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Σημείωμα Συγγραφέα 

Ο συγγραφέας βεβαιώνει ότι το περιεχόμενο του παρόντος έργου είναι αποτέλεσμα 

προσωπικής εργασίας και ότι έχει γίνει η κατάλληλη αναφορά στην εργασία τρίτων, όπου 

κάτι τέτοιο ήταν απαραίτητο, σύμφωνα με τους κανόνες της ακαδημαϊκής δεοντολογίας. 
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Abstract 

This study investigates the predictors of cybersickness within VR environments, focusing on 

the impact of individual differences such as age, gender, motion sickness susceptibility, 

VIMS, and previous digital interaction experiences. A total of 47 participants aged 18-45 

completed the MSSQ, VIMSSQ, GSQ, and CSQ-VR, and were immersed in a VR 

environment featuring a roller coaster ride. Responses to the CSQ-VR were collected both 

before and after the ride to measure changes in cybersickness levels. The study combined the 

MSSQ and VIMSSQ metrics to quantify susceptibility, demonstrating their effectiveness in 

predicting cybersickness outcomes. Demographic variables such as age and gender were not 

significant predictors of cybersickness intensity. Instead, individual histories of motion 

sickness and VIMS emerged as substantial predictors. Furthermore, digital interaction 

experiences, especially gaming and smartphone usage, were also significant predictors. 

Notably, the combination of the CSQ-VR and GCQ metrics revealed that proficiency in FPS 

games was strongly associated with reduced cybersickness symptoms, highlighting the 

protective effects of specific types of gaming experiences. This study advances our 

understanding of cybersickness by integrating empirical findings with theoretical insights, 

suggesting that the severity of cybersickness can be mitigated by considering individual 

susceptibility and digital interaction histories. The knowledge gained will enhance the 

understanding of the relationship between individual differences and sensitivity to 

cybersickness, providing valuable information for its prevention and management in VR 

environments. 

 

Key-words: Cybersickness, Virtual Reality, VR, Individual Differences, Smartphone, Video 

Game Skills, Motion Sickness 
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Introduction 

Immersive Virtual Reality (VR) emerges as a groundbreaking technology in the 21st 

century, marking the advent of a new era in digital immersion into simulated and alternative 

realities. This cutting-edge technology not only pushes the boundaries of virtual engagement 

but also promises to transform various sectors ranging from entertainment to healthcare by 

offering a multitude of promising applications. 

In the entertainment industry, early adoption of VR has revolutionized audience 

experiences, transporting them into realms once only imaginable (Foxman, 2018; Hartmann 

& Fox, 2021; Williams, 2015). With the declining cost of Head-Mounted Displays (HMDs), 

VR's accessibility and impact are expanding across various fields, notably in education and 

training. In higher education, VR enhances student engagement and academic outcomes 

(Marks & Thomas, 2022; Villena-Taranilla et al., 2022) and provides a rich environment for 

research (Radianti et al., 2020). In the realm of Serious Games, VR improves learning rates 

and skill development, leading to increased user satisfaction (Checa & Bustillo, 2020) and 

has shown its effectiveness in specialized training programs like cultural heritage education 

(Mortara et al., 2014). It is also effectively used in surgical and anatomical training (Barteit et 

al., 2021) and remote medical training (De Ponti et al., 2020). Furthermore, VR's realistic 

simulations significantly impact sectors such as neurosurgery and aviation (Davids et al., 

2021; K. M. Stanney et al., 2021), not only enhancing performance in commerce and tourism 

but also ensuring safer training in high-risk scenarios and fostering cultural and historical 

empathy (Xie et al., 2021). 

Moreover, as VR technology continues to evolve, its impact on healthcare, 

particularly in pain management and rehabilitation, is expected to grow significantly (Cano 

Porras et al., 2018; de Araújo et al., 2019; Lei et al., 2019; Pourmand et al., 2018). In 

neuropsychology, VR offers a wide range of applications, from conducting cognitive 
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assessments to implementing targeted rehabilitation protocols (Chatterjee et al., 2022; de 

Araújo et al., 2019; Kourtesis et al., 2021; Kourtesis, Kouklari, et al., 2023; Kourtesis & 

MacPherson, 2021; Shahmoradi & Rezayi, 2022). 

VR also supports populations traditionally considered vulnerable or resistant to 

technological innovations. Older adults, often hesitant about new technology, have adopted 

VR for cognitive stimulation and depression relief, with tools specifically designed for their 

needs (Bauer & Andringa, 2020; Piech & Czernicki, 2021; Yen & Chiu, 2021). Individuals 

diagnosed with Attention-Deficit Hyperactivity Disorder (ADHD) and Autism Spectrum 

Disorder (ASD) have also benefited from VR solutions aimed at therapeutic and recreational 

purposes (Corrigan et al., 2023; Glaser & Schmidt, 2022; Kourtesis, Kouklari, et al., 2023; 

Parsons et al., 2019; Romero-Ayuso et al., 2021; Zhang et al., 2022). Despite VR applications 

having a profound impact across diverse areas and involve sensitive populations, challenges 

such as cybersickness remain, potentially hindering the full adoption and maximization of 

VR technology's potential. 

Cybersickness in Virtual Reality 

The widespread adoption and utility of VR are significantly hindered by a critical 

issue – cybersickness, a major health and safety challenge in virtual environments that poses 

a substantial risk to both usability and performance (Costello & Howarth, 1996). This 

concern affects a large proportion of users, with estimates suggesting that 20-80% of VR 

users experience cybersickness (Caserman et al., 2021; H. Kim et al., 2021; Rebenitsch & 

Owen, 2021). This condition is characterized by a trio of symptoms—nausea, disorientation, 

and oculomotor disturbances—which substantially impair the enjoyment and effectiveness of 

VR applications. Unlike similar conditions such as simulator sickness and motion sickness, 

cybersickness has unique triggers and symptoms, primarily rooted in the immersive VR 

environment and induced by visual stimuli rather than physical movement (Davis et al., 2014; 
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K. M. Stanney et al., 1997). Cybersickness not only hinders the adoption and development of 

VR but also introduces potential biases in its applications. For example, in diagnosing 

neurodegenerative diseases, cybersickness symptoms could negatively affect spatial 

cognition, skewing diagnostic measurements (Maneuvrier et al., 2023a). 

The etiology of cybersickness remains only partially understood, with no unified 

theoretical consensus achieved. Current research explores several explanatory frameworks, 

including the sensory conflict theory, the eye movement hypothesis, the subjective vertical 

conflict theory, and the postural instability theory (Gallagher & Ferrè, 2018; LaViola, 2000; 

Lim et al., 2018). Among these, the sensory conflict theory is the most widely accepted, 

suggesting that cybersickness arises from mismatches among the visual, vestibular, and 

proprioceptive sensory systems (Davis et al., 2014; LaViola, 2000; Rebenitsch & Owen, 

2021). Specifically, VR-induced sensory dissonance arises when there is a mismatch between 

the visual system's perception of motion and the corresponding vestibular and proprioceptive 

inputs. This is particularly evident during vection, which is the illusion of motion despite the 

absence of actual physical movement (Palmisano et al., 2017; K. Stanney, Lawson, et al., 

2020). This sensory mismatch is particularly noticeable during VR's simulation of linear and 

angular accelerations, resulting in a misalignment between perceived and actual spatial 

orientation (J. Kim et al., 2021; Nesbitt et al., 2017). Addressing cybersickness is crucial for 

VR's technological advancement and user acceptance, highlighting the need for continued 

research into its causes and mitigations. 

Mitigation of Cybersickness 

Efforts to mitigate cybersickness in VR encompass advancements across both 

hardware and software sectors. Over time, the VR industry and scientific community have 

significantly enhanced immersive experiences (Kourtesis et al., 2019a). Continuous 

improvements aim to reduce the sensory mismatch between visual input and physical 
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sensation, a key factor that can destabilize balance and significantly contribute to 

cybersickness (Kourtesis et al., 2019a, 2019b; Palmisano et al., 2017). 

Hardware concerns in VR focus on the specs and performance of HMDs, including 

display technology, motion tracking, field of view, resolution, and refresh rate. The adoption 

of OLED screens, for instance, has improved response times and color quality, helping 

reduce VR-induced symptoms and effects (VRISE) like cybersickness (Kourtesis et al., 

2019a). Enhanced computing power in VR HMDs meets the high demands of VR 

applications, improving user experience. Additionally, the use of external devices and 

wearables that provide vestibular stimulation and haptic feedback helps synchronize physical 

sensations with virtual movements, minimizing sensory discrepancies and enhancing 

immersion and comfort in VR settings (Ang & Quarles, 2023). 

On the software front, innovations such as dynamic depth of field, which adjusts the 

focus based on where the user looks (Ang & Quarles, 2023), and spatial blur techniques like 

foveated depth-of-field blur, have shown to significantly reduce visual strain and 

cybersickness, with reductions as high as 66% (Hussain et al., 2021). Implementing Human-

Computer Interaction (HCI) principles is crucial, with designs that integrate spatialized 

sounds and ergonomic navigation methods such as gaze turning, teleportation, and point-to-

point movement. Moreover, clear tutorials and user-friendly design significantly decrease 

discomfort and enhance engagement (Ang & Quarles, 2023; Farmani & Teather, 2020; 

Kourtesis et al., 2019a, 2019b; Lin et al., 2023; Rebenitsch & Owen, 2016). These 

enhancements, alongside optimized refresh rates and minimized visual feedback latency, 

create a smoother and less disorienting VR experience (Ang & Quarles, 2023; Kourtesis et 

al., 2019a). 

The integration of static reference points within the VR environment, such as a virtual 

nose or cockpit frame, provides users with a sense of orientation relative to fixed objects, 
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significantly alleviating the sensory conflicts that contribute to cybersickness (Ang & 

Quarles, 2023; Farmani & Teather, 2020; Kemeny et al., 2017). However, the effectiveness 

of this approach varies depending on the VR application and its context. Additionally, 

employing music with joyful or calming influences has been found to decrease nausea-related 

symptoms, although its applicability varies across different VR environments (Kourtesis, 

Amir, et al., 2023). 

To combat cybersickness more actively, strategies such as habituation, which involves 

frequent exposure to VR to help users build resilience, are employed (Howarth & Hodder, 

2008). While this method proves effective, it is both time-intensive and costly, requiring a 

significant commitment from participants. Techniques such as reducing the field of view or 

employing "headlock" and "tunneling" methods are also used to mitigate cybersickness, but 

these can sometimes compromise the immersive quality of the VR experience (Ang & 

Quarles, 2023; Kemeny et al., 2017, 2020a; Wu & Suma Rosenberg, 2022). Despite these 

refinements, challenges persist, notably due to the high variability in individual susceptibility 

to cybersickness. Factors such as age, gender, and prior VR exposure necessitate tailored 

approaches to VR design (Abeele et al., 2021). 

While significant progress has been made, the ongoing challenge of minimizing 

discomfort while preserving the immersive qualities of VR underscores the industry's 

commitment to addressing cybersickness through collaborative and innovative efforts. As VR 

technology continues to evolve, the combined endeavors of developers and researchers are 

expected to refine and enhance the VR experience, making it more accessible to a broader 

audience. 

Measuring Cybersickness intensity and symptomatology 

A common method to assess cybersickness involves administering self-reporting 

questionnaires before and after VR exposure, allowing researchers to monitor changes in a 
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user's condition and the effects of VRISE (Kourtesis et al., 2019b; Saredakis et al., 2020). 

Initially, the Simulator Sickness Questionnaire (SSQ), developed by Kennedy et al. (1993) , 

served as a fundamental tool for documenting and categorizing VR sickness symptoms 

(Kemeny et al., 2020a). However, its application in VR settings has been critiqued for not 

adequately covering VR-specific issues, having a complex scoring system, and neglecting 

key symptoms such as nausea (Bouchard et al., 2021; Golding, 2006; Kourtesis, Linnell, et 

al., 2023; Sevinc & Berkman, 2020). These limitations prompted the development of the 

Virtual Reality Sickness Questionnaire (VRSQ), which aims to better target VR-induced 

symptoms and simplify scoring. Despite improvements, the VRSQ still faces criticism for its 

complex scoring, over-simplification of assessments, and failure to include important 

symptoms like nausea, limiting its effectiveness in capturing the full range of cybersickness 

experiences (H. K. Kim et al., 2018; Kourtesis, Linnell, et al., 2023). 

Furthermore, self-reporting methods can interrupt the VR experience and potentially 

alter physiological responses, leading to biased participant feedback. In response, researchers 

have shifted towards passive and continuous monitoring of physiological indicators to gain a 

deeper understanding of cybersickness (Davis et al., 2014; Weech et al., 2019). Techniques 

like electroencephalography (EEG) (Chang et al., 2023), electrocardiogram (ECG), 

electrogastrogram (EGG) (Himi et al., 2004), electrooculogram (EOG), and electrodermal 

activity (EDA) (Yokota et al., 2005) have shown promise in accurately detecting 

cybersickness (Dennison et al., 2016; Weech et al., 2019). However, these methods come 

with significant logistical and financial challenges, such as the complexity of using multiple 

sensors simultaneously and the high costs associated with advanced technologies like EEG. 

Key physiological changes linked to cybersickness—such as alterations in stomach 

activity, breathing patterns (Dennison et al., 2016), photoplethysmography (PPG) via pulse 

oximeter (Nalivaiko et al., 2015), and skin conductance (Gavgani et al., 2017)—highlight the 
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potential of these monitoring techniques. Yet, their practicality for everyday use is limited by 

high costs and operational complexity. Alternatively, wearable technologies like haptic 

gloves that incorporate heart rate monitors, PPG, and EDA sensors offer a more integrated 

approach to physiological monitoring within VR environments. These innovations, while 

promising, are often costly and not widely accessible, limiting their use to a narrow segment 

of consumers (Kourtesis et al., 2022; Pacchierotti et al., 2017). 

However, eye-tracking technology is gaining prominence as a tool for measuring and 

predicting cybersickness intensity. Utilizing metrics like pupil dilation, fixation duration, and 

gaze deviation, eye-tracking enhances the accuracy of cybersickness predictions and is 

increasingly recognized for its effectiveness (Chang et al., 2021; Kourtesis, Amir, et al., 

2023; Kourtesis et al., 2024; Kourtesis, Linnell, et al., 2023). As this technology becomes 

more integrated into HMDs, it offers a viable solution to the ergonomic and economic 

challenges posed by traditional physiological measurements. The growing incorporation of 

eye-tracking in VR systems underscores its potential in detecting cybersickness efficiently 

and unobtrusively. 

