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Abstract: In this paper, we propose a training method to reduce the VR sickness that occurs while
viewing VR content with an HMD on. The proposed approach is a new method that involves pre-
exposing users to VR sickness to enable them to adapt to VR sickness. In the proposed method,
the training process was designed based on the features of existing studies related to exposure and
adaptation to motion sickness and simulator sickness. The effectiveness of the proposed method was
evaluated through experiments with 15 subjects (S5SQ and VR sickness response were used in the
analysis). As a result of the experiment, nausea was significantly decreased by 47%, and oculomotor
discomfort was significantly decreased by 34% after the proposed training method. The VR sickness
response decreased by 31%; however, this difference was not statistically significant. Furthermore,
we analyzed the VR sickness response in two groups: those whose sickness decreased and those
whose sickness increased. We confirmed that the decrease group (pre-experiment mean: 1.34 times,
post-experiment mean: 0.58 times) had a larger change than the increase group (pre-experiment
mean: 0.31 times, post-experiment mean: 0.42 times). Therefore, from the experimental results, it was
confirmed that the proposed method is effective in reducing VR sickness.

Keywords: VR sickness; cybersickness; VR sickness reduction; VR sickness training; factor of cybersickness

1. Introduction

Virtual reality (VR) is a technology that can provide experiences that transcend limited
time and space; thus, it is being used in various fields. In virtual reality, a head-mounted
display (HMD) is used to completely separate the user’s gaze from the external envi-
ronment, thereby increasing immersion. Interactions with the virtual environment are
performed through controllers and sensors. However, virtual reality induces symptoms of
motion sickness, referred to as cybersickness or VR sickness. Currently, there are no clear
guidelines on how to overcome VR sickness.

VR sickness is commonly described in sensory conflict theory and postural instability
theory. Sensory conflict theory explains that a discrepancy between the vestibular and visual
organs results in perceptual conflict, which causes motion sickness [1]. Postural instability
theory explains that motion sickness is caused by an unstable posture [2]. Therefore,
VR beginners may experience more VR sickness because they are unable to maintain a
stable posture.

The negative experience associated with VR sickness (e.g., dizziness, headache, and
nausea) is one of the factors preventing the spread of VR technology. Various studies have
been conducted to solve this problem.

The first aspect of these studies focuses on how to measure VR sickness. VR sickness
measurement methods can be classified into subjective measurement, which involves
receiving a questionnaire from a user, and objective measurement, which uses physiological
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signals. Subjective evaluation questionnaires commonly include the simulator sickness
questionnaire (SSQ) [3], motion sickness susceptibility questionnaire (MSSQ) [4], and game
experience questionnaire (GEQ) [5]. Common physiological signals used in objective
measurements include an electrocardiogram (ECG), electrodermal activity (EDA), and an
electrooculogram (EOG).

The second focus is on how to reduce VR sickness. VR sickness reduction methods
can be classified as hardware and software approaches.

First, by examining the hardware approach, Singla et al. (2017) compared VR sickness
based on two HMDs (HTC Vive and Oculus Rift) and reported that HTC Vive provided
better quality to reduce VR sickness than Oculus Rift [6]. This suggests that a higher-
performing HMD can reduce VR sickness. However, this hardware-focused approach can
create a dependency on a specific HMD, and with the annual release of higher-performance
HMDs, there is the problem of users having to constantly change their HMD.

Accordingly, several studies have been conducted to reduce VR sickness using a
software approach. First, there are studies that have used visual effects. Groth et al. (2021)
applied peripheral blurring and field-of-view reduction effects to the content to decrease VR
sickness and confirmed the effectiveness of this approach from experimental results [7]. Nie
etal. (2019) applied a dynamically changing blur effect to first-person games and confirmed
from experimental results that this approach reduced the level of VR sickness in users [8].
Jang et al. (2024) proposed a content design method (methods of movement, panel position,
laser, background panel) to reduce cybersickness occurring in XR environments [9].

