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Abstract 
Virtual reality (VR) is a rapidly advancing technology utilized across different fields for 
simulations that can offer significant benefits in cost reduction and time savings. However, 
users in VR frequently encounter cybersickness and motion sickness during exposure. The 
resulting symptoms of cybersickness have been demonstrated to cause discomfort, which 
hinders the overall VR user-experience. For the purposes of this study, the application Epic 
Roller Coasters was utilized to investigate individual differences between users when exposed 
to vection in VR while wearing a Meta Quest 3 as a head-mounted display (HMD). Previous 
research has established how these symptoms can occur and has proposed theoretical models 
to both predict and explain the onset of cybersickness. By analysing the user responses under 
two different conditions, the classic ride and a minigame with a task, the results and 
discussion of this study highlighted the individual differences. The theoretical implications of 
this study provide insights into how future research can better understand these individual 
differences. 
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1. Introduction 
Virtual reality (VR) as a technology is used to create virtual environments that users can 
immerse themselves in with the use of head-mounted displays (HMD). These virtual 
environments are often created for simulators and have already been implemented across 
different areas like healthcare, military training, education, entertainment and driving (Ardıç 
et al., 2023; Lee et al., 2024). These virtual environments and simulators offer notable 
advantages across these different areas. For example, they allow for virtual training 
environments that are repeatable and introduce cost saving measures by simulating these tests 
rather than setting up real tests (Gasteiger et al., 2022; Herchenröder et al., 2025; Prats-Bisbe 
et al., 2024; Shao et al., 2025; Wodarski et al., 2022; Wojciechowski et al., 2024).  
 
However, VR has been shown to cause discomfort among users and is referred to in this field 
of research as cybersickness or motion sickness. The symptoms of cybersickness are 
commonly dizziness, discomfort and nausea and have been identified to be caused by 
different sources such as the hardware, the virtual training environment and user susceptibility 
to cybersickness (Herchenröder et al., 2025; Lee et al., 2026; Litleskare, 2021). Cybersickness 
can be caused either by active movement, where the user moves around in the real world, 
Szpak et al. (2020), or passive movement where the user does little movement and/or the 
world moves around a stationary user (Pokhrel & Hwang, 2024). An example of passive 
movement is vection which refers to the illusion of self-motion caused purely by visual 
stimulation (Keshavarz et al., 2025). Vection is known to induce visually induced motion 
sickness (VIMS) and has been shown in previous to be caused by different sources 
(Keshavarz et al., 2025). The type of simulation has also been demonstrated to have a larger 
effect of cybersickness on the user (Kennedy et al., 2010; Keshavarz et al., 2025). Despite the 
possibility of occurrence of cybersickness or motion sickness among users, previous research 
has demonstrated how the perceived excitement of having fun from experiences in VR, such 
as roller coasters, lead to users seeking out such applications in spite of the potential 
symptoms (Lee et al., 2024). 
 
Research within this field has not been conclusive on their findings about cybersickness. 
Previous research makes use of observations along with tools like the Simulator Sickness 
Questionnaire (SSQ) to measure the intensity of cybersickness along with physiological 
responses, which doesn’t focus on the users own experiences, their interpretations, and instead 
generalize it (Kennedy et al., 2010; Keshavarz et al., 2025; Kim et al., 2022; Szpak et al., 
2020). Researchers have also tried to predict the onset of cybersickness by making use of the 
postural instability theory, where changes in the movement of the users’ body or its segments 
precedes the symptoms of cybersickness. Research on driving simulators, where there is 
active movement by the user who is driving, predicted the onset of cybersickness by focusing 
on the movement of the driver along with observations under different conditions (Arshad et 
al., 2021; Shao et al., 2025). However, other research which assessed this relationship 
between the theory and cybersickness described how there was shown to be individual 



 

 

5 

differences between users which limits the usefulness of this theory as an objective measure 
and predictor of cybersickness (Litleskare, 2021). Another theory that is utilized in this field 
has been the sensory conflict theory, the conflict between visual input from applications and 
the lack of motion, to understand how it can affect the level of cybersickness. When it comes 
to this theory, it has been shown in research how the type of content presented to the users can 
induce cybersickness (Bonato et al., 2008; Kiryu et al., 2008; Lee et al., 2026). But a 
relationship between it and postural stability has been demonstrated to not be related to 
cybersickness (Litleskare, 2021). When it comes to cybersickness, there is a lack of research 
on understanding differences between users and their own experiences in VR and in VR 
applications. Previous research has primarily focused on identifying relationships between 
variables, measuring symptom severity through instruments such as the SSQ, and applying 
theories such as sensory conflict and postural instability to explain cybersickness (Arshad et 
al., 2021; Bonato et al., 2008; Kiryu et al., 2008; Shao et al., 2025; Wodarski et al., 2022). 
While these approaches have contributed to the understanding of cybersickness, they provide 
limited insight into how individuals themselves experience and interpret these symptoms. 
Researchers have found correlations and relationships between different variables in VR, 
simulators and virtual environments, but these do not present individual differences between 
users. 
 
Due to this, the purpose of this study will be to understand these individual differences by 
investigating how these symptoms occur and in turn why for different users in a qualitative 
approach. To achieve this, the application “Epic Roller Coasters” will be utilized in VR, 
which will allow for the authors to understand how cybersickness occurs in the same virtual 
environment under two different conditions. The terms motion sickness and VIMS will be 
included under cybersickness, except for when they need to be discussed for technical 
distinction. This makes it possible to explore how users experience cybersickness under 
similar circumstances while examining how individual differences influence their responses 
to the same virtual stimuli with vection. The following research questions were formulated 
based on the introduction in order to understand how users feel while riding the rollercoaster, 
which can be an exciting experience, and later when there is a task for them to complete on 
the same ride. 
 

1. How do users describe the feeling of cybersickness while exposed to vection in Epic 
Roller Coasters? 
 

2. In what way does the introduction of a secondary task (built in mechanics in Epic 
Roller Coasters) influence the feeling of cybersickness compared to the normal riding 
experience? 
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2. Previous work 
The areas that will be introduced under previous work will be what virtual reality is, how 
passive movement works in VR and what kind of malady cybersickness/motion sickness is. 
This will demonstrate how users interact with VR, what makes it interesting, how movement 
induced by visual motion works in VR along with how it can have an effect on 
cybersickness/motion sickness and finally defining, according to the literature, what 
cybersickness/motion sickness is. 

2.1. Virtual Reality technology and content 
Virtual reality (VR) refers to a computer generated environment in which the users experience 
interaction and presence through a head mounted display (HMD). VR systems usually include 
handheld controllers for simulation of hands within the virtual environment. Controllers allow 
users to interact with objects and navigate through the virtual world and VR creates a strong 
sense of immersion and presence (Ardıç et al., 2023). Unlike traditional media formats, VR 
allows for real-time interaction, head tracking and three dimensional perception which helps 
with the high level of immersion and engagement (Lee et al., 2024).  
 
VR systems are also influenced by a combination of hardware, content, and user-related 
factors that shape the overall experience. Hardware characteristics such as field of view, 
latency, framerate, and resolution can affect both realism and comfort during VR exposure.  
Not only is VR a visual system but also a physical device worn on the head, meaning that 
factors such as headset weight and controller positioning may influence user performance and 
perception (Ardıç et al., 2023). This includes as well the fit of the HMD along with how 
comfortable it is for the user (Lee et al., 2024). This demonstrates that VR experiences are 
shaped by technical design as well as by body interaction with the equipment, however it is 
not just the hardware that has an effect on the VR experience, but software as well. 
 
VR has increasingly been used as a research and clinical tool. For example, 3D VR systems 
have been applied to assess spatial orientation and balance functions, allowing researchers to 
systematically manipulate visual environments in controlled settings. This controlled nature of 
VR also enables researchers to systematically adjust different variables, such as movement, 
immersion and environmental settings, in order to better understand how users respond to 
virtual environments and different forms of sensory stimulations (Ardıç et al., 2023; Lee et 
al., 2024). There is also the aspect of perceived excitement where the user perceives 
themselves as having fun while consuming VR content (Lee et al., 2024). Enjoyment has been 
demonstrated in previous research to have an effect on the user experience with VR content 
(Dong et al., 2011). VR content can also provide experiences for the purpose of media 
entertainment, gaming along with simulators (Lee et al., 2024; Arshad et al., 2021; Dong et 
al., 2011). Furthermore, previous research has demonstrated how VR applications can be used 
to evaluate factors such as comfort, perceived excitement and cybersickness, presenting its 
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usefulness not only for entertainment but also for understanding user experiences and 
physiological responses in immersive environments (Lee et al., 2024; Kim et al., 2022). 
Understanding the capabilities of VR as both a research tool and an entertainment medium is 
important because it highlights how immersive technologies can be used to investigate user 
experiences under controlled conditions. By enabling researchers to measure factors such as 
comfort, enjoyment and cybersickness while systematically manipulating environment 
variables, VR provides valuable insights into how users respond to virtual environments. This 
knowledge can contribute to the development of more effective, engaging and user-friendly 
VR applications across both research and commercial context.   

2.2. Simulator Sickness Questionnaire 
Simulator sickness questionnaire (SSQ) is a frequently used questionnaire in this field that 
allows the users to report the severity of their symptoms during and after VR exposure. The 
tool was developed by Kennedy et al. (1993) for military flight simulators to measure motion 
sickness and consists of a 4 point rating scale (0-3: none, slight, moderate or severe) on 16 
questions that the users report themselves. Its intended use is for each category to be weighted 
according to formulas outlined in Kennedy et al. (1993) paper so that it can be compared 
between researchers. It is commonly utilized in research on cybersickness in virtual 
environments and for environments that the user has to interact with through VR with a 
HMD. The following figure illustrates the SSQ along with the formulas for calculating the 
score on each category: 
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Table 1: Simulator Sickness Questionnaire, Kennedy et al. (1993). 
 
The SSQ is designed to be subjective and is frequently used in both qualitative and 
quantitative aspects in research on cybersickness and motion sickness. For example in 
previous studies by Arshad et al. (2021) and Dong et al. (2011) the SSQ is used to measure 
differences between what users reported pre-exposure to virtual environments and from there 
analyse the results based on observations and the post-exposure results. Finally, for 
quantitative aspects, the SSQ’s categories are instead made use of as variables that can then 
be analysed to find correlations, differences or relationships between them or other variables 
that previous studies were focusing on (Herchenröder et al., 2025; Kiryu et al., 2008; Lee et 
al., 2026; Litleskare, 2021; Prats-Bisbe et al., 2024). However there are some limitations with 
this measurement tool that have been identified in previous works. For example, Dong et al. 
(2011) in their study suggests that the SSQ is more suited as a measure of the severity of 
subjective symptoms that are associated with specifically motion sickness. For this study, the 
SSQ will be utilized qualitatively to compare between pre- and post-exposure to VR and Epic 
Roller Coasters to analyse how their level of cybersickness changed across the three different 
categories along with interviews where they can discuss how they scored and in turn see if it 
matches their described experience. 



 

 

9 

2.3. Movement in VR 
Movement in VR can be movement that the user does in real life that is then reflected in the 
virtual environment and has been shown to have an effect on the level of cybersickness 
(Szpak et al., 2020). For this study the focus will be on passive and visually induced motion. 
Previous research by Kennedy et al. (2010) and Keshavarz et al. (2025) has shown how 
dynamic visual stimulation, known as vection, can provoke the illusion of self-motion when 
using displays like movie theatres or VR. Vection can also be defined as steady or changing. 
Steady vection includes visual content that maintains the same speed and direction while 
observed, and changing vection refers to visual content that changes in speed and direction. 
This can be illustrated in examples such as driving simulators, flight simulators and as well 
roller coasters (Arshad et al., 2021; Bonato et al., 2008; Dong et al., 2011; Lee et al., 2026) 
Vection, along with its two different types of steady and changing, has been demonstrated in 
previous studies to have an effect on cybersickness, motion sickness, and as well VIMS, 
which is more associated with vection (Herchenröder et al., 2025; Keshavarz et al., 2025; Lee 
et al., 2026;  Shao et al., 2025). Previous research by Keshavarz et al. (2025) highlights this 
across four different studies, however only two were done with a HMD: the space voyage and 
sea voyage studies. In both tests, users had virtual avatars and were passively moved through 
the environment. The research demonstrates how dynamic visual stimulation provokes self-
motion during the absence of actual physical motion (Keshavarz et al., 2025). This dynamic 
content that is visually shown to the user can in turn provoke visually induced motion 
sickness (VIMS) with common symptoms like nausea, headache, eye strain, fatigue, and/or 
dizziness (Kennedy et al., 2010; Keshavarz et al., 2025).  
 
