, the
vestibular and somatosensory systems are crucial in this variability [49,50]. Dysfunctions
in the vestibular system can reduce the incidence of motion sickness, while an increased
reliance on somatosensory inputs may heighten susceptibility [49,51]. This variance ex-
tends into VR, where a history of motion sickness in individuals is associated with more
severe cybersickness, suggesting underlying similarities in susceptibility between the two
conditions [30,45,52,53].

Cybersickness, similar to motion sickness, shows varied susceptibility patterns among
individuals, influenced by both physiological and sensory processing factors [54,55]. The
Motion Sickness Susceptibility Questionnaire (MSSQ) has been validated for assessing
motion sickness based on individuals’ experiences with physical motion, emphasizing the
vestibular system’s role [49]. However, the rise of cybersickness has led to the development
of specialized assessment tools, such as the Visually Induced Motion Sickness Susceptibility
Questionnaire (VIMSSQ), which focuses on susceptibility to cybersickness from screen
exposure, including smartphones and HMDs [54,56,57].

Despite the limited predictive power of the MSSQ for cybersickness intensity observed
in earlier studies [24,34], potentially because it was used to exclude the participants with
high MSSQ scores, our latest study identifies it as a significant predictor of cybersick-
ness [20]. In line with the suggestions from previous studies [54,55], our study proposes
that combining the MSSQ with the VIMSSQ may offer a more comprehensive understand-
ing of both motion sickness and VIMS susceptibility. This integrated approach could
enhance the prediction of cybersickness intensity and help determine whether general
susceptibility to motion sickness or a specific sensitivity to vection plays a more significant
role in cybersickness symptomatology and intensity.

1.6. Technology Experience and Cybersickness

As technology advances, more people are shifting from desktop computers to mobile
devices for their daily digital activities. While desktops are still used for complex tasks,
smartphones have become the go-to devices for many functions like internet browsing,
emailing, and media editing [58]. This shift is driven by smartphones’ portability and ease
of use.

In our earlier study, computer experience alone was not a strong predictor of cybersick-
ness [20,34]. However, studies show that visually induced cybersickness can occur from
exposure to any screen, including smartphones [57,59,60]. Regular use of smartphones
might help reduce cybersickness by gradually acclimating users to dynamic visual content,
enhancing their sensory adaptation [61]. Our latest study supports this, showing that
frequent smartphone use is linked to a lower cybersickness intensity [20]. This suggests
that as smartphones become more prevalent, regular use may help mitigate cybersickness.

Moreover, people with extensive VR experience often report a lower susceptibility to
cybersickness, likely due to habituation over time [49,62,63]. Regular and varied use of VR
could build resilience to cybersickness, though the results vary across studies. While some
research shows an increased resilience in experienced VR users, others find no significant
differences [64]. The recent studies by Jasper et al. [52] and Kourtesis et al. [34] did not find
strong evidence for this resilience, possibly due to a lack of diversity in VR user experience



Virtual Worlds 2024, 3 511

in their samples. This highlights the need to consider individual differences in technology
experience when studying cybersickness.

1.7. Gaming Experience and Cybersickness

Research has increasingly shown that gaming is associated with reduced cybersickness
intensity [65–70]. Notably, our previous research has identified gaming experience as a
significant predictor of decreased cybersickness intensity, highlighting its protective effects
by examining both frequency and gaming proficiency [20,24,34]. These findings suggest
that extensive gaming may acclimatize users to virtual environments and complex motion
cues, thus mitigating cybersickness.

However, inconsistencies in the literature findings exist as some VR gamers continue
to experience cybersickness despite their gaming background [71]. These findings indicate
a complex relationship between gaming experience and individual susceptibility to cyber-
sickness, implying that nuanced aspects of gaming experience could significantly influence
its impact on cybersickness.

The wide range of gaming genres, including action, first-person shooters (FPSs), and
role-playing games (RPGs), significantly influences players’ physiological and biochemical
states and enhances various cognitive abilities [72–74]. Each genre’s unique demands on
visual processing, spatial navigation, and psychomotor coordination could potentially
bolster individual resilience to cybersickness, tailored by specific gaming experiences [20].

Visually fast-paced games, particularly in the action and FPS categories, immerse
players in environments requiring the management of multiple simultaneous visual stimuli
and rapid responses to sudden changes within a dynamic, 360-degree setting [74]. Such
gameplay involves extensive camera rotations, where visual rotational oscillations and
movements are closely linked with the emergence of cybersickness symptoms [75]. Regular
exposure to these challenging conditions might build cognitive resilience and adaptability
to visually induced motion sickness.

Research further indicates that the level of immersion, especially in first-person VR
experiences, significantly impacts vection, a key factor in the development of cybersick-
ness [75]. While a first-person perspective intensifies the immersion, it may also escalate
cybersickness intensity due to increased sensory conflicts [21,76–79]. Consequently, the
cognitive benefits of engaging in visually fast-paced games like action and FPS may be
unique and lasting, potentially equipping frequent players with a developed resilience to
vection and consequently reduced cybersickness intensity.

1.8. Research Aims

As it has become clear from this short literature review, there are still a lot of open
questions about cybersickness. Factors that can influence cybersickness rates, for exam-
ple, VR tasks, the act of exiting VR, and cybersickness’ possible detrimental effects on
reaction times hold scientific significance. Additionally, the ongoing research explores
how individual differences—such as technological proficiency, age, gender, and innate
susceptibility to motion sickness and VIMS—affect the symptomatology and intensity of
cybersickness. Furthermore, there is a need to delve deeper into how different gaming
genres influence cybersickness aspects, as experiences vary significantly across genres. Con-
sequently, the research aims of this study are further articulated in the following hypotheses
and research question:

H1: Cybersickness scores will be lower after the task than before the task.

H2: Cybersickness scores will be higher in VR compared to Post-VR.

H3: Participants’ reaction times will deteriorate after the ride and Post-VR.
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H4: Susceptibility to Motion Sickness and/or VIMS will be the significant predictor(s) of the
intensity of cybersickness.

H5: The demographics of the participants will not significantly predict cybersickness intensity.

H6: Computer, Smartphone, Gaming, and/or VR experience will predict the intensity of cybersick-
ness symptomatology.

While the literature does not provide definitive evidence on how various game genres
specifically impact cybersickness, preliminary observations suggest that fast-paced action
games and FPS games may induce a habituation effect, potentially reducing the intensity
of cybersickness symptoms. Given this possibility, our research question is formulated
as follows:

RQ1: Do action and/or FPS game genres predict a lower intensity of cybersickness symptomatology?

2. Materials and Methods
2.1. Participants

Participants were recruited through two different channels: (1) We contacted as many
students as possible through the email address listings of the National and Kapodistrian
University of Athens, asking them to participate in a study about cybersickness in VR.
We also distributed flyers around the campus. (2) Snowball sampling was used for the
participants who did not belong to our institution. This led to half of our sample consisting
of psychology students. This study was approved by the Research Ethics Committee of the
National and Kapodistrian University of Athens.

In total, 48 people participated in this study. However, one participant had to drop out
due to increased levels of discomfort shortly after the ride and did not wish to continue.
This left us with a sample of 47 participants, which consisted of 24 females and 23 males.
The mean age was 27.4 (from 18 to 45 years; SD = 5.78). The years of education had a mean
of 16.8 (SD = 2.04; Min = 12, Max = 23). Basic information about technological literacy was
also collected, with 89.3% of the sample reporting that they were at least somewhat skilled
with computers and would use one daily. Furthermore, 93.6% reported that they were at
least somewhat skilled with smartphones and would use one daily. Most of the sample
had never used VR (68.1%) or had only used it once or a few times in their lives (21.3%).
Of the participants, 48.9% reported high gaming activity, and 51.1% reported low or no
gaming activity.

2.2. Measures

The Deary–Liewald Reaction Time test [19] was used to measure reaction times, and it
consisted of two tasks that took place on a web browser page. In the simple reaction time
task (SRT), the participants were asked to observe an empty white box and press the space
button as fast as possible each time an “X” letter appeared inside it. In the choice reaction
time task (CRT), the participants were presented with four empty white boxes placed next
to each other. Two fingers from each hand had to be placed on the four keyboard buttons
that mirrored the order of the white boxes on the screen. Whenever an “X” letter appeared
in one of them, the participants had to press the button corresponding to the correct box
as fast as possible. A VR version of DLRTT was also used. Standing upright and using
the virtual controllers, the participants inside the simulation had to extend their arms and
touch a white box as soon as it turned blue. The same procedure was followed when four
white boxes were presented.

Although the Simulator Sickness Questionnaire [80] is widely recognized, we em-
ployed the Cybersickness in Virtual Reality Questionnaire (CSQ-VR) due to its superior psy-
chometric properties for measuring cybersickness, as demonstrated by Kourtesis et al. [24].
Unlike the SSQ, developed for simulator sickness, the CSQ-VR specifically targets cybersick-
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ness and is better suited to assess virtual reality-induced symptoms and effects (VRISE). The
CSQ-VR includes six 7-point Likert scale questions, with two items each assessing nausea,
as well as vestibular, and oculomotor symptoms (e.g., “Do you experience disorientation,
such as confusion or vertigo?” rated from 1: Not at all to 7: Extremely intense). Notably,
the CSQ-VR also has a 3D version designed for use within a virtual environment, allowing
participants to complete the questionnaire during immersion. This feature enables the
continuous assessment of cybersickness symptoms without breaking immersion, providing
a more accurate real-time measure of the experience. The CSQ-VR’s superior psychometric
properties and ability to capture symptoms during VR immersion make it an ideal tool for
this study.

To collect demographic information, including gender, age, education, and prior
computer, smartphone, and VR experience, a customized questionnaire was used. This
questionnaire, previously employed in our studies [20,24,34], determines the score for
each variable by adding the responses from two questions per variable, each rated on a
6-point Likert scale. The first question rates the participant’s proficiency with computers,
smartphones, and VR, with answers like “5: extremely skilled”. The second question
assesses how often users interact with these platforms; examples of responses include
“4: once a week”. Additionally, the validated Gaming Skills Questionnaire (GSQ) was used
to further explore proficiency and frequency in various gaming genres, also using a 6-point
Likert scale with ratings and responses similar to those used for technology skills [81,82].

This study incorporated the short versions of the MSSQ [49] and VIMSSQ [54,56] to
assess motion sickness and VIMS susceptibility. The MSSQ evaluates childhood (before
age 12) and adult experiences (over the last 10 years) with motion sickness across differ-
ent modes of transport or entertainment, yielding three scores: MSA-Child, MSB-Adult,
and MSSQ-Total. The VIMSSQ focuses on symptoms like nausea, headaches, and eye-
strain caused by visual devices, providing a complementary assessment to the MSSQ for
predicting cybersickness [54,57].

2.3. Procedure

Upon arrival, the participants were briefed on the study procedures outlined in
Figure 1 and agreed to a formal consent form. The form included explicit information about
the study’s aims, the different questionnaires used, and the VR tasks. It highlighted that the
data collected are entirely anonymous, that participation is completely voluntary, and that
they can leave the laboratory whenever they wish. They were also instructed that if their
symptoms were too severe and they could not continue inside the virtual environment,
they should immediately inform the researcher to terminate the process.
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The questionnaires were created and completed using Google Forms. The participants
first filled out the demographic questionnaire and the MSSQ, VIMSSQ, and GSQ. After-
wards, the order of test completion was as follows: CSQ-VR, DLRT, CSQ-VR. After the
pre-immersion stage was over, the participants were asked to stand up and were given
instructions on how to wear the HMD. Calibration ensued inside the Steam Lab applica-
tion to ensure that the HMD and the interpupillary distance fit everyone well. Then, the
participants received the controllers, and the task began. An HTC Vive Pro Headset was
used with a 3.5” AMOLED display, 2880 × 1600 pixels resolution per eye, 90 Hz refresh
rate, 110◦ field of view, and 3D spatial sound. This hardware exceeds the requirements
for preventing cybersickness [83], ensuring any cybersickness was due to designed accel-
erations, not hardware limitations. The VR software followed the guidelines proven to
minimize cybersickness [84,85].