Additionally, studies have been conducted to reduce VR sickness by providing specific
objects in VR content. Josupeit et al. (2023) placed fixed objects (virtual nose) on VR content
to reduce VR sickness and confirmed their effectiveness from experimental results [10].
Won and Kim (2021) proposed visual guides of various sizes and positions to reduce
VR sickness and identified the optimal visual guide from experimental results [11]. Duh
et al. (2004) applied grid pattern independent visual background (IVB) to the background
of the content and confirmed from experimental results that this approach reduced VR
sickness [12].

These software approaches are mainly provided by manipulating the content when
the user experiences VR sickness or by applying VR sickness reduction methods to the
content from the beginning. However, these approaches have the following limitations:
(1) they are applied after the user has already experienced VR sickness and (2) they may
compromise the immersion of the content.

Therefore, in this paper, we propose a method to train users to adapt to VR sickness in
advance (hereafter, VR sickness reduction training).

2. Materials and Methods

This section describes the proposed VR sickness reduction training process (including
VR training content) and experiment.

2.1. Proposed VR Sickness Reduction Training Method

The VR sickness reduction training is designed based on elements that are derived
from features related to motion sickness exposure and adaptation [13-17]. The features
used in this design are shown in Table 1.

Based on the these features, the design of the VR sickness reduction training is as
follows: (1) the entire training is structured to be repeated three times at 48 h intervals
(Features A and B), (2) to avoid adaptation only to specific stimulus conditions, various
stimulus conditions are provided (Feature C), (3) individuals are gradually exposed to
VR sickness from low to high levels (Feature D), and (4) following the safety guidelines
presented by the Ministry of Science and ICT in 2019 [18], the duration of VR content
viewing for a single training session should be less than 30 min.
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Table 1. Features used for the design of VR sickness reduction training.

Feature

Increasing the exposure time in a single session increases simulator sickness,
and frequent sickness exposure decreases simulator sickness levels.
Motion sickness decreases with three repetitions at 48 h intervals for a specific stimulus.
Motion sickness is influenced by specific stimulus conditions, and the adaptation effect to motion sickness
decreases when deviating from the adapted stimulus conditions.
Gradual stimulation, rather than a single abrupt stimulus, is more effective for adapting to motion sickness.

g 0w >

Therefore, the final VR sickness reduction training design consists of three sessions
(training), as shown in Figure 1a. The detailed procedure for each training stage is shown
in Figure 1b.

VR sickness reduction training method
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Figure 1. The proposed VR sickness reduction training method: (a) The proposed method is composed
of three training sessions; (b) The detailed procedure of each training session.

Next, we developed VR content for the VR sickness reduction training (hereafter, VR
training content). The VR training content is developed to induce VR sickness in users,
incorporating the VR sickness factors outlined in Table 2.

Table 2. VR sickness factors included in the VR training content.

Factor Description

VR sickness increases when the camera movement within the content rapidly changes.
VR sickness increases when the number of objects within the user’s FoV increases.
VR sickness decreases when objects such as fixed frames are present within the user’s FoV
VR sickness increases when there are moving objects in the user’s FoV.

Camera movement speed [19,20]
Scene complexity [21]
Fixed objects [21]
Moving objects [20,21]

FoV [22-24] VR sickness decreases when the content FoV is smaller.
Movement latency VR sickness increases when there is a delay in when the user’s movements are reflected
[22,23,25] within the content.

Screen resolution [6] VR sickness increases when the screen resolution is lower.

The VR training content is developed by separating the VR sickness-inducing levels
(low, middle, high) for gradual exposure to VR sickness. The detailed values with respect to
the level of sickness induction were set with reference to the IEEE standard document [21]
and previous studies [6,19-25], while the others that were not specified were determined
heuristically. The factors inducing VR sickness and their corresponding levels are given in
Table 3.
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Table 3. The factors inducing VR sickness and their corresponding levels.
VR Sickness- VR Sickness-Inducing Levels
Inducing Factor Low Middle High
Camera movement speed Constant velocity motion Add acceleration Add acceleration
Scene complexity 40 objects in the FoV 1.5 x more than low level 1.5 x more than middle level
Fixed objects True False False
. . . . Add 3 moving objects to the 1.5 x more than
Moving objects Stationary object FaV middle level
FoV 90 degree limit No limit No limit
Movement latency None Add05s Add1.0s
Screen resolution Default resolution Default resolution Low resolution

At a low level, the VR training content is designed to induce low-level VR sickness
by moving the camera at a constant velocity and limiting the number of objects within the
user’s FoV to 40. The user’s gaze is directed through a visual guide [11], and the FoV is
limited to 90 degrees.