However, findings on the relationship between vection and cybersickness have been mixed 
between studies. Keshavarz et al. (2025) highlighted how individual differences between 
users also had an effect on VIMS severity and not just vection. In addition to this, Litleskare 
(2021) in their research on the relationship between postural stability and cybersickness, 
suggests that there may be individual tolerance levels on postural deterioration before the 
onset of cybersickness. They also mention how neither postural instability or sensory conflict 
is related to the cause of cybersickness due to visual input in order to maintain postural 
stability showing no relationship with them.  
 
This demonstrates the differences between previous research and their findings on this 
relationship. Understanding vection and its relationship with VIMS is important because it 
helps explain one of the primary mechanisms behind the onset of cybersickness symptoms in 
virtual environments. Since many VR applications rely on visual motion to create immersive 
experiences, knowledge of how different types of vection influence user discomfort can 
support the design of more comfortable and accessible VR systems. Furthermore, 
understanding this relationship is essential for identifying factors that may increase or reduce 
the likelihood of motion sickness and cybersickness among users.    
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2.4. Cybersickness/motion sickness 
Cybersickness is a type of malady that can be caused by different types of applications and 
causes symptoms such as discomfort, nausea, eye strain, headaches and sweating (Arshad et 
al., 2021; Dong et al., 2011; Gasteiger et al., 2022; Kiryu et al., 2008; Lee et al., 2026; 
Litleskare, 2021; Shao et al., 2025; Wojciechowski et al., 2024). Cybersickness is also 
sometimes referred to in other studies as motion sickness or VIMS (Bonato et al., 2008; Dong 
et al., 2011; Kiryu et al., 2008; Shao et al., 2025; Wojciechowski et al., 2024). Both 
cybersickness and motion sickness has the same types of symptoms and in studies by Kiryu et 
al. (2008) and Lee et al. (2026) they use the term cybersickness and include other definitions 
under it while in other studies motion sickness or VIMS is instead used as a sub definition of 
cybersickness (Bonato et al., 2008; Dong et al., 2011; Kiryu et al., 2008; Shao et al., 2025; 
Wojciechowski et al., 2024). The perception of cybersickness is important because it can 
significantly affect how users experience and interact with VR applications. Symptoms such 
as nausea, discomfort and headaches may reduce user engagement, limit the duration of VR 
sessions and in some cases discourage the use of the technology. Therefore identifying the 
factors that contribute to cybersickness is essential for improving user comfort, accessibility 
and the overall effectiveness of immersive VR experiences.  
 
Motion sickness is a type of malady with similar symptoms to cybersickness, but several 
studies instead make use of this definition to describe how these symptoms that occur among 
susceptible users is a direct result of motion or vection (Arshad et al., 2021; Bonato et al., 
2008; Herchenröder et al., 2025). Vection, the illusion of self-motion, is related to sensory 
conflict and has been demonstrated in previous research to have an effect on the onset of 
motion sickness (Arshad et al., 2021). It is a term used by researchers in this field to describe 
how there is a conflict between the user's visual system and the lack of motion, due to visual 
input inducing the appearance of motion in the absence of physical self-motion. Common 
areas where this might occur include driving simulators and other similar applications where 
there is a conflict with the body's sense of balance (vestibular and visual system) associated 
with visual input from different sources including content in VR (Arshad et al., 2021; Bonato 
et al., 2008; Herchenröder et al., 2025).  
 
Unlike traditional motion sickness, VIMS occurs when the users visual system perceives 
movement while the vestibular system, responsible for balance and spatial orientation, 
receives limited or no matching physical input (Arshad et al., 2021; Dong et al., 2011; 
Wojciechowski et al., 2024). The mismatch between sensory systems is often associated with 
the sensory conflict theory and has been described as one of the primary causes of 
cybersickness in virtual environments (Bonato et al., 2008; Litleskare, 2021). Research has 
also presented how repeated exposure to VR may reduce symptoms for some users due to 
habituation, while other users remain more susceptible to VIMS regardless of prior exposure 
(Arshad et al., 2021; Litleskare, 2021). The occurrence of VIMS is not only influenced by the 
virtual environment but also by individual differences between users (Bonato et al., 2008; 
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Litleskare, 2021). In addition to this, research by Gasteiger et al. (2022) and Shao et al. (2025) 
highlights how there is a higher reported case of motion sickness when there is a higher 
cognitive load on the users in VR and Prats-Bisbe et al. (2024) demonstrates as well how 
when there is difficulty performing tasks in VR it leads to an increase in the symptoms of 
cybersickness. 
 
VR technology has been highlighted  in previous studies to also have an effect on the onset of 
cybersickness. (Ardıç et al., 2023; Herchenröder et al., 2025; Lee et al., 2024; Pokhrel & 
Hwang, 2024; Wojciechowski et al., 2024). The hardware of VR consists of the HMD along 
with controllers and previous studies have suggested that the weight of the HMD can have an 
effect on the onset of cybersickness (Ardıç et al., 2023; Arshad et al., 2021). In addition to 
this, content in VR which requires the user to make frequent neck movements can in turn lead 
to more discomfort due to potentially the weight of the headset and delays between the users 
movement and the VR response to that movement (Ardıç et al., 2023; Pokhrel & Hwang, 
2024; Wojciechowski et al., 2024). Interestingly, Ardıç et al. (2023) demonstrated as well 
how the controllers for VR can have an effect on the onset of cybersickness depending on 
weight, discomfort and holding positions. Their respondents had to hold their controllers in 
different degrees and they illustrate how the SSQ scores for each respondent shifts towards 
the side where the controller was held in a different position. This implies that VR hardware 
influences cybersickness because it shows that user discomfort is not only linked to what 
happens inside the virtual environment, but also to the physical equipment being used. The 
headset weight, controller handling and the amount of required head movement can all 
contribute to how the body reacts during VR use. This is important because it can help explain 
why some users experience stronger symptoms than others and why the same VR content can 
feel different depending on the setup being used.  

2.5. Role of Cognitive Load on cybersickness 
Cognitive load refers to the mental effort required from users when performing tasks and 
processing information in virtual environments. The cognitive load can increase depending on 
the complexity of the environment, the amount of information presented and whether the user 
has to complete additional tasks while interacting with the virtual environment (Gasteiger et 
al., 2022; Shao et al., 2025).  
 
Previous research has demonstrated how tasks that require more attention, decision making or 
physical interaction can influence the level of cybersickness experienced by users in VR. 
Research by Shao et al. (2025) highlights how respondents reported higher levels of motion 
sickness when cognitive load increased due to more complex decision making. Similarly, 
Gasteiger et al. (2022) describe how increased mental demands in VR environments can 
contribute to discomfort and fatigue among users, particularly when the environment requires 
sustained attention or task performance. This demonstrates that cybersickness may not only be 
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influenced by the virtual environment itself, but also by the cognitive demands placed on the 
user during VR exposure. 
 
Difficulty performing tasks in VR has also been shown to influence cybersickness. In 
previous studies by Prats-Bisbe et al. (2024) and Shao et al. (2025), users experienced greater 
discomfort when interactions within the virtual environment became more difficult to 
perform, suggesting that task complexity and usability can have an effect on cybersickness 
symptoms. Similar findings can also be seen in Pokhrel and Hwang (2024), where VR tasks 
that required additional physical adjustments and interaction were associated with higher 
levels of discomfort. This suggests that cybersickness can emerge not only due to sensory 
conflict and vection, but also due to the additional cognitive and physical effort required from 
the user while interacting with VR environments (Wojciechowski et al., 2024). 

2.6. Mitigating cybersickness/motion sickness 
Having now summarised VR technology and cybersickness along with the role cognitive load 
can have on users' level of cybersickness, the different ways of mitigating cybersickness that 
have been identified in previous studies will be presented from the areas of VR technology 
and content, having control and reducing cognitive load on users in VR. 
  
When it comes to the areas of VR technology and content there can be seen across different 
studies recommendations on how to mitigate cybersickness. In studies that focus on VR 
technology, it can be seen how delays between movement and VR’s response to it along with 
the fit of the HMD, including its controllers, can have an effect on the onset of cybersickness  
(Ardıç et al., 2023; Arshad et al., 2021; Wojciechowski et al., 2024). In order to mitigate 
these, Wojciechowski et al. (2024) recommends hardware optimization of VR to reduce the 
delay problem and Pokhrel & Hwang (2024), in their study on neck movements in VR office 
work, suggest developers and designers aim to develop more ergonomic and user-friendly VR 
environments. This can be linked back as well to the findings of Ardıç et al. (2023) study, 
which demonstrates how neck movements and controller movements affects users’ 
cybersickness, where Pokhrel & Hwang (2024) recommendations would mitigate these 
symptoms as well. However, it is not just the technology itself that has an effect but the 
content as well. VR experiences that are not too immersive have been shown in previous 
studies to be less likely to induce cybersickness (Arshad et al., 2021; Wojciechowski et al., 
2024). Arshad et al. (2021) developed a 360 VR beach experience and found that, compared 
to traditional VR, it reduced or counteracted against the feelings of cybersickness. This result 
could be due to their 360 VR not inducing VIMS like driving simulator, where there is more 
vection (Dong et al., 2011; Shao et al., 2025). Finally, when it comes to VR technology and 
content, habituation must also be taken into consideration. Long term use of VR technology 
along with habituation to VR environments over a prolonged period or multiple exposures 
leads to reduction in the levels of cybersickness (Arshad et al., 2021; Wojciechowski et al., 
2024). 
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When it comes to control and its effect on reducing cognitive load, previous research has 
demonstrated how this has an effect on cybersickness and motion sickness. Dong et al. (2011) 
demonstrates how users, who were passengers in their test, who have less control and move 
more when virtually driving had higher reported cybersickness. In addition to this, Shao et al. 
(2025) highlights how users are more susceptible to motion sickness when they have more 
cognitive load due to complex decision making. This was also seen in previous research by 
Pokhrel & Hwang (2024) where they found, along with their research on neck movements, 
that tasks that were difficult to perform in VR lead to more discomfort. There is also a focus 
in previous studies on postural stability and sensory conflict when it comes to understanding, 
predicting and mitigating cybersickness along with making use of the simulator sickness 
questionnaire (SSQ) to measure levels of cybersickness between conditions and/or 
applications. (Arshad et al., 2021; Dong et al., 2011; Gasteiger et al., 2022; Kiryu et al., 2008; 
Lee et al., 2026; Litleskare, 2021; Shao et al., 2025; Wojciechowski et al., 2024). The SSQ 
allows for subjective interpretations from each user on their level of cybersickness which can 
be compared between exposures to understand what effects and can reduce the symptoms of 
cybersickness. As for postural stability and sensory conflict, it can be seen how users who 
have troubles with their vestibular and sensory systems are more susceptible to cybersickness 
and motion sickness. Habituation along with less vection and frequent head movements can 
potentially reduce the susceptibility to both of these maladies (Arshad et al., 2021; Lee et al., 
2026; Litleskare, 2021; Wojciechowski et al., 2024).  
 