Specifically, the virtual environment was developed using the Unity3D game engine,
incorporating several advanced features to enhance realism and maintain performance. We
used the SteamVR SDK for interaction design, which facilitated intuitive hand animations
and provided haptic feedback to increase immersion. Lighting within the environment
was configured using the Lightweight Render Pipeline (LWRP), employing baked lights
to optimize rendering efficiency. Textures and meshes were also baked and optimized
extensively using the MeshBaker package, which significantly reduced draw calls and
maintained a consistent 120 Hz refresh rate, crucial for minimizing cybersickness. Further-
more, spatial audio feedback was integrated using Steam Audio, ensuring realistic and
immersive soundscapes that dynamically responded to the user’s position and actions
within the virtual space. This comprehensive setup was designed to create a stable and
engaging VR experience, minimizing performance-related discomfort and enhancing the
overall user experience.

Oral instructions were delivered via Amazon Polly to provide a clear, natural voice
without disrupting the participants’ immersion. In addition to spoken instructions, video
and written guidelines were provided, covering how to complete both the VR version of
the CSQ-VR and the VR version of the DLRT task. The virtual environment was developed
using the Unity3D game engine, following the methods used in previous cybersickness
studies [20,24,34]. Interaction within the environment was enhanced by the SteamVR
SDK, using virtual hands/gloves for intuitive engagement, allowing touch-based actions
instead of button presses to create a more natural user experience. Consequently, the
environment was configured so that interactions could be initiated and confirmed through
simple touch-based actions rather than button presses, enhancing the naturalness of the
user experience.

To eliminate potential biases related to gender or race, the virtual gloves were designed
to be neutral, as recommended by prior studies [86]. The experimental design was managed
using the bmlTUX SDK [87], which allowed easy data export in CSV format and streamlined
the experimental protocol.

The process in VR was as follows: the participants received the instructions on how
to complete the questionnaire, filled out the CSQ-VR, received instructions on how to
complete the DLRT task, and after they completed it, filled out the CSQ-VR again. This
initial baseline assessment phase lasted approximately 25 min. A 12 min roller coaster ride
ensued. During the ride, the participant stands on a platform that moves forward inside
a minimalistic black-and-white design to reduce distractions and avoid the extraneous
variables affecting cybersickness onset. In line with the previous studies [20,34], the ride
was designed to simulate a roller coaster, exposing the participants to various linear and
angular accelerations. The animated trajectory moved primarily forward, with a reverse on
the z-axis toward the end. The acceleration sequence was carefully planned: starting with
linear acceleration on the z-axis, followed by angular accelerations on the z- and y-axes,
and then comprehensive angular acceleration on the z-, x-, and y-axes. This was followed
by roll-axis angular acceleration, intensified z-axis linear acceleration, yaw-axis angular
acceleration, and extreme y-axis linear acceleration, ending with a z-axis reversal. After the
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ride ended, the participants completed the same tutorial and sequence of tasks—CSQ-VR,
DLRT, and CSQ-VR again in that order. Then, the immersion ended.

After the participants carefully removed the VR headset, they were asked to sit in front
of the computer immediately and complete the CSQ-VR, DLRTT, and CSQ-VR once again,
in this order. The CSQ-VR was completed eight times in total during the experiment. This
was to ensure that we recorded all the possible fluctuations in cybersickness rates’ intensity.
The CSQ-VR was also filled out immediately after an exit from the immersion, which made
it easier to monitor any changes that might be due to the change in immersion stage. After
the experiment was over (approximately 1 h later), the participants received beverages rich
in electrolytes to reduce any lingering symptoms and were asked to stay in the laboratory
for a few more minutes if the cybersickness adverse effects were very intense and leave
only when they felt better.

2.4. Statistical Analyses

All statistical analyses were conducted using the R programming language [88] within
the RStudio environment [89]. The following R packages were used: psych for t-tests and
correlational analyses [90], ggplot2 for data visualization [91], lme4 for repeated measures
ANOVA and mixed-effects regression models [92], emmeans for post-hoc comparisons [93],
and bestNormalize for data normalization [94].

2.4.1. Descriptive Statistics and Normality Checks

Descriptive statistics were computed to provide an overall summary of the sample
characteristics. Normality was assessed using the Shapiro–Wilk test, which revealed viola-
tions of normality in several variables (p < 0.001). To address this, data were transformed
using the bestNormalize package, which applied optimal transformations, and all numeric
variables were subsequently converted to z-scores, allowing for the use of parametric tests.

2.4.2. Repeated Measures ANOVA (H1 & H2)

To evaluate the changes in the cybersickness scores before and after the task (H1), as
well as before and after the VR session, repeated measures ANOVAs were performed. The
dependent variable was the CSQ-VR score, and the independent variables were the Task
Stage (pre-task vs. post-task) and Immersion Stage (pre-VR, pre-ride, post-ride, post-VR).
Linear mixed-effects models were used, with participant ID included as a random effect to
account for repeated measures. Post-hoc pairwise comparisons were conducted using the
emmeans package with Bonferroni correction to adjust for multiple comparisons.

2.4.3. Paired-Samples t-Tests (H3)

Paired-samples t-tests were employed to evaluate H3, comparing the performance on
the PC version of the DLRT tasks before and after the VR session, as well as the performance
on the VR version of the DLRT tasks before and after the VR ride. These tests examined
whether cybersickness induced changes in reaction times, both before and after their
exposure to the VR tasks and ride.

2.4.4. Mixed-Effects Regression Models (H4–H6 and RQ1)

Mixed-effects regression models were used to investigate H4, H5, H6, and RQ1,
assessing the effects of various predictors—such as motion sickness susceptibility, VIMS
Susceptibility, demographics, and technology experience—on the intensity of cybersickness
symptoms. Participant ID was included as a random effect to account for repeated measures
within individuals.

The model comparisons were based on the adjusted R2 and the F-statistic. The models
with higher R2 values and significant F-statistics were selected as the best-fit models.
Specifically, the following:

• For H4, we examined whether susceptibility to motion sickness and VIMS predicted
overall cybersickness intensity.
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• For H5, demographic factors such as age and sex were tested as predictors of cyber-
sickness intensity.

• For H6, the effect of prior experience with computers, smartphones, gaming, and VR
on cybersickness symptoms was evaluated.

• For RQ1, we tested whether action or FPS game genres predicted lower levels of
cybersickness symptomatology.

Our methodological approach considered a wide range of variables as potential pre-
dictors within the models. Specifically, for the mixed-effects regression analyses aimed at
gauging the intensity of cybersickness across its subcategories, factors such as sex, educa-
tion, age, computing experience, smartphone app experience, prior VR experience, and
gaming experience (with various sub-genres) were included. The model development
followed a systematic and incremental process:

Single-Predictor Models: Initially, individual models were built with only one predic-
tor at a time. These models were compared based on their adjusted R2 and F-statistics to
determine which predictor had the most substantial effect on cybersickness intensity.

Dyadic Predictor Models: In the next phase, models with two predictors were con-
structed. The best-performing predictor from the single-predictor models was retained,
and a second predictor was added from the remaining variables. Each dual-predictor
model was thoroughly evaluated, and the best-performing model was compared to the top
single-predictor model to assess improvements in fit.

Iterative Model Development: This step involved an iterative process where the
strongest predictors from the previous rounds were combined with a new predictor. This
approach was continued until adding more variables no longer resulted in a significant
improvement in the model’s performance, as indicated by the adjusted R2 and F-statistic.
If a simpler model from an earlier iteration demonstrated superior performance over a
more complex one, the simpler model was retained. Ultimately, the final best model,
selected through this systematic approach, represented the optimal combination of all the
considered predictors and provided the most robust explanation of cybersickness intensity.

3. Results
3.1. Descriptive Statistics

The descriptive statistics of the dataset are detailed in Tables 1 and 2. Regarding
technology usage, the participants exhibit strong familiarity with computing and smart-
phones. However, their experience with VR is considerably lower, indicating that VR is less
familiar than other forms of technology. The gaming experience data show a broad range
of proficiency among the participants. This diversity is also seen in specific gaming genres,
such as first-person shooters, role-playing games, action games, and puzzles, which could
influence how the participants perceive and handle VR environments due to differences
in the cognitive skills developed through gaming. Regarding susceptibility to motion
sickness, there is a notable shift in the scores from childhood to adulthood, suggesting
that sensitivity to motion sickness may decrease as one ages. The visually induced motion
sickness susceptibility scores are generally low but show considerable variability among
the participants.

Tables 2 and 3 present the descriptive statistics of the CSQ and DLRT scores. All eight
time points at which CSQ data were captured can be seen on the left of the table, with four
points occurring while the participants were inside of VR and four points while they were
outside, before or after each task. After taking a first look, we can see there was a sharp
increase in cybersickness scores after the ride was over. Next, the participants’ average
scores in seconds are reported for the results of the DLRT test. An increase in the SRT was
observed after the end of the VR session, as well as a reduction in the CRT.
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Table 1. Descriptive statistics for demographics, computing experience, smartphone experience, VR
experience, gaming experience, and genre proficiency.

M SD Minimum Maximum

Age 27.4 5.78 18 45
Education in Years 16.8 2.04 12 23

Computing XP 10.1 1.78 4 12
Smartphone XP 10.5 1.14 8 12

Virtual Reality XP 2.53 1.02 2 7
GSQ—Total 24.5 11.5 12 59

Sport Games Skill 3.85 2.22 2 10
FPS Games Skill 4.55 3.01 2 11
RPG Games Skill 4.09 2.93 2 12

Action Games Skill 4.21 2.69 1 12
Strategy Games Skill 3.32 2.20 2 11
Puzzle Games Skill 4.49 2.60 2 10

MSA-Child 6.39 4.83 0 18
MSB-Adult 4.45 4.61 0 18
MSSQ-Total 10.8 8.79 0 36

VIMSSQ 3.47 4.41 0 17
Note: XP = Experience; GSQ = Game Skills Questionnaire; FPS = First-Person Shooting; RPG = Role-Playing
Games; MS = Motion Sickness; MSSQ = Motion Sickness Susceptibility Questionnaire; VIMSSQ = Visually Induced
Motion Sickness Susceptibility Questionnaire.

Table 2. Descriptive statistics for CSQ and DLRT scores for every time point.

CSQ-VR M SD Minimum Maximum

Pre-VR–Pre-Task 7.62 1.92 6 15
Pre-VR–Post-Task 7.96 2.25 6 15
Pre-Ride–Pre-Task 8.85 3.26 6 18
Pre-Ride–Post-Task 9.36 4.26 6 24
Post-Ride–Pre-Task 14.5 7.23 6 32
Post-Ride–Post-Task 12.9 6.42 6 33

Post-VR–Pre-Task 12.2 6.02 6 29
Post-VR–Post-Task 10.8 4.63 6 23

Note: CSQ-VR = Cybersickness in Virtual Reality Questionnaire.

Table 3. Descriptive statistics for Deary–Liewald Reaction Time scores (Simple Reaction Task—Choice
Reaction Task) for every time point.

DLRT (SRT—CRT) M SD Minimum Maximum

SRT–Pre-VR 0.270 0.0311 0.224 0.375
CRT–Pre-VR 0.439 0.0672 0.346 0.682
SRT–Post-VR 0.284 0.0392 0.218 0.399
CRT–Post-VR 0.421 0.0520 0.311 0.566
CRT–Pre-Ride 0.585 0.0948 0.437 0.867
SRT–Pre-Ride 0.511 0.0753 0.370 0.759

CRT–Post-Ride 0.578 0.0935 0.426 0.893
SRT–Post-Ride 0.500 0.0786 0.296 0.678

Note: SRT = Simple Reaction Time Task; CRT = Choice Reaction Time Task.

3.2. ANOVA Analyses: Cybersickness Symptomatology Intensity
3.2.1. Overall Cybersickness

The ANOVA analysis revealed several statistically significant effects related to the
impact of immersion and task time on overall cybersickness (i.e., CSQ Total Score). There
was a significant main effect of immersion, F(3, 322) = 62.19, p < 0.001, with a moderate
effect size of ω2 = 0.17, indicating that the stages of immersion (pre-VR, pre-ride, post-ride,
post-VR) significantly impacted the cybersickness levels. However, the main effect of task
time was not significant, F(1, 322) = 2.20, p = 0.139, suggesting that the duration of the task



Virtual Worlds 2024, 3 518

performance did not independently influence the cybersickness scores. However, there
was a significant interaction between immersion and task time, F(3, 322) = 2.79, p = 0.041,
with a small-to-moderate effect size of ω2 = 0.01. This interaction indicates that the effect of
immersion on cybersickness varies depending on when the task was performed, suggesting
that task timing plays a role in the severity of symptoms experienced across the different
immersion stages.