At the middle level, in comparison to the low level, the camera speed increases, and
the number of objects within the user’s FoV increases by a factor of 1.5. Additionally, from
the middle level onwards, the objects are no longer limited to stationary ones but also
include moving objects. The visual guide is removed, and the FoV, which was initially
limited to 90 degrees, is expanded to the standard FoV.

At a high level, the camera moves with high acceleration, and the number of objects
included in a scene increases by a factor of 1.5 compared to the middle level. Additionally,
both the number and speed of moving objects increase, and the movement latency becomes
longer than that at the middle level. Finally, filters are applied to the content to artificially
degrade the quality of the content, thereby inducing the highest intensity of VR sickness
in users.

The VR training content is developed in a 3D virtual environment using the Unity
engine and lasts a total of 30 min. The camera within the content moves repeatedly along a
predetermined path and the camera rotation changes based on the user’s head rotation. At
intervals of 10 min, the VR sickness levels automatically shift from low to middle to high.
The developed VR training content is shown in Figure 2.

State: MIDDLE - 5 State: HIGH

Figure 2. The VR content developed for training: (a) low level; (b) middle level; (c) high level.

2.2. Experiment

The experiment to examine the feasibility of the proposed VR sickness reduction train-
ing was conducted in three steps as follows: (1) baseline session, (2) training session, and
(3) evaluation session. Each session was conducted with a one-week interval to minimize
mutual influence, as depicted in Figure 3. The baseline session was a pre-experiment
stage conducted before the proposed training, measuring the subjects” usual degree of VR
sickness. In the training session, the VR sickness reduction training was performed. The
evaluation session was a post-experiment stage conducted after the proposed training,
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measuring the subjects’ changed degree of VR sickness (the baseline and evaluation session
are the experimental ones to measure the user’s VR sickness, and the training one is a
session where a VR sickness reduction training is conducted in the proposed manner).
The effectiveness of the VR sickness reduction training and the VR training content was
evaluated through the difference in VR sickness levels between the baseline session and
the evaluation session.

Baseline session

| + 550 | | + VR sickness response

y

7 days later

VR Sickness Reduction Training Method

Training session

2 days later 2 days later
- >

Third Training
(30 min)

First Training
(30 min)

Second Training
(30 min)

3

l 7 days later

Evaluation session

| + 550, | | + VR sickness response

Figure 3. Experimental process to verify the effectiveness of VR sickness reduction training.

In both the baseline and evaluation sessions, the subjects’ levels of VR sickness were
measured using the SSQ and VR sickness responses. The SSQ is a widely used questionnaire
for evaluating VR sickness and consists of 16 symptoms with responses ranging from 0 to
3 points. The SSQ questionnaire used in this experiment is shown in Figure 4, and the
method for calculating the SSQ scores is shown in Table 4. The SSQ scores were measured
before and after viewing the VR content. The difference between these two SSQ scores was
recorded as the level of VR sickness induced by viewing the VR content. Additionally, the
difference in the SSQ results between the baseline and evaluation sessions was recorded as
the change in the level of VR sickness after the VR sickness reduction training.

Table 4. Weights for SSQ scores.