3. Theoretical framework 
In order to describe and in some studies predict the onset of cybersickness, previous studies in 
this field often makes use of the following theories: 

1. The postural instability theory.  
2. The sensory conflict theory.  

The focus within this field has been on the conflict with the body’s visual and vestibular 
(balance) system rooted in the theories postural instability and sensory conflict (Arshad et al., 
2021; Bonato et al., 2008; Dong et al., 2011; Kiryu et al., 2008; Litleskare, 2021; Wodarski et 
al., 2022; Wojciechowski et al., 2024). These theories are used by researchers to describe how 
the body has to adjust itself when presented with visual input with a lack of physical self-
motion. Previous studies describe how the content that is provided to the users leads to a 
conflict between the user’s visual and vestibular (balance) systems that it has to adjust to 
which in turn leads to the symptoms described under cybersickness and motion sickness 
(Arshad et al., 2021; Dong et al., 2011; Herchenröder et al., 2025; Kiryu et al., 2008; 
Litleskare, 2021; Wodarski et al., 2022). Finally, the theories are also combined in previous 
studies in order to tell if they can be made use of together to predict the onset of cybersickness 
(Arshad et al., 2021; Litleskare, 2021). 
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3.1. Postural instability theory 
The postural instability theory is a theory that has been made use of in previous studies to  
describe how changes in movement of the users body or its segments precedes the symptoms 
of cybersickness and is made use of to predict cybersickness (Arshad et al., 2021; Dong et al., 
2011; Litleskare, 2021; Wodarski et al., 2022). Previous studies have accomplished this by 
making use of observations in combination with this theory in order to find a relationship 
between predicting the onset of cybersickness and how users adjust themselves. Researchers 
observe the postural activity of the users and have in turn used it to describe how users with 
that are naturally unstable or have poor balance will naturally be more susceptible to 
cybersickness (Arshad et al., 2021; Dong et al., 2011). Results on this has been mixed 
between previous studies by researchers, with Arshad et al. (2021) finding links between the 
theory and the users reported cybersickness symptoms while Litleskare (2021) and Wodarski 
et al. (2022) reported inconclusive findings regarding this relationship and in their discussion 
found cybersickness to be more subjective based on the individuals own tolerance levels in 
their tests and not related to the users own balance. In addition to this and to conclude on this 
section, Dong et al. (2011) in their findings presents the opposite of what the theory would 
suggest, since the virtual driver who had more control and moved more reported less 
cybersickness compared to the passenger. However, this could be influenced by the fact that 
their tests were not done in VR, but in a virtual environment which removes other factors such 
as the HMD. For this study, the theory has been utilized for the design of the interview guide 
along with observing each respondent to observe how they adjust themselves while playing 
Epic Roller Coasters in VR. 

3.2. Sensory conflict theory 
The sensory conflict theory specifically describes the visual system of the body and the 
conflict between it and the implied motion that comes from visual sources in VR and other 
types of applications (Arshad et al., 2021; Bonato et al., 2008; Dong et al., 2011; Kiryu et al., 
2008; Litleskare, 2021; Wojciechowski et al., 2024). Similar to the postural instability theory, 
previous studies have also made use of this theory to try and predict the onset of 
cybersickness. Researchers Arshad et al. (2021), Bonato et al. (2008), Dong et al. (2011) and 
Herchenröder et al. (2025) support this in their studies by showcasing how the there is a 
higher level of cybersickness when there is more sensory conflict, depending on the the type 
of content/simulators that are being presented to the user. However, just like in the postural 
instability theory, results on the relationship between this and cybersickness have been mixed. 
Researcher Arshad et al. (2021) describes instead how there are individualistic tolerance 
levels between users, and the theory can therefore not be used as an accurate measure for 
predicting cybersickness. Finally in their discussion they report how users who are repeatedly 
exposed to VR over a longer period of time adapt and in turn reduce sensory conflict and 
cybersickness. The sensory conflict theory has been utilized for questions in the interview 
guide related to points of interests in Epic Roller Coasters where they felt more cybersick. 
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This allowed the authors to discuss with their respondents about what specifically at these 
points made them more cybersick.  

4. Methodology 
The following methodology section introduces the research approach of this study, the 
literature search, sampling strategy, how the tests were designed and configured, how the 
findings were coded and thematized, how validity and reliability are addressed, how the 
researcher took into consideration any ethical consideration and finally how generative AI has 
been utilized in this study. 

4.1. Research approach 
When it comes to the research approach of this study, it follows an inductive approach. As 
laid out by Bryman (2016), inductive theory involves analysing the findings (empirical data) 
of one's study and then in turn developing theories from it. This is suitable for this study, 
since the theoretical ideas will be derived from our findings rather than hypotheses, which 
would have guided this study in a different direction. As for a deductive approach, Bryman 
(2016) describes how it makes use of existing data and theories to formulate hypotheses 
which is then used to guide the process of data collection. While the theories postural 
instability and sensory conflict has been used for how to formulate the interviews and 
observations, they have not been used in a deductive approach, which would have guided this 
study into focusing exclusively on data related to sensory conflict and vection. This would 
have made the study less exploratory and not taken into consideration each user's own 
experiences and their individual differences. 
 
For the research design of the thesis, the study makes use of a qualitative exploratory research 
design supported by SSQ data. The analysis focuses primarily on the qualitative methods, 
which aligns with an inductive approach centered on interpreting the respondents’ subjective 
experience. Rather than using the SSQ for statistical generalization, the questionnaire is used 
as a subjective support tool to contextualize these findings. By integrating quantitative metrics 
that support the qualitative exploratory study, it enriches the qualitative aspects of the study 
with a focus on user-experience variations between tests during the VR exposure.  

4.2. Literature search 
The following literature search made use of different keywords related to the research 
questions that were formulated. The following searches can be seen under “Appendix 1: 
Structured literature search for research plan proposal” and “Appendix 3: Structured literature 
search for literature review”. The inclusion and exclusion criteria can be seen under 
“Appendix 2: Inclusion and exclusion criteria for literature review”. 



 

 

16 

4.3. Participants 
The data for this study was collected from students at University West along with a few 
participants from outside the university. The participants were recruited mainly based on what 
each author had access to, based on convenience sampling. To be eligible for participation, 
the participants had to agree to what was outlined in “Appendix 4: Survey on cybersickness”, 
that was orally and/or written delivered to them beforehand and during the survey. The final 
sample consisted of 10 participants (2 women, 8 men), with the authors involved in the 
beginning together with the first 4 respondents before splitting the respondents between each 
other. One author was in Gothenburg with 3 respondents and the other in Trollhättan with the 
last 3 participants. The study was approved by the examiner and supervisor, and conducted 
according to the guidelines of University West.  

4.4. Design and procedures  
In order to investigate how virtual reality experiences influence cybersickness, a structured 
approach was required that combines both subjective user input and controlled experimental 
conditions. This study therefore combined survey based data collection and a virtual reality 
experiment to capture both how respondents report their symptoms and how those symptoms 
emerge during the use of virtual reality. The experimental procedures were designed as a pre- 
and post-exposure survey, for each mode, that was the same for all respondents of this study.  
After they had done all the modes they were willing to do, interviews were then held with 
them where the researcher(s) discussed with them on what their experience was. 

4.4.1. Administration of survey 
For this study the SSQ will be utilized in semi-structured interviews for each respondent to 
discuss how they answered on each category and compare between pre- and post-exposures. 
The questions on the SSQ along with the design of the survey can be seen under “Appendix 4: 
Survey on cybersickness”. Due to the SSQ being well established in the field and widely used 
by other researchers, the authors can make use of it in this study instead of having to invent a 
new questionnaire. The research study follows what Kennedy et al. (1993) recommends on 
the administration and interpretation of SSQ scores, which can be seen under the header 
“Simulator Sickness Questionnaire” in theoretical framework, each category is summed up 
and multiplied with their respective formulas. 
 
Each user answered the survey pre- and post-exposure digitally in Microsoft Forms, if they 
did both modes then they did not need to redo the pre-exposure survey. There was no rest 
time between each test, instead each respondent had to choose themselves if they wished to 
wait or do the other test immediately. The post-exposure surveys were however done 
immediately by the respondents after the tests had been completed, this was done in order to 
ensure they reported their current symptoms. How the survey was structured and outlined can 
be seen under “Appendix 4: Survey on cybersickness”. 
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The survey answers were logged automatically in Microsoft Excel and stored on University 
West cloud servers, where the formulas for the SSQ were also performed. All respondent 
answers along with their respective SSQ weighted answers were stored in Excel and 
OneDrive. Each participant was identified as respondents 1-10 in the Excel file and will be 
referred to in the rest of the thesis as respondents. After this, Jamovi V.2.7.17.0 was utilized 
for data visualization.  

4.4.2. VR application and conditions during experiment 
Epic Roller Coaster was selected because it provides a controlled virtual reality environment 
in different settings. The application contains multiple ride variations with different levels of 
interaction, making it suitable for comparing passive and active VR experiences. The 
application also allowed all respondents to experience the same scenarios under similar 
conditions, which can give a greater consistency during data collection. Since the game is 
specifically developed for VR platforms it includes passive movements, which is commonly 
associated with cybersickness and therefore relevant to the study.  
 
The authors made use of the Meta Quest 3 as the HMD. The HMD comes with two 
controllers that the player can make use of to navigate the home screen. The HMD along with 
the two controllers come with straps that the user can adjust to make it more comfortable for 
them. The Meta Quest 3 can also be navigated using hand gestures and some applications, 
including Epic Roller Coasters, can even be played without the controllers. For this study, all 
respondents made use of the controllers to play the game and adjusted the straps themselves 
so it was comfortable for them.  

 
Image 1: Meta Quest 3 headset along with its two controllers. 
 
The ride used on Epic Roller Coasters was Rock Falls. This ride lasted 3 minutes and 50 
seconds, was played seated and the conditions were the same for all respondents. This was to 
ensure that the test would be reliable among all respondents. The experiment had two 
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different modes and carts depending on the mode. The first mode is the regular ride with no 
distraction or tasks while the second mode is with a minigame. The first mode “Classic” 
consists of a normal ride on a cart shaped like a minecart through mines along with an 
environment consisting of cliffs, falling rocks, birds and miners along the track which makes 
the ride more immersive for the selected mode.  
 
 

 
Image 2: Screenshot of the mode “Classic” in Epic Roller Coasters. 
 
The minigame “Keep the glass full” consists of balancing a glass of water at the same time as 
the ride is ongoing. It consisted of the cart, now a whale instead of a minecart, shooting out 
water that the respondent had to catch with a glass. The glass was on the respondents’ 
controller and was simulating the respondents’ dominant hand holding the glass. The glass 
can be swapped between hands and by default ends up in the hand that the player selected 
“play” with on the menu. The environment was the same as the classic mode. 
 

 
Image 3: Screenshot of the minigame “Keep the glass full” in Epic Roller Coasters. 
 
The authors made use of these modes in order to compare the user-experience among the 
respondents to see if there is a difference in the levels of cybersickness among them. The 
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respondents are given one of the modes that was randomly chosen by the authors for each 
respondent. If the respondent wished to participate further in the study, they could have done 
the other mode as well.  
 
Of the 10 respondents, only respondents 3 and 10 chose to do only the minigame. When it 
comes to which mode was chosen first, 6 respondents did the classic mode first while 4 
respondents did the minigame first. The idea was to have a fifty/fifty split between 
respondents in order to compare differences between which mode respondents selected first 
before moving on to the next. 

4.4.3. Observation 
An unstructured observation was applied during the VR sessions to complement the collected 
data. According to Bryman (2016), the unstructured observation does not rely on a predefined 
observation schedule or systematic coding scheme. Instead the researcher observes 
respondents' behaviour in a more open way with the aim of capturing relevant reactions in 
detail (Bryman, 2016).  
 