In response to all these challenges and new technologies, the Cybersickness in Virtual 

Reality Questionnaire (CSQ-VR) has been developed and validated, demonstrating improved 

internal consistency and psychometric properties (Kourtesis, Linnell, et al., 2023). The CSQ-

VR is recognized as a reliable and comprehensive tool for assessing the dynamic nature of 

cybersickness intensity during VR sessions (Kourtesis, Amir, et al., 2023; Kourtesis, Linnell, 

et al., 2023; Sokołowska, 2023; K. Stanney, Lawson, et al., 2020). Notably, it also 

incorporates a 3D-VR format that allows for continuous evaluation without disrupting VR 

immersion, unlike traditional paper-and-pencil methods. Moreover, the CSQ-VR integrates 

eye-tracking biometrics, making use of the prevalent eye-tracking technology in modern VR 

headsets. This makes it a versatile and user-friendly instrument suitable for a broad range of 
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experimental settings in cybersickness detection (Kourtesis, Amir, et al., 2023; Kourtesis et 

al., 2024; Kourtesis, Linnell, et al., 2023). 

Age and Cybersickness 

The relationship between age and cybersickness intensity in virtual reality is complex 

and not yet fully understood. Studies suggest that older adults tend to experience more 

intense cybersickness compared to younger ones, frequently exiting VR simulations 

prematurely due to discomfort (Kennedy et al., 2010; Keshavarz et al., 2018). This increased 

susceptibility among older adults has been linked to factors like postural instability, which 

may worsen with age, increasing their risk of cybersickness (Arcioni et al., 2019; Munafo et 

al., 2017). However, other studies present contrasting views, suggesting that older adults 

might experience less cybersickness, potentially due to variations in their physical condition 

(Boot et al., 2019; Dilanchian et al., 2021). However, our previous studies focusing on a 

younger demographic have not identified age as a significant predictor of cybersickness 

severity (Kourtesis, Amir, et al., 2023; Kourtesis et al., 2024). This highlights the need for 

further research across more age-diverse populations to better understand how age influences 

cybersickness. 

Gender and Cybersickness 

The relationship between gender and cybersickness remains a nuanced aspect of 

cybersickness research, with studies offering mixed findings on whether gender significantly 

influences cybersickness severity (Kourtesis, Amir, et al., 2023; Saredakis et al., 2020). 

While some studies indicate that women may experience greater sensitivity to cybersickness, 

potentially pointing to gender disparities (Chattha et al., 2020; Jasper et al., 2020; Munafo et 

al., 2017), this view is contested by other research that fails to find significant differences 

between genders (Curry et al., 2020; Melo et al., 2018; Saredakis et al., 2020; K. Stanney, 

Fidopiastis, et al., 2020). This debate is complicated by factors such as societal influences, 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 15 

with women historically reporting health symptoms more frequently and men to underreport 

them due to traditional expectations of masculinity (Boerma et al., 2016; Kelly et al., 2023). 

Objective physiological measures such as heart rate, EEG, ECG, and GSR collected 

during VR sessions have consistently demonstrated insignificant gender differences, 

contrasting with self-reported measures that suggest gender-specific sensitivities (Oh & Son, 

2022; Petri et al., 2020). This discrepancy highlights the potential biases in subjective 

reporting tools like the SSQ, questioning their reliability in accurately reflecting the true 

nature of cybersickness across genders. 

Further complicating the issue, recent studies challenge the notion that biological sex 

significantly influences VR discomfort. Research adjusting for factors like the proper 

alignment of the Inter Pupillary Distance (IPD) in VR headsets has shown that when the VR 

device is correctly adjusted to fit an individual’s IPD, gender differences in cybersickness 

largely disappear (K. Stanney, Fidopiastis, et al., 2020). This suggests that the fit and 

customization of VR equipment could play a crucial role in the user's experience, rather than 

inherent gender differences. Additionally, our prior studies suggest that gaming experience 

may influence the relationship between gender and cybersickness. By controlling for gaming 

background, differences in cybersickness between genders are reduced (Kourtesis, Amir, et 

al., 2023; Kourtesis et al., 2024), indicating that familiarity with digital environments may 

affect susceptibility to cybersickness. 

Overall, the complex interplay between gender, individual technology experience, and 

VR system design highlights the need for a nuanced approach to studying cybersickness. 

Future research should continue to explore these dynamics, using balanced study designs and 

adapted VR setups to better understand and mitigate the impacts of cybersickness across all 

users. 
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Susceptibility to Motion Sickness and Cybersickness 

Motion sickness and cybersickness, although triggered by different stimuli—physical 

movement and visual vection respectively—present clinically similar symptoms, especially in 

their advanced stages (Mazloumi Gavgani et al., 2018). Individual susceptibility to motion 

sickness varies widely, influenced by a complex interplay of physiological and psychological 

factors. Notably, the vestibular and somatosensory systems are crucial in this variability 

(Golding, 2006; Lackner, 2014). Dysfunctions in the vestibular system can reduce the 

incidence of motion sickness, while an increased reliance on somatosensory inputs may 

heighten susceptibility (Golding, 2006; Nachum et al., 2004). This variance extends into VR, 

where a history of motion sickness in individuals is associated with more severe 

cybersickness, suggesting underlying similarities in susceptibility between the two conditions 

(Jasper et al., 2023; Nesbitt et al., 2017; Rebenitsch & Owen, 2014; K. Stanney, Fidopiastis, 

et al., 2020). 

Cybersickness, like motion sickness, shows similar varied susceptibility patterns 

among individuals, influenced by both physiological and sensory processing factors (Golding 

et al., 2021; Lukacova et al., 2023). The Motion Sickness Susceptibility Questionnaire 

(MSSQ) has been validated for assessing motion sickness based on individuals' experiences 

with physical motion, emphasizing the vestibular system's role (Golding, 2006). However, 

the rise of cybersickness has led to the development of specialized assessment tools, such as 

the Visually Induced Motion Sickness Susceptibility Questionnaire (VIMSSQ), which 

focuses on susceptibility to cybersickness from screen exposure, including smartphones and 

HMDs (Golding et al., 2021; Keshavarz et al., 2019, 2023). 

Despite the limited predictive power of the MSSQ for cybersickness intensity 

observed in earlier studies (Kourtesis, Amir, et al., 2023; Kourtesis, Linnell, et al., 2023), 

potentially because it was used to exclude participants with high MSSQ scores, our latest 
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study identifies it as a significant predictor of cybersickness (Kourtesis et al., 2024). In line 

with suggestions from previous studies (Golding et al., 2021; Keshavarz et al., 2023), our 

study proposes that combining the MSSQ with the VIMSSQ may offer a more 

comprehensive understanding of susceptibility to both motion sickness and VIMS. This 

integrated approach could enhance the prediction of cybersickness intensity and help 

determine whether general susceptibility to motion sickness or specific sensitivity to vection 

plays a more significant role in cybersickness symptomatology and intensity. 

Technology Experience and Cybersickness 

As technology evolves, the landscape continues to shift away from desktop 

dominance toward mobile devices, which are increasingly becoming the preferred platform 

for daily digital activities. While desktop computers still hold sway for more complex 

computing tasks, smartphones have taken over many functions traditionally managed by 

desktops, such as internet browsing, emailing, document creation, and media editing 

(Bouchrika, 2024). This transition is driven not just by the portability and user-friendly 

interfaces of mobile devices but also by their expanding role in our everyday digital 

interactions. 

In our earlier study, computer experience alone was not a reliable predictor of 

cybersickness (Kourtesis, Amir, et al., 2023; Kourtesis et al., 2024). However, literature 

indicates that visually induced cybersickness can occur from exposure to any type of screen 

such as smartphones (Kemeny et al., 2020b; Keshavarz et al., 2023; Soewardi & Izzuddin, 

2020). Further studies suggests that regular interaction with digital interfaces, particularly 

through smartphones, may act as a form of gradual acclimatization, reducing cybersickness 

by fostering sensory adaptation and enhancing the ability to process dynamic visual content 

(K. Stanney, Lawson, et al., 2020). Our latest study (Kourtesis et al., 2024) corroborates this, 

providing empirical evidence that extensive smartphone use correlates with diminished 
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cybersickness intensity. This finding supports the notion that as smartphone usage overtakes 

traditional computing activities, regular interaction with these devices may help mitigate the 

effects of cybersickness. 

Additionally, research suggests that individuals with a significant history of VR usage 

often report a lower susceptibility to cybersickness, indicating that familiarity with VR 

environments might mitigate the effects of conflicting visual-vestibular stimuli (Golding, 

2006; Johnson, 2005; Knight & Arns, 2006). This reduction in symptoms is likely due to a 

habituation effect that develops over time. Regular and varied use of VR might therefore 

enhance resilience to cybersickness, with variations across individuals (Rebenitsch & Owen, 

2021). However, the literature presents mixed findings; while some studies observe increased 

resilience in experienced VR users, others report no significant differences (Tian et al., 2022). 

Adding to this complexity, recent studies by Jasper et al. (2023) and Kourtesis, Amir, et al. 

(2023) did not corroborate these findings, potentially due to the skewed distribution of VR 

users within their sample, underscoring the importance of accounting for VR user experience 

diversity. In conclusion, the variability in personal experiences with technology appears to 

significantly influence susceptibility to cybersickness and our understanding of the 

mechanisms behind resilience. 

Gaming Experience and Cybersickness 

Research has increasingly shown that gaming is associated with reduced 

cybersickness intensity, as detailed in studies by Grassini et al. (2021), Keshavarz (2016), 

Pöhlmann et al. (2021, 2022), and the large study by Weech et al. (2020). Notably, our 

previous research has identified gaming experience as a significant predictor of decreased 

cybersickness intensity, highlighting its protective effects by examining both frequency and 

gaming proficiency (Kourtesis, Amir, et al., 2023; Kourtesis et al., 2024; Kourtesis, Linnell, 

et al., 2023). These findings suggest that extensive gaming may acclimatize users to virtual 
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environments and complex motion cues, thus mitigating cybersickness. However, 

inconsistencies in the literature findings exist, as some VR gamers continue to experience 

cybersickness despite their gaming background (Rangelova et al., 2020). These findings 

indicate a complex relationship between gaming experience and individual susceptibility to 

cybersickness, implying that nuanced aspects of the gaming experience could significantly 

influence its impact on cybersickness. 

The wide range of gaming genres, including action, first-person shooters (FPS), and 

role-playing games (RPGs), significantly influences players' physiological and biochemical 

states and enhances various cognitive abilities (Baniqued et al., 2013; Krarup & Krarup, 

2020; Spence & Feng, 2010). The unique demands each genre places on visual processing, 

spatial navigation, and psychomotor coordination could potentially bolster individual 

resilience to cybersickness, tailored by specific gaming experiences (Kourtesis et al., 2024). 

Visually fast-paced games, particularly in the action and FPS categories, immerse 

players in environments requiring the management of multiple simultaneous visual stimuli 

and rapid responses to sudden changes within a dynamic, 360-degree setting (Spence & Feng, 

2010). Such gameplay involves extensive camera rotations, where visual rotational 

oscillations and movements are closely linked with the emergence of cybersickness 

symptoms (Maneuvrier et al., 2023b). Continuous engagement with these demanding 

conditions could potentially contribute to long-term cognitive resilience and adaptability to 

visually induced motion sickness. 

Research further indicates that the level of immersion, especially in first-person VR 

experiences, significantly impacts vection, a key factor in the development of cybersickness 

(Maneuvrier et al., 2023b). While a first-person perspective intensifies immersion, it may also 

escalate cybersickness intensity due to increased sensory conflicts (Clarke et al., 2016; 

Denisova & Cairns, 2015; Martirosov et al., 2022; Monteiro et al., 2018; Shafer et al., 2019). 
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Consequently, the cognitive benefits of engaging in visually fast-paced games like action and 

FPS may be unique and lasting, potentially equipping frequent players with a developed 

resilience to vection and consequently reduced cybersickness intensity. 

Current Study Aims 

The existing literature highlights that VR is a revolutionary tool with a broad range of 

applications across education, research, and health industry. Despite the potential of VR 

technology, the prevalence of cybersickness can significantly hinder its widespread adoption. 

Ongoing research continues to explore how individual differences—such as technological 

proficiency, gender, and susceptibility to motion sickness and VIMS—affect the 

symptomatology and intensity of cybersickness. Furthermore, there is a need to delve deeper 

into how different gaming genres influence cybersickness aspects, as experiences vary 

significantly across genres. Given these considerations, the research aims are formulated into 

the following hypotheses to further investigate these possible effects: 

H1: Susceptibility to Motion Sickness and/or VIMS will be significant predictor(s) of 

the intensity of cybersickness. 

H2: The demographics of the participants will not significantly predict cybersickness 

intensity. 

H3: Computer, Smartphone, Gaming, and/or VR experience will predict the intensity 

of cybersickness symptomatology. 

While the literature does not provide definitive evidence on how various game genres 

specifically impact cybersickness, preliminary observations suggest that fast-paced action 

games and FPS games may induce a habituation effect, potentially reducing the intensity of 

cybersickness symptoms. Given this possibility, our research question is formulated as 

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

symptomatology? 

Materials and Methods 

Virtual reality Hardware & Software 

This study employed the HTC Vive Pro Eye, which features an integrated eye-

tracking system capable of capturing binocular gaze data at a frequency of 120Hz refresh 

rate, with a precision range between 0.5° and 1.1°. It offers a 5-point calibration process and 

supports a tracking field of view of up to 110°. This equipment not only meets but exceeds 

the established hardware requirements for reducing or preventing cybersickness, as identified 

by Kourtesis et al. (2019a). Therefore, its use guarantees that any cybersickness induced 

within the virtual setting is due to the designed linear and angular accelerations, rather than 

from hardware limitations. Additionally, the development of the VR software for this study 

adhered to rigorous guidelines aimed at creating VR applications for research and clinical 

purposes. These guidelines have been demonstrated to effectively lessen symptoms of 

cybersickness, according to Kourtesis et al. (2020) and Kourtesis & MacPherson (2021), 

further minimizing the potential influence of software attributes on the occurrence and 

severity of cybersickness symptoms. 

Virtual Environment Development 

The development of the virtual environment employed in the study leveraged the 

Unity3D game engine, consistent with the methodology used in our preceding research on 

cybersickness (Kourtesis, Amir, et al., 2023; Kourtesis et al., 2024; Kourtesis, Linnell, et al., 

2023). Interaction within this environment was enhanced through the use of the SteamVR 

SDK, which facilitated intuitive engagement mechanisms, specifically through the 

implementation of virtual hands/gloves. This choice was informed by the recognition that 

gaming experience can significantly influence task performance (Kourtesis & MacPherson, 
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2021). Consequently, the environment was configured so that interactions could be initiated 

and confirmed through simple touch-based actions rather than button presses, enhancing the 

naturalness of the user experience. 

In an effort to eliminate potential biases related to gender or race, the SteamVR 

virtual gloves were designed to be neutral, following recommendations from prior studies 

(Schwind et al., 2017). To ensure clarity and ease of task execution, instructions within the 

VR environment were presented in a multimodal format, combining video, audio, and text. 