Weight
SSQ Symptoms
Nausea Oculomotor Discomfort Disorientation
General Discomfort 1 1
Fatigue 1
Headache 1
Eyestrain 1
Difficulty Focusing 1 1
Salivation Increasing 1
Sweating 1
Nausea 1 1
Difficulty Concentrating 1 1
Fullness of the Head 1
Blurred Vision 1 1
Dizziness with Eyes Open 1
Dizziness with Eyes Closed 1
Vertigo 1
Stomach Awareness 1
Burping 1
1 (2) 3
N=(1) x 9.54 O=(2) x 7.58 D=(3) x 13.92

Total Score (TS) = ((1) + (2) + (3)) x 3.74
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Simulator Sickness Questionnaire

Name: Data: Session:

Simulator Sickness Questionnaire
(Kennedy, R. S., Lane, N. E., Berbaum, K. S., & Lilienthal, M. G. (1993) )

None Slight Moderate Severe
1. General Discomfort 0 1 2 3
2. Fatigue 0 1 2 3
3. Headache 0 1 2 3
4. Eyestrain 0 1 2 3
5. Difficulty Focusing 0 1 2 3
6. Salivation Increasing 0 1 2 3
7. Sweating 0 1 2 3
8. Nausea 0 1 2 3
9. Difficulty Concentrating 0 1 2 3
10. Fullness of the Head 0 1 2 3
11. Blurred Vision 0 1 2 3
12. Dizziness with Eyes Open 0 1 2 3
13. Dizziness with Eyes Closed 0 1 2 3
14. Vertigo 0 1 2 3
15. Stomach Awareness 0 1 2 3
16. Burping 0 1 2 3

Figure 4. Simulator sickness questionnaire (S5Q) used in the experiment [3].

The VR sickness response is defined as the number of times subjects click a controller
button when they experience the symptoms of VR sickness during the experiment. A higher
value means that the subject experienced VR sickness more frequently. The procedure for
calculating the VR sickness response is shown in Figure 5.

Start viewing VR content

I

User clicks controller button when experiencing
VR sickness

Save click results per frame
-click:1
-unclick : 0

End viewing VR content

VR sickness response = total number of clicks

Figure 5. The procedure for the VR sickness response calculation.

Next, we developed experimental VR content to be used in the baseline and evaluation
sessions. To ensure uniformity in the experiment, the same VR experiment content was
used in both sessions. Therefore, upon reviewing recent HMD-based VR applications, it
was observed that they are primarily offered in the form of a screen within a virtual space
for activities such as content viewing or document work. Accordingly, the VR experiment
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content was also developed as a screen type, and the content played on the screen was
chosen as a swarm game content, which includes enough factors (such as sudden camera
rotations and fast movements) to induce VR sickness. The VR experiment content, identical
to the VR training content, was played for 30 min and was developed using Unity. The
experimental environment is shown in Figure 6: the VR experiment content and the HTC
Vive pro [26] are used as shown in Figure 6a,b, respectively.

(b)

Figure 6. Experiment environment: (a) VR experiment content; (b) The HTC Vive pro as a device.

3. Results

The experiment was conducted with a total of 15 participants recruited through the IRB
of Korea University of Technology and Education (Approval No: 21052602). Two of these
subjects were unable to participate in the post-experiment stage for health reasons and were
excluded from the analysis. The experiment proceeded only after providing the subjects
with a thorough explanation of the experiment and obtaining their consent, and it was
conducted after the subjects were informed that they could stop the experiment at any time.
As a result, a total of 11 subjects completed all the experiments, and 2 subjects discontinued
watching the VR content due to severe VR sickness during the pre- and post-experiment
stages. Finally, data from 13 subjects (10 males and 3 females, average age = 23) were used
in the analysis. The effectiveness of the proposed VR sickness adaptation training was
examined by analyzing the two scores (55Q and VR sickness response scores) measured at
the pre- and post-experiment stages (baseline and evaluation session). Additionally, the
viewing times were compared for the two subjects who did not complete both the pre- and
post-experiment stages.