In the context of this study, the observation focused on respondents' physical movements, 
postural adjustments and behavioural reactions during the VR experience, particularly 
behaviours associated with discomfort and cybersickness symptoms. In order to cover these 
specific elements the authors focused on how the respondents, while exposed to VR, adjusted 
themselves while seated, how they moved their arms and hands, if they adjusted the headset 
and how they reacted during the ride. These were agreed upon between both researchers and 
were then documented down as notes in Google Docs and then used as questions during the 
interviews. These can be seen in “appendix 5: interview guide” where there is a question on 
both the normal ride and the minigame dedicated to the observation that each respondent 
would answer and discuss on. In the analysis, the interviews and notes were then made use of 
in the analysis to evaluate whether or not the postural activity preceded the onset of 
cybersickness. 
 
Focusing the observation on these specific physical elements is necessary to evaluate the core 
tenets of the postural instability theory, which assumes measurable changes in a user’s bodily 
symptoms. Previous studies have found a link between observed postural adjustments and 
subsequent cybersickness (Arshad et al., 2021). Although physical responses can vary greatly 
between users based on the individual tolerance thresholds (Litleskare, 2021;Wodarski et al., 
2022). Tracking these physical movements qualitatively allows the study to explore these 
individual differences. Furthermore, observing how respondents physically brace or adjust 
themselves is crucial because postural activity is heavily impacted when users are placed in a 
passive state without control, which can directly aggravate motion sickness (Dong et al., 
2011). Capturing these overt bodily reactions and physical adjustments provides the essential 
groundwork to understand how different users physically cope with vection when they lack a 
stable center point to balance from. These observations also served as a basis for follow-up 
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questions during the interviews, allowing respondents to elaborate on specific reactions that 
occurred during the VR experience. Furthermore, as the authors did not actively participate in 
the VR sessions themselves, the observation can also be described as non-respondent 
observation (Bryman, 2016).  

4.4.4. Semi-structured interviews 
The authors deemed that semi-structured interviews would be appropriate for this study. Due 
to this study being of a qualitative nature, interviews are usually less structured compared to 
quantitative research in order to better gain an understanding of the interviewee’s point of 
view and in order to allow them to discuss what they see as relevant and important (Bryman, 
2012). By making use of semi-structured interviews, rather than unstructured interviews, it 
will be easier to code the interviews and still allow for the interviewees to provide rich and 
detailed answers.  
 
The interviews were conducted after the respondents had completed the first or both rides. 
Each interview was recorded using Microsoft Teams and the interviews took place at each 
respective location where the experiments took place. Interviews for both rides lasted around 
~20-30 min while one ride lasted around ~8-15 min. Each respondent was informed they had 
the opportunity to do the interview at a later date, however all respondents decided to do the 
interviews directly after the rides. During the interview, questions first followed the interview 
guide, as seen on “Appendix 5: Interview guide”, along with follow up questions on parts that 
the authors deemed needed more discussion. Finally, after these had been covered, follow up 
questions were asked based on observations on the respondents movements, and on their 
answers they had given on the SSQ along with their weighted SSQ answers. 

4.5. Coding and thematic analysis 
Coding is part of qualitative data analysis and organizes the data that has been gathered into 
categories that are clearly labeled and demonstrates what the data is about and what it 
represents. Coding should begin as early as possible, especially with interviews, and iterate 
over your data again so that you develop themes and have an index of terms that, as they 
develop, can be connected to theoretical ideas (Bryman, 2012). Coding allows for the authors 
to organise their data into clearly labeled categories that will then be made use of in a 
thematic analysis. The findings were discussed between the authors and both came to 
agreement on what codes to make use of along with themes. For readability, each theme is in 
its own table under the Results section. 
 
A thematic analysis is a continuation from coding where the categories that have been 
identified get grouped into themes and subthemes, often in a table or matrix, that are recurring 
motifs that recur in the data (Bryman, 2012). By following this, the authors will be able to 
answer the research questions of this study by creating themes that relate back to them and as 
well build upon the codes identified during the semi-structured interviews. It also in turn 
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allows for the researcher to make a theoretical contribution to the literature since, as Bryman 
(2012) describes about themes, it provides the researcher with the basis for a theoretical 
understanding of their data. 

4.6. Validity and reliability 
This study is based on qualitative interviews, observations and makes use of the SSQ as a 
questionnaire. The research questions are designed so that they encourage discussion and so 
follow up questions could be asked based on their replies. This is recommended by Bryman 
(2012), since qualitative interviews are less structured than in quantitative research and it 
allows them to be more flexible. For a quantitative study it should be avoided, since it would 
compromise the standardisation and in turn reliability and validity of what is being measured. 
Due to the flexibility of qualitative research and allowing for the researcher to take on an 
interpretivistic approach along with discussions with the supervisor and other professors in 
University West, it was deemed the most suitable for this study in order to understand each 
respondent's level of cybersickness. 
 
When it comes to validity and reliability in qualitative research, Bryman (2012) mentions how 
there has been discussion on their relevance within this field along with the meaning of the 
terms. For this study, the terms are used to cover external and internal reliability and validity 
as described by LeCompte and Goetz (Bryman, 2012). In order to ensure external and internal 
reliability, how each test was performed has been described in detail and during observations 
both researchers agreed about each other's observations. As for internal validity, themes have 
been developed based on the findings of this study to demonstrate the congruence between 
concepts and the authors findings.  
 
A limitation with this study is that external validity can be said to not have been properly 
achieved, since Bryman (2012) describes how LeCompte and Goetz write that it is the degree 
to which the findings can be generalized across social settings. Due to this study having a 
small sample size, it becomes harder to generalize it to different social settings. 

4.7. Ethical considerations 
This study follows the ethical guidelines of University west and handles all personal data 
within its framework (University West, 2024). Data collection was conducted with students at 
University West and will consist of voluntary participation through asking students at the 
university if they would like to participate in the authors study. Before the study begins the 
respondents will be handed written and verbal information about the research, what the VR 
experience will involve and what behaviours will be observed. After the information has been 
given to the respondent, the authors will ask for the respondent's consent in verbal 
agreements. The respondents will have the right to withdraw the consent at any time of the 
test if they do not want to continue the test. This aligns with the ethical research principles of 
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autonomy and voluntary involvement (Bryman, 2012). A semi structured interview will also 
be conducted to make a thematic analysis, with the same rules applied. The audio recording of 
the interview will be stored in OneDrive and later transcribed within the OneDrive 
application. All of the information will be deleted after 30 days (University West, 2024).  
 
No information of the respondent will be saved, the respondents will be identified as 
respondent 1 and so on. Only data necessary for the thematic analysis will be made use of. 
The data will be stored directly under the university’s control in OneDrive. (University West, 
2024).  

4.8. Use of generative AI  
Generative AI has been utilized during the writing of this thesis and has followed guidelines 
according to Perkins et al. (2024) AI use at level 3 on their AI Assessment Scale. This 
outlines that Generative AI can only be utilized for improving a researcher's own text, but not 
generate new or original contents. Generative AI has been strictly limited to providing support 
for grammar and language refinement on the finished thesis. The authors made use of the 
provided feedback to refine the thesis structure and improve readability. The generative AI 
model that was utilized during the writing of this thesis was Gemini 3.1 Pro. When it comes to 
Gemini 3.1 Pro, both the website version and “using Google Workspace with Gemini” has 
been utilized. The abstract, introduction, research design, analysis, literature search, data 
collection, results, discussion, limitations and challenges and conclusion has been produced 
by the authors without the aid of Generative AI. 

5. Results 
This chapter presents the findings collected through the semi-structured interviews, 
observations and Simulator Sickness Questionnaire (SSQ). The results are structured 
according to the different data collection methods used in the study. First, the findings from 
the semi-structured interviews are presented, followed by the SSQ results and finally the 
coding and thematic analysis. 

5.1. Semi-structured interviews 
The semi-structured interviews are structured into two parts where the first part focuses on the 
Normal ride, where the user is only focusing on observing the environment. The second part 
focuses on the minigame where the objective is to actively balance a glass of water. The 
questions focus mainly on cybersickness and all the questions can be seen in the appendix 5. 
The following part is the results of all the responses given to the authors along with their notes 
taken during the interview and tests.  
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5.1.1. Normal ride 
The regular ride represents a more passive VR experience where the primary focus is on 
observing the environment and motion. Several respondents described the ride as fun and 
enjoyable, while others experienced it as uncomfortable or even somewhat frightening due to 
its realistic nature. Across the responses, respondents reported varying levels of discomfort 
during the ride, with some only experiencing it in specific moments and others more 
consistently throughout the experience. respondents with limited prior experience of VR, 
respondents 2 and 4, generally described higher levels of discomfort, while those with some 
prior exposure were still affected but appeared more familiar with the sensations. 
 

- Respondent 4: “Yeah, I have used it before. I think 3 months, months. [...] No, I'm not 
comfortable. But it's very interesting and it's very fun. And to me, I have to be 
comfortable. It's something that I have to be very comfortable with. But personally, 
being in VR for a long time, It's kind of weird [...]” 

 
The discomfort was mainly described in relation to turns, loops, and sections involving 
vertical movement. Respondents 7 and 8 described how they felt more cybersick when there 
were sharp turns during the ride, and during ascending and descending parts. Respondents 
reported symptoms such as dizziness, nausea, and a heavy-headed feeling during these 
moments.  
 

- Respondent 1: “But you feel a little sick in some places, like [...] So, like when you go 
down and you look far away and it goes faster and it becomes like and sometimes 
when you look too quickly in some direction it becomes like, well, it just feels like 
you're out on a boat on the lake. Like the exact same feeling.” 

 
- Respondent 8: “[...] but in the first game where I felt a bit dizzy when it was 

descending or trying to ascend” 
 

Respondent 2 also described a disconnect between visual motion and physical sensation, 
which contributed to the discomfort. There was a disconnect between what happens around 
them while they are in the cart. 
 

- Respondent 2: “But there was still a disconnect, like it's moving when rocks and stuff 
fall” 

 
In addition, situations where respondents looked around more freely, without a fixed point of 
focus, were associated with increased feelings of dizziness and discomfort.  
 

- Respondent 4: “So enjoying the fun. So my eyes will obviously, now I'm not focusing 
on any task, just enjoying my moment. Yes. So enjoying my moment, that's how the 
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discomfort came.” (Referring to how not having to do the minigame means their eyes 
will be naturally looking around freely.) 

 
One notable observation is that Respondent 4 stated a preference for the no-minigame 
condition compared to the minigame version, as it did not require performing additional tasks, 
despite still experiencing discomfort such as dizziness.  
 

- Respondent 4: “[...] in the sense that now you are enjoying the game. And that roller 
coaster is up and low. Essentially you don't have any tasks. And even if you are 
playing in real life, your eyes will be spinning and that stuff. So that's led to the 
increase of the, since right now I'm participating in the game itself, so enjoying the 
fun. So my eyes will obviously, now I'm not focusing on any task, just enjoying my 
moment. Yes. So enjoying my moment, that's how the discomfort came” 

 
Finally, the majority of respondents, except respondent 2, mentioned that they had no issues 
or discomfort with the headset during the normal ride and instead described how the 
application had more of an effect on their level of cybersickness.  
 

- Respondent 2: “The weight maybe, I would say it's a little tight. [...] You can kind of 
look down here” (Look down here was being able to look down and see the floor 
while using the headset. It did not sit comfortably for them compared to the other 
respondents.)  

 

5.1.2. Minigame 
The minigame represents a more active VR experience where the primary focus for the 
respondents is to get a high score by focusing on collecting water in a glass and keeping as 
much water as possible in the glass by adjusting it with your controller so it does not spill out. 
The interviews for those that did the minigame demonstrate how respondents felt more tired 
from doing the minigame. Answers that support this can be seen based on how respondent 4 
had to hold out their hand during the ride in an uncomfortable position and respondent 8 even 
described how they felt pain in their shoulder and arm. This was not common among all 
respondents, specifically for respondents 4 and 8. 
 

- Respondent 4: “ [...] you have some discomforts within the arms, because moving here 
and there.” 
 