The post-hoc comparisons across the different stages of immersion (pre-VR, pre-ride,
post-ride, and post-VR) revealed significant changes in symptoms over time (see Figure 2).
A moderate increase in cybersickness was observed between the pre-VR and pre-ride stages,
with a significant effect size (Hedges’ g = 0.52, p = 0.0016). This suggests that participants
began to experience mild cybersickness symptoms even before the rollercoaster ride, likely
due to the initial exposure to the VR environment and tasks. The largest increase in
cybersickness occurred after the rollercoaster ride, as indicated by a significant difference
between pre-ride and post-ride scores (Hedges’ g = 1.37, p < 0.001). The participants’
cybersickness symptoms intensified considerably following the 12 min ride, confirming the
ride’s potent effect on inducing severe cybersickness.
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Comparing pre-VR to post-ride, a large effect size was observed (Hedges’ g = 1.16,
p < 0.001), further emphasizing the substantial impact of the ride on cybersickness com-
pared to the baseline levels before immersion. Notably, even after completing the post-VR
tasks, the participants’ cybersickness scores remained significantly elevated compared
to their baseline, as shown by the comparison between the pre-VR and post-VR scores
(Hedges’ g = 1.08, p < 0.001). However, a moderate reduction in cybersickness symptoms
was observed between post-ride and post-VR (Hedges’ g = 0.88, p < 0.001), indicating some
recovery, though the symptoms did not return to the baseline levels. These results demon-
strate that the rollercoaster ride had the greatest effect on inducing cybersickness, with
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partial recovery occurring during the subsequent VR tasks, but the symptoms remained
above baseline levels even after completing the VR experience.

The post-hoc comparisons for the interactions between immersion stages (pre-VR,
pre-ride, post-ride, and post-VR) and task times (pre-Task vs. post-task) revealed significant
differences in the cybersickness (CSQ) scores across the conditions (see Figure 2). In the
pre-VR stage, no significant difference was observed between the pre-task and post-task
cybersickness scores (Hedges’ g = −0.20, p = 0.16), indicating stable symptoms before and
after task performance. Similarly, during the pre-ride stage, task performance did not
significantly affect cybersickness levels (Hedges’ g = −0.14, p = 0.34). In contrast, after the
more immersive stages, task performance had a different effect. In the post-ride phase,
cybersickness significantly decreased from pre-task to post-task (Hedges’ g = 0.55, p < 0.001),
suggesting that engaging in the tasks post-ride helped alleviate some cybersickness symp-
toms. A similar trend was observed in the post-VR phase, where a significant reduction in
symptoms was noted after task performance (Hedges’ g = 0.43, p < 0.005).

Comparing across the immersion stages, the pre-task comparison revealed a significant
increase in cybersickness from pre-VR to post-ride (Hedges’ g = 1.22, p < 0.001) and from
pre-VR to post-VR (Hedges’ g = 0.79, p < 0.001), indicating that the rollercoaster ride and
VR immersion substantially worsened cybersickness before task performance. Similarly, in
the post-task condition, cybersickness remained significantly higher in both the post-ride
and post-VR stages compared to the pre-VR stage. The increase in symptoms from pre-ride
to post-ride (Hedges’ g = 0.59, p = 0.002) and from pre-ride to post-VR (Hedges’ g = 0.40,
p = 0.02) also reflects the intensifying effect of the immersive experiences.

Overall, while immersion significantly increased cybersickness, the results indicate
that task performance after the ride and post-VR immersion phases contributed to a
reduction in symptoms. Despite this reduction, the cybersickness levels remained higher in
the post-ride and post-VR stages compared to the earlier immersion phases, particularly
following the rollercoaster ride. This suggests that task engagement may have a mitigating
effect on cybersickness in the later stages of immersion, but it is not enough to fully
eliminate the symptoms induced by the immersive experience.

3.2.2. Nausea Symptoms

The ANOVA analysis revealed the statistically significant effects of immersion and
the task time on the nausea scores, as well as a significant interaction between the two
factors. There was a significant main effect of immersion, F(3, 322) = 43.56, p < 0.001, with a
moderate effect size of ω2 = 0.15, indicating that the nausea scores varied significantly across
the different stages of immersion (pre-VR, pre-ride, post-ride, and post-VR). The main effect
of the task time approached significance, F(1, 322) = 3.65, p = 0.057, suggesting a potential
influence of task timing on nausea, although this effect did not reach the conventional
significance threshold. There was also a significant interaction between immersion and
task time, F(3, 322) = 2.87, p = 0.037, with a small effect size of ω2 = 0.01, indicating that
the impact of immersion on nausea varied depending on when the tasks were performed
(pre-task or post-task).

Post-hoc comparisons revealed significant changes in nausea symptoms across the
stages of immersion (see Figure 3). A moderate decrease in nausea was observed between
the pre-VR and pre-ride stages (Hedges’ g = 0.28, p = 0.005), indicating that the partic-
ipants experienced a mild reduction in nausea after the initial VR exposure. However,
the largest increase in nausea occurred between pre-ride and post-ride, with a large effect
size (Hedges’ g = 1.42, p < 0.001), suggesting that the rollercoaster ride induced severe
nausea in the participants. The comparison between pre-VR and post-ride also showed a
significant increase in nausea (Hedges’ g = 1.52, p < 0.001). Interestingly, nausea symptoms
showed a significant reduction between the post-ride and post-VR stages (Hedges’ g = 0.53,
p = 0.0012), indicating partial recovery after completing the VR tasks. However, the nausea
scores remained elevated compared to the baseline (pre-VR vs. post-VR: Hedges’ g = 0.49,
p = 0.0012).
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The post-hoc analysis of the interactions between the immersion stages and task time
(pre-task vs. post-task) revealed distinct patterns in nausea across the stages (see Figure 3).
In the pre-VR stage, no significant difference was found between the pre-task and post-task
nausea scores (Hedges’ g = −0.25, p = 0.08), suggesting stable symptoms before and after
tasks. The same trend was observed during the pre-ride stage (Hedges’ g = −0.14, p = 0.32).
However, task performance had a different effect in the more immersive stages. In the
post-ride stage, nausea decreased significantly after task performance (Hedges’ g = 0.53,
p < 0.001), indicating that engaging in tasks helped alleviate some nausea symptoms. A
similar trend was found in the post-VR stage, where nausea symptoms decreased after
task performance (Hedges’ g = 0.47, p < 0.002). Comparing across the immersion stages,
the pre-task analysis revealed a significant increase in nausea from pre-VR to post-ride
(Hedges’ g = 1.22, p < 0.001), as well as from pre-VR to post-VR (Hedges’ g = 0.72, p < 0.001).
The post-task comparisons showed a similar pattern, with nausea increasing from pre-VR
to both post-ride (Hedges’ g = 0.72, p < 0.001) and post-VR (Hedges’ g = 0.35, p = 0.003).

The results in conjunction suggest that nausea symptoms were most severe immedi-
ately after the rollercoaster ride, with significant recovery observed after task performance,
particularly in the post-ride and post-VR stages. While task engagement appeared to miti-
gate nausea symptoms, the participants still experienced elevated nausea compared to their
baseline, especially after the rollercoaster ride. These findings highlight the importance of
task timing in modulating the severity of nausea symptoms during and after immersive
VR experiences.

3.2.3. Vestibular Symptoms

The ANOVA analysis revealed the significant effects of immersion and task time on
vestibular symptoms, and a significant interaction between the two factors. A significant



Virtual Worlds 2024, 3 521

main effect of immersion was found, F(3, 322) = 33.91, p < 0.001, with a moderate effect size
of ω2 = 0.14, indicating that vestibular symptoms varied significantly across the different
stages of immersion (pre-VR, pre-ride, post-ride, and post-VR). There was also a significant
main effect of task time, F(1, 322) = 6.15, p = 0.014, suggesting that task timing influenced
vestibular symptoms. Additionally, a significant interaction between immersion and task
time was observed, F(3, 322) = 3.88, p = 0.009, with a small effect size of ω2 = 0.02, indicating
that the effect of immersion on vestibular symptoms differed depending on task timing
(pre-task or post-task).

The post-hoc comparisons revealed the significant changes in vestibular symptoms
across the stages of immersion (see Figure 4). A moderate decrease in vestibular symptoms
was observed between the pre-VR and pre-ride stages (Hedges’ g = 0.13, p = 0.005), sug-
gesting a mild reduction in vestibular discomfort before the rollercoaster ride. The most
pronounced increase in vestibular symptoms occurred between the pre-ride and post-ride
stages, with a large effect size (Hedges’ g = 1.75, p < 0.001), indicating that the rollercoaster
ride induced severe vestibular symptoms. A significant increase in vestibular symptoms
was also found between the pre-VR and post-ride stages (Hedges’ g = 1.41, p < 0.001).
A moderate reduction in vestibular symptoms was observed between the post-ride and
post-VR stages (Hedges’ g = 0.60, p = 0.001), indicating partial recovery during the VR
tasks, although the symptoms did not return to baseline. Comparing pre-VR to post-VR,
vestibular symptoms remained higher but with a smaller effect size (Hedges’ g = 0.39,
p = 0.001), with the participants showing residual symptoms even after completing the
VR tasks.
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The post-hoc analysis of the interaction between the immersion stages and task time
revealed specific patterns of vestibular symptoms depending on when the tasks were
performed (see Figure 4). In the pre-VR and pre-ride stages, there were no significant dif-



Virtual Worlds 2024, 3 522

ferences between pre-task and post-task vestibular symptoms (Hedges’ g = −0.13, p = 0.38
for pre-VR; Hedges’ g = −0.11, p = 0.45 for pre-ride), indicating stable symptoms before
and after task performance. However, a significant reduction in vestibular symptoms
was observed post-task in the post-ride stage (Hedges’ g = 0.52, p < 0.001), indicating that
task performance after the ride helped reduce vestibular symptoms. A similar trend was
observed in the post-VR stage, where vestibular symptoms also significantly decreased
post-task (Hedges’ g = 0.40, p = 0.008), suggesting that engaging in tasks after the VR
immersion contributed to symptom alleviation. Across the immersion stages, the pre-task
comparison showed a significant increase in vestibular symptoms from pre-VR to post-ride
(Hedges’ g = 1.41, p < 0.001) and from pre-VR to post-VR (Hedges’ g = 0.89, p < 0.001). The
post-task comparisons reflected similar patterns, with significant increases in vestibular
symptoms from pre-VR to post-ride (Hedges’ g = 0.89, p = 0.001) and pre-VR to post-VR
(Hedges’ g = 0.31, p = 0.002).

To summarize, the results indicate that vestibular symptoms peaked after the roller-
coaster ride, with partial recovery observed during the subsequent VR tasks. While task
performance appeared to alleviate some symptoms in the post-ride and post-VR stages,
vestibular discomfort remained higher than baseline, particularly following the roller-
coaster ride. This suggests that task engagement may play a role in reducing vestibular
symptoms after high-immersion experiences, but it does not completely eliminate the
residual effects of such immersion.

3.2.4. Oculomotor Symptoms

The ANOVA analysis revealed a significant main effect of immersion on oculomotor
symptoms but no significant effects of task time or the interaction between immersion
and task time. Specifically, the main effect of immersion was significant, F(3, 322) = 45.93,
p < 0.001, with a moderate effect size of ω2 = 0.11, indicating that oculomotor symptoms
varied significantly across the stages of immersion (pre-VR, pre-ride, post-ride, and post-
VR). However, the main effect of task time was not significant, F(1, 322) = 0.04, p = 0.84,
suggesting that task timing did not influence oculomotor symptoms. Additionally, the
interaction between immersion and task time was non-significant, F(3, 322) = 1.63, p = 0.18.

The post-hoc comparisons revealed significant changes in oculomotor symptoms
across the immersion stages (see Figure 5). A moderate decrease in oculomotor symptoms
was observed between the pre-VR and pre-ride stages (Hedges’ g = 0.29, p = 0.005), indi-
cating that symptoms slightly improved before the rollercoaster ride. However, a large
increase in oculomotor symptoms was observed between the pre-ride and post-ride stages
(Hedges’ g = 1.67, p < 0.001), suggesting that the rollercoaster ride significantly worsened
oculomotor symptoms. The comparison between pre-VR and post-ride also indicated a
substantial increase in symptoms (Hedges’ g = 1.20, p < 0.001).