3.1. S5Q

We performed a normality test using the Shapiro-Wilk test because the sample size
was less than 30. As a result, it was confirmed that none of the data groups followed a
normal distribution. Therefore, the Wilcoxon signed-rank test was used in the analysis to
compare the mean of the SSQ scores between the pre- and post-experiment sessions. At this
time, the confidence interval was set at 95%, and a p-value of less than 0.05 was considered
significant. As a result of the comparison, the nausea score significantly decreased by
47.83% in the post-experiment stage compared to the pre-experiment stage (p = 0.04). The
oculomotor discomfort score also significantly decreased by 34.29% in the post-experiment
stage compared to the pre-experiment stage (p = 0.02). The disorientation score decreased
by 19.98% in the post-experiment stage, but this difference was not statistically significant
(p = 0.47). The total SSQ scores also decreased by 32.40% in the post-experiment stage, but
this difference was not statistically significant (p = 0.12). The SSQ scores measured in the
experiment are shown in Table 5. Visualization of the SSQ details (Figure 7) showed that the
subjects’ nausea and oculomotor discomfort decreased overall in the post-experiment stage.
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Table 5. The pre-experiment and post-experiment score results for each category of the SSQ.
SSQ
Nausea (N) Oculomotor Discomfort (O) Disorientation (D) Total Score (T)
Subject Pre- Post- Pre- Post- Pre- Post- Pre- Post-
Experiment Experiment Experiment Experiment Experiment Experiment Experiment Experiment
Score Score Score Score Score Score Score Score
S1 124.02 85.86 83.38 75.80 125.28 167.04 1244.22 1229.33
S2 9.54 47.70 22.74 22.74 27.84 27.84 224.84 367.56
S3 9.54 0.00 22.74 22.74 0.00 41.76 120.72 241.23
S4 38.16 19.08 60.64 53.06 41.76 0.00 525.69 269.80
S5 19.08 0.00 22.74 37.90 27.84 41.76 260.52 297.92
S6 0.00 0.00 22.74 22.74 13.92 13.92 137.10 137.10
S7 38.16 19.08 22.74 30.32 41.76 27.84 383.94 288.87
S8 0.00 0.00 15.16 0.00 0.00 27.84 56.69 104.12
S9 9.54 0.00 15.16 0.00 0.00 0.00 92.37 0.00
S10 0.00 9.54 15.16 0.00 0.00 0.00 56.69 35.67
S11 9.54 9.54 53.06 15.16 69.60 27.84 494 .42 196.49
S12 38.16 19.08 68.22 37.90 55.68 83.52 606.10 525.47
S13 143.10 19.08 106.12 30.32 222.72 41.76 1765.05 340.93
Average 33.76 17.61 40.82 26.82 48.18 38.55 459.10 310.35
Rate —47.83% —34.29% —19.98% —32.40%
(p-Value) (0.04 %) (0.02%) (0.47) (0.12)

*p < 0.05.

140
120
100

Score

60

. T
L=

of L 1
Nausea (pre) Nausea (post) Oculomotor Oculomotor Disorientation Disorientation
Discomfort (pre) Discomfort (post) (pre) (post)

Symptom (pre/post)

Figure 7. The pre-experiment and post-experiment results for each category of the SSQ (outliers are
excluded from this figure).

The scores for all four categories of the SSQ decreased by at least 20%, with the score
for nausea showing the greatest reduction at 47.93%. However, only nausea and oculomotor
discomfort showed statistically significant differences. Therefore, to further analyze the
non-significant disorientation and total score, the subjects were divided into increase and
decrease groups, and trends were identified by comparing the pre- and post-experiment
session results for each subject (Table 6).

Of the 13 subjects, 4 subjects remained unchanged, 5 subjects increased their scores,
and 4 subjects decreased their scores. The decrease group demonstrated a change of 69.6,
while the increase group demonstrated a change of 30.06, with a larger change observed
in the decrease group. In addition, the pre-experiment disorientation score was 93.96 for
the decrease group and 41.76 for the increase group. This suggests that the greater the
initial disorientation, the greater the reduction in VR sickness. In the total score, one subject
remained unchanged, four subjects increased their scores, and eight subjects decreased.
The score changes in the decrease and increase groups were 285.24 and 84.01, respectively,
indicating a more significant change in the decrease group. The pre-experiment total
scores were 646.60 for the decrease group and 165.70 for the increase group. The above
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analysis results confirmed that the subjects who felt more symptoms of VR sickness could
experience a greater reduction in the level of VR sickness by the proposed VR sickness
reduction training.