- Respondent 8: “I started feeling some pain in my shoulder and my arm. And then I'll 
say throughout the game, yes, throughout the game, I was still feeling it. And even 
after the game, I was still feeling it, but now it's a bit okay now.” 
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In addition to this, respondent 7 mentioned how they got more nausea when they lost all the 
water which made them panic and start looking around. A recording of this respondent was 
not possible, so there is no citation available from this. 
 
However respondents 9 and 10 mention how the minigame was better due to the respondents 
concentrating on the glass which distracted them from the parts during the normal ride that 
gave them discomfort.  
 

- Respondent 9: “When I was doing the glass, I was just thinking about how now I'm 
going to do well on the actual game part, [...] Just competitive, I ignored everything 
else, all the other stimuli.” 

 
- Respondent 10: “This thing about the glass feeling, but it helped, because that's what 

you focused on, like catching the water.” 
 
Respondent 9 also brought up the terms Ilinx and Agon from Man, Play and Games, which 
are play forms which first describes an experience that causes a strong emotion while Agon 
describes something competitive. These terms were used in their prior education, during video 
game development, which highlights what experiences people will look for and that they 
associate Ilinx with the normal ride and Agon with the minigame. 
 
Respondents 3 and 10 only did the minigame and not both rides due to both being susceptible 
to motion sickness. They are comfortable with VR and respondent 3 has a VR headset that 
they use. They also might have postural stability problems, due to them frequently adjusting 
their whole body during the ride at specific moments like turns and descents along with not 
having a strong point to balance from, due to only being able to hold the controllers. They 
also mentioned the lack of control during the ride made them more motion sick. 
 

- Respondent 3: “Yes, you had no control. No, you had no control over what happened 
and I can't hold on to anything but the controls and that's not a fixed point.” 

 
This same test was done with respondent 10, but they did not exhibit the same reaction, rather 
they tensed up and stopped moving and even mentioned in the interview they closed their 
eyes when the ride got too uncomfortable for them. 

5.2. SSQ results  
When examining the results of the SSQ, based on “Table 1: SSQ results visualized with 
descriptive statistics”, it demonstrates how the main symptom that was most reported was 
discomfort followed by oculomotor and finally nausea. This can be attributed to the fact that 
Epic Roller Coasters experience consists of quick motion while the player remains stationary 
in the cart. The high discomfort and in turn nausea can be linked back to the SSQ weight 
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factor under the header “Simulator Sickness Questionnaire” where it consists of symptoms 
related to dizziness along with answers from respondents that had discomforts related to the 
minigame, specific points where they felt more sick and respondents that were more motion 
sick.  
 
How each respondent scored on the SSQ categories along with the order of the modes can be 
seen under “Appendix 6: SSQ score per respondent”. 

 

  Nausea oculomotor Discomfort 

N 28 28 28 

Mean 26.6 29.2 38.8 

Median 23.9 22.7 34.8 

Minimum 0.00 0.00 0.00 

Maximum 66.8 91.0 139 

Table 2: SSQ results visualized with descriptive statistics in Jamovi. 

Before comparing the results on each SSQ category, it should be made clear that respondents 
3 and 10 only did the survey for the “Before” and “Minigame”, meaning they only show up in 
the bar plots (1-3) under those two “Test” categories. The rest of the respondents show up in 
all the other “Test”, as labelled in the bar plots.  
 
When it comes to what order for each respondent on the modes in Epic Roller Coasters, those 
that did the minigame first before moving on to the normal ride were: 

- 4 and 9 (3 and 10 only did the minigame).  
 
While those that did the normal ride first before moving on to the minigame were  

- 1, 2, 5, 6, 7 and 8. 
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Bar plot 1: Nausea scoring per respondent. 
 
When looking at the nausea scoring on “Bar plot 1: Nausea scoring per respondent” per 
respondent two outliers, respondents 1 and 3, emerge from the data. Respondent 1 had a sharp 
reduction in their nausea score when moving on from the normal ride to the minigame while 
respondent 3, who was susceptible to motion sickness and had trouble with balance, had a 
higher increase in their nausea score when doing the minigame. When it comes to the other 
respondents, they either had similar results with the nausea declining when doing the 
minigame, or it remaining unchanged from normal ride to minigame and vice versa. 
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Bar plot 2: oculomotor scoring per respondent. 
 
When it comes to the oculomotor scoring per respondent on “Bar plot 2: oculomotor scoring 
per respondent” it can be seen how respondents 1, 8, 9, 10 were the outliers in this category. 
Respondent 1, which had the highest in the “before” test, had the same score on both 
minigame and normal ride. This is interesting, considering it does not match with what one 
would expect considering what they described in the interview. Respondent 8 interestingly 
had a higher increase in their oculomotor score when going from normal ride to the minigame 
compared to other respondents that also had an increase. Respondent 9 also stands out here 
due to their oculomotor score remaining unchanged between all tests, which can possibly be 
explained due to their background with Man, Play and Games that influenced how their 
experience was between all tests. Finally, respondent 10 had a small increase in oculomotor 
score when going from before to the minigame, which can be attributed to the fact that they 
closed their eyes during parts of the ride that made them feel more tense and stop moving. 
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Bar plot 3: Discomfort scoring per respondent. 
 
Finally, when it comes to the final category of discomfort on “Bar plot 3: Discomfort scoring 
per respondent” respondents 1, 3, 4, 8 and 10 stand out. What makes respondent 1 stand out 
here is that their score reduced and went to 0 on the minigame, while on the normal ride it 
went up. This stands out compared to how the other respondents showed discomfort going 
down from normal ride to minigame or remained unchanged. Respondent 3 saw a high 
increase in discomfort during the minigame which lines up with what they described under 
the interview due to a lack of center point for them to balance from. Respondents 4 and 8 
stand out here due to their results not matching how they described the experience during the 
interviews, since they mentioned discomfort from having to do a task and getting tired in their 
arms and shoulders. This is not reflected in the SSQ and demonstrates some limitations with it 
as a tool for measuring cybersickness. Finally, respondent 10 saw an increase in their 
discomfort from before to the minigame except, however unlike respondent 3 their increase is 
smaller despite both of them being susceptible to motion sickness. This can likely be 
attributed to the fact that during the tests they tensed up in specific points during the ride and 
stopped moving which might have lead to their discomfort level being less than expected 

5.3. Coding and thematic analysis 
The coding and themes that have been created under the following tables (2-4) illustrate the 
responses and answers in the SSQ that were given by respondents 1-10 to the authors. The 
following codes were based on the memos that are from notes taken by the authors along with 
recordings, from those that agreed to be recorded, from the interviews. The following coding 
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covers the respondents' experiences, symptoms of cybersickness, how they mitigated their 
level of cybersickness along with other points of interest for this research study. From the 
codes, three themes were developed that demonstrated the respondents control and 
engagement during the rides, their experiences with VR and possible habituation to VR and 
the application Epic Roller Coasters and finally the psychological impact on them that they 
mentioned during the interviews. 
 

Memos Codes Themes 

Respondents who had 
less control during the 
ride and with the 
minigame mentioned 
higher levels of 
discomfort. 

Lack of control 

Control and engagement 

Respondents mentioned 
less discomfort with the 
minigame due to 
focusing on the glass and 
moving it around. 

Control during the 
minigame 

Respondents mentioned 
more discomfort when 
they were forced to do a 
specific task instead of 
being able to enjoy the 
ride. 

Control from not having 
to do a task during the 
ride 

Tasks distract from 
motion and reduce 
discomfort for some 
respondents 

Task focus 

Table 3: Theme “Control and engagement”. 
 
The first theme that emerged from the coding process was Control and engagement. This 
theme focuses on how respondents described the role of control during the VR experience and 
how different forms of engagement influenced their level of cybersickness. The theme was 
developed from codes related to: lack of control, control during the minigame, control from 
not having to do a task during the ride and task focus. These codes originated from 
respondents' descriptions of situations where they either felt discomfort due to a lack of 
control or experienced reduced discomfort by focusing on the minigame. 
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Several respondents described the normal ride as uncomfortable because they had limited 
control over the movement of the roller coaster. respondents mentioned how the rapid 
movement, turns and descents became more uncomfortable when they were unable to 
influence what happened in the environment. At the same time, some respondents explained 
that the minigame provided an alternative focus, where concentrating on the glass and 
keeping the water from spilling distracted them from the surrounding motion. However, this 
was not the case for all respondents. Some instead reported that the minigame introduced an 
additional demand that reduced enjoyment and increased discomfort because they were 
required to perform a task rather than focus on the ride itself. The theme therefore illustrates 
how control and engagement were experienced differently among respondents. While some 
respondents experienced greater discomfort due to a lack of control during the ride, others 
described how active engagement through the minigame reduced discomfort by shifting 
attention away from the motion in the environment. 
 
 

Memos Codes Themes 

Respondents who had 
less experience with VR 
mentioned discomfort 
more often due to not 
being used to the 
technology. 

Discomfort from less 
experience with VR 

Experience and habituation 
 

Respondents that found 
the experience fun, even 
those with discomfort, 
were willing to run the 
application again. 

Habituation 

Respondents that weren’t 
comfortable with VR 
specifically mentioned 
feeling dizzy. 

Dizziness 

Table 4: Theme “Experience and habituation”. 
 
The second theme identified during the coding process was Experience and habituation. This 
theme focuses on how previous experience with VR influenced respondents’ responses to 
cybersickness and how familiarity with VR appeared to shape their comfort during the 
experience. The theme was developed from the codes: discomfort from less experience with 
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VR, habituation and dizziness. Respondents with less experience of VR generally described 
more discomfort during the rides and often referred to feelings of dizziness, discomfort and 
unfamiliarity with the technology. Several respondents mentioned that they were not fully 
comfortable in VR environments, particularly when exposed to rapid movements and visually 
intense sections of the ride. These respondents often described the experience as unusual or 
overwhelming compared to respondents who had previous exposure to VR. 
 
At the same time, respondents with prior VR experience generally appeared more familiar 
with the sensations associated with virtual environments. Even though some still reported 
cybersickness symptoms, they often described themselves as more comfortable with the 
technology and more capable of tolerating the experience. Several respondents also described 
the rides as enjoyable despite moments of discomfort, indicating a willingness to continue 
using VR applications even after experiencing symptoms. This suggests that prior exposure 
and repeated interaction with VR may influence how cybersickness is experienced by 
different individuals. The theme highlights that cybersickness experiences varied depending 
on respondents’ familiarity with VR and that prior exposure appeared to influence both 
comfort and tolerance during the rides. 
 
 

Memos Codes Themes 

Respondents 4 and 8 
reported being more tired 
and discomfort from 
doing the minigame. 

Tasks not related to the 
expected experience lead 
to more discomfort 

Psychological impact 

Turns, loops and drops 
trigger discomfort 

Intense motion 

Angle and direction 
changes can cause nausea 

perspective shifts 

Respondent 10 mentions 
that they stopped moving 
when the ride became 
more scary for them. 

Tensed up and stopped 
moving  

Respondent 3 mentions 
how there is no strong 
center point for them 
during the ride. 

Balance issues 

Table 5: Theme “Psychological impact”. 
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The third theme identified through the coding process was Psychological impact. This theme 
focuses on how respondents psychologically reacted to different aspects of the VR experience 
and how these reactions influenced their experience of cybersickness. The theme was 
developed from the codes: tasks not related to the expected experience lead to more 
discomfort, intense motion, perspective shifts, tensed up and stopped moving and balance 
issues. Several respondents described how intense sections of the ride, particularly turns, 
loops and steep descents, contributed to discomfort and feelings of nausea. respondents 
frequently referred to these moments as more physically demanding due to rapid changes in 
direction and perspective. Some respondents described becoming tense or physically reacting 
when the ride became more intense, suggesting that the experience created both physical and 
psychological discomfort. 
 
