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of combined balance therapy on virtual reality
induced motion sickness: a randomized,
placebo controlled, double-blinded study
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Abstract

Background The objective of this study was to investigate the impact of a rehabilitation program aimed at address-
ing vestibular and proprioceptive deficits, which are believed to underlie the pathophysiology of motion sickness.

Methods A total of 121 medical students with motion sickness participated in this study and were randomly divided
into intervention (n=60) and placebo control (h=61) groups. The intervention group underwent combined balance,
proprioception, and vestibular training three times a week for 4 weeks, while the control group received placebo
training. The study assessed various measurements, including the Virtual reality sickness questionnaire (VRSQ), toler-
ance duration, enjoyment level measured by VAS, stability levels using Biodex, and balance with the Flamingo balance
test (FBT). All measurements were conducted both at baseline and 4 weeks later.

Results There was no significant difference in pre-test scores between the intervention and control groups, sug-
gesting a similar baseline in both groups (p > 0.05). The results showed a significant improvement in VRSQ, tolerance
duration, VAS, Biodex, and FBT scores in the intervention group (p < 0.05). While, the control group showed a signifi-
cant increase only in VAS scores after 4 weeks of training (p < 0.05). A statistically significant improvement was found
between the groups for VRSQ (p < 0.001), tolerance duration (p<0.001), VAS (p <0.001), Biodex (p=0.015), and FBT
scores (p <0.05), in favor of the intervention group.

Conclusions A combined balance training program for motion sickness proves to be effective in reducing

motion sickness symptoms, enhancing user enjoyment, and extending the usage duration of virtual reality devices
while improving balance and stability. In contrast, placebo training did not alter motion sickness levels. These findings
offer valuable insights for expanding the usage of virtual reality, making it accessible to a broader population.
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Introduction
Virtual reality (VR) provides an immersive three-dimen-
sional experience capable of replicating reality with
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in virtual reality technologies have expanded their appli-
cations across various disciplines, including higher edu-
cation, medicine, video gaming, healthcare, and social
sciences such as history [1, 2].

The utilization of virtual reality within health profes-
sions education is on the rise and is becoming a signifi-
cant component in competency development. Immersive
technologies can provide similar educational benefits to
traditional learning methods [3]. One of the main rea-
sons why virtual reality is preferred in the field of medical
education is that it offers interaction environments that
allow cadaver dissection and direct manipulation and
can provide many different scenarios with personalized
modifications [4]. Additionally, VR allows students and
newcomers to engage with intricate scenarios in a secure
and controlled setting, offering the opportunity for itera-
tive practice without the wear and tear associated with
costly physical simulators. Employing VR technology for
training purposes can significantly reduce error rates,
enhance the learning process, save time, and lower costs
[5]. However, the integration of such technology into
higher education has been gradual, impeded by various
technological barriers, and there seems to be a dearth of
effective sharing of innovative practices and successful
implementations [6].

Prolonged exposure to virtual environments and sim-
ulators has been associated with adverse effects, with
approximately 30% of users experiencing nausea and
up to 40% reporting eyestrain, which can substantially
impede user participation [7, 8]. These adverse effects
have been described in the literature using several terms,
most commonly referred to as ‘cybersickness’ or ‘motion
sickness’ (MS) [9]. Motion sickness occurs during move-
ments that do not correlate with bodily motions and cre-
ates sensory conflict or sensory mismatch between the
actual sensory information, encompassing kinaesthetic
inputs, vestibular, visual, and sensory patterns derived
from the virtual environment [10, 11], such as those
encountered during airplane or boat travels [12].

Predicting the occurrence of MS in a user is exceed-
ingly challenging due to the multitude of factors, encom-
passing both technological and individual aspects, that
contribute to its causation [13]. The pathophysiology of
MS is built around sensory conflict and neural storage
theories, which suggest that alterations in visual stimuli
can give rise to sensory conflicts among proprioception
and vestibular inputs (vestibulo-ocular/vestibulo-spinal
reflexes), consequently eliciting varying degrees of visu-
ally induced MS [14-16]. Despite ongoing advancements
in related technologies and recent innovations, adverse
effects induced by virtual reality in simulator and virtual
environments continue to be reported in recent litera-
ture. For instance, a recent publication reported a mean
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dropout rate of 15.6% based on data collected from 44
empirical studies on MS and the impact of VR content
when using a head-mounted display [17]. Motion sick-
ness symptoms are categorized into two subgroups: ocu-
lomotor and disorientation [18]. It is believed that ocular
symptoms are related to vestibular connections, while
general symptoms are thought to be associated with
the somatosensory system and proprioceptive sources
[15, 19]. The apparent sense of self-motion is primarily
controlled by the visual system. Motion sickness in this
context is often referred to as visually triggered motion
sickness and causes additional oculomotor problems [20].
Therefore, in the VR environment users may suffer from
motion illusions; a false motion sense that caused due
to visual stimulation without actual physical movement.
This phenomenon can lead to cases of motion sickness
in virtual reality [21]. Visual, vestibular, and somatosen-
sory stimuli are often integrated for self-motion percep-
tion, but in VR these stimuli can conflict with each other
and cause motion sickness [22, 23]. This high incidence
of side effects is a major obstacle to the use of this tech-
nology in education. Therefore, the aim of this study was
to investigate the effects of a combined training program
focusing on both somatosensory and proprioceptive
training on virtual reality induced motion sickness symp-
toms in healthy medical students.