Table 6. The results of the increase or decrease by subjects: disorientation and total score.

Disorientation (D) Total Score (T)

Subject Pre- Post- Increase/ Pre- Post- Increase/
Experiment Experiment Decrease Experiment Experiment Decrease

S1 125.28 167.04 Increase 1244.22 1229.33 Decrease
S2 27.84 27.84 Maintain 224.84 367.56 Increase
S3 0.00 41.76 Increase 120.72 241.23 Increase
S4 41.76 0.00 Decrease 525.69 269.80 Decrease
S5 27.84 41.76 Increase 260.52 297.92 Increase
S6 13.92 13.92 Maintain 137.10 137.10 Maintain
S7 41.76 27.84 Decrease 383.94 288.87 Decrease
S8 0.00 27.84 Increase 56.69 104.12 Increase
S9 0.00 0.00 Maintain 92.37 0.00 Decrease
S10 0.00 0.00 Maintain 56.69 35.67 Decrease
S11 69.60 27.84 Decrease 494.42 196.49 Decrease
S12 55.68 83.52 Increase 606.10 52547 Decrease
S13 222.72 41.76 Decrease 1765.05 340.93 Decrease

3.2. VR Sickness Response

To confirm the normality of the VR sickness response, the Shapiro-Wilk test was
conducted. The test results confirmed non-normality. Therefore, the Wilcoxon signed-
rank test was used in the analysis to compare the mean VR sickness response scores pre-
and post-experiment. Considering the two subjects who did not complete the pre- and
post-experiment sessions, the VR sickness response scores were used as the input per
minute. As a result of the comparison, the VR sickness response decreased by 31.03% in the
post-experiment stage compared to the pre-experiment stage, but this difference was not
statistically significant. Table 7 shows the pre-experiment and post-experiment VR sickness
response results, respectively. Additionally, the subjects were divided into an increase group
and a decrease group to analyze trends. Out of the total of 13 subjects, 2 maintained their VR
sickness responses, 7 showed an increase, and 4 showed a decrease. The pre-experiment VR
sickness response averaged 1.34 times for the decrease group and 0.31 times for the increase
group. The mean change from the pre- to the post-experiment stage of the decrease group
was 0.76 times, while that of the increase group was 0.11 times. The visualization of VR
sickness responses divided into the increase and decrease groups (Figure 8) revealed that
the increase group showed little difference pre- and post-experiment, while the decrease
group demonstrated a large reduction in VR sickness response through the training. This
means that subjects who frequently experienced VR sickness experienced less VR sickness
through the proposed training.

We compared the viewing times of the experimental content between the pre- and
post-experiment sessions for the two subjects who were unable to watch the content until
the end due to VR sickness. In the pre-experiment session, the first subject watched for
16 min and the second subject watched for 10 min. In the post-experiment session, both
subjects watched the VR content for 25 min. The VR content viewing time of the first subject
increased by 9 min, and the viewing time of the second subject increased by 15 min. The
difference in viewing times for the subjects who dropped out are shown in Table 8.



Appl. Sci. 2024, 14, 3485

10 of 13

Table 7. Pre-experiment and post-experiment VR sickness response results.

VR Sickness Response

Subject
) Pre-Experiment Post-Experiment Increase and
Decrease
S1 0.62 0.56 Decrease
S2 0.00 0.13 Increase
S3 0.03 0.07 Increase
S4 0.90 1.23 Increase
S5 0.37 0.43 Increase
S6 0.00 0.00 Maintain
S7 1.50 0.88 Decrease
S8 2.47 0.37 Decrease
S9 0.00 0.00 Maintain
S10 0.00 0.03 Increase
S11 0.13 0.17 Increase
S12 0.77 0.87 Increase
S13 0.77 0.50 Decrease
Average 0.58 0.40 -
Rate (p-Value) —31.03% (0.48) -
3.0
2.5
2.01
VR sickness 1.51
response
1.0 4
1 ==
0.5
0.0 —

Increas'e (pre) Increasé (post) decreae';e(pre) decreasve(post)

group (pre/post)

Figure 8. The analysis results with respect to VR sickness responses between two groups (increase
and decrease groups).