Interestingly, oculomotor symptoms improved after completing the post-VR tasks, as
evidenced by a significant reduction between the post-ride and post-VR stages (Hedges’
g = 0.43, p = 0.0098). However, symptoms remained higher in the post-VR stage than the
baseline levels (Hedges’ g = 0.66, p < 0.001), indicating that oculomotor symptoms did
not fully return to baseline even after completing the VR tasks. Given the non-significant
interaction between immersion and task time, no substantial differences were observed
between the pre-task and post-task conditions across the stages of immersion. Oculomotor
symptoms remained relatively stable between the pre-task and post-task conditions in all
the stages, including pre-VR (Hedges’ g = −0.13, p = 0.84), pre-ride (Hedges’ g = −0.11,
p = 0.45), post-ride (Hedges’ g = 0.52, p = 0.18), and post-VR (Hedges’ g = 0.40, p = 0.18).
The lack of a significant interaction suggests that task performance did not significantly
impact the severity of oculomotor symptoms in any immersion stage.
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The results indicate that oculomotor symptoms worsened significantly after the roller-
coaster ride and remained elevated after the VR immersion, though some recovery was
observed after task performance. Despite the improvements in symptoms after the tasks
in the post-VR stage, oculomotor discomfort did not return to the baseline levels, particu-
larly after the rollercoaster ride. Task timing, however, had no significant impact on the
severity of oculomotor symptoms across any of the immersion stages, as indicated by the
non-significant interaction effect. This suggests that oculomotor symptoms were primarily
influenced by the level of immersion and the specific stage of the experience, with the
rollercoaster ride having the most pronounced effect.

3.3. Performance Comparisons: Eye–Hand Coordination Reaction Time

The Deary–Liewald Reaction Time task results revealed notable differences between
the VR and PC versions and their respective impacts on reaction time performance pre-
and post-immersion (see Figure 6). In the PC version, the simple reaction time task showed
a significant increase in reaction times after VR immersion (Hedges’ g = −0.38, p = 0.01),
indicating slower responses post-immersion. Conversely, the choice reaction time task
demonstrated a significant performance improvement (Hedges’ g = 0.35, p = 0.02), with
the participants responding faster after VR exposure. These contrasting results suggest
that the negative effects of cybersickness impacted the simple task more, while the practice
effect in the more complex choice task may have mitigated this impact. The findings
align with H3, which hypothesized that reaction times deteriorate post-VR. This pattern
suggests that task complexity and practice effects play key roles in offsetting cybersickness
in post-immersion performance.
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A different pattern emerged in the VR version, where the participants performed the
tasks immediately after a cybersickness-inducing rollercoaster ride. For the simple reaction
time task, there was no significant difference between the pre- and post-ride performances
(Hedges’ g = 0.24, p = 0.11), implying that the full-body interaction in VR may have helped
mitigate the effects of cybersickness. However, for the choice reaction time task, there was a
significant increase in reaction times post-ride (Hedges’ g = −0.38, p = 0.01), indicating that
the more cognitively demanding task was negatively affected by the immediate aftereffects
of the ride. These results support H3, reinforcing the notion that the participants who
experience greater cybersickness also show a higher increase in reaction times, particularly
in the tasks with higher cognitive demands. The differential effects between the simple
and choice tasks point to the importance of task complexity and sensory engagement in
moderating the impact of cybersickness.

3.4. Mixed Model Regressions: Individual Differences as Predictors of Cybersickness

Continuing with the analysis of the best model predictors for overall cybersickness
and its subcategories, Table 4 reveals the significant findings. H4 is strongly supported,
as the table indicates that adult motion sickness history and VIMS are significant predic-
tors of cybersickness across all the examined categories. Both predictors exhibit strong
positive coefficients and high levels of significance, suggesting that individuals with a
history of motion sickness or a high susceptibility to VIMS are likely to experience more
severe cybersickness.
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Table 4. Best models for predicting overall cybersickness intensity and cybersickness intensity per
symptom category.

Predicted Predictor β p-Value R2 (Fixed Effects/Overall)

CSQ-VR—Total
MSB-Adult 0.315 <0.001 ***

0.175/0.376VIMSSQ 0.174 <0.001 ***
Smartphone XP −0.133 <0.01 **

CSQ-VR—Nausea MSB-Adult 0.320 <0.001 *** 0.098/0.245

CSQ-VR—Vestibular
MSB-Adult 0.282 <0.001 ***

0.087/0.268Smartphone XP −0.111 0.015 *
Puzzle Games Skill 0.094 0.042 *

CSQ-VR—Oculomotor
MSB-Adult 0.251 <0.001 ***

0.156/0.296VIMSSQ 0.252 <0.001 ***
Strategy Games Skill 0.117 0.009 **

Note: XP = Experience; MS = Motion Sickness; VIMSSQ = Visually Induced Motion Sickness Susceptibility
Questionnaire; CSQ-VR = Cybersickness in Virtual reality Questionnaire; * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

Regarding H5, demographic factors such as sex and age were not included in the best
model predictors. This absence suggests that when accounting for all the variables and
the random effects in a mixed regression analysis, age and sex do not significantly predict
cybersickness intensity compared to the stronger predictors in the model, thereby support-
ing H5. Furthermore, H6 finds support in the data, specifically showing that smartphone
experience significantly predicts cybersickness, with a negative β coefficient in the total
and vestibular categories. This indicates that a greater familiarity with smartphones may
potentially reduce cybersickness symptoms.

Regarding RQ1, although the best models do not specifically include action or FPS
gaming experiences as predictors, they incorporate strategy and puzzle game experiences.
Proficiency in strategy games was found to predict a small but significant increase in
oculomotor symptoms, suggesting that higher skill levels in these games may predict more
intense symptoms. Similarly, expertise in puzzle games is linked to a higher probability of
exacerbated vestibular symptoms, indicating that not all gaming experiences are protective;
some might even predict a higher level of cybersickness. The absence of action or FPS game
experience as predictors in the best models means that a conclusive answer to RQ1 cannot
be derived from this analysis alone, highlighting the need for further focused analyses into
the effects of different gaming genres on cybersickness.

In summary, the best model analysis highlights the significant role of predictors such
as susceptibility to motion sickness and VIMS in determining the intensity of cybersickness
across various symptom categories. Additionally, these results underscore the mitigating
effect of smartphone experience on specific cybersickness symptoms, supporting H4–H6
and aligning with the existing literature. The outcomes from the best regression models
suggest that while certain gaming genres may predict increases in specific symptoms, the
overall impact of different gaming genres on all aspects of cybersickness still needs more
thorough exploration to address RQ1 comprehensively.

Gaming Skills Across Diverse Genres

A mixed linear regression best model analysis was conducted to further address RQ1
regarding the impact of different gaming genres on cybersickness. This analysis used the
same iteration structure for predictor inclusion as applied to all the individual differences
but focused exclusively on different gaming genre experiences as potential predictors. The
results presented in Table 5 specifically highlight the strong predictive role of FPS gaming
experience across the various cybersickness symptom categories. Notably, proficiency in
FPS games consistently predicts a significant reduction in overall cybersickness intensity
and every symptom subcategory. The strong negative β coefficient suggests that profi-
ciency in FPS games is associated with less severe cybersickness, supporting the idea that



Virtual Worlds 2024, 3 526

FPS gaming could offer protective effects against all symptoms of cybersickness, thus
affirming RQ1.

Table 5. Best predictive models of overall cybersickness intensity and cybersickness intensity per
symptom category across various gaming genres.

Predicted Predictor β p-Value R2 (Fixed Effects/Overall)

CSQ-VR—Total
FPS Games Skill −0.281 <0.001 ***

0.047/0.247RPG Games Skill 0.139 0.019 *

CSQ-VR—Nausea FPS Games Skill −0.179 <0.001 *** 0.031/0.176

CSQ-VR—Vestibular
FPS Games Skill −0.212 <0.001 ***

0.038/0.218Puzzle Games Skill 0.121 0.018 *

CSQ-VR—Oculomotor
FPS Games Skill −0.175 0.002 **

0.027/0.165Strategy Games Skill 0.155 0.005 **

Note: XP = Experience; FPS = First-Person Shooting; RPG = Role-Playing Games; CSQ-VR = Cybersickness in
Virtual reality Questionnaire; * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

Interestingly, the models do not include experience in action games as a predictor
of cybersickness intensity, suggesting that specific factors unique to FPS gaming might
have a more substantial impact on mitigating cybersickness. Additionally, the models
include experiences with RPGs, puzzles, and strategy games as predictors. These findings
indicate that a proficiency in these game genres might predict an increase in cybersickness
symptoms, contrasting with the protective effect of FPS gaming. These games typically
involve rich narratives, complex decision-making and problem-solving, with less emphasis
on rapid visual tracking or dynamic visual input. This could mean that gamers of these
genres are less prepared for the immersive environments encountered in VR compared to
FPS gamers.

In summary, the FPS gaming experience emerges as a significant protective factor,
consistently predicting lower levels of cybersickness across all the symptom categories.
This suggests that the immersive nature and rapid visual processing required in FPS games
equip players with resilience against the disruptive effects of cybersickness in VR environ-
ments. In contrast, experiences in RPGs, puzzles, and strategy games, which involve less
immersive and dynamic interactions, appear to predict increases in cybersickness symp-
toms. This emphasizes the unique benefits of FPS gaming in reducing cybersickness and
highlights the importance of understanding how different gaming experiences influence
cybersickness mitigation.

4. Discussion

Cybersickness can negatively influence a person’s decision on whether to continue
using VR. Consequently, it is imperative to have as thorough an understanding of it as
possible [95]. The findings of this study provide a comprehensive understanding of how
different stages of immersion, task performance, and individual differences influence
cybersickness symptomatology in virtual reality (VR) environments. The data reveal clear
distinctions between overall cybersickness, nausea, vestibular symptoms, and oculomotor
symptoms, with immersion playing a predominant role in increasing symptom intensity,
particularly after the rollercoaster ride. Task engagement appeared to mitigate symptoms to
some extent, but the residual effects of immersion remained. These findings have important
implications for understanding the factors contributing to cybersickness and for designing
VR systems that minimize discomfort.

4.1. The Effects of Immersion on Cybersickness

The results consistently demonstrated that the stage of immersion was the primary
factor driving the severity of cybersickness symptoms across all the categories. Specifically,
the participants experienced the highest levels of overall cybersickness, nausea, vestibular
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discomfort, and oculomotor discomfort after the rollercoaster ride. This confirms that
highly immersive, intense experiences, such as those with rapid motion and sensory
input, are the strongest contributors to cybersickness. The large effect sizes found in the
post-hoc comparisons between the pre-VR and post-ride stages across all the symptom
categories underscore the powerful impact of immersive, high-motion experiences on
inducing severe symptoms.

These findings support the existing literature on the effects of sensory overstimulation
and intense motion in VR, which can overwhelm the vestibular and oculomotor systems,
leading to the characteristic symptoms of cybersickness [44,78,79]. Notably, even after the
VR tasks were completed, the cybersickness symptoms remained above baseline levels,
particularly in the vestibular and oculomotor categories, indicating that the residual effects
of high-immersion experiences can linger even after the immersive activity ends. This
highlights the need for cybersickness assessments to happen during immersion, immedi-
ately after the intense virtual activity is over, as symptoms tend to greatly increase during
that time. This can provide researchers with an accurate representation of the intensity
of symptoms, which cannot be acquired if the assessment happens outside of immersion
when symptoms gradually decrease. Task characteristics, such as cognitive load and the
duration of a session can alter the persistence of symptoms. Within the framework of
Sensory Conflict Theory, highly immersive VR activities that also include fast and intense
motions, as in the roller coaster ride, can lead to increased and prolonged symptoms of
cybersickness [14,15,96]. This may also explain why cybersickness levels remained above
baseline after the session was over.

