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Abstract.  Virtual Reality (VR) motion sickness is a physiological discomfort that users
experience when using virtual reality devices, and it is one of the main reasons that limit the
development and application scenarios of virtual reality technology. To enhance user
experience and broaden the application prospects of VR technology, it is crucial to study the
causes and preventive measures of motion sickness. This article primarily examines the
causes and manifestations of VR motion sickness by integrating the visual generation
principle of VR. Understand subjective assessment indicators such as Simulator Sickness
Questionnaire (SSQ) and Vestibular Function Measurement (FMS), as well as objective
indicators, and discuss the relief methods of related symptoms from multiple aspects
including technical optimization, content design, and user adaptation. Future research can
further integrate physiological signal monitoring and behavioral data analysis to build a
more comprehensive assessment and intervention system for motion sickness, thereby
promoting the wider application of virtual reality technology in fields such as education,
healthcare, and entertainment.
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1. Introduction

As an emerging human-computer interaction technology, Virtual Reality(VR) technology can
provide users with immersive interaction experiences by simulating senses. It has huge application
potential in various fields such as training, education, healthycare, and the military.With the
development of VR technology, the experience of VR devices has gradually upgraded, supporting
the all-round construction of virtual worlds through senses such as vision, hearing and touch,
bringing users an unprecedented experience.

However, VR technology has not been widely applied, as users may experience physiological
discomfort when using VR devices, mainly dizziness, headache, nausea, and eye fatigue—with an
underlying complex mechanism. This phenomenon is called VR motion sickness. Research shows
that VR motion sickness not only affects users’ comfort and experience, raises people’s concerns
about whether VR technology will be harmful to human health. Additionally, it restricts the
promotion of VR in long-term application scenarios, such as education and healthcare. For instance,
in an educational environment, excessive discomfort may impair students’ concentration and
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learning efficiency. In surgical simulation training, the trainees’operations may be affected, resulting
in the inability to simulate real surgical scenarios.

Therefore, accurately understanding the mechanism of VR motion sickness, establishing
scientific assessment methods, and proposing effective mitigation strategies have become an
important research topics in the field of virtual reality. This essay will systematically review the
current research status, cause mechanisms, assessment methods and intervention measures of VR
motion sickness based on the visual generation principle of virtual reality, providing a reference for
subsequent academic exploration and application practice.

2. The causes and mechanisms of VR motion sickness

2.1. Sensory conflict theory

Currently, there are three mainstream theories explaining the causes of motion sickness: sensory
conflict theory, posture instability theory, and individual differences and psychological factors.
Among the three causes, the sensory conflict theory is the most classic theoretical model. When
users use a fixed base simulator, the motion signals transmitted by the visual system are inconsistent
with the information transmitted by the vestibular system or proprioception, causing confusion in
the brain and triggering an uncomfortable response. For instance, in a VR scenario, when a user
performs “virtual movement” through a controller, visual feedback indicates that the body is
accelerating. However, vestibular system of the inner ear fails to detect the corresponding movement
signal, thereby causing symptoms such as nausea and dizziness. Research shows that both rendering
delay and overly rapid picture rotation can significantly exacerbate this conflict [1].

2.2. Posture instability theory

Another explanation for the mechanism of motion sickness is the posture instability theory. This
theory posits that the fundamental cause of motion sickness lies in the inability of users to maintain
stable posture control when using VR devices [2]. During the VR visual generation process, slight
delays in head tracking and image feedback can interfere with the body balance system, enabling
users to continuously adjust their postures in the virtual environment. A prolonged state of unstable
posture can cause physiological stress and fatigue, which in turn can trigger motion sickness
symptoms. Compared with the sensory conflict theory, this theory places more emphasis on the
significant role of “dynamic balance” in VR experiences.

