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ABSTRACT

The increasing popularity of virtual reality (VR) gaming has brought
significant attention to user experience factors such as scene
complexity, workload, presence, and cybersickness. This study
explores the relationships between these elements in a task-based VR
game environment. By conducting a comprehensive analysis of user
interactions and experiences, we aim to identify how varying levels
of scene complexity and workload impact the sense of presence and
the incidence of cybersickness. Furthermore, the study investigates
the potential of head movement patterns as indicators of
cybersickness. The findings suggest that higher scene complexity and
workload correlate with increased cybersickness, while a strong
sense of presence may mitigate some negative effects. These insights
provide valuable guidelines for VR game developers to enhance user

experience and minimize cybersickness.

1. Introduction

Virtual reality (VR) technology has rapidly evolved, transforming from a niche innovation to a

mainstream medium with widespread applications, particularly in gaming. VR gaming offers an

immersive experience that can transport users into fully interactive digital worlds, creating an

unparalleled sense of presence. However, alongside these advancements, several user experience

challenges have emerged, notably scene complexity, workload, presence, and cybersickness.

Scene complexity in VR environments refers to the level of detail and the number of interactive
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elements within a virtual scene. While complex scenes can enhance immersion by providing a richer
visual experience, they can also increase cognitive load and potentially lead to user discomfort. The
balance between creating visually engaging environments and maintaining user comfort is critical in
VR design [1-3].

Workload in VR refers to the mental and physical effort required to interact with the virtual
environment. High workloads can result from complex tasks, demanding interactions, or the need to
process a large amount of visual and auditory information. Understanding how workload impacts
user experience is essential for designing VR games that are both engaging and comfortable.
Presence, or the sense of "being there," is a core aspect of VR that significantly influences user
experience. A strong sense of presence can enhance enjoyment and engagement but can also play a
role in mitigating or exacerbating cybersickness. Cybersickness, a form of motion sickness
experienced in virtual environments, remains a significant barrier to the widespread adoption of VR.
Symptoms such as dizziness, nausea, and disorientation can detract from the VR experience and
limit the duration for which users can comfortably engage with VR content [4-8].

This study aims to explore the intricate relationships between scene complexity, workload, presence,
and cybersickness in a task-based VR game environment. By analyzing user interactions and
experiences, we seek to identify how varying levels of scene complexity and workload affect the
sense of presence and the incidence of cybersickness. Additionally, we investigate the potential of
head movement patterns as indicators of cybersickness, providing a novel approach to early
detection and prevention [9-11].

The findings from this research will offer valuable insights for VR game developers, enabling them
to create more immersive and user-friendly experiences. By understanding the factors that contribute
to cybersickness and how presence can mitigate its effects, developers can design VR environments
that maximize enjoyment while minimizing discomfort. This study contributes to the broader field of
human-computer interaction (HCI) by addressing key challenges in VR and proposing solutions to
enhance user experience [12].

In the following sections, we will review related work, describe our research methodology, present
our findings, and discuss their implications for VR game design. Through this comprehensive
analysis, we aim to advance the understanding of user experience in VR and provide actionable
guidelines for creating more effective and enjoyable VR gaming environments.

2. Literature Review

Virtual reality (VR) has gained significant traction as a powerful tool for immersive
experiences, particularly in gaming and simulation. The evolution of VR technology has
opened new avenues for creating highly interactive and engaging environments, leading to a
surge in research focused on understanding and improving user experience in these virtual
spaces [13-14].

A critical component of VR is the concept of presence, which refers to the user's feeling of
being physically present in the virtual environment. High levels of presence are associated
with more engaging and satisfying experiences. Various factors contribute to the sense of
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presence, including visual fidelity, audio quality, and the naturalness of interactions within the
VR environment. However, achieving a high sense of presence often comes with challenges,
especially when balancing scene complexity and user comfort [15-17].

Scene complexity pertains to the level of detail and the richness of the virtual environment.
While intricate and detailed scenes can enhance the sense of immersion, they can also impose
higher cognitive and sensory loads on users. This increased load can lead to discomfort and
detract from the overall VR experience. Therefore, understanding the optimal level of scene
complexity that maximizes immersion without causing negative side effects is crucial.
Workload in VR environments is another important factor that influences user experience.
Workload can be both mental and physical, stemming from the tasks users are required to
perform and the complexity of interactions within the virtual world. High workload can lead
to fatigue and reduced enjoyment, making it essential to design VR experiences that are
challenging yet not overwhelming. Balancing task difficulty and interaction simplicity is key
to maintaining user engagement and satisfaction [18-20].