Lastly, even though symptoms became milder as the participants removed the HMD,
the decrease was not immediate. Although there was an overall reduction in symptoms
post-VR, this reduction may have been influenced by other factors, such as the eye–hand
coordination task performed earlier. In the study by Kourtesis et al. [18], the participants
spent more time in VR completing multiple tasks, and the final cybersickness assessment
occurred before task completion. The decrease in symptoms observed in that study may
have started during task completion and gradually intensified. In our study, cybersickness
began to decrease after the task but remained stable after HMD removal, suggesting that
more time may have been needed for a steady reduction in symptoms. Both studies align
when considering the similar points of assessment—before and after the main tasks. What
we observed was that symptoms could peak and start decreasing even during immersion
after the most provocative stimuli, without a significant change upon exiting VR alone.
Future research should further explore the cybersickness scores both during and after
immersion without task interventions to better understand the effects of exiting VR.

4.2. Mitigating Effects of Task Engagement

While immersion was a significant factor in increasing cybersickness symptoms, task
engagement after the rollercoaster ride appeared to have a mitigating effect on symptoms.
In both the post-ride and post-VR stages, the participants exhibited a significant reduction
in symptoms after performing tasks, particularly in the nausea and vestibular categories.
In line with previous findings, an eye–hand coordination task seems to facilitate a band-
aid effect [16–18], possibly by diverting attention away from the symptoms or engaging
sensory–motor coordination that helps alleviate discomfort. This is an interesting finding
because it suggests that eye–hand coordination tasks, regardless of the time they take place,
during or after the session, can initiate the attenuation of cybersickness symptoms. Such
insights could inform the design of VR content that minimizes discomfort and enhances
user interaction. A practical implication is that VR application developers could include
eye–hand coordination tasks within virtual environments to induce mitigation effects and
promote a smooth user experience. This approach could be helpful for professional training
or therapeutic settings where maintaining low user discomfort and high user engagement
and task performance are important.
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However, while the reduction in symptoms post-task was significant, it is important
to note that the symptoms did not return to baseline levels. For example, even after
task performance, the oculomotor symptoms remained higher than the pre-immersion
levels, indicating that task engagement, while beneficial, is not a complete remedy for
cybersickness. These findings suggest that while task performance can alleviate some
discomfort, more effective strategies are needed to mitigate the aftereffects of intense VR
experiences fully.

Another takeaway from this should be that researchers must be very considerate of
how tasks can affect cybersickness differently and should carefully choose the appropriate
time intervals to measure the symptoms. Even if no tasks are completed, the simple act
of staying idle inside the virtual environment without watching any fast motions can
cause virtual natural decay, which means that the symptoms will start decreasing on their
own [18]. The opposite could also happen when the tasks provide a greater challenge for
the participants and thus raise discomfort levels. The attentional resources needed and task
workload can alter the amount of cybersickness experienced [52,97]. A memory task that
requires attentional resources can cause more severe symptoms and higher dropout rates
than a condition with a simpler task or a condition without a task [97].

Additional studies are needed to understand how each task (i.e., attention, reaction
times, memory, spatial ability, etc.) can positively or negatively affect cybersickness rates.
Idling while receiving auditory cues could also be considered a part of natural decay
and should be given more attention in future studies as a potential cause of symptom
moderation. Moreover, despite their possible benefits [98–100], widely used applications
and their included tasks have not received much attention regarding their cybersickness
aftereffects. We suggest that future experimental designs employ tasks that closely simulate
those found in widely adopted applications to establish their potential mitigation effects
better. For instance, contrasting educational with entertainment VR tasks or static with
dynamic content could help pinpoint specific mitigation triggers.

4.3. Reaction Times

The results of the reaction time tasks performed both in VR and on the PC platform
highlight how the immersive virtual reality environment, specifically the rollercoaster ride
designed to induce cybersickness, differentially impacts cognitive and motor performance.

In the PC version, a clear divergence between the simple and choice reaction time
tasks was observed post-immersion. The simple reaction time task exhibited a significant
decline in performance, with participants taking longer to respond after VR immersion,
which aligns with the previous studies [23,30,31]. This suggests that the residual effects of
cybersickness—likely exacerbated by the relatively simple motor demands of pressing a
key—were dominant, with no opportunity for the practice effects to counteract the decline
in reaction speed. The task’s simplicity leaves little room for skill development, and as a
result, the negative effects of cybersickness may have prevailed.

In contrast, the choice reaction time task showed significant improvement after im-
mersion, suggesting that the more cognitively demanding nature of the task allowed for
a practice effect. This effect may have counteracted any lingering symptoms of cyber-
sickness, leading to the faster reaction times post-immersion. The increased complexity
of choosing between four targets, compared to the simple motor response of pressing a
single key, likely allowed the participants to refine their decision-making and visual search
processes, resulting in an improved performance despite any cybersickness experienced
during VR immersion.

The results from the VR version present a different picture, where the participants per-
formed the tasks immediately after the rollercoaster ride without exiting VR. For the simple
reaction time task, no significant difference was found between the pre- and post-ride
performances, suggesting that the physical, full-body interaction involved in the VR task,
which included both extensive whole-body movements (using the hand controllers to touch
targets) and vestibular activation through head movements, may have mitigated the effects
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of cybersickness. The embodied nature of the task, where the participants engaged with
the environment physically, likely helped recalibrate their sensory systems, offsetting any
negative effects of the ride. In this case, the full-body interaction may have served as a nat-
ural buffer against the effects of sensory conflict, allowing the participants to maintain their
performance levels. This is supported by research showing that VR hardware that allows
for more ergonomic interactions (hand and body movement within the VR environment)
can lead to a more pleasant experience and reduced levels of cybersickness [83].

However, in the choice reaction time task in VR, the participants showed significantly
slower reaction times after the rollercoaster ride. This task demands more cognitive
resources—visual search, attention, and decision-making—and these demands, combined
with the sensory disruption caused by the ride, likely overwhelmed the participants’ ability
to maintain the pre-ride performance levels. The immediate exposure to a cognitively
challenging task post-ride, without the recovery time that was available in the PC version,
may have amplified the impact of cybersickness on performance.

Overall, these findings suggest that full-body interaction in VR tasks may help mod-
erate the effects of cybersickness, particularly in simple motor tasks. However, for more
complex cognitive tasks like choice reaction time, the immersive environment and immedi-
ate task engagement post-ride appear to hinder performance, particularly when no recovery
period is allowed. The differences between the PC and VR results also highlight the impact
of the time interval between immersion and task performance. In the PC condition, this
delay may have facilitated a natural recovery from cybersickness, further underscoring the
importance of both the timing and nature of task performance in VR environments.

The increase in reaction times remains concerning and should be of note to people not
used to the virtual environment and who must perform tasks after exposure that require
precision and fast reflexes, i.e., driving. Professionals who employ VR applications for
training, education, or rehabilitation purposes should be aware of the possible intense
feelings of discomfort and deterioration of reaction times, which might contribute to a
negative user experience. In real-life scenarios, people may have to spend more time inside
the virtual environment and experience higher levels of cybersickness [101]. It is not yet
clear how much time cybersickness symptoms can persist after immersion, with previous
results varying from 10 min to 4 h in the case of longer sessions and are dependent on the VR
content [96]. Furthermore, research has shown that repeated exposures throughout different
days can cause habituation and decrease the amount of cybersickness experienced [102,103].
As it is not clear from this or previous research how long the deterioration of reaction times
may persist along with cybersickness symptoms, an important recommendation for future
studies would be to create longitudinal designs that would test participants’ reaction times
after repeated exposures of varying durations within several days or weeks.

4.4. Individual Differences in Predicting Cybersickness

The mixed model regression analysis revealed that individual differences, particularly
susceptibility to motion sickness and visually induced motion sickness (VIMS), were
strong predictors of cybersickness across all the symptom categories. The participants
with a history of motion sickness or high VIMS scores were significantly more likely to
experience severe symptoms, supporting H4. This outcome aligns with our findings that
integrating these metrics—specifically the adult motion sickness susceptibility score (MSB-
Adult from the MSSQ) and the VIMSSQ—has proven highly effective in predicting the
intensity and symptoms of cybersickness [20]. These results are consistent with the prior
research suggesting that individuals predisposed to motion sickness are more vulnerable
to cybersickness, as both involve similar vestibular and visual disruptions [54,55]. Both
conditions share underlying sensory conflicts caused by the absence of expected physical
feedback in visually dynamic environments, making those susceptible to one more likely
to experience the other.

Additionally, smartphone experience emerged as a significant predictor of lower cy-
bersickness intensity, particularly for vestibular symptoms, where a greater familiarity with
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smartphones was associated with reduced discomfort. This aligns with H6, which posits
that regular use of modern technology—especially devices requiring frequent head and
eye movements—could provide some protection against cybersickness by improving users’
ability to handle visual motion in VR. Our findings, consistent with previous research [20],
suggest that habitual interaction with digital screens may enhance an individual’s ability to
cope with the sensory conflicts in VR environments, ultimately mitigating cybersickness
symptoms. However, our findings do not suggest that prior VR experience reduces cy-
bersickness intensity or contributes to a faster adaptation process. Future research should
further investigate the possibility of VR familiarity playing a role in faster adaptation and
response times.

Finally, our findings indicate that gaming experience plays a key role in cybersickness
mitigation. Interestingly, while first-person shooter (FPS) gaming experience predicted a
reduction in cybersickness symptoms, strategy and puzzle gaming experience were linked
to increased symptom severity, particularly in the vestibular and oculomotor categories.
This supports RQ1, indicating that not all gaming experiences are protective against cy-
bersickness. These results align with the recent research, suggesting that habitual gamers,
especially those who play FPS games, are better equipped to reduce cybersickness in VR
environments [69]. FPS games, which require rapid visual tracking and spatial aware-
ness, may better prepare individuals for the immersive, dynamic nature of VR, whereas
slower-paced games with static visuals may not offer the same benefits.

4.5. Limitations and Future Studies

While this study offers valuable insights into cybersickness symptomatology and the
mitigating effects of task engagement in VR, several limitations should be considered. The
sample composition is a fundamental limitation, as it primarily included young adults
aged 18–45 with limited VR experience, potentially limiting the generalizability of the
findings. Younger participants, who are generally more technologically adept, may exhibit
a lower susceptibility to cybersickness compared to a more diverse population. Older
populations, often more susceptible to motion sickness, or individuals with extensive VR
experience, may experience cybersickness differently. Additionally, the homogeneity of the
sample, with many participants being psychology students, may have introduced biases.
Including participants from diverse educational and cultural backgrounds would enhance
the applicability of the results. Future studies should aim to include a more diverse range
of participants, particularly older adults and experienced VR users, to better understand
how cybersickness varies across different demographic and experience groups.

Another limitation relates to the within-subjects design. While it was effective for
tracking changes in symptoms over time, future research could benefit from the inclusion
of a control group. A control group exposed to non-immersive or less intense VR envi-
ronments would help isolate the specific effects of immersion and task engagement on
cybersickness. Additionally, exploring different types of immersive experiences, such as
varying levels of visual complexity or motion intensity, would provide further insights
into how different VR applications influence cybersickness. This study also highlights the
importance of task timing and the nature of tasks in mitigating symptoms. Future research
should explore whether certain tasks, particularly those with varying cognitive or sensory
demands, are more effective in reducing specific symptom categories, such as vestibular or
oculomotor discomfort.

Finally, task engagement appeared to alleviate some symptoms, but this study did
not account for continuous engagement throughout the VR experience, as there were
brief idle periods for instructions. Future studies should control for these idle periods to
better understand the continuous impact of task performance on cybersickness. Moreover,
this study focused on a single VR session, and future research should investigate how
symptoms evolve over longer exposure times or across multiple sessions. This could reveal
important insights into long-term tolerance or habituation to VR environments. Despite
these limitations, this study provides a foundational understanding of cybersickness and
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highlights the need for more comprehensive research involving diverse populations, varied
tasks, and extended immersion periods.

4.6. Practical Implications and Future Directions

The findings of this study have important implications for both VR designers and
users. First, the significant impact of high-immersion experiences, particularly those in-
volving intense motion, highlights the need to consider how such content is delivered
carefully. Reducing the duration of high-motion experiences or integrating more grad-
ual transitions between the stages of immersion could help mitigate the onset of severe
cybersickness symptoms.

Second, the potential mitigating effect of task engagement suggests that incorporating
interactive elements after intense experiences may help reduce symptoms. Designers
should consider including tasks that require moderate cognitive engagement, as these may
help alleviate some discomfort without overwhelming the user. However, as symptoms
did not fully return to baseline after the tasks, more research is needed to identify effective
strategies for eliminating cybersickness.