The minigame also influenced respondents psychologically in different ways. Some 
respondents described frustration or fatigue when attempting to complete the task while the 
ride was ongoing, especially when they struggled to maintain the glass or felt discomfort in 
their arms and shoulders. Other respondents instead described the task as helpful because it 
shifted their focus away from the movement of the roller coaster. In addition, some 
respondents described reactions related to fear, discomfort or a lack of stability during the 
ride. One respondent described becoming tense and closing their eyes during more 
uncomfortable sections, while another respondent described difficulties finding a stable point 
of balance during the ride. These responses illustrate how respondents psychologically 
adapted to discomfort in different ways depending on their own tolerance and interpretation of 
the VR experience. The theme highlights how the psychological interpretation of the VR 
experience influenced cybersickness, where motion intensity, task expectations and personal 
coping strategies shaped how respondents experienced discomfort. 

6. Discussion 
This study has explored how users respond after having been in VR in the application Epic 
Roller Coasters in the stage Rock Falls. The purpose of this study has been to understand 
individual differences between users on their cybersickness across different modes in this 
application. The research questions are as follows: 
 

1. How do users describe the feeling of cybersickness while exposed to vection in Epic 
Roller Coasters? 

 
2. In what way does the introduction of a secondary task (built in mechanics in Epic 

Roller Coasters) influence the feeling of cybersickness compared to the normal riding 
experience? 
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In the coding and thematic analysis, three themes emerged. These themes demonstrate how 
users responded to their experience in VR and in this application. The following discussion 
will be done by utilizing the theories postural instability theory and the sensory conflict 
theory, along with research done in previous work to understand what significance this has to 
the established theories and results in previous studies. 

6.1. Analysis of semi-structured interviews  
The following section will cover the two different modes that were presented in the “Results” 
section. The first part will cover the normal ride and demonstrates how it aligns with the 
sensory conflict theory along with cognitive load. The second and final part covers the 
minigame section, which covers both the sensory conflict- and postural instability theory in 
the theoretical framework along with comparing the findings with previous research on 
cognitive load, VIMS and mitigating cybersickness. 

6.1.1. Normal ride 
The following section answers the first research question of this study. The normal ride 
represents a passive VR condition where respondents are primarily exposed to visually 
induced motion without any form of interaction or control. The findings from this condition 
states how cybersickness emerges in situations characterized by vection and limited user 
agency. From the interviews the respondents consistently described a mix of feelings of both 
enjoyment and discomfort, suggesting that the experience is simultaneously engaging and 
physically challenging. This aligns with the previous research described by Lee et al. (2024), 
where an VR experience can be perceived as entertaining even if symptoms of cybersickness 
are present. 
 
A pattern in the results is that discomfort was closely tied to specific motion-intensive 
segments of the ride, particularly turns, drops and vertical movements. respondents reported 
dizziness, nausea and a heavy-headed sensation during these moments, indicating that rapid 
changes in the direction and acceleration amplifies cybersickness symptoms. This supports 
the sensory conflict theory, where mismatches between visual motion and the lack of 
corresponding physical movement create perceptual conflict (Arshad et al., 2021; Dong et al., 
2011; Litleskare, 2021; Wojciechowski et al., 2024). In the normal ride, this conflict becomes 
more pronounced because users remain physically stationary while being visually exposed to 
intense motion, which increases the change of discomfort. Another explanation for this, that is 
still related to the sensory conflict theory, is that without a fixed point to focus on during the 
ride leads to increased feelings of dizziness and discomfort. This can be based on the 
responses from respondent 4, who describes how they felt more discomfort because of their 
eyes more freely moving around compared to the minigame. This can in turn be associated 
with cognitive load, since previous research has demonstrated how increased mental efforts 
from taking in more information from the virtual environment can lead to cybersickness 
(Gasteiger et al., 2022; Shao et al., 2025).  
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6.1.2. Minigame 
The following section answers the second research question of this study and demonstrates 
how the respondents answers in the interview differ between the theories for explaining 
cybersickness. Firstly, focusing on the postural instability theory, there were two responses 
from respondents 4 and 8 that highlighted general discomfort based on movement and how 
the addition of the minigame was the main cause of this. A common complaint can be seen to 
be with their arm that they used to hold the glass with. Respondents 3 and 8 as well mentioned 
how they felt some discomfort after having done the minigame. This can be linked to the 
users having poor balance and ergonomics. which can be linked to previous work by Arshad 
et al. (2021) and Dong et al. (2011) where they described in their research how users that 
either were naturally unstable or have poor balance were more susceptible to cybersickness.  
 
However, there could be other explanations to this as well. Respondent 9, who did not 
demonstrate these issues, brought up two interesting terms from their education in video game 
development, Ilinx and Agon, which describes what experiences people will look for. It could 
be argued that those respondents felt the minigame did not meet their expectations, causing 
increased discomfort. It could also be assumed that there was a higher cognitive load as a 
result of this on these respondents along with the difficulty of performing the tasks due to 
their discomfort. Previous studies have demonstrated how when there is a higher cognitive 
load on users in VR and difficulty performing tasks it can lead to an increase in the symptoms 
of cybersickness (Gasteiger et al. 2022; Shao et al., 2025; Prats-Bisbe et al., 2024). 
Respondent 10 demonstrated similar symptoms to respondents 3 and 8, but rather than 
showcasing balance problems they tensed up, stopped moving and even closed their eyes at 
specific points in the ride that made them more motion sick. They, unlike the others, took 
control and tried to mitigate their motion sickness. In previous research by Dong et al. (2011) 
they demonstrated how their passenger who had less control and moved more while driving in 
VR had higher reported cybersickness. Finally, to finish off on the postural instability theory, 
it can be seen that it varies between users in how they react when placed in a virtual 
environment and the theory can not be used as accurate predictor for explaining or predicting 
the onset of cybersickness for certain users, since each user presents the different symptoms 
of cybersickness in different ways from discomfort in arms, to moving around more and/or 
getting tensed and not moving.  
 
Moving on to the sensory conflict theory, it can be seen that there were conflicts for the 
respondents between what was visually shown and their body’s visual system in two different 
scenarios. Just like in previous studies, which demonstrates higher levels of cybersickness 
when there was more sensory conflict (Arshad et al., 2021; Bonato et al., 2008; Dong et al., 
2011; Herchenröder et al., 2025). Respondents mention how the glass that they were meant to 
hold made them focus on it rather than the rest of the environment, which in turn made them 
less likely to feel cybersick. This is also made clear by respondent 7, who mentions how they 
panicked and started looking around more and as a direct consequence, got more nauseous. 
The second scenario can be seen at specific points in the rides, turns and descents, where 
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respondent 10 closed their eyes in order to reduce their motion sickness, which can both be 
linked to the theory and the term known as visually induced motion sickness (VIMS). 
Vection, the illusion of self-motion, has been demonstrated to be a prerequisite in order for 
users to feel VIMS (Keshavarz et al., 2025). As can be seen with respondent 10 they had to 
close their eyes in order to avoid the onset of motion sickness from the visual motion during 
the ride at those specific points in the ride. Unlike the postural instability theory, this theory 
has in this study been more or less accurate to its description, valid, and across previous 
studies which has the implications of it being potentially more reliable in future studies on 
cybersickness. It would be recommended for future studies to validate how valid and reliable 
this theory is across a larger sample compared to the 10 respondents that this study made use 
of. 

6.2. Analysis of SSQ results 
Looking at the results of the SSQ a cybersickness profile for this application emerges in the 
form of discomfort>oculomotor>nausea. This pattern, with discomfort being the largest, can 
be explained as a result of the mismatch between the visual and vestibular systems of the 
respondents that partook in this study. This mismatch can lead to increased feelings of motion 
sickness, with its symptoms being outlined in the SSQ (Kennedy et al., 1993). Previous 
studies have demonstrated how motion or vection along with the sensory conflict theory can 
have an effect on the onset of motion sickness and VIMS (Arshad et al., 2021; Bonato et al., 
2008; Herchenröder et al., 2025). Along with this, some respondents were more susceptible to 
motion sickness which could also have contributed to the increased feelings of discomfort. 
Based on the results of the SSQ in the discomfort category, a possible explanation for why it 
was the highest could be due to the sensory conflict theory along with the role cognitive load 
plays on cybersickness. The sensory conflict theory demonstrates an increase in the symptoms 
of cybersickness, with discomfort being one of those symptoms (Arshad et al., 2021; Dong et 
al., 2011; Gasteiger et al., 2022; Kiryu et al., 2008; Lee et al., 2026; Litleskare, 2021; Shao et 
al., 2025; Wojciechowski et al., 2024).  
 
When it comes to cognitive load Gasteiger et al. (2022) along with Shao et al. (2025) 
demonstrated in their studies how more cognitive demands placed on users during VR 
exposure leads to increased levels of motion sickness and discomfort for them. Due to the 
minigame in Epic Roller Coasters causing discomfort for some of the respondents, cognitive 
load can be seen as having played a role in this. There has as well been demonstrated in 
previous research how physical adjustments are associated with higher levels of discomfort 
(Pokhrel and Hwang, 2024; Wojciechowski et al., 2024). This can be linked to the postural 
instability theory, where the respondents had to adjust themselves during the minigame with 
some of them mentioning discomfort in their arms and shoulders. This could explain the 
increased discomfort, due to the theory showcasing how physical movement precedes the 
symptoms of cybersickness (Arshad et al., 2021; Dong et al., 2011; Litleskare, 2021; 
Wodarski et al., 2022). The HMD can be excluded from this discussion, since very few of the 
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respondents mentioned discomfort with the HMD, even though previous research has found 
links between it and the onset of cybersickness (Ardıç et al., 2023; Arshad et al., 2021). 
However, future research on a larger sample and a more generalizable result would be 
necessary to verify these claims.  
 
As for the second category of oculomotor in the SSQ, which was the second highest, it can as 
well be attributed to the sensory conflict theory and the postural instability theory along with 
cognitive load. As was presented with discomfort, the mismatch between visual and vestibular 
systems has an effect on motion sickness which in turn leads to an increase in the feelings of 
motion sickness (Arshad et al., 2021; Bonato et al., 2008; Herchenröder et al., 2025). But, 
what is interesting with this category is what symptoms Kennedy et al. (1993) includes within 
it. It consists of similar symptoms like discomfort but also fatigue, headache, eyestrain and 
difficulty focusing. These symptoms have been singled out due to previous research by 
Gasteiger et al. (2022) and Shao et al. (2025) on cognitive load demonstrates how fatigue and 
headache increases during increased mental demands in VR. Along with this, higher 
discomfort associated with difficulty of performing tasks can as well lead to increased 
feelings of cybersickness symptoms, which can be associated with the difficulty of focusing 
on the glass during the minigame (Prats-Bisbe et al., 2024). This in turn explains why this 
category ended up being second highest, along with it consisting of similar symptoms as can 
be seen on the discomfort category in Kennedy et al. (1993) SSQ. 
 
As for the third category in the SSQ, nausea, it scored the lowest of the three categories and 
covers symptoms related to nausea such as sweating and feeling sick (Kennedy et al., 1993). 
Unlike the other two categories, that had symptoms similar to each other related to 
discomforts and can occur from the same source, nausea sticks out. When analysing per 
respondent on “Bar plot 1: Nausea scoring per respondent.”, it either increases due to them 
being more susceptible to motion sickness or it remains unchanged between tests. What can 
be deduced from this is that the nausea category is more likely for respondents that are 
susceptible to motion sickness. Based on the theoretical framework this can only be linked to 
the postural instability theory, since the susceptible respondents demonstrate movements in 
their body segments which preceded the onset of cybersickness, whose symptoms are similar 
to motion sickness (Arshad et al., 2021; Dong et al., 2011). However, this could also be 
explained due to how the respondents acted during the tests. For example, respondent 10 
closed their eyes when they felt more tense during the ride and stopped moving which would, 
in turn, have lowered their expected nausea levels. 
 