Audio instructions were generated using Amazon Polly, which produced neutral, natural-

sounding voice clips. Additionally, audio feedback was spatialized with the SteamAudio 

plugin to enhance the immersive quality of the environment. The experimental design was 

managed using the bmlTUX SDK (Bebko & Troje, 2020), which provided tools for exporting 

data in CSV format, and simplifying the overall management of the experimental protocol. 

Roller Coaster Ride: Linear and Angular Accelerations 

In this study, the roller coaster simulation, key to our investigation of cybersickness, 

is designed using the same techniques employed in our previous research (Kourtesis, Amir, et 

al., 2023; Kourtesis et al., 2024; Kourtesis, Linnell, et al., 2023). The ride, lasting 

approximately 12 minutes, was meticulously crafted to expose participants to a range of 

linear and angular accelerations, effectively simulating the dynamics of a roller coaster on a 

moving platform. The ride's trajectory was animated to convey movement on a platform with 

a primary forward direction, with a notable reverse along the z-axis towards the end. The 

sequence of accelerations was strategically planned as follows: initially, linear acceleration 

occurred along the z-axis; this was followed by angular acceleration involving the z- and y-

axes; next, there was comprehensive angular acceleration covering the z-, x-, and y-axes; 

subsequent movements included angular acceleration on the roll axis, intensified linear 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 23 

acceleration on the z-axis, angular acceleration on the yaw axis, and finally, extreme linear 

acceleration on the y-axis with a subsequent reversal on the z-axis. 

Consistent with our previous studies (Kourtesis, Amir, et al., 2023; Kourtesis et al., 

2024; Kourtesis, Linnell, et al., 2023) the virtual environment was designed with a 

minimalistic aesthetic, primarily using black and white shades to focus the participants' 

experience on the accelerations. This choice was deliberate to minimize distractions and 

potential extraneous variables that could inadvertently influence the onset or intensity of 

cybersickness symptoms. Additionally, the environment featured a tiled pattern, providing 

visual cues that assist users in navigating changes in direction and perceiving alterations in 

altitude. This setup was aimed at ensuring that any symptoms of cybersickness could be 

attributed to vection, rather than other elements such as color intensity, thereby facilitating a 

clearer analysis of the ride's effects on cybersickness. 

Cybersickness in Virtual Reality Questionnaire (CSQ-VR) 

This study used the CSQ-VR, a measure with validated superior psychometric 

qualities over the SSQ and VRSQ, to assess the intensity and symptomatology of 

cybersickness (Kourtesis, Linnell, et al., 2023). The CSQ-VR was developed to address 

previous limitations of the VRISE component of the VR Neuroscience Questionnaire, and it 

has demonstrated strong structural and construct validity (Kourtesis et al., 2019b). The 

questionnaire’s format is concise, consisting of just six questions producing clear results 

(Kourtesis, Linnell, et al., 2023; Somrak et al., 2021). It calculates a total score along with 

scores from three subcategories: Oculomotor, Vestibular, and Nausea. Each subcategory is 

assessed with two questions on a 7-point Likert scale that ranges from "1 - absent feeling" to 

"7 - extreme feeling", with each point clearly labeled both numerically and textually for 

enhanced clarity. The score for each subcategory is calculated by summing the two 

corresponding responses, with each subscore relating to a specific type of symptom. 
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Moreover, CSQ-VR is available in two formats: a traditional paper-and-pencil version 

and a 3D version designed for use within virtual environments. The paper-and-pencil version 

is administered before and after VR exposure to measure cybersickness. The 3D version 

presents questions at the top of the user interface during VR immersion, highlighting selected 

responses in red. Participants adjust their answers using a slider, selecting a number directly 

or sliding to the desired value. A video description of the 3D VR version of the CSQ-VR can 

be viewed at the following link: https://www.youtube.com/watch?v=npW4NKNLXok. 

Demographics and Susceptibility of Cybersickness 

To collect demographic information, including gender, age, education, and prior 

computer, smartphone, and VR experience, a customized questionnaire was evaluated. This 

questionnaire, previously employed in our studies (Kourtesis, Amir, et al., 2023; Kourtesis et 

al., 2024; Kourtesis, Linnell, et al., 2023), determines the score for each variable by adding 

the responses from two questions per variable, each rated on a 6-point Likert scale. The first 

question rates the participant's proficiency with computers, smartphones, and VR, with 

answers like '5: extremely skilled.' The second question assesses how often users interact 

with these platforms; examples of responses include '4: once a week'. Additionally, the 

validated Gaming Skills Questionnaire (GSQ) was used to further explore proficiency and 

frequency in various gaming genres, also using a 6-point Likert scale with ratings and 

responses similar to those used for technology skills (Zioga et al., 2024). 

The study also incorporated the short version of MSSQ (Golding, 2006) and the 

newly developed short version of VIMSSQ (Golding et al., 2021; Keshavarz et al., 2019) to 

assess susceptibility to motion sickness and VIMS, respectively. The MSSQ is recognized as 

a clinically significant tool for assessing an individual's susceptibility to motion sickness. It 

evaluates experiences by dividing them into two categories: Childhood Experience (prior to 

age 12), where respondents detail the frequency of sickness or nausea sensations in various 

https://www.youtube.com/watch?v=npW4NKNLXok
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transport modes or specific entertainment scenarios, and Adult Experience over the Last 10 

Years, where individuals recount instances of sickness or nausea under similar conditions 

within the past decade. Each component is scored separately, and the total raw MSSQ score 

is derived by summing the scores from the two components. For enhanced interpretability, 

this raw score can be converted into a percentile using reference tables or a specific 

polynomial. As a result, the MSSQ produces three distinct scores: MSA-Child, MSB-Adult, 

and MSSQ-Total. It is important to note that the term "sickness" in the MSSQ covers a 

spectrum of symptoms, ranging from mild queasiness to severe nausea or even vomiting. 

(Golding, 1998, 2006; Golding et al., 2021; Lukacova et al., 2023; Paillard et al., 2013). 

The VIMSSQ was specifically developed to assess an individual's susceptibility to 

VIMS, evaluating symptoms such as nausea, headache, dizziness, fatigue, and eyestrain when 

using various visual devices. The development and validation of the VIMSSQ, which 

included both surveys and experimental studies, have underscored its effectiveness in 

predicting VIMS (Keshavarz et al., 2019). As a complementary tool alongside the MSSQ, the 

VIMSSQ can be particularly valuable for assessing the susceptibility to cybersickness, 

enhancing the precision of motion sickness predictions (Golding et al., 2021; Keshavarz et 

al., 2023). 

Participants & Experimental Procedures 

Convenience sampling was used to select participants, who were drawn from the 

National and Kapodistrian University of Athens' internal email lists as well as people the 

researchers knew. The study was approved by the university's Department of Psychology 

Ethics Committee. The sample consisted of 47 participants, with nearly equal gender 

distribution—24 women and 23 men. The participants had a mean age of 27.4 years (SD = 

5.28, range = 18–45) and an average education level of 16.8 years (SD = 2.04, range = 12–
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23), all possessing normal or corrected-to-normal vision and all were free of evident 

vestibular disorders. No compensation was offered for their participation. 

Upon arrival, participants were briefed on the study procedures as outlined in Figure 1 

and provided written informed consent. The experimental procedure began with participants 

filling out demographic data forms along with the MSSQ, VIMSSQ and GSQ. Prior to 

engaging with the VR, participants completed the CSQ-VR in paper-and-pencil format, 

followed by the Deary-Liewald Reaction Time Test (DLRT) task, and immediately after, they 

completed the CSQ-VR in paper-and-pencil format again. An induction session followed, 

introducing them to VR technology and the HTC Vive Pro Eye headset. Participants then 

adjusted the VR headset under the experimenter's guidance and completed the eye-tracking 

calibration using HTC Vive's SteamVR software before positioning themselves at a marked 

spot labeled 'X'. 

The VR session began with detailed tutorials for each task, including video alongside 

verbal and written instructions. Initially, participants responded to the 3D-VR version of the 

CSQ-VR questionnaire during their immersion, followed by the VR version of the 

psychomotor DLRT task. Immediately after completing the DLRT task, participants 

completed the 3D-VR version of the CSQ-VR questionnaire again. This initial baseline 

assessment phase lasted approximately 25 minutes. After completing the baseline tasks, 

participants experienced a 12-minute VR roller coaster ride. Subsequently, they completed 

the same tutorial and sequence of tasks—3D-VR versions of the CSQ-VR and DLRT tasks 

once more. 

Post-VR immersion, participants filled out the CSQ-VR using a paper-and-pencil 

format, followed by the DLRT task, and immediately thereafter, they completed the CSQ-VR 

in paper-and-pencil format again. The entire session, including VR immersion, lasted about 

60 minutes per participant. Participants were then provided with electrolyte-rich refreshments 
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and a 10–15-minute rest period before departure. Finally, in order to maintain their safety, 

they were told not to drive or use heavy machinery for the rest of the day. 

 

Figure 1. 

Designed protocol for cybersickness evaluation 

 

 

Statistical Analyses 

Statistical analyses were conducted using Jamovi open-source software version 2.3.21 

(The jamovi project, 2024), renowned for its user-friendly interface and robust analytical 

capabilities. The analysis began with descriptive statistics to provide a comprehensive 

overview of the sample. This was followed by correlations of every individual difference 

independent variable in relation to every aspect of cybersickness symptomatology and overall 

cybersickness intensity. Multiple mixed linear regression analyses were then performed to 

investigate the predictors of the symptomatology of cybersickness. These analyses 

incorporated individual differences and all game genres to examine the random effects 

associated with each stage of measurement timing. Due to the violation of normality 

conditions, data transformation and centering were necessary; the bestNormalize R package 

(Peterson & Cavanaugh, 2020) was employed to convert the data into logarithms and z-

scores, thereby normalizing the distribution for parametric statistical analysis. 
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Regression Analyses 

To assess residual normality, the Shapiro-Wilk Normality Test was used. 

Homoscedasticity was verified using the Non-Constant Error Variance Test, ensuring 

consistent variance across predictions. The Variance Inflation Factor (VIF) was calculated for 

each predictor to evaluate multicollinearity. Mixed linear regression analyses were conducted 

to investigate the influence of individual differences on the intensity of cybersickness 

symptoms. Models were compared using variance analyses, with selection criteria based on 

the F statistic and its significance, as well as the explained variance (R²). 

In our methodological approach, a broad array of variables were considered potential 

predictors within the models. Specifically, for the Mixed Model Regression analyses aimed at 

gauging the intensity of cybersickness across its subcategories, factors such as Sex, 

Education, Age, Computing Experience, Smartphone Apps Experience, Previous VR 

Experience, and Gaming Experience with various sub-genres were included. The model 

development proceeded in a systematic and incremental manner. 

Single-Predictor Models: Initially, individual models were crafted with one predictor 

each. The efficacy of these models was compared to determine which predictor was most 

impactful. 

Dyadic Predictor Models: In the next step, models incorporating two predictors were 

developed. The best-performing predictor from the initial models was always included. A 

second predictor was then chosen sequentially from the remaining options. These dual-

predictor models underwent thorough evaluation, and the top performer was benchmarked 

against the best from the initial round. 

Iterative Model Development: This phase featured an iterative process where the 

strongest predictors from earlier rounds were combined with a new predictor from the list. 

This incremental approach was continued until additional variables ceased to significantly 
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improve the model's performance. If a simpler earlier model demonstrated superior 

performance over a later, more complex model, it was an indication that the most effective 

predictor combination had been reached. Ultimately, the final best model chosen through this 

systematic and structured approach was the most robust, representing the optimal 

combination of all considered factors. 

Results 

The descriptive statistics of the dataset are detailed in Table 1. The participants were 

primarily young adults with an average age of 27.4 years. Education levels are diverse but 

quite high, with an average of 16.8 years completed, indicating most participants have some 

form of higher education. In terms of technology usage, participants exhibit strong familiarity 

with computing and smartphones. However, their experience with VR is considerably lower, 

indicating that VR is not as familiar compared to other forms of technology. The gaming 

experience data shows a broad range of proficiency among participants. This diversity is also 

seen in specific gaming genres, such as FPS, RPG, action games, and puzzles, which could 

influence how participants perceive and handle VR environments due to differences in 

cognitive skills developed through gaming. Regarding susceptibility to motion sickness there 

is a notable shift in scores from childhood to adulthood, suggesting that sensitivity to motion 

sickness may decrease as one ages. The scores for visually induced motion sickness 

susceptibility are generally low but show considerable variability among the participants. 

The displayed CSQ-VR mean scores capture cybersickness intensity, measured from 

baseline and immediately after the VR roller-coaster simulation. Initially, participants had a 

baseline mean total score of 7.62, indicating mild symptoms possibly due to anticipatory 

anxiety or prior activities. After the roller-coaster ride, there was a notable increase in 

cybersickness symptoms across all subcategories, with the overall mean score rising to 14.5. 
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This increase suggests a moderate level of cybersickness intensity. Similarly, scores for 

nausea, vestibular disturbances, and oculomotor discomfort showed significant increases. 

 

Table 1 

Descriptive statistics for demographics, computing experience, smartphone experience, VR 

experience, gaming experience and genre proficiency, susceptibility to cybersickness, overall 

cybersickness, and symptom intensity 

 Stage Μean (SD) Range 

Age – 27.4 (5.78) 18-45 

Education in Years – 16.8 (2.04) 12-23 

Computing XP – 10.1 (1.78) 4-12 

Smartphone XP – 10.5 (1.14) 8-12 

Virtual Reality XP – 2.53 (1.02) 2-7 

GSQ—Total – 24.5 (11.5) 12-59 

Sport Games Skill – 3.85 (2.22) 2-10 

FPS Games Skill – 4.55 (3.01) 2-11 

RPG Games Skill – 4.09 (2.93) 2-12 

Action Games Skill – 4.21 (2.69) 1-12 

Strategy Games Skill – 3.32 (2.20) 2-11 

Puzzle Games Skill – 4.49 (2.60) 2-10 

MSA—Child – 6.39 (4.83) 0-18 

MSB—Adult – 4.45 (4.61) 0-18 

MSSQ—Total – 10.8 (8.79) 0-36 

VIMSSQ  – 3.47 (4.41) 0-17 

CSQ-VR—Total Baseline 7.62 (1.92) 6-15 

 Post-Ride 14.5 (7.23) 6-32 

CSQ-VR—Nausea Baseline 2.21 (0.508) 2-4 

 Post-Ride 4.53 (2.67) 2-12 

CSQ-VR—Vestibular Baseline 2.15 (0.416) 2-4 

 Post-Ride 4.83 (2.87) 2-13 

CSQ-VR—Oculomotor Baseline 3.26 (1.52) 2-9 

 Post-Ride 5.17 (2.67) 2-13 
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Note: XP = Experience; GSQ = Game Skills Questionnaire; FPS = First-Person Shooting; 

RPG = Role-Playing Games; MS = Motion Sickness; MSSQ = Motion Sickness 

Susceptibility Questionnaire; VIMSSQ = Visually Induced Motion Sickness Susceptibility 

Questionnaire; CSQ-VR = Cybersickness in Virtual reality Questionnaire. 