Lastly, individual differences such as motion sickness susceptibility and gaming
experience should be considered when designing VR experiences. Offering customizable
settings based on user profiles, such as options for adjusting the level of motion or visual
complexity, could help reduce cybersickness for more vulnerable users.

5. Conclusions

This study provides critical insights into the dynamics of cybersickness in immersive
VR environments, particularly highlighting how symptom severity evolves across different
stages of immersion. The findings demonstrate that immersive experiences, especially
those involving highly dynamic elements such as a rollercoaster ride, significantly exacer-
bate cybersickness symptoms, with the most pronounced effects observed in nausea and
vestibular discomfort. However, task engagement—especially tasks involving eye–hand
coordination—appeared to mitigate some of these symptoms, though not entirely eliminate
them, particularly after the most intense stages of immersion.

The results suggest that the relationship between task complexity, sensory demands,
and cybersickness is multifaceted. Simple tasks, such as an SRT, may be more susceptible
to the negative effects of immersion, while more cognitively demanding tasks, like a CRT,
could benefit from practice effects that counterbalance some post-immersion symptoms.
However, despite these mitigating effects, cybersickness remains an enduring challenge
in VR, particularly in tasks involving intense motion, suggesting the need for continued
exploration into task design as a tool for symptom management.

Future research should focus on diversifying participant demographics and VR expe-
riences to understand these findings’ broader applications better. Additionally, longer-term
studies exploring the effects of extended exposure to VR and the use of more complex
and varied tasks will be crucial in developing comprehensive strategies for mitigating
cybersickness across different populations and use cases. This study provides an important
foundation for such future work, offering valuable perspectives on the interaction between
task performance, immersion, and cybersickness in VR environments.

Author Contributions: Conceptualization, S.P., A.G. and P.K.; methodology, S.P., A.G. and P.K.;
software, P.K.; validation, S.P., A.G., P.R. and P.K.; formal analysis, S.P., A.G. and P.K.; investigation,
S.P. and A.G.; resources, P.R. and P.K.; data curation, S.P. and A.G.; writing—original draft preparation,
S.P., A.G., P.R. and P.K.; writing—review and editing, S.P., A.G., P.R. and P.K.; visualization, P.K.;
supervision, P.K.; project administration, P.R. and P.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.



Virtual Worlds 2024, 3 532

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Department of Psychology of the National
and Kapodistrian University of Athens (796-14 July 2023).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical approval requirements.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Kyaw, B.M.; Saxena, N.; Posadzki, P.; Vseteckova, J.; Nikolaou, C.K.; George, P.P.; Divakar, U.; Masiello, I.; Kononowicz, A.A.;

Zary, N.; et al. Virtual Reality for Health Professions Education: Systematic Review and Meta-Analysis by the Digital Health
Education Collaboration. J. Med. Internet Res. 2019, 21, e12959. [CrossRef] [PubMed]

2. Kavanagh, S.; Luxton-Reilly, A.; Wuensche, B.; Plimmer, B. A Systematic Review of Virtual Reality in Education. Themes Sci.
Technol. Educ. 2017, 10, 85–119.

3. Berni, A.; Borgianni, Y. Applications of Virtual Reality in Engineering and Product Design: Why, What, How, When and Where.
Electronics 2020, 9, 1064. [CrossRef]

4. Palacios-Ibáñez, A.; Marín-Morales, J.; Contero, M.; Alcañiz, M. Predicting Decision-Making in Virtual Environments: An Eye
Movement Analysis with Household Products. Appl. Sci. 2023, 13, 7124. [CrossRef]

5. Düking, P.; Holmberg, H.-C.; Sperlich, B. The Potential Usefulness of Virtual Reality Systems for Athletes: A Short SWOT Analysis.
Front. Physiol. 2018, 9, 128. [CrossRef]

6. Park, E.-C.; Kim, S.-G.; Lee, C.-W. The Effects of Virtual Reality Game Exercise on Balance and Gait of the Elderly. J. Phys. Ther.
Sci. 2015, 27, 1157–1159. [CrossRef]

7. Loomis, J.M.; Blascovich, J.J.; Beall, A.C. Immersive Virtual Environment Technology as a Basic Research Tool in Psychology.
Behav. Res. Methods Instrum. Comput. 1999, 31, 557–564. [CrossRef]

8. Pan, X.; Hamilton, A.F.d.C. Why and How to Use Virtual Reality to Study Human Social Interaction: The Challenges of Exploring
a New Research Landscape. Br. J. Psychol. 2018, 109, 395–417. [CrossRef]

9. Greenwood, K.E.; Morris, R.; Smith, V.; Jones, A.-M.; Pearman, D.; Wykes, T. Virtual Shopping: A Viable Alternative to Direct
Assessment of Real Life Function? Schizophr. Res. 2016, 172, 206–210. [CrossRef]

10. Rodríguez, C.; Areces, D.; García, T.; Cueli, M.; González-Castro, P. Comparison between Two Continuous Performance Tests for
Identifying ADHD: Traditional vs. Virtual Reality. Int. J. Clin. Health Psychol. 2018, 18, 254–263. [CrossRef]

11. Bouchard, S.; Berthiaume, M.; Robillard, G.; Forget, H.; Daudelin-Peltier, C.; Renaud, P.; Blais, C.; Fiset, D. Arguing in Favor of
Revising the Simulator Sickness Questionnaire Factor Structure When Assessing Side Effects Induced by Immersions in Virtual
Reality. Front. Psychiatry 2021, 12, 739742. [CrossRef] [PubMed]

12. Stanney, K.; Kennedy, R.S.; Drexler, J.M. Cybersickness Is Not Simulator Sickness. Proc. Hum. Factors Ergon. Soc. Annu. Meet.
1997, 41, 1138–1142. [CrossRef]

13. LaViola, J.J. A Discussion of Cybersickness in Virtual Environments. SIGCHI Bull. 2000, 32, 47–56. [CrossRef]
14. Rebenitsch, L.; Owen, C. Review on Cybersickness in Applications and Visual Displays. Virtual Real. 2016, 20, 101–125. [CrossRef]
15. Bonato, F.; Bubka, A.; Palmisano, S. Combined Pitch and Roll and Cybersickness in a Virtual Environment. Aviat. Space Environ.

Med. 2009, 80, 941–945. [CrossRef]
16. Champney, R.K.; Stanney, K.M.; Hash, P.A.K.; Malone, L.C.; Kennedy, R.S.; Compton, D.E. Recovery from Virtual Environment

Exposure: Expected Time Course of Symptoms and Potential Readaptation Strategies. Hum. Factors 2007, 49, 491–506. [CrossRef]
17. Curtis, M.K.; Dawson, K.; Jackson, K.; Litwin, L.; Meusel, C.; Dorneich, M.C.; Gilbert, S.B.; Kelly, J.; Stone, R.; Winer, E. Mitigating

Visually Induced Motion Sickness: A Virtual Hand-Eye Coordination Task. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 2015, 59,
1839–1843. [CrossRef]

18. Jasper, A.; Cone, N.; Meusel, C.; Curtis, M.; Dorneich, M.C.; Gilbert, S.B. Visually Induced Motion Sickness Susceptibility and
Recovery Based on Four Mitigation Techniques. Front. Virtual Real. 2020, 1, 582108. [CrossRef]

19. Deary, I.J.; Liewald, D.; Nissan, J. A Free, Easy-to-Use, Computer-Based Simple and Four-Choice Reaction Time Programme: The
Deary-Liewald Reaction Time Task. Behav. Res. 2011, 43, 258–268. [CrossRef]

20. Kourtesis, P.; Papadopoulou, A.; Roussos, P. Cybersickness in Virtual Reality: The Role of Individual Differences, Its Effects
on Cognitive Functions and Motor Skills, and Intensity Differences during and after Immersion. Virtual Worlds 2024, 3, 62–93.
[CrossRef]

21. Martirosov, S.; Bureš, M.; Zítka, T. Cyber Sickness in Low-Immersive, Semi-Immersive, and Fully Immersive Virtual Reality.
Virtual Real. 2022, 26, 15–32. [CrossRef] [PubMed]

22. Knibbe, J.; Schjerlund, J.; Petraeus, M.; Hornbæk, K. The Dream Is Collapsing: The Experience of Exiting VR. In Proceedings of
the 2018 CHI Conference on Human Factors in Computing Systems, Montreal, QC, Canada, 16–21 April 2018; pp. 1–13.

https://doi.org/10.2196/12959
https://www.ncbi.nlm.nih.gov/pubmed/30668519
https://doi.org/10.3390/electronics9071064
https://doi.org/10.3390/app13127124
https://doi.org/10.3389/fphys.2018.00128
https://doi.org/10.1589/jpts.27.1157
https://doi.org/10.3758/BF03200735
https://doi.org/10.1111/bjop.12290
https://doi.org/10.1016/j.schres.2016.02.029
https://doi.org/10.1016/j.ijchp.2018.06.003
https://doi.org/10.3389/fpsyt.2021.739742
https://www.ncbi.nlm.nih.gov/pubmed/34803762
https://doi.org/10.1177/107118139704100292
https://doi.org/10.1145/333329.333344
https://doi.org/10.1007/s10055-016-0285-9
https://doi.org/10.3357/ASEM.2394.2009
https://doi.org/10.1518/001872007X200120
https://doi.org/10.1177/1541931215591397
https://doi.org/10.3389/frvir.2020.582108
https://doi.org/10.3758/s13428-010-0024-1
https://doi.org/10.3390/virtualworlds3010004
https://doi.org/10.1007/s10055-021-00507-4
https://www.ncbi.nlm.nih.gov/pubmed/34025203


Virtual Worlds 2024, 3 533

23. Nalivaiko, E.; Davis, S.L.; Blackmore, K.L.; Vakulin, A.; Nesbitt, K.V. Cybersickness Provoked by Head-Mounted Display Affects
Cutaneous Vascular Tone, Heart Rate and Reaction Time. Physiol. Behav. 2015, 151, 583–590. [CrossRef] [PubMed]

24. Kourtesis, P.; Linnell, J.; Amir, R.; Argelaguet, F.; MacPherson, S.E. Cybersickness in Virtual Reality Questionnaire (CSQ-VR): A
Validation and Comparison against SSQ and VRSQ. Virtual Worlds 2023, 2, 16–35. [CrossRef]

25. Smith, E. Choice Reaction Time: An Analysis of the Major Theoretical Positions. Psychol. Bull. 1968, 69, 77–110. [CrossRef]
26. Deary, I.J.; Der, G. Reaction Time, Age, and Cognitive Ability: Longitudinal Findings from Age 16 to 63 Years in Representative

Population Samples. Aging Neuropsychol. Cogn. 2005, 12, 187–215. [CrossRef]
27. Cote, K.A.; Milner, C.E.; Smith, B.A.; Aubin, A.J.; Greason, T.A.; Cuthbert, B.P.; Wiebe, S.; Duffus, S.E.G. CNS Arousal and

Neurobehavioral Performance in a Short-Term Sleep Restriction Paradigm. J. Sleep. Res. 2009, 18, 291–303. [CrossRef]
28. Smith, A.P. Effects of Upper Respiratory Tract Illnesses and Stress on Alertness and Reaction Time. Psychoneuroendocrinology 2013,

38, 2003–2009. [CrossRef]
29. Yadav, A.K.; Velaga, N.R. Modelling the Relationship between Different Blood Alcohol Concentrations and Reaction Time of

Young and Mature Drivers. Transp. Res. Part. F Traffic Psychol. Behav. 2019, 64, 227–245. [CrossRef]
30. Nesbitt, K.; Davis, S.; Blackmore, K.; Nalivaiko, E. Correlating Reaction Time and Nausea Measures with Traditional Measures of

Cybersickness. Displays 2017, 48, 1–8. [CrossRef]
31. Mittelstaedt, J.M.; Wacker, J.; Stelling, D. VR Aftereffect and the Relation of Cybersickness and Cognitive Performance. Virtual

Real. 2019, 23, 143–154. [CrossRef]
32. Smith, S.P.; Burd, E.L. Response Activation and Inhibition after Exposure to Virtual Reality. Array 2019, 3–4, 100010. [CrossRef]
33. Szpak, A.; Michalski, S.C.; Saredakis, D.; Chen, C.S.; Loetscher, T. Beyond Feeling Sick: The Visual and Cognitive Aftereffects of