When reflecting on the SSQ and how it was used in this study, some limitations arose with it. 
When comparing it to what the respondents described in the interviews, it differed between 
respondents. In “Bar plot 3: Discomfort scoring per respondent.” respondents answers in the 
interviews, such as respondent 3, matched what they described due to balance issues. 
However, for respondents 4 and 8, this did not match how they described their experience in 
Epic Roller Coasters. This could suggest that the SSQ does not cover all symptoms of 
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cybersickness and previous research by Dong et al. (2011) suggest that its better suited for 
measuring symptoms derived from motion sickness. However, due to the study’s inductive 
and exploratory approach, this could be due to the study’s data process. Bryman (2016) 
suggests a deductive approach when the aim is to test researchable entities in which you form 
hypotheses based on existing theories. The SSQ might not be suitable for a qualitative 
approach, but literature search and future research on how applicable it is in a quantitative 
approach would be recommended. 

6.3. Analysis of themes 
The following section presents an analysis of the themes that emerged through the coding and 
thematic analysis. The purpose of this analysis is to further understand how respondents 
experienced cybersickness during the VR exposure in Epic Roller Coasters and how these 
experiences differed depending on the conditions of the rides. The three themes, Control and 
engagement, Experience and habituation and Psychological impact, are analysed in relation to 
previous research and the theoretical framework of this study, specifically the postural 
instability theory and sensory conflict theory. By analysing the themes in relation to 
respondents’ experiences and previous findings, this section aims to provide a deeper 
understanding of how cybersickness was experienced and interpreted by different users in the 
virtual environment. 

6.3.1. Control and engagement 
The first theme identified through the thematic analysis was Control and engagement. This 
theme focuses on how respondents experienced cybersickness differently depending on 
whether they felt in control during the VR experience and how their level of engagement 
influenced their discomfort. The findings from this study indicate that control in VR is 
experienced in multiple ways and that engagement through tasks can both reduce and increase 
cybersickness depending on the individual user. 
 
A recurring finding in the interviews was that respondents described the normal ride as more 
uncomfortable because they lacked control over the movement of the roller coaster. Several 
respondents explained that turns, descents and rapid movement felt more uncomfortable due 
to being unable to influence what happened in the environment. Respondent 3, who only 
completed the minigame condition due to being susceptible to motion sickness, specifically 
mentioned how the lack of a stable point and inability to control the ride contributed to 
discomfort. This can be linked to previous research by Dong et al. (2011), who found that 
respondents with less control over movement in virtual environments experienced higher 
levels of cybersickness compared to respondents who had more active involvement. In their 
study, passengers reported more cybersickness than drivers due to the reduced sense of 
control over movement. Similar tendencies can be observed in this study, where respondents 
described the passive nature of the roller coaster as contributing to discomfort and 
cybersickness symptoms. 
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However, the findings also demonstrate that control was not only related to physically 
influencing the ride, but also to how respondents mentally engaged with the experience. 
Several respondents, particularly respondents 9 and 10, described the minigame as reducing 
discomfort because focusing on keeping the glass full shifted their attention away from the 
motion of the roller coaster. Respondent 9 described how they ignored surrounding stimuli 
and instead focused on performing well in the task, while respondent 10 explained that 
focusing on catching the water made the ride feel easier to tolerate. This finding can be 
interpreted through the sensory conflict theory, where visually induced motion creates a 
mismatch between visual and vestibular input (Arshad et al., 2021; Bonato et al., 2008; 
Litleskare, 2021). By focusing on the glass rather than the surrounding environment, 
respondents may have reduced their attention toward visually intense motion, which 
potentially lowered the sensory conflict and in turn cybersickness symptoms. 
 
At the same time, the minigame did not improve the experience for all respondents. 
Respondents 4 and 8 instead described increased discomfort due to the physical and mental 
demands of having to actively perform a task during the ride. Respondent 8 specifically 
reported discomfort in the shoulder and arm, while respondent 4 described the task as 
interfering with the enjoyment of the experience. These findings align with previous research 
on cognitive load in VR. Shao et al. (2025) demonstrated that increased mental demands and 
complex decision making can increase motion sickness symptoms, while Gasteiger et al. 
(2022) found that sustained cognitive demands in VR environments contribute to discomfort 
and fatigue. Similarly, Prats-Bisbe et al. (2024) reported that tasks which are difficult to 
perform in VR environments can increase cybersickness symptoms. In relation to this study, 
the minigame may therefore have increased discomfort for some respondents due to the added 
demand of simultaneously managing balance, movement and task performance during 
vection. 
 
The findings of this theme therefore suggest that engagement and control influence 
cybersickness differently depending on the user. For some respondents, engagement through 
the minigame functioned as a distraction that reduced attention toward the motion of the 
environment and lowered discomfort. For others, the additional task instead increased 
discomfort due to higher cognitive and physical demands. This highlights how cybersickness 
is influenced not only by sensory conflict and the virtual environment itself, but also by how 
users experience agency, attention and engagement during VR exposure. 

6.3.2. Experience and habituation 
The second theme identified through the thematic analysis was Experience and habituation. 
This theme focuses on how previous experience with VR influenced respondents’ 
experiences, cybersickness and how familiarity with virtual environments appeared to shape 
their comfort and tolerance during the VR exposure. The findings from this study suggest that 
prior experience with VR may influence how cybersickness is experienced, although previous 
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exposure does not appear to eliminate symptoms completely. 
 
A recurring pattern in the interviews was that respondents with limited prior experience of VR 
generally described higher levels of discomfort and dizziness compared to respondents who 
were more familiar with the technology. Respondents 2 and 4, who reported limited VR 
experience, frequently described the experience as unusual, uncomfortable and physically 
demanding. Respondent 4 specifically described feeling uncomfortable despite finding the 
experience interesting and enjoyable, highlighting how unfamiliarity with VR may contribute 
to cybersickness symptoms even when the experience itself is perceived positively. These 
findings align with previous research by Arshad et al. (2021) and Herchenröder et al. (2025), 
which suggest that individuals who are less accustomed to virtual environments may be more 
susceptible to cybersickness due to difficulties adapting to sensory inconsistencies between 
visual motion and bodily sensation (Arshad et al., 2021; Herchenröder et al., 2025). 
 
The findings can also be interpreted through the sensory conflict theory, which proposes that 
cybersickness occurs when there is a mismatch between visual input and the vestibular system 
(Arshad et al., 2021; Dong et al., 2011). respondents with limited VR experience appeared 
less familiar with these sensory mismatches and often described discomfort during rapid 
movements, turns and descents. This can be seen in how respondents frequently associated 
dizziness and discomfort with moments of rapid acceleration and changes in direction. Since 
respondents remained physically stationary while being visually exposed to movement, those 
unfamiliar with VR may have found it more difficult to adapt to these conflicting sensory 
signals.  
 
However, habituation in VR and virtual environments must be taken into consideration as 
well (Arshad et al., 2021; Wojciechowski et al., 2024). Respondents with previous VR 
experience generally appeared more tolerant of discomfort and more comfortable navigating 
the virtual environment. Respondent 3, who owned a VR headset and had previous exposure 
to VR, still reported discomfort during the ride but nonetheless chose to participate in the 
minigame condition despite being susceptible to motion sickness. Similarly, several 
respondents who described the rides as enjoyable expressed willingness to try the application 
again despite moments of discomfort. This aligns with previous research on habituation, 
which suggests that repeated exposure to VR environments can reduce cybersickness 
symptoms over time by allowing users to gradually adapt to sensory inconsistencies (Arshad 
et al., 2021; Lee et al., 2024). 
 
However, the findings of this study also suggest that habituation does not necessarily prevent 
cybersickness entirely. There are indications that individual susceptibility remains an 
important factor and previous findings demonstrate how cybersickness can still occur among 
experienced users, particularly in visually intense environments involving high levels of 
vection (Keshavarz et al., 2025; Wojciechowski et al., 2024). respondents who described 
themselves as comfortable with VR still reported discomfort during motion-intensive sections 
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such as loops, turns and steep descents. Respondents 3 and 10, both of whom reported 
susceptibility to motion sickness and only participated in the minigame condition, still 
experienced discomfort despite prior familiarity with VR. The findings of this theme therefore 
suggest that previous experience with VR influences how cybersickness is experienced and 
tolerated, but does not completely remove discomfort. Respondents with limited VR 
experience generally reported higher levels of dizziness and unfamiliarity, while more 
experienced users appeared better able to tolerate symptoms and continue engaging with the 
VR environment. At the same time, the findings highlight that habituation varies between 
individuals and that prior exposure alone may not be sufficient to fully mitigate cybersickness 
in highly motion-intensive virtual experiences. 
 

6.3.3. Psychological impact 
The third and final theme identified through the thematic analysis was psychological impact. 
This theme demonstrates how the different aspects of the VR experience influenced the 
experience of cybersickness. Based on what was identified in this theme, this can answer both 
research questions of this study. When it comes to the minigame, respondents 3 and 10 gave 
some interesting points that should be discussed further. Both of them can be explained with 
the postural instability theory, since the theory describes how movement in any of the body's 
segments precedes the onset of cybersickness (Arshad et al., 2021; Dong et al., 2011; 
Litleskare, 2021; Wodarski et al., 2022). It can be seen how the respondents had to adjust 
themselves based on balance issues. Balance issues were related to not having a strong center 
point along with having to stop moving in order to reduce the psychological impact on them. 
This aligns with the theory, but its only supported by two respondents and a larger sample 
would most likely be necessary to verify it. This is because previous research by Litleskare 
(2021) and Wodarski et al. (2022) demonstrate a weak link between these two and 
interestingly Dong et al. (2011) findings would suggest that it should be the opposite. 
However, for Dong et al. (2011) it could instead be reasonably assumed that its more about 
control, since more control could reduce the feelings of cybersickness. It should also be taken 
into consideration that their test was not in VR, which has implications for the conclusion of 
this study.  
 
As for the rest of the codes in the themes, they can be aligned with the sensory conflict theory 
and previous research on VIMS and cognitive load. The sensory conflict theory is applicable 
here since it demonstrates how the conflict between the body’s visual and vestibular system 
can be associated with intense motion along with the perspective shifts (Arshad et al., 2021; 
Bonato et al., 2008; Dong et al., 2011; Herchenröder et al., 2025). This in turn makes VIMS 
applicable here, since it is often used in previous research in conjunction with the theory 
along with it as well covering a visual and vestibular conflict (Arshad et al., 2021; Dong et al., 
2011; Wojciechowski et al., 2024). There is also the role of cognitive load that must be taken 
into consideration. Cognitive demands have been demonstrated to have an effect on users in 
VR and their feelings of cybersickness depending on the complexity of the environment and 
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the amount of information presented (Gasteiger et al., 2022; Shao et al., 2025). The specific 
points in the rides along with discomfort from the experience not matching expectations can 
be seen as to also have had an effect on the psychological impact on each respondent. 
 
However, this relationship with the identified applicable theory and previous research can not 
be assumed to confirm this, since previous research by Arshad et al. (2021) demonstrates how 
users can habituate to the virtual environment, which lowers their sensory conflict and in turn 
their feeling of cybersickness. In addition to this, there are also individualistic differences 
between users that must also be taken into consideration (Bonato et al., 2008; Litleskare, 
2021). Future research on this relationship would be recommended in order to determine how 
valid this theory is along with how users, who are more sensitive to sensory conflict, can 
habituate to a virtual environment in VR.  

7. Limitations and challenges 
When it comes to the limitations of this study, five limitations will be covered. The first 
limitation is with the sampling. The study utilized convenience sampling, which allowed for 
the authors to more easily find respondents for the study due to time constraints for tests and 
analysis. In order to have a more generalizable result, a future study of this nature should 
instead make use of non-convenience sampling. This ensures that the findings reflect the 
overall target population (Bryman, 2012).  
 