 

Correlations 

In examining the relationships between the demographics and individual 

differences—and their correlation with captured intensity to cybersickness—Spearman's rho 

was selected as the statistical method of choice. This decision reflects the nature of the data 

under analysis. Since most of our measures do not meet the assumptions required for 

Pearson's correlation (notably, a normal distribution of data), Spearman's rho is particularly 

suited for non-parametric data. Furthermore, Spearman's rho is ideal for assessing monotonic 

relationships, making it well-aligned with the variables in this study, which include ordinal 

levels of experience and skill ratings. 

The correlations presented in Table 2 reveal several insights. Age and higher levels of 

education appear to have a slight negative correlation with cybersickness across its various 

measures (Total, Nausea, Vestibular, Oculomotor), suggesting that older participants and 

those with more education might experience cybersickness less intensely. Experience with 

computers and smartphones is negatively correlated with cybersickness, with smartphone 

experience showing the strongest associations. This may suggest that familiarity with digital 

interfaces and navigating digital content could possibly build resilience against 

cybersickness. Furthermore, experiences with motion sickness during both childhood and 

adulthood, as well as VIMS, are all positively correlated with cybersickness. This indicates 

that individuals with a history of motion sickness, or VIMS, are more likely to experience 

cybersickness. 
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Finally, skills in sports and FPS game genres demonstrate significant negative 

correlations with cybersickness, suggesting that the spatial awareness and quick reflexive 

controls developed in these types of games may help mitigate the effects of visually induced 

motion sickness. Interestingly, RPGs, action, and puzzle games show weaker or no 

significant correlations, possibly due to their unique nature, which may not provide the same 

level of training in spatial orientation and reaction to rapidly changing visuals. 

 

Table 2 

Spearman's rho correlations between demographics, computing, smartphone usage, VR, and 

gaming experience, and the susceptibility to motion sickness and VIMS, in correlation with 

CSQ-VR outcome measurements (Total, Nausea, Vestibular, Oculomotor) 

 CSQ-VR—

Total 

CSQ-VR—

Nausea 

CSQ-VR—

Vestibular 

CSQ-VR—

Oculomotor 

Age -0.150** -0.076 -0.148** -0.156** 

Sex (Male) -0.255*** -0.218*** -0.196*** -0.236*** 

Education -0.135** -0.067 -0.120* -0.142** 

Computing XP -0.141** -0.137** -0.266** -0.037 

Smartphone XP -0.175*** -0.151** -0.277*** -0.087 

Virtual Reality XP -0.098 -0.063 -0.167** -0.044 

GSQ—Total -0.215*** -0.152** -0.142** -0.201*** 

Sport Games Skill -0.246*** -0.204*** -0.233*** -0.202*** 

FPS Games Skill -0.204*** -0.183*** -0.212*** -0.143** 

RPG Games Skill -0.083 0.022 -0.078 -0.103* 

Action Games Skill -0.099* -0.047 -0.111* -0.108* 

Strategy Games Skill -0.205*** -0.140** -0.236*** -0.142** 

Puzzle Games Skill -0.055 0.005 -0.023 -0.046 

MSA—Child 0.219*** 0.207** 0.128* 0.158** 

MSB—Adult 0.356*** 0.292*** 0.257*** 0.309*** 

MSSQ—Total 0.276*** 0.257*** 0.194*** 0.209*** 

VIMSSQ 0.269*** 0.183*** 0.231*** 0.286*** 
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Note: XP = Experience; GSQ = Game Skills Questionnaire; FPS = First-Person Shooting; 

RPG = Role-Playing Games; MS = Motion Sickness; MSSQ = Motion Sickness 

Susceptibility Questionnaire; VIMSSQ = Visually Induced Motion Sickness Susceptibility 

Questionnaire; CSQ-VR = Cybersickness in Virtual reality Questionnaire; *p ≤ 0.05, **p ≤ 

0.01, ***p ≤ 0.001. 

 

Best Model Predictors Analysis of Cybersickness Intensity Based on Individual 

Differences 

Mixed linear regression model analyses were conducted to evaluate the significant 

predictors of cybersickness intensity through individual differences. The results across Tables 

3, 4, 5, and 6, which explore predictors for total cybersickness and its sub-categories, 

consistently affirm H1. Motion sickness susceptibility scores, which include childhood, 

adulthood, and VIMS, show strong positive correlations with higher cybersickness intensity 

across all categories. This suggests that a personal history of motion and VIMS is a critical 

determinant of cybersickness susceptibility, aligning with previous literature. 

Contrary to Hypothesis 2, demographic factors such as age and sex emerge as 

potential predictors of cybersickness. Specifically, being male is associated with lower 

cybersickness intensity, potentially predicting reduced symptoms. Additionally, age inversely 

predicts total cybersickness, with older individuals likely experiencing less intense symptoms 

across various categories. 

The analysis, which supports H3, reveals that while computer and VR experiences do 

not consistently predict cybersickness intensity, other experiences such as smartphone and 

gaming, particularly FPS games, are significant single predictors. FPS game skills notably 

predict a lower total intensity of cybersickness across multiple sub-categories, suggesting that 

certain types of gaming experiences can possibly mitigate aspects of cybersickness. 
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Regarding RQ1, there is substantial support for FPS games, which consistently 

predict lower intensity of cybersickness across all symptom categories. This low intensity in 

symptoms is likely due to the mitigation skills developed in managing fast-paced and 

immersive environments typical of FPS games, which translate well into coping with similar 

stimuli in a VR environment. Interestingly, action games do not show a consistent impact on 

cybersickness, suggesting that not all dynamically intensive games have the same properties, 

and that specific factors unique to FPS gaming might have a more substantial impact. In 

contrast, experiences with sports, strategy, puzzles, and RPG games show less consistent 

effects, occasionally even predicting increased cybersickness symptoms. This inconsistency 

might stem from the less dynamic nature of these games compared to the immersive 

environments of VR. 

 

Table 3 

Single Predictor Models for Total Cybersickness 

Predictor β p-value R2 (Fixed Effects / Overall) 

Age -0.138 0.003** 0.018 / 0.217 

Sex (Male) -0.524 <0.001*** 0.065 / 0.265 

Education in Years -0.173 <0.001*** 0.028 / 0.228 

Computing XP -0.112 0.018* 0.012 / 0.211 

Smartphone XP -0.166 <0.001*** 0.026 / 0.226 

Virtual Reality XP 0.006 0.908 0.0 / 0.199 

GSQ—Total -0.166 <0.001*** 0.026 / 0.226 

Sport Games Skill -0.173 <0.001*** 0.028 / 0.228 

FPS Games Skill -0.195 <0.001*** 0.036 / 0.236 

RPG Games Skill -0.036 0.447 0.001 / 0.200 

Action Games Skill -0.033 0.490 0.001 / 0.200 

Strategy Games Skill -0.069 0.147 0.004 / 0.204 

Puzzle Games Skill -0.021 0.662 0.0 / 0.199 

MSA—Child 0.224 <0.001*** 0.047 / 0.247 

MSB—Adult 0.365 <0.001*** 0.126 / 0.327 
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MSSQ—Total 0.308 <0.001*** 0.09 / 0.290 

VIMSSQ 0.279 <0.001*** 0.074 / 0.274 

Note: XP = Experience; GSQ = Game Skills Questionnaire; FPS = First-Person Shooting; 

RPG = Role-Playing Games; MS = Motion Sickness; MSSQ = Motion Sickness 

Susceptibility Questionnaire; VIMSSQ = Visually Induced Motion Sickness Susceptibility 

Questionnaire; CSQ-VR = Cybersickness in Virtual reality Questionnaire; *p ≤ 0.05, **p ≤ 

0.01, ***p ≤ 0.001. 

 

Table 4 

Single Predictor Models for Nausea Symptoms of Cybersickness 

Predictor β p-value R2 (Fixed Effects / Overall) 

Age -0.056 0.252 0.003 / 0.148 

Sex (Male) -0.431 <0.001*** 0.045 / 0.190 

Education in Years -0.049 0.311 0.002 / 0.147 

Computing XP -0.093 0.056 0.008 / 0.154 

Smartphone XP -0.045 0.355 0.002 / 0.147 

Virtual Reality XP -0.029 0.551 0.01 / 0.146 

GSQ—Total -0.116 0.017* 0.013 / 0.158 

Sport Games Skill -0.09 0.065 0.008 / 0.153 

FPS Games Skill -0.179 <0.001*** 0.031 / 0.176 

RPG Games Skill -0.042 0.394 0.002 / 0.147 

Action Games Skill -0.034 0.482 0.001 / 0.146 

Strategy Games Skill -0.079 0.103 0.006 / 0.151 

Puzzle Games Skill -0.049 0.312 0.002 / 0.147 

MSA—Child 0.233 <0.001*** 0.052 / 0.198 

MSB—Adult 0.320 <0.001*** 0.098 / 0.245 

MSSQ—Total 0.294 <0.001*** 0.083 / 0.230 

VIMSSQ 0.096 0.049* 0.009 / 0.154 

Note: XP = Experience; GSQ = Game Skills Questionnaire; FPS = First-Person Shooting; 

RPG = Role-Playing Games; MS = Motion Sickness; MSSQ = Motion Sickness 

Susceptibility Questionnaire; VIMSSQ = Visually Induced Motion Sickness Susceptibility 
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Questionnaire; CSQ-VR = Cybersickness in Virtual reality Questionnaire; *p ≤ 0.05, **p ≤ 

0.01, ***p ≤ 0.001. 

 

Table 5 

Single Predictor Models for Vestibular Symptoms of Cybersickness 

Predictor β p-value R2 (Fixed Effects / Overall) 

Age -0.104 0.029* 0.010 / 0.191 

Sex (Male) -0.347 <0.001*** 0.029 / 0.210 

Education in Years -0.073 0.125 0.005 / 0.186 

Computing XP -0.070 0.146 0.005 / 0.185 

Smartphone XP -0.113 0.018* 0.012 / 0.193 

Virtual Reality XP -0.119 0.013* 0.014 / 0.194 

GSQ—Total -0.052 0.276 0.003 / 0.183 

Sport Games Skill -0.102 0.033* 0.010 / 0.191 

FPS Games Skill -0.165 <0.001*** 0.026 / 0.207 

RPG Games Skill -0.032 0.505 0.001 / 0.182 

Action Games Skill -0.055 0.249 0.003 / 0.184 

Strategy Games Skill -0.103 0.032* 0.010 / 0.191 

Puzzle Games Skill -0.038 0.427 0.001 / 0.182 

MSA—Child 0.136 0.004** 0.018 / 0.198 

MSB—Adult 0.267 <0.001*** 0.068 / 0.249 

MSSQ—Total 0.219 <0.001*** 0.045 / 0.227 

VIMSSQ 0.161 <0.001*** 0.025 / 0.206 

Note: XP = Experience; GSQ = Game Skills Questionnaire; FPS = First-Person Shooting; 

RPG = Role-Playing Games; MS = Motion Sickness; MSSQ = Motion Sickness 

Susceptibility Questionnaire; VIMSSQ = Visually Induced Motion Sickness Susceptibility 

Questionnaire; CSQ-VR = Cybersickness in Virtual reality Questionnaire; *p ≤ 0.05, **p ≤ 

0.01, ***p ≤ 0.001. 

 

Table 6 

Single Predictor Models for Oculomotor symptoms of Cybersickness 
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Predictor β p-value R2 (Fixed Effects / Overall) 

Age -0.193 <0.001*** 0.036 / 0.174 

Sex (Male) -0.423 <0.001*** 0.043 / 0.182 

Education in Years -0.161 <0.001*** 0.025 / 0.164 

Computing XP -0.042 0.391 0.002 / 0.140 

Smartphone XP -0.088 0.070 0.007 / 0.146 

Virtual Reality XP 0.138 0.005** 0.018 / 0.157 

GSQ—Total -0.111 0.023* 0.012 / 0.150 

Sport Games Skill -0.091 0.063 0.008 / 0.146 

FPS Games Skill -0.099 0.042* 0.009 / 0.148 

RPG Games Skill -0.010 0.834 0.0 / 0.138 

Action Games Skill 0.008 0.877 0.0 / 0.138 

Strategy Games Skill 0.069 0.160 0.005 / 0.143 

Puzzle Games Skill 0.034 0.487 0.001 / 0.139 

MSA—Child 0.147 0.002** 0.021 / 0.159 

MSB—Adult 0.304 <0.001*** 0.089 / 0.228 

MSSQ—Total 0.221 <0.001*** 0.047 / 0.186 

VIMSSQ 0.312 <0.001*** 0.094 / 0.233 

Note: XP = Experience; GSQ = Game Skills Questionnaire; FPS = First-Person Shooting; 

RPG = Role-Playing Games; MS = Motion Sickness; MSSQ = Motion Sickness 

Susceptibility Questionnaire; VIMSSQ = Visually Induced Motion Sickness Susceptibility 

Questionnaire; CSQ-VR = Cybersickness in Virtual reality Questionnaire; *p ≤ 0.05, **p ≤ 

0.01, ***p ≤ 0.001. 

 

Continuing with the analysis of the best model predictors for overall cybersickness 

and its subcategories, Table 7 reveals significant findings. H1 is strongly supported, as the 

table indicates that adult motion sickness history and VIMS are significant predictors of 

cybersickness across all examined categories. Both predictors exhibit strong positive 

coefficients and high levels of significance, suggesting that individuals with a history of 

motion sickness or a high susceptibility to VIMS are likely to experience more severe 

cybersickness. 
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Regarding H2, demographic factors such as sex and age were not included in the best 

model predictors. This absence suggests that when accounting for all variables and the 

random effects in mixed regression analysis, age and sex do not significantly predict 

cybersickness intensity compared to the stronger predictors in the model, thereby supporting 

H2. Furthermore, H3 finds support in the data, specifically showing that smartphone 

experience significantly predicts cybersickness, with a negative β coefficient in the total and 

vestibular categories. This indicates that greater familiarity with smartphones may potentially 

reduce cybersickness symptoms. 

Regarding RQ1, although the best models do not specifically include action or FPS 

gaming experiences as predictors, they do incorporate strategy and puzzle game experiences. 

Proficiency in strategy games is found to predict a small but significant increase in 

oculomotor symptoms, suggesting that higher skill levels in these games may predict more 

intense symptoms. Similarly, expertise in puzzle games is linked to a higher probability of 

exacerbated vestibular symptoms, indicating that not all gaming experiences are protective; 

some might even predict a higher level of cybersickness. The absence of action or FPS game 

experience as predictors in the best models means that a conclusive answer to RQ1 cannot be 

derived from this analysis alone, highlighting the need for further focused analysis into the 

effects of different gaming genres on cybersickness. 