Cybersickness, a form of motion sickness induced by virtual environments, remains a
significant hurdle in VR adoption. Symptoms such as dizziness, nausea, and disorientation can
severely impact the user's ability to enjoy and tolerate VR experiences. Factors contributing to
cybersickness include discrepancies between visual motion cues and the user's physical
movements, high scene complexity, and prolonged exposure to VR. Identifying and mitigating
these factors is essential for creating comfortable and accessible VR applications.

Research has also explored the role of head movement patterns as potential indicators of
cybersickness. By analyzing how users move their heads during VR experiences, it is possible
to detect early signs of discomfort and adjust the virtual environment accordingly. This
approach offers a proactive way to manage cybersickness, enhancing the overall user
experience and making VR more accessible to a broader audience [21-22].

In summary, the interplay between scene complexity, workload, presence, and cybersickness
is complex and multifaceted. Achieving an optimal balance requires a deep understanding of
how these factors interact and influence user experience. As VR technology continues to
evolve, ongoing research is essential to develop best practices and design principles that
enhance immersion, reduce discomfort, and create engaging and enjoyable VR environments.
This literature review highlights the critical areas of focus in VR research and underscores the
importance of addressing these challenges to advance the field of human-computer interaction
and virtual reality [23].

3. Research Methodology
Overview
This study employs a mixed-methods approach to investigate the relationships between scene

complexity, workload, presence, and cybersickness in a task-based virtual reality (VR) game
environment. The methodology integrates quantitative data collection through surveys and
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physiological measurements with qualitative insights from user interviews and observations. This
comprehensive approach ensures a robust analysis of the factors influencing user experience in VR.

Participants

A diverse sample of 150 participants was recruited for this study, including both experienced VR
users and novices. Participants were aged between 18 and 45 years and had no history of motion
sickness or vestibular disorders. Each participant provided informed consent before participating in
the study.

Experimental Design

The study was conducted in a controlled laboratory setting equipped with high-end VR hardware.
Participants were randomly assigned to interact with VR environments of varying scene
complexities and workload levels. The VR environments were designed using a popular VR game
development platform, ensuring consistency and control over the variables.

Scene Complexity Levels:

1. Low complexity: Simple, sparse environments with minimal interactive elements.

2. Medium complexity: Moderately detailed environments with a balanced number of interactive
elements.

3. High complexity: Highly detailed environments with numerous interactive elements.

Workload Levels:
1. Low workload: Simple tasks requiring minimal cognitive and physical effort.
2. Medium workload: Tasks of moderate difficulty requiring balanced cognitive and physical effort.

3. High workload: Complex tasks requiring significant cognitive and physical effort.

Each participant experienced all combinations of scene complexity and workload levels in a
randomized order to control for learning effects and order bias.

Data Collection

1. Surveys:
Participants completed pre-experiment and post-experiment surveys. The pre-experiment survey
collected demographic information and baseline data on VR experience and susceptibility to motion
sickness. The post-experiment survey assessed the participants' perceived presence, workload, and
cybersickness using standardized scales:

- Presence: Measured using the Presence Questionnaire (PQ).

- Workload: Measured using the NASA Task Load Index (NASA-TLX).

- Cybersickness: Measured using the Simulator Sickness Questionnaire (SSQ).
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2. Physiological Measurements:

To provide objective data on cybersickness, physiological measurements were recorded using
wearable sensors. These measurements included heart rate variability (HRV), skin conductance, and
head movement patterns. The data were continuously recorded throughout the VR sessions.

3. Observations and Interviews:

Researchers observed participants during the VR sessions, noting behaviors indicative of discomfort
or high workload. Post-experiment interviews were conducted to gather qualitative insights into
participants' experiences, focusing on factors contributing to presence, workload, and cybersickness.

Data Analysis

1. Quantitative Analysis:

Statistical analysis was performed on the survey and physiological data. Descriptive statistics
summarized the overall findings, while inferential statistics (e.g., ANOVA, regression analysis) were
used to examine the relationships between scene complexity, workload, presence, and cybersickness.
Correlation analysis was conducted to identify potential predictors of cybersickness based on head
movement patterns.

2. Qualitative Analysis:

The qualitative data from observations and interviews were transcribed and analyzed using thematic
analysis. This approach helped identify common themes and patterns related to user experience,
providing deeper insights into the factors influencing presence and cybersickness.

3. Integration of Findings:

The quantitative and qualitative findings were integrated to provide a comprehensive understanding
of the relationships between the variables. Triangulation ensured the validity and reliability of the
results, with multiple data sources corroborating the findings.

Results and Interpretation

Data Summary

The study involved 150 participants who interacted with VR environments of varying scene
complexity (low, medium, high) and workload levels (low, medium, high). The data collected
includes presence scores (on a scale of 1 to 7) and cybersickness scores (on the SSQ scale of 0 to
100).