Table 8. The differences in viewing time for the subjects.

VR Content Viewing Time

Subject - - -
Pre-Experiment Post-Experiment Increase Time
P1 16 min 25 min 9 min
P2 10 min 25 min 15 min

4. Conclusions

In this paper, a new approach for reducing VR sickness, a user training method,
was proposed. The proposed method trains users for VR sickness in advance, unlike
existing methods that apply reduction methods to VR content. To achieve this, the VR
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sickness reduction training and VR training content were developed by analyzing existing
studies related to VR sickness and motion sickness. The VR sickness reduction training is
conducted three times at 48 h intervals, and the VR training content was developed with
separate levels to provide users with gradual VR sickness stimulation. In addition, a total
of seven VR sickness factors (camera movement speed, scene complexity, fixed objects,
moving objects, FoV, movement latency, screen resolution) were included in the VR training
content to enable users to adapt to various stimuli.

An experiment was conducted with 13 subjects to examine the feasibility of the
proposed training. The subjects” VR sickness was measured using an SSQ questionnaire
and VR sickness response. Out of the 13 subjects, 2 subjects could not complete both the
pre- and post-experiment sessions due to VR sickness. Therefore, data from these two
subjects were included up to the point where they stopped.

As a result, we confirmed a decrease of at least 20% in all four categories of the
55Q in the post-experiment session. The nausea score (47.83%, p = 0.04) and oculomotor
discomfort score (34.29%, p = 0.02) significantly decreased, while the disorientation score
(19.98%, p = 0.47) and total score (32.40%, p = 0.12) did not show significance.

The proposed training content provided a view based on the user’s head movements,
whereas the experimental one included intentional camera rotations to sufficiently induce
VR sickness in users. Therefore, it is considered that the disorientation score was not
significant because the subjects were not trained for unexpected changes in view due
to intentional camera rotation. Additionally, to further analyze the two non-significant
categories (disorientation and total score), we compared the pre- and post-experiment
results for each subject individually. Through this, it was confirmed that the subjects
with higher disorientation and total scores in the pre-experiment demonstrated a greater
reduction in VR sickness following the proposed training.

The VR sickness response decreased by 31.03% from the pre- to the post-experiment
stages; however, this was not statistically significant. Therefore, we divided the subjects
into decrease and increase groups to analyze the trends. The pre-experiment VR sickness
response in the decrease group was 1.03 times higher than that in the increase group. As a
result of the post-experiment session, it was confirmed that the decrease group had decrease
in VR sickness response by an average of 0.76 times and the increase group increased by an
average of 0.11 times. This means that the subjects who frequently experienced VR sickness
experienced less VR sickness through the proposed training.

Furthermore, we compared the viewing time of the two subjects who discontinued the
pre- and post-experiment stages and confirmed that both subjects increased their viewing
time of VR content after the proposed training (Ap1 = 9 min, Ap2 = 15 min). From these
experimental results, we confirmed that VR sickness reduction training can reduce VR
sickness when users watch VR content on HMDs.

The contributions of this study are summarized as follows. First, while existing
methods for reducing VR sickness have focused on content modification or hardware
improvements, this study proposed a new approach that trains users to adapt to VR sickness.
Second, characteristics related to motion sickness (including adaptation and exposure) were
analyzed, which can thus be used as a guideline for the design of new training models.
Finally, from the experimental results, it was confirmed that the proposed training reduced
the VR sickness, thereby verifying the potential of VR sickness reduction training.

However, this study has several limitations, even though it provides a significant
finding that the proposed method (VR sickness reduction training) can reduce VR sickness
in users. First, the number of subjects was 13, which thus has a limitation for generalizing
our results. Second, individual differences among the subjects (such as sensitivity, physio-
logical and psychological characteristics, and previous experiences) were not considered.
Therefore, our future works include increasing the number of subjects and analyzing the
individual differences among subjects in various manners.
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