 

Table 7 

Best models for predicting Overall and per symptom category Cybersickness Intensity 

Predicted Predictor β p-value 

R2 (Fixed Effects 

/ Overall) 

CSQ-VR—Total MSB_Adult 0.315 <0.001*** 0.175 / 0.376 
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VIMSSQ 0.174 <0.001*** 

Smartphone XP -0.133 <0.01** 

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

CSQ-VR— Vestibular MSB_Adult 0.282 <0.001*** 0.087 / 0.268 

Smartphone XP -0.111 0.015* 

Puzzle Games Skill 0.094 0.042* 

CSQ-VR— Oculomotor MSB_Adult 0.251 <0.001*** 0.156 / 0.296 

VIMSSQ 0.252 <0.001*** 

Strategy Games Skill 0.117 0.009** 

Note: XP = Experience; MS = Motion Sickness; VIMSSQ = Visually Induced Motion 

Sickness Susceptibility Questionnaire; CSQ-VR = Cybersickness in Virtual reality 

Questionnaire; *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 

 

In summary, the best model regression analysis highlights the significant role of 

predictors such as susceptibility to motion sickness and VIMS in determining the intensity of 

cybersickness across various symptom categories. Additionally, these results underscore the 

mitigating effect of smartphone experience on certain cybersickness symptoms, supporting 

H1-H3 and aligning with existing literature. However, the outcomes from the best regression 

models suggest that while certain gaming genres may predict increases in specific symptoms, 

the overall impact of different gaming genres on all aspects of cybersickness still needs more 

thorough exploration to comprehensively address RQ1. 
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Best Model Predictors Analysis of Cybersickness Intensity Across Different Gaming 

Experiences 

To further address RQ1 regarding the impact of different gaming genres on 

cybersickness, we conducted an additional mixed linear regression best model analysis. This 

analysis used the same iteration structure for predictor inclusion as applied to all individual 

differences, but focused exclusively on different gaming genre experiences as potential 

predictors. The results presented in Table 8 specifically highlight the strong predictive role of 

FPS gaming experience across various cybersickness symptom categories. Notably, 

proficiency in FPS games consistently predicts a significant reduction in overall 

cybersickness intensity, as well as in every symptom subcategory. The strong negative β 

coefficient suggests that proficiency in FPS games is associated with less severe 

cybersickness, supporting the idea that FPS gaming could offer protective effects against all 

symptoms of cybersickness, thus affirming RQ1. 

Interestingly, the models do not include the experience in action games as a predictor 

of cybersickness intensity, suggesting that specific factors unique to FPS gaming might have 

a more substantial impact on mitigating cybersickness. Additionally, the models include 

experiences in RPG, puzzle, and strategy games as positive predictors. These findings 

indicate that proficiency in these game genres might predict an increase in cybersickness 

symptoms, contrasting with the protective effect of FPS gaming. These types of games 

typically involve rich narratives, complex decision-making and problem-solving, with less 

emphasis on rapid visual tracking or dynamic visual input. This could mean that gamers of 

these genres are less prepared for the immersive environments encountered in VR compared 

to FPS gamers. 
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Table 8 

Best Predictive Models of Overall and per symptom category Cybersickness Intensity 

 Across Various Gaming Genres 

Predicted Predictor β p-value 

R2 (Fixed Effects / 

Overall) 

CSQ-VR—Total FPS Games Skill -0.281 <0.001*** 0.047 / 0.247 

 RPG Games Skill 0.139 0.019*  

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

CSQ-VR— Vestibular FPS Games Skill -0.212 <0.001*** 0.038 / 0.218 

 Puzzle Games Skill 0.121 0.018*  

CSQ-VR— Oculomotor FPS Games Skill -0.175 0.002** 0.027 / 0.165 

 Strategy Games Skill 0.155 0.005**  

Note: XP = Experience; FPS = First-Person Shooting; RPG = Role-Playing Games; CSQ-VR 

= Cybersickness in Virtual reality Questionnaire; *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 

 

Summarizing, FPS gaming experience emerges as a significant protective factor, 

consistently predicting lower levels of cybersickness across all symptom categories. This 

suggests that the immersive nature and rapid visual processing required in FPS games may 

equip players with resilience against the disruptive effects of cybersickness in VR 

environments. In contrast, experiences in RPG, puzzle, and strategy games, which involve 

less immersive and dynamic interactions, appear to predict increases in cybersickness 

symptoms. This emphasizes the unique benefits of FPS gaming in reducing cybersickness 

and highlights the importance of understanding how different gaming experiences influence 

cybersickness mitigation. 
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Discussion 

As VR technology becomes more prevalent in educational, research, and clinical 

applications, understanding the factors that contribute to cybersickness becomes increasingly 

important. This study focused on how individual differences influence the intensity and 

occurrence of cybersickness symptoms during VR immersion. We analyzed the predictive 

value of demographic factors such as sex and age, in addition to variables like susceptibility 

to motion sickness, VIMS, videogame and computer experience, and experience with VR 

equipment. By synthesizing the outcomes of our study with existing literature, we offer a 

comprehensive discussion on the predictors of cybersickness, aiming to enhance strategies for 

predicting and mitigating its effects across VR environments. 

Age and Gender Effects on Cybersickness 

In our study, demographic factors such as age and gender could not significantly 

predict the intensity of cybersickness. While the initial analysis suggested that males and 

older people may experience less cybersickness, these variables were not included in the final 

prediction models, indicating that other factors play a more significant role in predicting 

cybersickness. This observation aligns with the demographic characteristics of our sample; 

notably, younger females reported higher levels of cybersickness. This group also had less 

gaming experience and higher susceptibility to motion sickness and VIMS—factors that 

strongly predicted the intensity and symptomatology of cybersickness. 

Our previous studies (Kourtesis, Amir, et al., 2023; Kourtesis et al., 2024) have 

consistently found that age and sex are not significant predictors of cybersickness. In line 

with our past efforts to minimize gender differences (Kourtesis, Amir, et al., 2023; Kourtesis 

et al., 2024), we utilized the HTC Vive Pro Eye, which enables precise calibration of the IPD. 

Proper IPD calibration is essential for ensuring equitable VR experiences across genders, a 

critical factor as emphasized by K. Stanney, Fidopiastis, et al. (2020). Unlike in our prior 
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work (Kourtesis et al., 2024), which featured a balanced sample with comparable gaming 

experience across sexes—a factor that moderated differences between genders (Kourtesis, 

Amir, et al., 2023), our current sample did not maintain this balance. This discrepancy might 

also account for the observed variations in cybersickness intensity between genders in our 

study. 

Ultimately, the unbalanced gaming experience and susceptibility to motion sickness 

and VIMS in our sample may explain why sex and age had minimal effects on cybersickness, 

leading to their exclusion from the best predictive models. These findings, consistent with our 

prior research (Kourtesis, Amir, et al., 2023; Kourtesis et al., 2024), challenge traditional 

views that portray women as more susceptible to cybersickness (Chattha et al., 2020; K. 

Stanney, Fidopiastis, et al., 2020). This suggests that the actual influence of gender on 

cybersickness may be more closely tied to the extent and nature of digital interaction and 

other individual factors rather than inherent biological differences. However, given the 

limited demographic characteristics of our study, further research is necessary to explore 

these relationships more thoroughly and to validate our findings across broader populations. 

Additionally, further efforts should be made to control for the above differences among 

genders to ensure a more comprehensive understanding of how demographic factors 

influence cybersickness. 

Susceptibility to Motion Sickness and Visually Induced Motion Sickness Effects on 

Cybersickness 

Our research strongly confirms that a personal history of motion sickness, whether 

general or visually induced, significantly predicts cybersickness. The integration of these 

metrics, specifically the adult motion sickness susceptibility (MSB-Adult score from the 

MSSQ) and the VIMSSQ, has proven highly effective in predicting the intensity and 

symptoms of cybersickness. These findings are consistent with our previous study (Kourtesis 
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et al., 2024), where the MSB-Adult score consistently emerged as a crucial factor as the best 

regression models for predicting cybersickness across most symptom categories. 

The VIMSSQ, a tool designed to assess susceptibility specific to screen exposure 

(e.g., computers, smartphones and VRHMDs), was also included in the best models for 

overall cybersickness intensity and oculomotor symptomatology. This aligns with the 

literature indicating that oculomotor effects are often the initial prominent symptoms in 

VIMS (Cha et al., 2021; Kennedy et al., 2010; H. K. Kim et al., 2018). Accordingly, the 

VIMSSQ seems to effectively predict these oculomotor symptoms of cybersickness. This 

outcome supports the notion, also suggested by recent literature (Golding et al., 2021; 

Keshavarz et al., 2023; Kourtesis et al., 2024), that combining histories of general and 

visually induced motion sickness enhances the predictability of cybersickness intensity. 

This relationship highlights the shared underlying mechanisms between motion 

sickness and cybersickness, notably the sensory conflicts that occur when the physical 

feedback expected from movement is absent in visually dynamic environments. Given that 

both conditions are provoked by similar motion cues, it's unsurprising that individuals 

susceptible to one are likely to be susceptible to the other. This is echoed in studies 

suggesting that patterns of susceptibility to visually induced cybersickness and general 

motion sickness are comparable (Golding et al., 2021; Lukacova et al., 2023). 

Overall, our findings indicate that individuals predisposed to general motion sickness 

or VIMS are more likely to suffer from severe cybersickness. This underscores the need to 

consider an individual's motion sickness susceptibility and VIMS history when developing 

assessment and mitigation strategies for VR users, ensuring a more tailored and effective 

approach to managing cybersickness. 
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VR, Computer and Smartphone Experiences as Modulations of Cybersickness 

In our study, previous VR experience did not effectively predict cybersickness, likely 

due to the uneven distribution of VR familiarity among our participants—many of whom had 

minor prior exposure to VR. This observation underscores the importance of accounting for 

the diversity of VR user experiences in research, a point also emphasized by the studies of 

Jasper et al. (2023) and Kourtesis, Amir, et al. (2023). Additionally, computer proficiency did 

not emerge as a predictor of cybersickness, consistent with findings from our previous studies 

(Kourtesis, Amir, et al., 2023; Kourtesis et al., 2024). In contrast, proficiency with 

smartphones significantly predicted the overall intensity of cybersickness, reinforcing our 

earlier findings (Kourtesis et al., 2024) that suggested extensive smartphone use correlates 

with lower cybersickness intensity. 

This relationship is supported by research indicating that visually induced 

cybersickness can be triggered by exposure to any type of screen, including smartphones 

(Kemeny et al., 2020b; Keshavarz et al., 2019; Soewardi & Izzuddin, 2020). The pervasive 

nature of screen-based interactions may lead to a gradual acclimatization process, whereby 

regular use of smartphones enhances individuals' sensory adaptation, improving their ability 

to process dynamic visual content (K. Stanney, Lawson, et al., 2020). Therefore, our findings 

suggest that smartphone usage could serve as a mitigating factor for cybersickness, proposing 

that habitual interaction with digital screens might enhance an individual’s ability to cope 

with the sensory conflicts encountered in VR environments, thereby reducing cybersickness 

symptoms. This alignment with the literature underscores the importance of considering 

everyday digital habits when assessing susceptibility to cybersickness. 

Gaming Experience as Modulation of Cybersickness 

Our study indicates the significant role of gaming experience as a predictor of 

cybersickness intensity, reinforcing findings from our previous studies (Kourtesis, Amir, et 
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al., 2023; Kourtesis et al., 2024; Kourtesis, Linnell, et al., 2023), and aligning with broader 

research (Grassini et al., 2021; Keshavarz, 2016; Pöhlmann et al., 2021, 2022; Weech et al., 

2020). These studies collectively indicate that extensive gaming can acclimatize users to the 

complex visual and motion cues encountered in virtual environments, effectively reducing 

cybersickness. This mitigation is likely due to the unique demands gaming places on visual 

processing, spatial navigation, and psychomotor coordination (Baniqued et al., 2013; Spence 

& Feng, 2010), which can enhance possible individual resilience to cybersickness. However, 

different gaming genres may enhance various cognitive abilities, thereby influencing 

differently the intensity of cybersickness symptomatology. 

Our study uniquely integrates the GCQ with the CSQ-VR to assess proficiency and 

frequency across various gaming genres and their relationship with cybersickness 

symptomatology. Notably, our findings clearly demonstrate that proficiency in FPS games 

strongly predicts reduced cybersickness across all symptom categories, including overall 

intensity, nausea, vestibular, and oculomotor symptoms. FPS games, known for their rapid 

visuals and demand for managing multiple visual stimuli within dynamic, 360-degree 

environments, involve extensive camera rotation movements. Such visual rotational 

oscillations and movements are closely associated with cybersickness symptoms intensity 

(Maneuvrier et al., 2023b). Moreover, the immersive first-person perspective uniquely found 

in FPS games significantly influences vection—a major factor of increased cybersickness 

intensity (Clarke et al., 2016; Denisova & Cairns, 2015; Martirosov et al., 2022; Monteiro et 

al., 2018; Shafer et al., 2019). Consequently, continuous engagement with such visually 

intense and immersive conditions may foster long-term cognitive resilience and adaptability 

to visually induced motion sickness. This suggests that frequent FPS gameplay could 

possibly equip players with a heightened resilience to cybersickness, underscoring its 

protective effects on cybersickness. 
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In contrast, other gaming genres, such as RPGs, puzzle games, and strategy games, do 

not appear to offer the same protective effects against cybersickness and may be linked to 

exacerbating symptoms. Sports and action game genres could not significantly predict any 

cybersickness symptomatology. RPGs, included as predictors for overall cybersickness, 

typically engage players with rich narratives and character interactions using a top-down 

camera perspective that demand less from visual dynamics, potentially leaving players less 

equipped for VR's immersive and motion-intensive demands. Puzzle games, which have the 

potential to predict increased vestibular symptoms in our models, often focus on static 

problem-solving and non-immersive two-dimensional graphics, which may not adequately 

prepare users for VR's three-dimensional environment. Similar to puzzle games, strategy 

games prioritize strategic thinking over rapid visual tracking, which may leave players 

unprepared for the intense visual dynamics of VR. This could potentially lead to increased 

oculomotor strain as players interact with the immersive environments of virtual reality. 

This differential impact highlights the importance of considering the specific nature of 

gaming experiences when assessing their potential to mitigate or exacerbate cybersickness. 

The protective effect of FPS games may stem from their unique combination of immersive 

first-person viewpoints and highly dynamic graphics. These games demand rapid visual 

processing and complex spatial navigation—skills that are crucial for managing the sensory 

conflicts typical in VR environments. This experience can simulate aspects of VR, potentially 

fostering habituation to VR's sensory demands that lead to cybersickness. In contrast, the less 

dynamic and immersive interactions typical of RPGs, puzzle games, and strategy games 

might not adequately prepare players for VR's intense sensory environment, potentially 

leading to a higher susceptibility to cybersickness. 