2.3. Individual differences and psychological factors

In addition to the above two theories, individual differences such as gender and age are also
important variables in the causes of motion sickness [3]. Some researchers used nausea and eye
movement as indicators to assess the degree of motion sickness response in different genders [4].
The study found that compared to the male group, the female group had a higher probability of
experiencing a motion sickness. Meanwhile, research has confirmed that as age increases, users’
sensitivity to VR will decline that is, teenagers are more likely to be affected by motion sickness [5].
VR users with more extensive experience have also been shown to generally have stronger
adaptability compared to those with short-term exposure to VR. Additionally, psychological factors
can also affect the severity of motion sickness symptoms. Negative emotions such as anxiety and
fear can greatly trigger motion sickness [6]. Moreover, if users have a psychological predisposition
to feeling dizzy before using the product, their symptoms tend to be more severe.
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3. The impact of VR visual generation on sickness

According to statistics, 75% to 80% of human perception of objective information comes from
vision. Therefore, the visual channel is the most important interface for perception in VR systems.
VR devices generate and present visual information by simulating the human visual system’s
working mode, creating a virtual environment that is remarkably close to reality. However, in this
process, the technical features and limitations of the visual generation mechanism also pose hidden
dangers for the occurrence of VR motion sickness. The following elaborates on aspects such as
stereoscopic imaging, dynamic tracking, rendering delay and refresh rate, field of view and
immersion.

3.1. Parallax imaging

Human vision relies on binocular parallax to create a sense of depth. VR headsets, however, present
slightly different images for the left and right eyes, respectively, through the display screen,
reconstructing a three-dimensional visual effect and thus creating an immersive spatial sense, such
as constructing image size differences, and texture gradient differences, etc. However, this
artificially created stereoscopic parallax does not always align with the vestibular system or body
movements; that is, the parameters for obtaining stereoscopic images do not match the parameters
perceived by the human eye [7]. For instance, when the movement direction or speed of objects in
the virtual image does not match the actual perception of the body, it causes distortion in the
perception of the virtual space, leading to a decrease in the visual comfort for the human eye. This
can thereby induce VR motion sickness.

3.2. Field of View in virtual environments

The Field of View (FOV) determines the range that a user can see in a virtual environment. It is
generally believed that in an ideal situation, immersion is proportional to the viewing angle,
provided that the quality of visual perception is guaranteed. However, a careful balance is needed
between “immersion” and “comfort” in visual generation. A larger FOV helps enhance the sense of
presence, but it also amplifies the illusion of displacement and rotation, intensifying sensory
conflicts, increasing visual load and the probability of motion sickness [8]. Research shows that the
FOV is positively correlated with the impact of motion sickness, and moderately reducing the FOV
can effectively alleviate motion sickness [9].

3.3. Rendering delay and refresh rate

Motion-to-Photon Latency, which is the total delay required from the occurrence of user actions to
the update of the visual display, is a key parameter affecting the VR experience. Studies show that if
the delay exceeds 20 milliseconds, users will perceive it as significantly unnatural and thus be more
prone to motion sickness [10]. At the same time, an insufficient refresh rate (for example, below
60Hz) can cause the picture to be blurry or have trailing, further increasing the eye movement load.
Therefore, mainstream VR devices often require a refresh rate of at least 90Hz to reduce the risk of
motion sickness.
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3.4. Head tracking and image update

The immersion of VR also relies on the precise tracking of head movements. Stand technologies
include inertial measurement units (IMUs) and external positioning systems (such as optical
tracking and Inside-out tracking). Ideally, the slightest rotation of the user’s head should be fed back
to the image update in real time within the millisecond level. Disabling head tracking will comprise
the user experience and potentially cause motion sickness [11]. Additionally, if there is a delay or
jitter during the tracking process, users may experience a temporal dislocation between vision and
movement, leading to dizziness and discomfort.

3.5. Optical distortion and dynamic blurring

The lenses used in VR headsets inevitably introduce geometric distortion or dispersion distortion
[12]. Although pre-correction is usually carried out during the rendering process, residual distortion
may still cause additional load on the eyes. In addition, when users move quickly in a virtual
environment, if there is not enough dynamic blur processing, the picture will appear stiff, thereby
aggravating the motion sickness symptoms.