The second limitation with this study is with the respondents. This study did not consider age 
when comparing individualistic differences between the respondents, which could have 
affected the results. A recommendation for future research would be to explore how age might 
have an impact on cybersickness along with more previous research on this category. There 
are other aspects as well that need to be taken into consideration when it comes to the 
respondents. Each respondent could decide themselves whether to rest or not between tests, 
which ride they wanted to choose along with two of the respondents not being able to 
complete both modes in Epic Roller Coasters. The order of the tests were also different 
between each respondent, with six respondents doing the normal ride first, two doing the 
minigame first and the last two respondents only doing the minigame. This will have had an 
effect on comparability between respondents along with habituation, since previous research 
(Arshad et al., 2021; Wojciechowski et al., 2024) demonstrate how longer VR exposures 
reduces susceptibility to motion sickness and cybersickness. This approach ensured that 
respondents who were more susceptible to these maladies could choose to not proceed with 
these tests along with choosing which mode they felt more comfortable with along with how 
long they needed to rest between conditions. It would be recommended for future studies to 
focus on a specific aspect, such as habituation, along with the test conditions for each 
respondent. Future research would have to take into consideration user susceptibility to these 
maladies, which would mean clearly defining exclusion criteria for who can participate in the 
study. 
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The third limitation with this study involves the authors' own bias. Due to the qualitative 
nature of this study, the choice of the theoretical framework directly shapes the thematic 
analysis and it would be recommended for future research to evaluate the validity and 
reliability of the theoretical framework in order to give future recommendations for what 
frameworks to make use in order to research cybersickness and individualistic differences 
between users.  
 
The fourth limitation is related to the SSQ. When it comes to the SSQ by Kennedy et al. 
(1993), many of the users described symptoms which can be seen in the SSQ, which 
demonstrates its usability for measuring differences between multiple sessions in VR. 
Although, due to the small sample size along with this being a qualitative study, it would be 
practical to measure how valid the SSQ is as a measurement tool in quantitative studies.  
 
The fifth and final limitation is related to the literature search of this study. As can be seen in 
appendixes “Appendix 1: Structured literature search for research plan proposal” and 
“Appendix 3: Structured literature search for literature review”, the databases that were made 
use of in this study consists of Academic Search Premier and Business Source Complete. 
Other databases could have proven useful for the findings of this study, since the choice of 
literature will have affected the conclusion the authors made.  
 
When it comes to challenges that arose during the course of this study, the main challenge is 
related to having one headset. This limited the authors to only being able to do tests either 
together or one researcher would have to loan the headset to each other. This in turn had an 
effect on data collection, since the authors could not compare between each other when they 
worked separately. This was further exacerbated by the authors not living in the same city, 
which meant that the authors could not run multiple tests and this in turn limited the sample 
size of this study due to time constraints. This will have had an effect on the analysis, since 
not all of the respondents were willing to be recorded, leaving the authors to only make use of 
notes of what each researcher deemed was important. Future studies, with multiple 
researchers, should address this by either allocating more time for tests together or clearly 
defining what is to be noted down in the event that recordings of the interviews are not 
possible.  
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8. Conclusion 
The findings of this study emphasizes the individual differences between users on their level 
of cybersickness when exposed to VR. It demonstrates how, between different modes in Epic 
Roller Coasters, some users prefer one over the other due their own experiences along with 
their susceptibility to motion sickness. Those that are more motion sick are more likely to 
exhibit symptoms of motion sickness and report more problems related to postural instability 
and sensory conflict theories.  
 
When it comes to the first research question of this study, “How do users describe the feeling 
of cybersickness while exposed to vection in Epic Roller Coasters?”, it can be seen how users 
reported symptoms that are similar to both cybersickness and motion sickness that could as 
well be found in previous research and the theoretical framework. Although some interesting 
answers came up related to their own experience with VR and their susceptibility to motion 
sickness. As for the second research question, “In what way does the introduction of a 
secondary task (built in mechanics in Epic Roller Coasters) influence the feeling of 
cybersickness compared to the normal riding experience?”,  it can be seen how the 
respondents mentioned control and being able to focus on something else. There were as well 
here some answers that stood out related to discomfort along with their experiences. This 
presents the individual differences between users and where future research on cybersickness 
can be focused on. 
 
When it comes to the theories, it can be seen how it varies between users across both modes in 
the application, further demonstrating the individual differences when it comes to their 
experiences in VR and their level of cybersickness. As for the thematic analysis, themes that 
emerged demonstrates how users described mitigating their cybersickness and motion 
sickness along with what specifically led to this feeling for them. These findings have 
theoretical implications for what future research should focus on, such as habituation.    
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Appendixes 

Appendix 1: Structured literature search for research plan proposal 
Search 
nr 

Words Filter and databases Results 

#1 VR or virtual reality Peer-reviewed; Past ten 
years; english 

42 147 

#2 aspect* OR factor* Peer-reviewed; Past ten 
years; english 

3 636 768 

#3 affect* OR influence* OR 
impact* 

Peer-reviewed; Past ten 
years; english 

4 470 843 

#4 motion sickness OR simulator 
sickness OR cyber sickness 

Peer-reviewed; Past ten 
years; english 

1 752 

#5 S1 AND S2 AND S3 AND S4 Peer-reviewed; Past ten 
years; english 

90 

Appendix 2: Inclusion and exclusion criteria for literature review 
Inclusion criteria Exclusion 
Peer reviewed Articles that do not follow IMRAD 
English language Does not focus on cybersickness related to 

simulators 
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Appendix 3: Structured literature search for literature review 
Search 
nr 

Words Filter and databases Results 

#1 "VR sickness" OR "virtual reality 
sickness" OR "motion sickness" 
OR "simulator sickness" OR 
cybersickness 

Academic Search Premier; 
Business Source Complete 

3 151 

#2 VR OR "virtual reality" Academic Search Premier; 
Business Source Complete 

77 800 

#3 Onset OR Arrival OR trigger* Academic Search Premier; 
Business Source Complete 

945 673 

#4 simulat* OR "virtual 
environment*" OR "virtual 
model*" 

Academic Search Premier; 
Business Source Complete 

2 244 745 

#5 (S1) AND (S2) AND (S3) AND 
(S4) 

Academic Search Premier; 
Business Source Complete; 
Peer reviewed 

38 

Appendix 4: Survey on cybersickness 
Cybersickness survey 
This study follows the guidelines outlined in University West "Rules for students' processing 
of personal data"  

- https://www.hv.se/en/student/studies/The-Student-Handbook/rules-for-the-processing-
of-personal-data-in-student-degree-projects/  

  
You have been invited to participate in this research study on cybersickness conducted as a 
part of master's course in University West. 
 
Purpose of the study: 
VR has been shown to cause discomfort among users and is referred to in this field of 
research as cybersickness or motion sickness. The symptoms of cybersickness are commonly 
dizziness, discomfort and nausea and has been identified to be caused by different sources 
such as the hardware, the virtual training environment and user susceptibility to cybersickness 
 
The purpose of this study is to understand individual differences for users on occurrence of 
cybersickness by investigating how these symptoms occur and in turn why for different users 
in a qualitative approach. To achieve this, the application “Epic Roller Coasters” will be 
utilized in Virtual reality using the Meta Quest 3 headset. This allows for the researchers to 
understand how cybersickness occurs in the same virtual environment under different 
conditions for each respondent. 

https://www.hv.se/en/student/studies/The-Student-Handbook/rules-for-the-processing-of-personal-data-in-student-degree-projects/
https://www.hv.se/en/student/studies/The-Student-Handbook/rules-for-the-processing-of-personal-data-in-student-degree-projects/
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What participation involves: 

● You will be asked to first answer a short survey on your current severity level of 
symptoms related to cybersickness.  

● After this, you will be asked to wear the Meta Quest 3 headset and go through the ride 
"Rocky Falls" in "Epic Roller Coasters". The ride is 3min and 50sec. The ride consists 
of two modes, a normal ride and one with a minigame for balancing water in a glass. 
The researcher(s) determine the ride for each respondent. 

● You will then be asked to answer the survey again after the ride.  
● Finally, you will be asked to participate in a short interview (Max 1h) to describe the 

experience and answer a few questions that the researchers have. This interview will 
be recorded. Details on data handling are described further down.  

 
Participation: 

● Participation is voluntary and you can cancel the test at any time. 
● If you are not feeling well and wish to take the survey and/or the interview at a later 

date, this can be discussed with the researcher(s) for when it suits both parties at a later 
date. 

● If the respondent wishes to take the other ride in the application along with doing the 
survey and interview again, this can be discussed with the researchers on how to 
proceed. 

Processing and handling of data: 

● No personal data will be collected. 
● The responses in this survey are anonymous. 
● Each respondent is identified as respondents 1, 2, 3, ... in the masters thesis. 
● Data is stored securely on University west cloud servers and follow University West 

guidelines on GDPR. 
● Recordings are deleted after 30 days. 

 
By proceeding to do the survey, you agree to the above and give your consent to participate in 
the researchers' study. 
 
Simulator Sickness Questionnaire (SSQ) 
The following items are different symptoms associated with motion sickness where you will 
rate your current level of discomfort for the following symptoms from none, slight, moderate 
and severe. 
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If you have any questions about each item, do feel free to ask the researcher(s) to clarify them 
for you. 
 

 

Appendix 5: Interview guide 

Normal ride 
1. How would you describe the overall experience? 

 
2. Were there specific moments in the ride where you felt more cybersick? 

 
3. (Based on SSQ) Ask open-ended questions about differences between their responses 

on pre- and post SSQ. 
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4. Do you have prior experiences with VR? 
a. If yes, how would you say it affected the overall experience for you? 
b. If not, how would you describe the feeling of cybersickness? Was it mainly 

caused by the virtual environment, VR or both? 
 

5. (Based on observations) Ask open-ended questions about their movement during the 
ride. 
 

6. Is there anything else you like to add? 

Ride with minigame 
1. How would you describe the overall experience? 

 
2. How would you describe the addition of the minigame during the ride affected your 

level of cybersickness? 
 

3. Were there specific moments in the ride where you felt more cybersick? 
 

4. (Based on SSQ) Ask open-ended questions about differences between their responses 
on pre- and post SSQ. 
 

5. Do you have prior experiences with VR? 
a. If yes, how would you say it affected the overall experience for you? 
b. If not, how would you describe the feeling of cybersickness? Was it mainly 

caused by the virtual environment, VR or both? 
 

6. (Based on observations) Ask open-ended questions about their movement during the 
ride. 
 

7. Is there anything else you like to add? 
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 Appendix 6: SSQ score per respondent 

Test Name Nausea Oculomotor Discomfort Total score 

Before Respondent 1 47.7 83.38 55.68 20 

Normal ride Respondent 1 66.78 15.16 27.84 11 

Minigame Respondent 1 9.54 15.16 0 3 

Before Respondent 2 0 0 0 0 

Normal ride Respondent 2 0 0 27.84 2 

Minigame Respondent 2 19.08 7.58 41.76 6 

Before Respondent 3 9.54 15.16 0 3 

Minigame Respondent 3 66.78 60.64 139.2 25 

Before Respondent 4 0 0 0 0 

Minigame Respondent 4 47.7 53.06 69.6 17 

Normal ride Respondent 4 47.7 45.48 83.52 17 

Before Respondent 5 28.62 30.32 0 7 

Normal ride Respondent 5 9.54 0 13.92 2 

Minigame Respondent 5 9.54 7.58 13.92 3 

Before Respondent 6 0 0 0 0 

Normal ride Respondent 6 28.62 30.32 97.44 14 

Minigame Respondent 6 47.7 68.22 55.68 18 
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Before Respondent 7 9.54 22.74 0 4 

Normal ride Respondent 7 57.24 22.74 69.6 14 

Minigame Respondent 7 9.54 15.16 27.84 5 

Before Respondent 8 0 0 0 0 

Normal ride Respondent 8 47.7 60.64 97.44 20 

Minigame Respondent 8 47.7 90.96 55.68 21 

Before Respondent 9 19.08 45.48 41.76 11 

Minigame Respondent 9 28.62 45.48 55.68 13 

Normal ride Respondent 9 28.62 45.48 55.68 13 

Before Respondent 10 19.08 15.16 0 4 

Minigame Respondent 10 38.16 22.74 55.68 11 
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