Overall, these insights underscore the complexity of how different gaming 

experiences impact VR interactions and suggest that the attributes of various gaming genres 
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need to be carefully considered in cybersickness research. Further research is required to 

explore the mechanisms behind these genre-specific effects and determine whether the skills 

developed in certain gaming environments can significantly reduce the risk of cybersickness. 

Limitations and future studies 

This study provides valuable insights into cybersickness, but it has certain limitations 

that must be addressed to enhance the robustness and generalizability of its findings. The 

primary limitation is the relatively small sample size. Furthermore, the use of convenience 

sampling limits the findings' generalizability. The demographic homogeneity of the 

participants, particularly in terms of age, VR experience, and potentially undisclosed factors 

such as cultural background and physical health, may skew the results. The sample primarily 

consisted of young adults aged 18-45 with limited VR experience, which may not accurately 

represent the experiences of older adults or those with varying levels of VR exposure. Future 

studies should aim for larger and more diverse samples to better understand how 

cybersickness affects different demographics. 

Future research should also investigate the impact of different types of VR content on 

cybersickness. For example, contrasting educational with entertainment VR experiences or 

static with dynamic content could pinpoint specific triggers of cybersickness. The insights 

gleaned could inform the design of VR content that reduces discomfort and enhances user 

interaction. Additionally, leveraging eye-tracking technology in the CSQ-VR to analyze gaze 

and pupil size could refine our comprehension of the timing and intensity of cybersickness, 

potentially serving as an indirect marker of its severity under various conditions. 

Furthermore, integrating insights from neuroscience and psychology can provide a more 

comprehensive understanding of cybersickness. Exploring the physiological mechanisms 

behind cybersickness through neuroscientific methods or applying psychological theories to 

understand cognitive responses to VR can deepen our knowledge and improve mitigation 
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strategies. Involving multidisciplinary approaches in research is essential for developing 

effective VR experiences. 

The study also underscores the intricate influence of different gaming genres on VR 

interactions. Further research is needed to unravel how specific genres proficiency, such as 

FPS, might impact cybersickness intensity and to validate whether skills developed in such 

gaming contexts could help mitigate the risk of cybersickness. Furthermore, while this study 

focused primarily on cybersickness triggered by vection—a major cause of cybersickness—

additional factors like latency, poor navigation interfaces, and downgraded graphics also 

contribute to cybersickness and should be meticulously examined. Lastly, it is crucial that 

future studies delve into the long-term effects of repeated VR exposure through longitudinal 

research. Such studies could reveal whether users gradually become less susceptible to 

cybersickness as they acclimate to VR, guiding the development of strategies to mitigate 

cybersickness among VR users. Understanding these prolonged interactions is essential for 

reducing the negative impacts of VR and enhancing the user experience. 

Conclusions 

In this study, we have delved deeply into the possible predictors of cybersickness 

within VR environments, combining empirical findings with theoretical insights to advance 

our understanding of how individual differences impact VR experiences. Central to our 

findings is the significant role of susceptibility to both general motion sickness and VIMS, 

effectively quantified through the combined use of MSSQ and VIMSSQ. The integration of 

both of these metrics has proven to be highly effective in predicting the intensity and 

occurrence of cybersickness, emphasizing the pivotal influence of pre-existing susceptibilities 

in shaping VR interactions. Our analysis also indicates that demographic factors such as age 

and gender, initially thought to influence cybersickness, did not retain their predictive power 

in the refined models. This suggests that experiential factors, particularly those related to 
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digital interaction like gaming and smartphone usage, are more decisive in influencing 

cybersickness outcomes when considering the random effects in the regression models. This 

outcome highlights the complex interplay between biological traits, personal experiences, and 

technological exposure in VR environments. 

Notably, immersive gaming experiences, particularly with FPS games, has emerged 

as an effective mitigator of cybersickness across all symptom categories. This protective 

effect is likely due to the immersive and dynamic nature of FPS gaming, which closely 

simulates the sensory demands of VR environments, thus fostering a form of sensory 

adaptation. This suggests that specific gaming experiences could effectively precondition 

users for VR environments, and therefore reduce the severity of cybersickness symptoms. 

Conversely, less dynamic game genres like RPGs, strategy, and puzzle games do not seem to 

provide the same protective benefits and could potentially predict certain cybersickness 

symptoms due to their lack of immersive and dynamic interaction. Therefore, the type of 

gaming experience could significantly influence VR tolerance. 

The findings of this study not only enhance our academic understanding, but also 

offer practical applications for the design and use of VR systems across different sectors. By 

pinpointing cybersickness predictors, VR experiences can be tailored more effectively to 

individual needs, reinforcing both the accessibility and utility of VR in education, innovation, 

and entertainment. Developers can make specific design changes, such as adjustable visual 

settings, to accommodate users prone to motion sickness, thereby creating more inclusive and 

comfortable VR environments. These modifications could enable users to adjust visual 

parameters like field of view and motion sensitivity, reducing the incidence of cybersickness. 

Additionally, the implications extend to policy and training in VR usage, where guidelines 

based on these findings could help educational and professional settings tailor VR 

experiences to individual susceptibilities. For example, institutions could implement pre-use 
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screenings and offer personalized settings or gradual exposure to VR, enhancing safety and 

accessibility. Further research is necessary to extend these insights across a broader 

demographic and refine strategies for mitigating cybersickness. 

 

  



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 52 

References 

Abeele, V. Vanden, Schraepen, B., Huygelier, H., Gillebert, C., Gerling, K., & Van Ee, R. 

(2021). Immersive Virtual Reality for Older Adults. ACM Transactions on Accessible 

Computing, 14(3), 1–30. https://doi.org/10.1145/3470743 

Ang, S., & Quarles, J. (2023). Reduction of cybersickness in head mounted displays use: A 

systematic review and taxonomy of current strategies. Frontiers in Virtual Reality, 4. 

https://doi.org/10.3389/frvir.2023.1027552 

Arcioni, B., Palmisano, S., Apthorp, D., & Kim, J. (2019). Postural stability predicts the 

likelihood of cybersickness in active HMD-based virtual reality. Displays, 58, 3–11. 

https://doi.org/10.1016/j.displa.2018.07.001 

Baniqued, P. L., Lee, H., Voss, M. W., Basak, C., Cosman, J. D., DeSouza, S., Severson, J., 

Salthouse, T. A., & Kramer, A. F. (2013). Selling points: What cognitive abilities are 

tapped by casual video games? Acta Psychologica, 142(1), 74–86. 

https://doi.org/10.1016/j.actpsy.2012.11.009 

Barteit, S., Lanfermann, L., Bärnighausen, T., Neuhann, F., & Beiersmann, C. (2021). 

Augmented, Mixed, and Virtual Reality-Based Head-Mounted Devices for Medical 

Education: Systematic Review. JMIR Serious Games, 9(3), e29080. 

https://doi.org/10.2196/29080 

Bauer, A. C. M., & Andringa, G. (2020). The Potential of Immersive Virtual Reality for 

Cognitive Training in Elderly. Gerontology, 66(6), 614–623. 

https://doi.org/10.1159/000509830 

Bebko, A. O., & Troje, N. F. (2020). bmlTUX: Design and Control of Experiments in Virtual 

Reality and Beyond. I-Perception, 11(4), 204166952093840. 

https://doi.org/10.1177/2041669520938400 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 53 

Boerma, T., Hosseinpoor, A. R., Verdes, E., & Chatterji, S. (2016). A global assessment of 

the gender gap in self-reported health with survey data from 59 countries. BMC Public 

Health, 16(1), 675. https://doi.org/10.1186/s12889-016-3352-y 

Boot, W. R., Dilanchian, A., & Andringa, R. (2019). EXPLORING OLDER ADULTS’ 

PERCEPTIONS OF PRESENCE AND IMMERSION IN DIVERSE VIRTUAL 

ENVIRONMENTS. Innovation in Aging, 3(Supplement_1), S239–S240. 

https://doi.org/10.1093/geroni/igz038.895 

Bouchard, S., Berthiaume, M., Robillard, G., Forget, H., Daudelin-Peltier, C., Renaud, P., 

Blais, C., & Fiset, D. (2021). Arguing in Favor of Revising the Simulator Sickness 

Questionnaire Factor Structure When Assessing Side Effects Induced by Immersions in 

Virtual Reality. Frontiers in Psychiatry, 12. https://doi.org/10.3389/fpsyt.2021.739742 

Bouchrika, I. (2024, February 24). Mobile vs Desktop Usage Statistics for 2024. 

Research.Com. https://research.com/software/mobile-vs-desktop-usage 

Cano Porras, D., Siemonsma, P., Inzelberg, R., Zeilig, G., & Plotnik, M. (2018). Advantages 

of virtual reality in the rehabilitation of balance and gait. Neurology, 90(22), 1017–1025. 

https://doi.org/10.1212/WNL.0000000000005603 

Caserman, P., Garcia-Agundez, A., Gámez Zerban, A., & Göbel, S. (2021). Cybersickness in 

current-generation virtual reality head-mounted displays: systematic review and outlook. 

Virtual Reality, 25(4), 1153–1170. https://doi.org/10.1007/s10055-021-00513-6 

Cha, Y.-H., Golding, J. F., Keshavarz, B., Furman, J., Kim, J.-S., Lopez-Escamez, J. A., 

Magnusson, M., Yates, B. J., & Lawson, B. D. (2021). Motion sickness diagnostic 

criteria: Consensus Document of the Classification Committee of the Bárány Society. 

Journal of Vestibular Research, 31(5), 327–344. https://doi.org/10.3233/VES-200005 

Chang, E., Billinghurst, M., & Yoo, B. (2023). Brain activity during cybersickness: a scoping 

review. Virtual Reality, 27(3), 2073–2097. https://doi.org/10.1007/s10055-023-00795-y 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 54 

Chang, E., Kim, H. T., & Yoo, B. (2021). Predicting cybersickness based on user’s gaze 

behaviors in HMD-based virtual reality. Journal of Computational Design and 

Engineering, 8(2), 728–739. https://doi.org/10.1093/jcde/qwab010 

Chatterjee, K., Buchanan, A., Cottrell, K., Hughes, S., Day, T. W., & John, N. W. (2022). 

Immersive Virtual Reality for the Cognitive Rehabilitation of Stroke Survivors. IEEE 

Transactions on Neural Systems and Rehabilitation Engineering, 30, 719–728. 

https://doi.org/10.1109/TNSRE.2022.3158731 

Chattha, U. A., Janjua, U. I., Anwar, F., Madni, T. M., Cheema, M. F., & Janjua, S. I. (2020). 

Motion Sickness in Virtual Reality: An Empirical Evaluation. IEEE Access, 8, 130486–

130499. https://doi.org/10.1109/ACCESS.2020.3007076 

Checa, D., & Bustillo, A. (2020). A review of immersive virtual reality serious games to 

enhance learning and training. Multimedia Tools and Applications, 79(9–10), 5501–

5527. https://doi.org/10.1007/s11042-019-08348-9 

Clarke, D., McGregor, G., Rubin, B., Stanford, J., & Graham, T. C. N. (2016). Arcaid: 

Addressing Situation Awareness and Simulator Sickness in a Virtual Reality Pac-Man 

Game. Proceedings of the 2016 Annual Symposium on Computer-Human Interaction in 

Play Companion Extended Abstracts, 39–45. https://doi.org/10.1145/2968120.2968124 

Corrigan, N., Păsărelu, C.-R., & Voinescu, A. (2023). Immersive virtual reality for improving 

cognitive deficits in children with ADHD: a systematic review and meta-analysis. 

Virtual Reality, 27(4), 3545–3564. https://doi.org/10.1007/s10055-023-00768-1 

Costello, P. J., & Howarth, P. A. (1996). The visual effects of immersion in four virtual 

environments. Sophia-Antipolis: Rapport de Recherche VISERG. 

Curry, C., Peterson, N., Li, R., & Stoffregen, T. A. (2020). Postural precursors of motion 

sickness in head-mounted displays: drivers and passengers, women and men. 

Ergonomics, 63(12), 1502–1511. https://doi.org/10.1080/00140139.2020.1808713 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 55 

Davids, J., Manivannan, S., Darzi, A., Giannarou, S., Ashrafian, H., & Marcus, H. J. (2021). 

Simulation for skills training in neurosurgery: a systematic review, meta-analysis, and 

analysis of progressive scholarly acceptance. Neurosurgical Review, 44(4), 1853–1867. 

https://doi.org/10.1007/s10143-020-01378-0 

Davis, S., Nesbitt, K., & Nalivaiko, E. (2014). A Systematic Review of Cybersickness. 

Proceedings of the 2014 Conference on Interactive Entertainment, 1–9. 

https://doi.org/10.1145/2677758.2677780 

de Araújo, A. V. L., Neiva, J. F. de O., Monteiro, C. B. de M., & Magalhães, F. H. (2019). 

Efficacy of Virtual Reality Rehabilitation after Spinal Cord Injury: A Systematic 

Review. BioMed Research International, 2019, 1–15. 

https://doi.org/10.1155/2019/7106951 

De Ponti, R., Marazzato, J., Maresca, A. M., Rovera, F., Carcano, G., & Ferrario, M. M. 

(2020). Pre-graduation medical training including virtual reality during COVID-19 

pandemic: a report on students’ perception. BMC Medical Education, 20(1), 332. 

https://doi.org/10.1186/s12909-020-02245-8 

Denisova, A., & Cairns, P. (2015). First Person vs. Third Person Perspective in Digital 

Games. Proceedings of the 33rd Annual ACM Conference on Human Factors in 

Computing Systems, 145–148. https://doi.org/10.1145/2702123.2702256 

Dennison, M. S., Wisti, A. Z., & D’Zmura, M. (2016). Use of physiological signals to predict 

cybersickness. Displays, 44, 42–52. https://doi.org/10.1016/j.displa.2016.07.002 

Dilanchian, A. T., Andringa, R., & Boot, W. R. (2021). A Pilot Study Exploring Age 

Differences in Presence, Workload, and Cybersickness in the Experience of Immersive 

Virtual Reality Environments. Frontiers in Virtual Reality, 2. 

https://doi.org/10.3389/frvir.2021.736793 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 56 

Farmani, Y., & Teather, R. J. (2020). Evaluating discrete viewpoint control to reduce 

cybersickness in virtual reality. Virtual Reality, 24(4), 645–664. 

https://doi.org/10.1007/s10055-020-00425-x 

Foxman, M. (2018). Playing with Virtual Reality: Early Adopters of Commercial Immersive 

Technology. https://doi.org/10.7916/D8M05NH3 

Gallagher, M., & Ferrè, E. R. (2018). Cybersickness: a Multisensory Integration Perspective. 