Summary Statistics

The following table presents the mean and standard deviation of presence and cybersickness scores
for each combination of scene complexity and workload:
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Scene Workload Presence Presence Std | Cybersicknes | Cybersicknes

Complexity Mean s Mean s Std
1 (Low) 1 (Low) 5.1 0.9 12.4 8.5
1 (Low) 2 (Med) 5.0 0.8 22.5 9.2
1 (Low) 3 (High) 4.9 0.7 32.6 9.7
2 (Med) 1 (Low) 52 0.8 22.8 8.1
2 (Med) 2 (Med) 5.1 0.9 32.7 93
2 (Med) 3 (High) 5.0 0.8 42.5 10.4
3 (High) 1 (Low) 53 0.7 329 8.6
3 (High) 2 (Med) 52 0.9 423 9.5
3 (High) 3 (High) 5.1 0.9 52.6 11.0

Presence Scores

The presence scores, as shown in the summary statistics and depicted in the first chart, indicate that:

e Presence scores are relatively high across all conditions, averaging around 5 on a scale

of 1 to 7.

e The presence scores slightly decrease as workload increases within each scene

complexity level. This suggests that higher workload may slightly detract from the sense

of presence, although the overall impact is moderate.

e Scene complexity appears to have a minimal effect on presence scores, with only slight

variations between low, medium, and high complexity levels.

Cybersickness Scores

The cybersickness scores, presented in the summary statistics and illustrated in the second chart,

reveal that:

e Cybersickness increases significantly with higher scene complexity and workload levels.

e The lowest cybersickness scores are observed in low scene complexity and low
workload conditions (Mean = 12.4), while the highest scores are in high scene
complexity and high workload conditions (Mean = 52.6).

e This pattern indicates that both scene complexity and workload independently and

interactively contribute to the incidence of cybersickness.
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Ethical Considerations

Ethical approval for the study was obtained from the institutional review board. Participants were
informed about the study's objectives, procedures, and potential risks. They were assured of their
right to withdraw from the study at any time without penalty. Data confidentiality and anonymity
were maintained throughout the study.

Conclusion

This study aimed to investigate the intricate relationships between scene complexity, workload,
presence, and cybersickness in task-based virtual reality (VR) game environments. Utilizing a
mixed-methods approach that combined quantitative data collection and qualitative insights, we
were able to comprehensively analyze the factors influencing user experience in VR.

Key Findings:

1. Presence Scores: The presence scores remained relatively high across all conditions, indicating
that VR environments, regardless of their complexity and workload, generally provide a strong sense
of immersion. However, an increase in workload was observed to slightly reduce the sense of
presence, suggesting that higher cognitive and physical demands might detract from the overall
immersive experience.

2. Cybersickness Scores: Cybersickness was found to significantly increase with higher scene
complexity and workload levels. This indicates that both factors independently and interactively
contribute to the discomfort experienced by users. The lowest levels of cybersickness were recorded
in environments with low complexity and low workload, while the highest levels were noted in high
complexity and high workload scenarios.

3. User Experience: The qualitative data provided deeper insights into the user experience,
highlighting that while detailed and interactive environments enhance engagement, they can also
lead to increased cognitive load and discomfort. Participants noted that a balance between visual

richness and task simplicity is crucial for maintaining comfort and enjoyment.

Implications for VR Design:

The findings of this study offer valuable guidelines for VR game developers and designers. To
enhance user experience while minimizing cybersickness, it is essential to:
e Optimize Scene Complexity: Create visually engaging environments that do not
overwhelm the user with excessive detail or interactive elements.
e Manage Workload: Design tasks that are challenging yet manageable, ensuring that

users do not experience excessive cognitive or physical strain.
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e Monitor Cybersickness Indicators: Utilize tools to monitor physiological and
behavioral indicators of cybersickness, allowing for real-time adjustments to the VR
environment to maintain user comfort.

5. Future Works

Further research is needed to explore the precise thresholds for scene complexity and workload that
optimize presence and minimize cybersickness. Additionally, investigating the role of personalized
VR experiences that adapt to individual user preferences and tolerances could provide further
enhancements in user comfort and engagement.

In conclusion, this study advances our understanding of the factors that influence user experience in
VR environments. By addressing the challenges related to scene complexity, workload, and
cybersickness, VR developers can create more immersive, enjoyable, and user-friendly applications.
These insights contribute significantly to the fields of virtual reality and human-computer
interaction, paving the way for the development of next-generation VR experiences that are both
engaging and comfortable.

ng us closer to the sophisticated interactions envisioned by early pioneers in the field.
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