Virtual Reality. IEEE Access 2019, 7, 130883–130892. [CrossRef]
34. Kourtesis, P.; Amir, R.; Linnell, J.; Argelaguet, F.; MacPherson, S.E. Cybersickness, Cognition, & Motor Skills: The Effects of Music,

Gender, and Gaming Experience. IEEE Trans. Vis. Comput. Graph. 2023, 29, 2326–2336. [CrossRef]
35. Arcioni, B.; Palmisano, S.; Apthorp, D.; Kim, J. Postural Stability Predicts the Likelihood of Cybersickness in Active HMD-Based

Virtual Reality. Displays 2019, 58, 3–11. [CrossRef]
36. Kennedy, R.S.; Drexler, J.; Kennedy, R.C. Research in Visually Induced Motion Sickness. Appl. Ergon. 2010, 41, 494–503. [CrossRef]

[PubMed]
37. Keshavarz, B.; Ramkhalawansingh, R.; Haycock, B.; Shahab, S.; Campos, J.L. Comparing Simulator Sickness in Younger and

Older Adults during Simulated Driving under Different Multisensory Conditions. Transp. Res. Part. F Traffic Psychol. Behav. 2018,
54, 47–62. [CrossRef]

38. Munafo, J.; Diedrick, M.; Stoffregen, T.A. The Virtual Reality Head-Mounted Display Oculus Rift Induces Motion Sickness and Is
Sexist in Its Effects. Exp. Brain Res. 2017, 235, 889–901. [CrossRef]

39. Boot, W.R.; Dilanchian, A.; Andringa, R. Exploring Older Adults’ Perceptions of Presence and Immersion in Diverse Virtual
Environments. Innov. Aging 2019, 3, S239–S240. [CrossRef]

40. Dilanchian, A.T.; Andringa, R.; Boot, W.R. A Pilot Study Exploring Age Differences in Presence, Workload, and Cybersickness in
the Experience of Immersive Virtual Reality Environments. Front. Virtual Real. 2021, 2, 736793. [CrossRef]

41. Chattha, U.A.; Janjua, U.I.; Anwar, F.; Madni, T.M.; Cheema, M.F.; Janjua, S.I. Motion Sickness in Virtual Reality: An Empirical
Evaluation. IEEE Access 2020, 8, 130486–130499. [CrossRef]

42. Curry, C.; Peterson, N.; Li, R.; Stoffregen, T.A. Postural Precursors of Motion Sickness in Head-Mounted Displays: Drivers and
Passengers, Women and Men. Ergonomics 2020, 63, 1502–1511. [CrossRef] [PubMed]

43. Melo, M.; Vasconcelos-Raposo, J.; Bessa, M. Presence and Cybersickness in Immersive Content: Effects of Content Type, Exposure
Time and Gender. Comput. Graph. 2018, 71, 159–165. [CrossRef]

44. Saredakis, D.; Szpak, A.; Birckhead, B.; Keage, H.A.D.; Rizzo, A.; Loetscher, T. Factors Associated with Virtual Reality Sickness in
Head-Mounted Displays: A Systematic Review and Meta-Analysis. Front. Hum. Neurosci. 2020, 14, 96. [CrossRef] [PubMed]

45. Stanney, K.; Fidopiastis, C.; Foster, L. Virtual Reality Is Sexist: But It Does Not Have to Be. Front. Robot. AI 2020, 7, 4. [CrossRef]
46. Oh, H.; Son, W. Cybersickness and Its Severity Arising from Virtual Reality Content: A Comprehensive Study. Sensors 2022,

22, 1314. [CrossRef]
47. Petri, K.; Feuerstein, K.; Folster, S.; Bariszlovich, F.; Witte, K. Effects of Age, Gender, Familiarity with the Content, and Exposure

Time on Cybersickness in Immersive Head-Mounted Display Based Virtual Reality. Am. J. Biomed. Sci. 2020, 12, 107–121.
[CrossRef]

48. Gavgani, A.M.; Walker, F.R.; Hodgson, D.M.; Nalivaiko, E. A Comparative Study of Cybersickness during Exposure to Virtual
Reality and “Classic” Motion Sickness: Are They Different? J. Appl. Physiol. 2018, 125, 1670–1680. [CrossRef]

49. Golding, J.F. Predicting Individual Differences in Motion Sickness Susceptibility by Questionnaire. Personal. Individ. Differ. 2006,
41, 237–248. [CrossRef]

50. Lackner, J.R. Motion Sickness: More than Nausea and Vomiting. Exp. Brain Res. 2014, 232, 2493–2510. [CrossRef]
51. Nachum, Z.; Shupak, A.; Letichevsky, V.; Ben-David, J.; Tal, D.; Tamir, A.; Talmon, Y.; Gordon, C.R.; Luntz, M. Mal de

Debarquement and Posture: Reduced Reliance on Vestibular and Visual Cues. Laryngoscope 2004, 114, 581–586. [CrossRef]
52. Jasper, A.; Sepich, N.C.; Gilbert, S.B.; Kelly, J.W.; Dorneich, M.C. Predicting Cybersickness Using Individual and Task Characteris-

tics. Comput. Hum. Behav. 2023, 146, 107800. [CrossRef]

https://doi.org/10.1016/j.physbeh.2015.08.043
https://www.ncbi.nlm.nih.gov/pubmed/26340855
https://doi.org/10.3390/virtualworlds2010002
https://doi.org/10.1037/h0020189
https://doi.org/10.1080/13825580590969235
https://doi.org/10.1111/j.1365-2869.2008.00733.x
https://doi.org/10.1016/j.psyneuen.2013.03.012
https://doi.org/10.1016/j.trf.2019.05.011
https://doi.org/10.1016/j.displa.2017.01.002
https://doi.org/10.1007/s10055-018-0370-3
https://doi.org/10.1016/j.array.2019.100010
https://doi.org/10.1109/ACCESS.2019.2940073
https://doi.org/10.1109/TVCG.2023.3247062
https://doi.org/10.1016/j.displa.2018.07.001
https://doi.org/10.1016/j.apergo.2009.11.006
https://www.ncbi.nlm.nih.gov/pubmed/20170902
https://doi.org/10.1016/j.trf.2018.01.007
https://doi.org/10.1007/s00221-016-4846-7
https://doi.org/10.1093/geroni/igz038.895
https://doi.org/10.3389/frvir.2021.736793
https://doi.org/10.1109/ACCESS.2020.3007076
https://doi.org/10.1080/00140139.2020.1808713
https://www.ncbi.nlm.nih.gov/pubmed/32780665
https://doi.org/10.1016/j.cag.2017.11.007
https://doi.org/10.3389/fnhum.2020.00096
https://www.ncbi.nlm.nih.gov/pubmed/32300295
https://doi.org/10.3389/frobt.2020.00004
https://doi.org/10.3390/s22041314
https://doi.org/10.5099/aj200200107
https://doi.org/10.1152/japplphysiol.00338.2018
https://doi.org/10.1016/j.paid.2006.01.012
https://doi.org/10.1007/s00221-014-4008-8
https://doi.org/10.1097/00005537-200403000-00036
https://doi.org/10.1016/j.chb.2023.107800


Virtual Worlds 2024, 3 534

53. Rebenitsch, L.; Owen, C. Individual Variation in Susceptibility to Cybersickness. In Proceedings of the 27th Annual ACM
Symposium on User Interface Software and Technology, Honolulu, HI, USA, 5 October 2014; pp. 309–317.

54. Golding, J.F.; Rafiq, A.; Keshavarz, B. Predicting Individual Susceptibility to Visually Induced Motion Sickness by Questionnaire.
Front. Virtual Real. 2021, 2, 576871. [CrossRef]

55. Lukacova, I.; Keshavarz, B.; Golding, J.F. Measuring the Susceptibility to Visually Induced Motion Sickness and Its Relationship
with Vertigo, Dizziness, Migraine, Syncope and Personality Traits. Exp. Brain Res. 2023, 241, 1381–1391. [CrossRef]

56. Keshavarz, B.; Saryazdi, R.; Campos, J.L.; Golding, J.F. Introducing the VIMSSQ: Measuring Susceptibility to Visually Induced
Motion Sickness. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 2019, 63, 2267–2271. [CrossRef]

57. Keshavarz, B.; Murovec, B.; Mohanathas, N.; Golding, J.F. The Visually Induced Motion Sickness Susceptibility Questionnaire
(VIMSSQ): Estimating Individual Susceptibility to Motion Sickness-Like Symptoms When Using Visual Devices. Hum. Factors
2023, 65, 107–124. [CrossRef]

58. Bouchrika, I. Mobile vs Desktop Usage Statistics for 2024. Available online: https://research.com/software/mobile-vs-desktop-
usage (accessed on 14 September 2024).

59. Soewardi, H.; Izzuddin, M.N. Study of Cybersickness on Non-Immersive Virtual Reality Using Smartphone. Malays. J. Public
Health Med. 2020, 20, 88–93. [CrossRef]

60. Kemeny, A.; Chardonnet, J.-R.; Colombet, F. Visualization and Motion Systems. In Getting Rid of Cybersickness; Springer: Cham,
Switzerland, 2020; pp. 63–91. ISBN 978-3-030-59341-4.

61. Stanney, K.; Lawson, B.D.; Rokers, B.; Dennison, M.; Fidopiastis, C.; Stoffregen, T.; Weech, S.; Fulvio, J.M. Identifying Causes of
and Solutions for Cybersickness in Immersive Technology: Reformulation of a Research and Development Agenda. Int. J. Hum.
Comput. Interact. 2020, 36, 1783–1803. [CrossRef]

62. Johnson, D.M. Introduction to and Review of Simulator Sickness Research 2005; DTIC: Fort Belvoir, VA, USA, 2005.
63. Knight, M.M.; Arns, L.L. The Relationship among Age and Other Factors on Incidence of Cybersickness in Immersive Environment

Users. In Proceedings of the 3rd Symposium on Applied Perception in Graphics and Visualization, Boston, MA, USA, 28 July
2006; p. 162.

64. Tian, N.; Lopes, P.; Boulic, R. A Review of Cybersickness in Head-Mounted Displays: Raising Attention to Individual Susceptibility.
Virtual Real. 2022, 26, 1409–1441. [CrossRef]

65. Grassini, S.; Laumann, K.; Luzi, A.K. Association of Individual Factors with Simulator Sickness and Sense of Presence in Virtual
Reality Mediated by Head-Mounted Displays (HMDs). Multimodal Technol. Interact. 2021, 5, 7. [CrossRef]

66. Keshavarz, B. Exploring Behavioral Methods to Reduce Visually Induced Motion Sickness in Virtual Environments. In Virtual,
Augmented and Mixed Reality; Lackey, S., Shumaker, R., Eds.; Lecture Notes in Computer Science; Springer: Cham, Switzerland,
2016; Volume 9740, pp. 147–155. ISBN 978-3-319-39906-5.

67. Pöhlmann, K.M.T.; O’Hare, L.; Focker, J.; Parke, A.; Dickinson, P. Is Virtual Reality Sickness Elicited by Illusory Motion Affected
by Gender and Prior Video Gaming Experience? In Proceedings of the 2021 IEEE Conference on Virtual Reality and 3D User
Interfaces Abstracts and Workshops (VRW), Lisbon, Portugal, 27 March–1 April 2021; pp. 426–427.

68. Pöhlmann, K.M.T.; O’Hare, L.; Dickinson, P.; Parke, A.; Föcker, J. Action Video Game Players Do Not Differ in the Perception
of Contrast-Based Motion Illusions but Experience More Vection and Less Discomfort in a Virtual Environment Compared to
Non-Action Video Game Players. J. Cogn. Enhanc. 2022, 6, 3–19. [CrossRef]

69. Pöhlmann, K.M.T.; Li, G.; Wilson, G.; McGill, M.; Pollick, F.; Brewster, S. Is Video Gaming a Cure for Cybersickness? Gamers
Experience Less Cybersickness Than Non-Gamers in a VR Self-Motion Task. IEEE Trans. Visual. Comput. Graph. 2024, 30,
7225–7233. [CrossRef] [PubMed]

70. Weech, S.; Kenny, S.; Lenizky, M.; Barnett-Cowan, M. Narrative and Gaming Experience Interact to Affect Presence and
Cybersickness in Virtual Reality. Int. J. Hum. Comput. Stud. 2020, 138, 102398. [CrossRef]

71. Rangelova, S.; Motus, D.; André, E. Cybersickness Among Gamers: An Online Survey. In Advances in Human Factors in Wearable
Technologies and Game Design; Ahram, T., Ed.; Advances in Intelligent Systems and Computing; Springer: Cham, Switzerland,
2020; Volume 973, pp. 192–201. ISBN 978-3-030-20475-4.