Multisensory Research, 31(7), 645–674. https://doi.org/10.1163/22134808-20181293 

Gavgani, A. M., Nesbitt, K. V., Blackmore, K. L., & Nalivaiko, E. (2017). Profiling 

subjective symptoms and autonomic changes associated with cybersickness. Autonomic 

Neuroscience, 203, 41–50. https://doi.org/10.1016/j.autneu.2016.12.004 

Glaser, N., & Schmidt, M. (2022). Systematic Literature Review of Virtual Reality 

Intervention Design Patterns for Individuals with Autism Spectrum Disorders. 

International Journal of Human–Computer Interaction, 38(8), 753–788. 

https://doi.org/10.1080/10447318.2021.1970433 

Golding, J. F. (1998). Motion sickness susceptibility questionnaire revised and its 

relationship to other forms of sickness. Brain Research Bulletin, 47(5), 507–516. 

https://doi.org/10.1016/S0361-9230(98)00091-4 

Golding, J. F. (2006). Predicting individual differences in motion sickness susceptibility by 

questionnaire. Personality and Individual Differences, 41(2), 237–248. 

https://doi.org/10.1016/j.paid.2006.01.012 

Golding, J. F., Rafiq, A., & Keshavarz, B. (2021). Predicting Individual Susceptibility to 

Visually Induced Motion Sickness by Questionnaire. Frontiers in Virtual Reality, 2. 

https://doi.org/10.3389/frvir.2021.576871 

Grassini, S., Laumann, K., & Luzi, A. K. (2021). Association of Individual Factors with 

Simulator Sickness and Sense of Presence in Virtual Reality Mediated by Head-



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 57 

Mounted Displays (HMDs). Multimodal Technologies and Interaction, 5(3), 7. 

https://doi.org/10.3390/mti5030007 

Hartmann, T., & Fox, J. (2021). Entertainment in Virtual Reality and Beyond. In The Oxford 

Handbook of Entertainment Theory (pp. 717–732). Oxford University Press. 

https://doi.org/10.1093/oxfordhb/9780190072216.013.37 

Himi, N., Koga, T., Nakamura, E., Kobashi, M., Yamane, M., & Tsujioka, K. (2004). 

Differences in autonomic responses between subjects with and without nausea while 

watching an irregularly oscillating video. Autonomic Neuroscience, 116(1–2), 46–53. 

https://doi.org/10.1016/j.autneu.2004.08.008 

Howarth, P. A., & Hodder, S. G. (2008). Characteristics of habituation to motion in a virtual 

environment. Displays, 29(2), 117–123. https://doi.org/10.1016/j.displa.2007.09.009 

Hussain, R., Chessa, M., & Solari, F. (2021). Mitigating Cybersickness in Virtual Reality 

Systems through Foveated Depth-of-Field Blur. Sensors, 21(12), 4006. 

https://doi.org/10.3390/s21124006 

Jasper, A., Cone, N., Meusel, C., Curtis, M., Dorneich, M. C., & Gilbert, S. B. (2020). 

Visually Induced Motion Sickness Susceptibility and Recovery Based on Four 

Mitigation Techniques. Frontiers in Virtual Reality, 1. 

https://doi.org/10.3389/frvir.2020.582108 

Jasper, A., Sepich, N. C., Gilbert, S. B., Kelly, J. W., & Dorneich, M. C. (2023). Predicting 

cybersickness using individual and task characteristics. Computers in Human Behavior, 

146, 107800. https://doi.org/10.1016/j.chb.2023.107800 

Johnson, D. M. (2005). Introduction to and review of simulator sickness research. Citeseer. 

Kelly, J., Gilbert, S., Dorneich, M., & Costabile, K. (2023). Gender differences in 

cybersickness: Clarifying confusion and identifying paths forward. 

https://doi.org/10.31234/osf.io/qrkdx 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 58 

Kemeny, A., Chardonnet, J.-R., & Colombet, F. (2020a). Reducing Cybersickness. In Getting 

Rid of Cybersickness (pp. 93–132). Springer International Publishing. 

https://doi.org/10.1007/978-3-030-59342-1_4 

Kemeny, A., Chardonnet, J.-R., & Colombet, F. (2020b). Visualization and Motion Systems. 

In Getting Rid of Cybersickness (pp. 63–91). Springer International Publishing. 

https://doi.org/10.1007/978-3-030-59342-1_3 

Kemeny, A., George, P., Mérienne, F., & Colombet, F. (2017). New VR Navigation 

Techniques to Reduce Cybersickness. Electronic Imaging, 29(3), 48–53. 

https://doi.org/10.2352/ISSN.2470-1173.2017.3.ERVR-097 

Kennedy, R. S., Drexler, J., & Kennedy, R. C. (2010). Research in visually induced motion 

sickness. Applied Ergonomics, 41(4), 494–503. 

https://doi.org/10.1016/j.apergo.2009.11.006 

Kennedy, R. S., Lane, N. E., Berbaum, K. S., & Lilienthal, M. G. (1993). Simulator Sickness 

Questionnaire: An Enhanced Method for Quantifying Simulator Sickness. The 

International Journal of Aviation Psychology, 3(3), 203–220. 

https://doi.org/10.1207/s15327108ijap0303_3 

Keshavarz, B. (2016). Exploring Behavioral Methods to Reduce Visually Induced Motion 

Sickness in Virtual Environments (pp. 147–155). https://doi.org/10.1007/978-3-319-

39907-2_14 

Keshavarz, B., Murovec, B., Mohanathas, N., & Golding, J. F. (2023). The Visually Induced 

Motion Sickness Susceptibility Questionnaire (VIMSSQ): Estimating Individual 

Susceptibility to Motion Sickness-Like Symptoms When Using Visual Devices. Human 

Factors: The Journal of the Human Factors and Ergonomics Society, 65(1), 107–124. 

https://doi.org/10.1177/00187208211008687 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 59 

Keshavarz, B., Ramkhalawansingh, R., Haycock, B., Shahab, S., & Campos, J. L. (2018). 

Comparing simulator sickness in younger and older adults during simulated driving 

under different multisensory conditions. Transportation Research Part F: Traffic 

Psychology and Behaviour, 54, 47–62. https://doi.org/10.1016/j.trf.2018.01.007 

Keshavarz, B., Saryazdi, R., Campos, J. L., & Golding, J. F. (2019). Introducing the 

VIMSSQ: Measuring susceptibility to visually induced motion sickness. Proceedings of 

the Human Factors and Ergonomics Society Annual Meeting, 63(1), 2267–2271. 

https://doi.org/10.1177/1071181319631216 

Kim, H. K., Park, J., Choi, Y., & Choe, M. (2018). Virtual reality sickness questionnaire 

(VRSQ): Motion sickness measurement index in a virtual reality environment. Applied 

Ergonomics, 69, 66–73. https://doi.org/10.1016/j.apergo.2017.12.016 

Kim, H., Kim, D. J., Chung, W. H., Park, K.-A., Kim, J. D. K., Kim, D., Kim, K., & Jeon, H. 

J. (2021). Clinical predictors of cybersickness in virtual reality (VR) among highly 

stressed people. Scientific Reports, 11(1), 12139. https://doi.org/10.1038/s41598-021-

91573-w 

Kim, J., Palmisano, S., Luu, W., & Iwasaki, S. (2021). Effects of Linear Visual-Vestibular 

Conflict on Presence, Perceived Scene Stability and Cybersickness in the Oculus Go and 

Oculus Quest. Frontiers in Virtual Reality, 2. https://doi.org/10.3389/frvir.2021.582156 

Knight, M. M., & Arns, L. L. (2006). The relationship among age and other factors on 

incidence of cybersickness in immersive environment users. Proceedings of the 3rd 

Symposium on Applied Perception in Graphics and Visualization, 162–162. 

https://doi.org/10.1145/1140491.1140539 

Kourtesis, P., Amir, R., Linnell, J., Argelaguet, F., & MacPherson, S. E. (2023). 

Cybersickness, Cognition, &amp; Motor Skills: The Effects of Music, Gender, and 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 60 

Gaming Experience. IEEE Transactions on Visualization and Computer Graphics, 

29(5), 2326–2336. https://doi.org/10.1109/TVCG.2023.3247062 

Kourtesis, P., Argelaguet, F., Vizcay, S., Marchal, M., & Pacchierotti, C. (2022). 

Electrotactile Feedback Applications for Hand and Arm Interactions: A Systematic 

Review, Meta-Analysis, and Future Directions. IEEE Transactions on Haptics, 15(3), 

479–496. https://doi.org/10.1109/TOH.2022.3189866 

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2019a). Technological 

Competence Is a Pre-condition for Effective Implementation of Virtual Reality Head 

Mounted Displays in Human Neuroscience: A Technological Review and Meta-

Analysis. Frontiers in Human Neuroscience, 13. 

https://doi.org/10.3389/fnhum.2019.00342 

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2019b). Validation of the 

Virtual Reality Neuroscience Questionnaire: Maximum Duration of Immersive Virtual 

Reality Sessions Without the Presence of Pertinent Adverse Symptomatology. Frontiers 

in Human Neuroscience, 13. https://doi.org/10.3389/fnhum.2019.00417 

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2021). Validation of the 

Virtual Reality Everyday Assessment Lab (VR-EAL): An Immersive Virtual Reality 

Neuropsychological Battery with Enhanced Ecological Validity. Journal of the 

International Neuropsychological Society, 27(2), 181–196. 

https://doi.org/10.1017/S1355617720000764 

Kourtesis, P., Korre, D., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2020). 

Guidelines for the Development of Immersive Virtual Reality Software for Cognitive 

Neuroscience and Neuropsychology: The Development of Virtual Reality Everyday 

Assessment Lab (VR-EAL), a Neuropsychological Test Battery in Immersive Virtual 

Reality. Frontiers in Computer Science, 1. https://doi.org/10.3389/fcomp.2019.00012 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 61 

Kourtesis, P., Kouklari, E.-C., Roussos, P., Mantas, V., Papanikolaou, K., Skaloumbakas, C., 

& Pehlivanidis, A. (2023). Virtual Reality Training of Social Skills in Adults with 

Autism Spectrum Disorder: An Examination of Acceptability, Usability, User 

Experience, Social Skills, and Executive Functions. Behavioral Sciences, 13(4), 336. 

https://doi.org/10.3390/bs13040336 

Kourtesis, P., Linnell, J., Amir, R., Argelaguet, F., & MacPherson, S. E. (2023). 

Cybersickness in Virtual Reality Questionnaire (CSQ-VR): A Validation and 

Comparison against SSQ and VRSQ. Virtual Worlds, 2(1), 16–35. 

https://doi.org/10.3390/virtualworlds2010002 

Kourtesis, P., & MacPherson, S. E. (2021). How immersive virtual reality methods may meet 

the criteria of the National Academy of Neuropsychology and American Academy of 

Clinical Neuropsychology: A software review of the Virtual Reality Everyday 

Assessment Lab (VR-EAL). Computers in Human Behavior Reports, 4, 100151. 

https://doi.org/10.1016/j.chbr.2021.100151 

Kourtesis, P., Papadopoulou, A., & Roussos, P. (2024). Cybersickness in Virtual Reality: The 

Role of Individual Differences, Its Effects on Cognitive Functions and Motor Skills, and 

Intensity Differences during and after Immersion. Virtual Worlds, 3(1), 62–93. 

https://doi.org/10.3390/virtualworlds3010004 

Krarup, K. B., & Krarup, H. B. (2020). The physiological and biochemical effects of gaming: 

A review. Environmental Research, 184, 109344. 

https://doi.org/10.1016/j.envres.2020.109344 

Lackner, J. R. (2014). Motion sickness: more than nausea and vomiting. Experimental Brain 

Research, 232(8), 2493–2510. https://doi.org/10.1007/s00221-014-4008-8 

LaViola, J. J. (2000). A discussion of cybersickness in virtual environments. ACM SIGCHI 

Bulletin, 32(1), 47–56. https://doi.org/10.1145/333329.333344 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 62 

Lei, C., Sunzi, K., Dai, F., Liu, X., Wang, Y., Zhang, B., He, L., & Ju, M. (2019). Effects of 

virtual reality rehabilitation training on gait and balance in patients with Parkinson’s 

disease: A systematic review. PLOS ONE, 14(11), e0224819. 

https://doi.org/10.1371/journal.pone.0224819 

Lim, Y.-H., Kim, J.-S., Lee, H.-W., & Kim, S.-H. (2018). Postural Instability Induced by 

Visual Motion Stimuli in Patients With Vestibular Migraine. Frontiers in Neurology, 9. 

https://doi.org/10.3389/fneur.2018.00433 

Lin, Z., Gu, X., Li, S., Hu, Z., & Wang, G. (2023). Intentional Head-Motion Assisted 

Locomotion for Reducing Cybersickness. IEEE Transactions on Visualization and 

Computer Graphics, 29(8), 3458–3471. https://doi.org/10.1109/TVCG.2022.3160232 

Lukacova, I., Keshavarz, B., & Golding, J. F. (2023). Measuring the susceptibility to visually 

induced motion sickness and its relationship with vertigo, dizziness, migraine, syncope 

and personality traits. Experimental Brain Research, 241(5), 1381–1391. 

https://doi.org/10.1007/s00221-023-06603-y 

Maneuvrier, A., Nguyen, N.-D.-T., & Renaud, P. (2023a). Predicting VR cybersickness and 

its impact on visuomotor performance using head rotations and field (in)dependence. 

Frontiers in Virtual Reality, 4. https://doi.org/10.3389/frvir.2023.1307925 

Maneuvrier, A., Nguyen, N.-D.-T., & Renaud, P. (2023b). Predicting VR cybersickness and 

its impact on visuomotor performance using head rotations and field (in)dependence. 

Frontiers in Virtual Reality, 4. https://doi.org/10.3389/frvir.2023.1307925 

Marks, B., & Thomas, J. (2022). Adoption of virtual reality technology in higher education: 

An evaluation of five teaching semesters in a purpose-designed laboratory. Education 

and Information Technologies, 27(1), 1287–1305. https://doi.org/10.1007/s10639-021-

10653-6 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 63 

Martirosov, S., Bureš, M., & Zítka, T. (2022). Cyber sickness in low-immersive, semi-

immersive, and fully immersive virtual reality. Virtual Reality, 26(1), 15–32. 

https://doi.org/10.1007/s10055-021-00507-4 

Mazloumi Gavgani, A., Walker, F. R., Hodgson, D. M., & Nalivaiko, E. (2018). A 

comparative study of cybersickness during exposure to virtual reality and “classic” 

motion sickness: are they different? Journal of Applied Physiology, 125(6), 1670–1680. 

https://doi.org/10.1152/japplphysiol.00338.2018 

Melo, M., Vasconcelos-Raposo, J., & Bessa, M. (2018). Presence and cybersickness in 

immersive content: Effects of content type, exposure time and gender. Computers & 

Graphics, 71, 159–165. https://doi.org/10.1016/j.cag.2017.11.007 

Monteiro, D., Liang, H., Xu, W., Brucker, M., Nanjappan, V., & Yue, Y. (2018). Evaluating 

enjoyment, presence, and emulator sickness in VR games based on first‐ and third‐ 

person viewing perspectives. Computer Animation and Virtual Worlds, 29(3–4). 

https://doi.org/10.1002/cav.1830 

Mortara, M., Catalano, C. E., Bellotti, F., Fiucci, G., Houry-Panchetti, M., & Petridis, P. 