4. Measurement and evaluation of VR motion sickness

4.1. Subjective scale

Research on VR motion sickness most widely relies on subjective assessment methods. Among
these, the most widely recognized is the Simulator Sickness Questionnaire (SSQ), developed by
Kennedy et al. [13]. This Questionnaire consists of 16 items, covering three dimensions: nausea, eye
fatigue and disorientation, and is scored either by computer or manually. It can comprehensively
reflect the user’s discomfort conditions. It has the advantages of simple operation and suitability for
large-scale experiments, its limitations include a reliance on subjective feedback and potential
susceptibility to psychological influences.

In contrast, the Fast Motion Sickness Scale (FMS) provides a method for recording the dynamic
changes of motion sickness symptoms [14]. It employs a single-item scoring method, ranging from
0 to 20 points, which allows for real-time tracking of changes in user discomfort during the
experiment. However, the precision is insufficient. It is difficult to distinguish different types of
symptoms. Furthermore, some studies have also proposed the MSAQ (Motion Sickness Assessment
Questionnaire) and VRSQ (Virtual Reality Sickness Questionnaire) as methods to conduct
supplementary studies for specific scenarios, which are usually combined with the SSQ to enhance
the comprehensiveness of the assessment [15-16].

4.2. Objective indicators

In addition, the objective assessment method, as an important supplement to the subjective
assessment, mainly quantifies discomfort through physiological indicators (such as heart rate
variability and eye movement) or behavioral indicators (such as head movement stability), which
has the advantage of strong objectivity. However, it usually relies on professional equipment, has a
relatively high cost, and its application scenarios are relatively limited.
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5. Methods of alleviation and intervention

5.1. Technology optimize

To alleviate the discomfort caused by motion sickness and reduce users’ resistance to VR
experiences, some studies have proposed intervention strategies, which can be classified into three
types: optimizing technology, improving design, and enhancing adaptability.

On the technical front, studies have shown that users are likely to feel uncomfortable when the
motion-to-photon latency exceeds a certain large [17]. Therefore, by optimizing hardware and
algorithms, improving system performance, and reducing latency, the probability of motion sickness
can be effectively decreased. Additionally, increasing the refresh rate can significantly alleviate
motion sickness symptoms by avoiding the extra load on the visual system caused by frame
stuttering and trailing. At the same time, enhancing resolution and picture stability also helps to
relieve discomfort caused by image distortion.

5.2. Content design improves

In terms of content design, developers have gradually recognized the importance of employing
reasonable interaction methods and visual presentation to reduce motion sickness. Users are more
prone to motion sickness when experiencing highly stimulating VR content, while content with
minimal movement is less likely to cause it [3]. Therefore, adopting segmented displacement
methods or reducing intense acceleration and rapid rotation actions can significantly lower the
discomfort caused by sensory conflicts. Moreover, introducing a stable visual reference frame at the
edge of the screen (such as the helmet boundary) provides users with a reference point, thereby
reducing confusion and dizziness.

5.3. User adaptability enhance

Regarding user adaptability, encouraging users to gradually get accustomed to and trained with VR
through short, low-intensity experiences can enhance the nervous system’s tolerance. Additionally,
some physical methods have been proven to alleviate symptoms, such as incorporating vibration
feedback or other tactile or olfactory stimuli during use to provide consistent sensory input in
conjuction with the visual experience.

6. Conclusion

This review mainly discusses the potential hazards of motion sickness in VR visual generation.
Factors such as binocular stereoscopic imaging, head tracking delay, insufficient refresh rate, and
optical distortion can all cause sensory conflicts, thereby leading to a range of physiological and
psychological discomfort reactions. This review also integrates previous studies, discusses the
current mainstream causes of motion sickness, introduces and compares assessment methods such as
SSQ and FMS, and summarizes previous relief measures into three types. However, the current
prevention and control methods still lack unified standards and personalized adaptation mechanisms,
making it challenging to meet the diverse needs of various application scenarios. This merits further
research and discussion. However, this article only analyzes and organizes some research results and
does not yet contain specific experimental content. Further experimental research or application
design will be conducted in the future.
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