72. Baniqued, P.L.; Lee, H.; Voss, M.W.; Basak, C.; Cosman, J.D.; DeSouza, S.; Severson, J.; Salthouse, T.A.; Kramer, A.F. Selling Points:
What Cognitive Abilities Are Tapped by Casual Video Games? Acta Psychol. 2013, 142, 74–86. [CrossRef]

73. Krarup, K.B.; Krarup, H.B. The Physiological and Biochemical Effects of Gaming: A Review. Environ. Res. 2020, 184, 109344.
[CrossRef]

74. Spence, I.; Feng, J. Video Games and Spatial Cognition. Rev. Gen. Psychol. 2010, 14, 92–104. [CrossRef]
75. Maneuvrier, A.; Nguyen, N.-D.-T.; Renaud, P. Predicting VR Cybersickness and Its Impact on Visuomotor Performance Using

Head Rotations and Field (in)Dependence. Front. Virtual Real. 2023, 4, 1307925. [CrossRef]
76. Clarke, D.; McGregor, G.; Rubin, B.; Stanford, J.; Graham, T.C.N. Arcaid: Addressing Situation Awareness and Simulator Sickness

in a Virtual Reality Pac-Man Game. In Proceedings of the 2016 Annual Symposium on Computer-Human Interaction in Play
Companion Extended Abstracts, Austin, TX, USA, 15 October 2016; pp. 39–45.

77. Denisova, A.; Cairns, P. First Person vs. Third Person Perspective in Digital Games: Do Player Preferences Affect Immersion? In
Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, Seoul, Republic of Korea, 18 April
2015; pp. 145–148.

https://doi.org/10.3389/frvir.2021.576871
https://doi.org/10.1007/s00221-023-06603-y
https://doi.org/10.1177/1071181319631216
https://doi.org/10.1177/00187208211008687
https://research.com/software/mobile-vs-desktop-usage
https://research.com/software/mobile-vs-desktop-usage
https://doi.org/10.37268/mjphm/vol.20/no.Special1/art.703
https://doi.org/10.1080/10447318.2020.1828535
https://doi.org/10.1007/s10055-022-00638-2
https://doi.org/10.3390/mti5030007
https://doi.org/10.1007/s41465-021-00215-6
https://doi.org/10.1109/TVCG.2024.3456176
https://www.ncbi.nlm.nih.gov/pubmed/39255120
https://doi.org/10.1016/j.ijhcs.2020.102398
https://doi.org/10.1016/j.actpsy.2012.11.009
https://doi.org/10.1016/j.envres.2020.109344
https://doi.org/10.1037/a0019491
https://doi.org/10.3389/frvir.2023.1307925


Virtual Worlds 2024, 3 535

78. Monteiro, D.; Liang, H.; Xu, W.; Brucker, M.; Nanjappan, V.; Yue, Y. Evaluating Enjoyment, Presence, and Emulator Sickness in
VR Games Based on First- and Third-Person Viewing Perspectives. Comput. Animat. Virtual 2018, 29, e1830. [CrossRef]

79. Shafer, D.M.; Carbonara, C.P.; Korpi, M.F. Factors Affecting Enjoyment of Virtual Reality Games: A Comparison Involving
Consumer-Grade Virtual Reality Technology. Games Health J. 2019, 8, 15–23. [CrossRef]

80. Kennedy, R.S.; Lane, N.E.; Berbaum, K.S.; Lilienthal, M.G. Simulator Sickness Questionnaire: An Enhanced Method for Quantify-
ing Simulator Sickness. Int. J. Aviat. Psychol. 1993, 3, 203–220. [CrossRef]

81. Zioga, T.; Ferentinos, A.; Konsolaki, E.; Nega, C.; Kourtesis, P. The Effects of Videogame Skills Across Diverse Genres on Verbal
and Visuospatial Short-Term and Working Memory, Hand-Eye Coordination, and Empathy in Early Adulthood. Behav. Sci. 2024,
14, 874. [CrossRef]

82. Zioga, T.; Nega, C.; Roussos, P.; Kourtesis, P. Validation of the Gaming Skills Questionnaire in Adolescence: Effects of Gaming
Skills on Cognitive and Affective Functioning. Eur. J. Investig. Health Psychol. Educ. 2024, 14, 722–752. [CrossRef] [PubMed]

83. Kourtesis, P.; Collina, S.; Doumas, L.A.A.; MacPherson, S.E. Technological Competence Is a Pre-Condition for Effective Implemen-
tation of Virtual Reality Head Mounted Displays in Human Neuroscience: A Technological Review and Meta-Analysis. Front.
Hum. Neurosci. 2019, 13, 342. [CrossRef] [PubMed]

84. Kourtesis, P.; Korre, D.; Collina, S.; Doumas, L.A.A.; MacPherson, S.E. Guidelines for the Development of Immersive Virtual
Reality Software for Cognitive Neuroscience and Neuropsychology: The Development of Virtual Reality Everyday Assessment
Lab (VR-EAL), a Neuropsychological Test Battery in Immersive Virtual Reality. Front. Comput. Sci. 2020, 1, 12. [CrossRef]

85. Kourtesis, P.; MacPherson, S.E. How Immersive Virtual Reality Methods May Meet the Criteria of the National Academy of
Neuropsychology and American Academy of Clinical Neuropsychology: A Software Review of the Virtual Reality Everyday
Assessment Lab (VR-EAL). Comput. Hum. Behav. Rep. 2021, 4, 100151. [CrossRef]

86. Schwind, V.; Knierim, P.; Tasci, C.; Franczak, P.; Haas, N.; Henze, N. “These Are Not My Hands!”: Effect of Gender on the
Perception of Avatar Hands in Virtual Reality. In Proceedings of the 2017 CHI Conference on Human Factors in Computing
Systems, Denver, CO, USA, 2 May 2017; pp. 1577–1582.

87. Bebko, A.O.; Troje, N.F. bmlTUX: Design and Control of Experiments in Virtual Reality and Beyond. I-Perception 2020, 11, 4.
[CrossRef]

88. R Core Team. R: A Language and Environment for Statistical Computing. Open J. Stat. 2022, 13, 2.
89. RStudio Team RStudio. Integrated Development Environment for R; RStudio PBC: Boston, MA, USA, 2022.
90. Revelle, W. Psych: Procedures for Psychological, Psychometric, and Personality Research; Northwestern University: Evanston, IL, USA,

2022.
91. Wickham, H. Ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016; ISBN 978-3-319-24277-4.
92. Bates, D.; Mächler, M.; Bolker, B.; Walker, S. Fitting Linear Mixed-Effects Models Using Lme4. J. Stat. Softw. 2015, 67, 1–48.

[CrossRef]
93. Lenth, R.V. Emmeans: Estimated Marginal Means, Aka Least-Squares Means. Am. Stat. 2022, 34, 216–221.
94. Peterson, R.A.; Cavanaugh, J.E. Ordered Quantile Normalization: A Semiparametric Transformation Built for the Cross-Validation

Era. J. Appl. Stat. 2020, 47, 2312–2327. [CrossRef]
95. Garrido, L.E.; Frías-Hiciano, M.; Moreno-Jiménez, M.; Cruz, G.N.; García-Batista, Z.E.; Guerra-Peña, K.; Medrano, L.A. Focusing

on Cybersickness: Pervasiveness, Latent Trajectories, Susceptibility, and Effects on the Virtual Reality Experience. Virtual Real.
2022, 26, 1347–1371. [CrossRef]

96. Dużmańska, N.; Strojny, P.; Strojny, A. Can Simulator Sickness Be Avoided? A Review on Temporal Aspects of Simulator Sickness.
Front. Psychol. 2018, 9, 2132. [CrossRef] [PubMed]

97. Sepich, N.C.; Jasper, A.; Fieffer, S.; Gilbert, S.B.; Dorneich, M.C.; Kelly, J.W. The Impact of Task Workload on Cybersickness. Front.
Virtual Real. 2022, 3, 943409. [CrossRef]

98. Flores-Gallegos, R.; Rodríguez-Leis, P.; Fernández, T. Effects of a Virtual Reality Training Program on Visual Attention and Motor
Performance in Children with Reading Learning Disability. Int. J. Child Comput. Interact. 2022, 32, 100394. [CrossRef]

99. Rutkowski, S.; Adamczyk, M.; Pastuła, A.; Gos, E.; Luque-Moreno, C.; Rutkowska, A. Training Using a Commercial Immersive
Virtual Reality System on Hand–Eye Coordination and Reaction Time in Young Musicians: A Pilot Study. Int. J. Environ. Res.
Public Health 2021, 18, 1297. [CrossRef]

100. Szpak, A.; Michalski, S.C.; Loetscher, T. Exergaming with Beat Saber: An Investigation of Virtual Reality Aftereffects. J. Med.
Internet Res. 2020, 22, e19840. [CrossRef]

101. Chen, S.; Weng, D. The Temporal Pattern of VR Sickness during 7.5-h Virtual Immersion. Virtual Real. 2022, 26, 817–822. [CrossRef]
102. Howarth, P.A.; Hodder, S.G. Characteristics of Habituation to Motion in a Virtual Environment. Displays 2008, 29, 117–123.

[CrossRef]
103. Risi, D.; Palmisano, S. Effects of Postural Stability, Active Control, Exposure Duration and Repeated Exposures on HMD Induced

Cybersickness. Displays 2019, 60, 9–17. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/cav.1830
https://doi.org/10.1089/g4h.2017.0190
https://doi.org/10.1207/s15327108ijap0303_3
https://doi.org/10.3390/bs14100874
https://doi.org/10.3390/ejihpe14030048
https://www.ncbi.nlm.nih.gov/pubmed/38534909
https://doi.org/10.3389/fnhum.2019.00342
https://www.ncbi.nlm.nih.gov/pubmed/31632256
https://doi.org/10.3389/fcomp.2019.00012
https://doi.org/10.1016/j.chbr.2021.100151
https://doi.org/10.1177/2041669520938400
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1080/02664763.2019.1630372
https://doi.org/10.1007/s10055-022-00636-4
https://doi.org/10.3389/fpsyg.2018.02132
https://www.ncbi.nlm.nih.gov/pubmed/30459688
https://doi.org/10.3389/frvir.2022.943409
https://doi.org/10.1016/j.ijcci.2021.100394
https://doi.org/10.3390/ijerph18031297
https://doi.org/10.2196/19840
https://doi.org/10.1007/s10055-021-00592-5
https://doi.org/10.1016/j.displa.2007.09.009
https://doi.org/10.1016/j.displa.2019.08.003

	Introduction 
	Eye–Hand Coordination Tasks in VR 
	Exiting VR 
	Cybersickness and Reaction Times 
	Demographics and Cybersickness 
	Susceptibility to Motion Sickness and Cybersickness 
	Technology Experience and Cybersickness 
	Gaming Experience and Cybersickness 
	Research Aims 

	Materials and Methods 
	Participants 
	Measures 
	Procedure 
	Statistical Analyses 
	Descriptive Statistics and Normality Checks 
	Repeated Measures ANOVA (H1 & H2) 
	Paired-Samples t-Tests (H3) 
	Mixed-Effects Regression Models (H4–H6 and RQ1) 


	Results 
	Descriptive Statistics 
	ANOVA Analyses: Cybersickness Symptomatology Intensity 
	Overall Cybersickness 
	Nausea Symptoms 
	Vestibular Symptoms 
	Oculomotor Symptoms 

	Performance Comparisons: Eye–Hand Coordination Reaction Time 
	Mixed Model Regressions: Individual Differences as Predictors of Cybersickness 

	Discussion 
	The Effects of Immersion on Cybersickness 
	Mitigating Effects of Task Engagement 
	Reaction Times 
	Individual Differences in Predicting Cybersickness 
	Limitations and Future Studies 
	Practical Implications and Future Directions 

	Conclusions 
	References