(2014). Learning cultural heritage by serious games. Journal of Cultural Heritage, 

15(3), 318–325. https://doi.org/10.1016/j.culher.2013.04.004 

Munafo, J., Diedrick, M., & Stoffregen, T. A. (2017). The virtual reality head-mounted 

display Oculus Rift induces motion sickness and is sexist in its effects. Experimental 

Brain Research, 235(3), 889–901. https://doi.org/10.1007/s00221-016-4846-7 

Nachum, Z., Shupak, A., Letichevsky, V., Ben‐David, J., Tal, D., Tamir, A., Talmon, Y., 

Gordon, C. R., & Luntz, M. (2004). Mal de Debarquement and Posture: Reduced 

Reliance on Vestibular and Visual Cues. The Laryngoscope, 114(3), 581–586. 

https://doi.org/10.1097/00005537-200403000-00036 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 64 

Nalivaiko, E., Davis, S. L., Blackmore, K. L., Vakulin, A., & Nesbitt, K. V. (2015). 

Cybersickness provoked by head-mounted display affects cutaneous vascular tone, heart 

rate and reaction time. Physiology & Behavior, 151, 583–590. 

https://doi.org/10.1016/j.physbeh.2015.08.043 

Nesbitt, K., Davis, S., Blackmore, K., & Nalivaiko, E. (2017). Correlating reaction time and 

nausea measures with traditional measures of cybersickness. Displays, 48, 1–8. 

https://doi.org/10.1016/j.displa.2017.01.002 

Oh, H., & Son, W. (2022). Cybersickness and Its Severity Arising from Virtual Reality 

Content: A Comprehensive Study. Sensors, 22(4), 1314. 

https://doi.org/10.3390/s22041314 

Pacchierotti, C., Sinclair, S., Solazzi, M., Frisoli, A., Hayward, V., & Prattichizzo, D. (2017). 

Wearable Haptic Systems for the Fingertip and the Hand: Taxonomy, Review, and 

Perspectives. IEEE Transactions on Haptics, 10(4), 580–600. 

https://doi.org/10.1109/TOH.2017.2689006 

Paillard, A. C., Quarck, G., Paolino, F., Denise, P., Paolino, M., Golding, J. F., & Ghulyan-

Bedikian, V. (2013). Motion sickness susceptibility in healthy subjects and vestibular 

patients: Effects of gender, age and trait-anxiety. Journal of Vestibular Research, 23(4–

5), 203–209. https://doi.org/10.3233/VES-130501 

Palmisano, S., Mursic, R., & Kim, J. (2017). Vection and cybersickness generated by head-

and-display motion in the Oculus Rift. Displays, 46, 1–8. 

https://doi.org/10.1016/j.displa.2016.11.001 

Parsons, T. D., Duffield, T., & Asbee, J. (2019). A Comparison of Virtual Reality Classroom 

Continuous Performance Tests to Traditional Continuous Performance Tests in 

Delineating ADHD: a Meta-Analysis. Neuropsychology Review, 29(3), 338–356. 

https://doi.org/10.1007/s11065-019-09407-6 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 65 

Peterson, R. A., & Cavanaugh, J. E. (2020). Ordered quantile normalization: a 

semiparametric transformation built for the cross-validation era. Journal of Applied 

Statistics, 47(13–15), 2312–2327. https://doi.org/10.1080/02664763.2019.1630372 

Petri, K., Feuerstein, K., Folster, S., Bariszlovich, F., & Witte, K. (2020). Effects of Age, 

Gender, Familiarity with the Content, and Exposure Time on Cybersickness in 

Immersive Head-mounted Display Based Virtual Reality. American Journal of 

Biomedical Sciences, 107–121. https://doi.org/10.5099/aj200200107 

Piech, J., & Czernicki, K. (2021). Virtual Reality Rehabilitation and Exergames—Physical 

and Psychological Impact on Fall Prevention among the Elderly—A Literature Review. 

Applied Sciences, 11(9), 4098. https://doi.org/10.3390/app11094098 

Pöhlmann, K. M. T., O’Hare, L., Dickinson, P., Parke, A., & Föcker, J. (2022). Action Video 

Game Players Do Not Differ in the Perception of Contrast-Based Motion Illusions but 

Experience More Vection and Less Discomfort in a Virtual Environment Compared to 

Non-Action Video Game Players. Journal of Cognitive Enhancement, 6(1), 3–19. 

https://doi.org/10.1007/s41465-021-00215-6 

Pöhlmann, K. M. T., O’Hare, L., Focker, J., Parke, A., & Dickinson, P. (2021). Is Virtual 

Reality Sickness Elicited by Illusory Motion Affected by Gender and Prior Video 

Gaming Experience? 2021 IEEE Conference on Virtual Reality and 3D User Interfaces 

Abstracts and Workshops (VRW), 426–427. 

https://doi.org/10.1109/VRW52623.2021.00095 

Pourmand, A., Davis, S., Marchak, A., Whiteside, T., & Sikka, N. (2018). Virtual Reality as a 

Clinical Tool for Pain Management. Current Pain and Headache Reports, 22(8), 53. 

https://doi.org/10.1007/s11916-018-0708-2 

Radianti, J., Majchrzak, T. A., Fromm, J., & Wohlgenannt, I. (2020). A systematic review of 

immersive virtual reality applications for higher education: Design elements, lessons 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 66 

learned, and research agenda. Computers & Education, 147, 103778. 

https://doi.org/10.1016/j.compedu.2019.103778 

Rangelova, S., Motus, D., & André, E. (2020). Cybersickness Among Gamers: An Online 

Survey (pp. 192–201). https://doi.org/10.1007/978-3-030-20476-1_20 

Rebenitsch, L., & Owen, C. (2014). Individual variation in susceptibility to cybersickness. 

Proceedings of the 27th Annual ACM Symposium on User Interface Software and 

Technology, 309–317. https://doi.org/10.1145/2642918.2647394 

Rebenitsch, L., & Owen, C. (2016). Review on cybersickness in applications and visual 

displays. Virtual Reality, 20(2), 101–125. https://doi.org/10.1007/s10055-016-0285-9 

Rebenitsch, L., & Owen, C. (2021). Estimating cybersickness from virtual reality 

applications. Virtual Reality, 25(1), 165–174. https://doi.org/10.1007/s10055-020-

00446-6 

Romero-Ayuso, D., Toledano-González, A., Rodríguez-Martínez, M. del C., Arroyo-Castillo, 

P., Triviño-Juárez, J. M., González, P., Ariza-Vega, P., Del Pino González, A., & 

Segura-Fragoso, A. (2021). Effectiveness of Virtual Reality-Based Interventions for 

Children and Adolescents with ADHD: A Systematic Review and Meta-Analysis. 

Children, 8(2), 70. https://doi.org/10.3390/children8020070 

Saredakis, D., Szpak, A., Birckhead, B., Keage, H. A. D., Rizzo, A., & Loetscher, T. (2020). 

Factors Associated With Virtual Reality Sickness in Head-Mounted Displays: A 

Systematic Review and Meta-Analysis. Frontiers in Human Neuroscience, 14. 

https://doi.org/10.3389/fnhum.2020.00096 

Schwind, V., Knierim, P., Tasci, C., Franczak, P., Haas, N., & Henze, N. (2017). “These are 

not my hands!” Proceedings of the 2017 CHI Conference on Human Factors in 

Computing Systems, 1577–1582. https://doi.org/10.1145/3025453.3025602 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 67 

Sevinc, V., & Berkman, M. I. (2020). Psychometric evaluation of Simulator Sickness 

Questionnaire and its variants as a measure of cybersickness in consumer virtual 

environments. Applied Ergonomics, 82, 102958. 

https://doi.org/10.1016/j.apergo.2019.102958 

Shafer, D. M., Carbonara, C. P., & Korpi, M. F. (2019). Factors Affecting Enjoyment of 

Virtual Reality Games: A Comparison Involving Consumer-Grade Virtual Reality 

Technology. Games for Health Journal, 8(1), 15–23. 

https://doi.org/10.1089/g4h.2017.0190 

Shahmoradi, L., & Rezayi, S. (2022). Cognitive rehabilitation in people with autism spectrum 

disorder: a systematic review of emerging virtual reality-based approaches. Journal of 

NeuroEngineering and Rehabilitation, 19(1), 91. https://doi.org/10.1186/s12984-022-

01069-5 

Soewardi, H., & Izzuddin, M. N. (2020). Study Of Cybersickness On Non-Immersive Virtual 

Reality Using Smartphone. Malaysian Journal of Public Health Medicine, 20(Special1), 

88–93. https://doi.org/10.37268/mjphm/vol.20/no.Special1/art.703 

Sokołowska, B. (2023). Impact of Virtual Reality Cognitive and Motor Exercises on Brain 

Health. International Journal of Environmental Research and Public Health, 20(5), 

4150. https://doi.org/10.3390/ijerph20054150 

Somrak, A., Pogačnik, M., & Guna, J. (2021). Suitability and Comparison of Questionnaires 

Assessing Virtual Reality-Induced Symptoms and Effects and User Experience in 

Virtual Environments. Sensors, 21(4), 1185. https://doi.org/10.3390/s21041185 

Spence, I., & Feng, J. (2010). Video Games and Spatial Cognition. Review of General 

Psychology, 14(2), 92–104. https://doi.org/10.1037/a0019491 

Stanney, K., Fidopiastis, C., & Foster, L. (2020). Virtual Reality Is Sexist: But It Does Not 

Have to Be. Frontiers in Robotics and AI, 7. https://doi.org/10.3389/frobt.2020.00004 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 68 

Stanney, K., Lawson, B. D., Rokers, B., Dennison, M., Fidopiastis, C., Stoffregen, T., 

Weech, S., & Fulvio, J. M. (2020). Identifying Causes of and Solutions for 

Cybersickness in Immersive Technology: Reformulation of a Research and 

Development Agenda. International Journal of Human–Computer Interaction, 36(19), 

1783–1803. https://doi.org/10.1080/10447318.2020.1828535 

Stanney, K. M., Kennedy, R. S., & Drexler, J. M. (1997). Cybersickness is Not Simulator 

Sickness. Proceedings of the Human Factors and Ergonomics Society Annual Meeting, 

41(2), 1138–1142. https://doi.org/10.1177/107118139704100292 

Stanney, K. M., Nye, H., Haddad, S., Hale, K. S., Padron, C. K., & Cohn, J. V. (2021). 

EXTENDED REALITY (XR) ENVIRONMENTS. In HANDBOOK OF HUMAN 

FACTORS AND ERGONOMICS (pp. 782–815). Wiley. 

https://doi.org/10.1002/9781119636113.ch30 

The jamovi project. (2024). Jamovi (Version 2.5). https://www.jamovi.org/ 

Tian, N., Lopes, P., & Boulic, R. (2022). A review of cybersickness in head-mounted 

displays: raising attention to individual susceptibility. Virtual Reality, 26(4), 1409–1441. 

https://doi.org/10.1007/s10055-022-00638-2 

Villena-Taranilla, R., Tirado-Olivares, S., Cózar-Gutiérrez, R., & González-Calero, J. A. 

(2022). Effects of virtual reality on learning outcomes in K-6 education: A meta-

analysis. Educational Research Review, 35, 100434. 

https://doi.org/10.1016/j.edurev.2022.100434 

Weech, S., Kenny, S., & Barnett-Cowan, M. (2019). Presence and Cybersickness in Virtual 

Reality Are Negatively Related: A Review. Frontiers in Psychology, 10. 

https://doi.org/10.3389/fpsyg.2019.00158 

Weech, S., Kenny, S., Lenizky, M., & Barnett-Cowan, M. (2020). Narrative and gaming 

experience interact to affect presence and cybersickness in virtual reality. International 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 69 

Journal of Human-Computer Studies, 138, 102398. 

https://doi.org/10.1016/j.ijhcs.2020.102398 

Williams, A. (2015). Reality check [virtual reality technology]. Engineering & Technology, 

10(2), 52–55. https://doi.org/10.1049/et.2015.0204 

Wu, F., & Suma Rosenberg, E. (2022). Adaptive Field-of-view Restriction: Limiting Optical 

Flow to Mitigate Cybersickness in Virtual Reality. Proceedings of the 28th ACM 

Symposium on Virtual Reality Software and Technology, 1–11. 

https://doi.org/10.1145/3562939.3565611 

Xie, B., Liu, H., Alghofaili, R., Zhang, Y., Jiang, Y., Lobo, F. D., Li, C., Li, W., Huang, H., 

Akdere, M., Mousas, C., & Yu, L.-F. (2021). A Review on Virtual Reality Skill Training 

Applications. Frontiers in Virtual Reality, 2. https://doi.org/10.3389/frvir.2021.645153 

Yen, H.-Y., & Chiu, H.-L. (2021). Virtual Reality Exergames for Improving Older Adults’ 

Cognition and Depression: A Systematic Review and Meta-Analysis of Randomized 

Control Trials. Journal of the American Medical Directors Association, 22(5), 995–

1002. https://doi.org/10.1016/j.jamda.2021.03.009 

Yokota, Y., Aoki, M., Mizuta, K., Ito, Y., & Isu, N. (2005). Motion sickness susceptibility 

associated with visually induced postural instability and cardiac autonomic responses in 

healthy subjects. Acta Oto-Laryngologica, 125(3), 280–285. 

https://doi.org/10.1080/00016480510003192 

Zhang, M., Ding, H., Naumceska, M., & Zhang, Y. (2022). Virtual Reality Technology as an 

Educational and Intervention Tool for Children with Autism Spectrum Disorder: Current 

Perspectives and Future Directions. Behavioral Sciences, 12(5), 138. 

https://doi.org/10.3390/bs12050138 

Zioga, T., Nega, C., Roussos, P., & Kourtesis, P. (2024). Validation of the Gaming Skills 

Questionnaire in Adolescence: Effects of Gaming Skills on Cognitive and Affective 



IMPACT OF INDIVIDUAL DIFFERENCES ON CYBERSICKNESS IN VR 70 

Functioning. European Journal of Investigation in Health, Psychology and Education, 

14(3), 722–752. https://doi.org/10.3390/ejihpe14030048 

  