Methods

One hundred twenty-one medical students who accepted
and fulfilled the inclusion criteria were recruited for this
study. This randomized controlled, double-blinded study
was performed in line with the Helsinki Declaration with
permission from the local ethics committee of xxxx Uni-
versity (Clinical Research Ethics Committee 2022/299—
503) (clinicaltrials.gov ID: NCT06056622 28/09/2023)
and conducted in the department of physical therapy and
rehabilitation. Inclusion criteria consisted of presenting
motion sickness symptoms with a minimum score of 30
on the Virtual reality sickness questionnaire (VRSQ) and
a stereoacuity score of 3552 arc/s on the Titmus Fly Test.
Stereopsis was measured at close range (40 cm) using the
Stereo Fly Test (Stereo Optical Company Inc., Chicago,
IL, USA) with the Titmus graded circle stereo test. This
test consists of nine-panel graded circles with stimulus
disparity ranging from 800 to 40 arc/seconds. Each panel
contained four contoured circles, only one of which had a
crossed disparity. Subjects were instructed to wear polar-
ized glasses to identify the circle that appeared to pop out
of the plane. Exclusion criteria encompassed individu-
als who wore glasses, had a diagnosis of strabismus, had
a history of vertigo, had partial or total vision loss, and
had previous exposure to head-mounted virtual reality
devices.
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The sample size calculation was conducted using
G*Power (Universitdt Diisseldorf, Kiel, Germany). The
effect size was determined based on the results of eligibil-
ity testing VRSQ scores (effect size, d=0.56). To achieve
a significance level (a) of less than 0.05 and a power (1-f)
of 80%, a total of 52 participants were needed for each
group. The participants were randomly assigned in a
parallel design (1:1) as intervention (n=60) and control
(n=61) groups, with stratification based on sex, age, Pur-
due Spatial Visualization Test scores (PSVT-R) [24], lat-
eralization scores, and Titmus stereoacuity scores. This
stratified randomization was conducted by a researcher
(M.N.O.) using a web-based randomization system. Lat-
erality and PSVT-R assessments were used for randomi-
zation due to the potential impact of differences in spatial
abilities on users’ interaction with the virtual environ-
ment, as well as stereoacuity necessary for 3D and depth
perception.

Testing initiated with the panel displaying the largest
disparity and progressed sequentially to the next panel
until the patient made a false selection. In the event of
a false selection, the previous panel was retested. If sub-
jects were unable to identify the stimulus with the high-
est disparity (800 arcseconds), the Stereo Fly diagram was
presented, and participants had to pinch the Fly wings to
reach 3500 arcseconds.

To achieve a double-blinded design, outcome assess-
ments were conducted by a researcher who was unaware
of the group allocation (R.K.), and participants in the
control group received placebo training sessions.

Interventions

Multisensory stimulation with active movement, progres-
sive Cawthorne-Cooksey exercises, and balance exercises
with external perturbation were used in the intervention
group, while the control group received placebo sessions.
Both groups received allocated sessions three times a
week for 4 weeks. All exercises were performed under the
supervision of a researcher (Y.D.A.).

The multisensory stimulation with active movement
treatment was divided into two parts. The first part con-
sists of exercises on a wobble board, including squats,
passing a ball between hands and to another person,
single-leg stance, and gently pushing each other off bal-
ance. The second part consisted of exercises performed
on a soft mat: jumping from a small box and landing with
both knees bent, passing the ball to a teammate during
a two-leg jump, performing a two-leg jump while rotat-
ing the trunk 90 degrees, and jumping from a small box
onto a soft mat on one leg. Each of these exercises was
repeated 10 times during each session.

Cawthorne-Cooksey exercises were administered to
stimulate the vestibular system. The exercises consisted
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of repetitive, progressively more challenging eye, head,
and trunk movements, incorporating flexion, extension,
and rotation patterns. The exercises were performed in
both sitting and upright positions, with eyes open and
closed. Each exercise consisted of 10 repetitions, and
each set lasted for 10 minutes.

Balance exercises were conducted while participants
stood with their feet shoulder-width apart on both hard
and soft surfaces, while participants alternated between
having their eyes open and closed. In each exercise step,
participants were initially informed of the direction
of external perturbation, and then perturbations were
repeated without prior notification.

Participants in the control group received placebo
treatment sessions. These placebo sessions consist of a
10-minute exposure to a visual evoked potential (VEP)
measurement screen while holding a mouse. Partici-
pants were instructed to click the mouse when the screen
changed color. This was done while sitting on an arm-
supported chair. The rationale for selecting this placebo
treatment protocol was based on the premise that VEP
measurements do not typically trigger vestibulo-ocular
and vestibulo-spinal reflexes, as color changes occur
across the entire screen without necessitating visual
focus or balance-related activities during the test.

Outcome measurements

After obtaining informed consent, demographic infor-
mation about the patients was collected. Participants’
balance was measured using the Flamingo Balance Test
(FBT), and stability was assessed using the Biodex Bal-
ance System (Biodex Medical Systems, Shirley, NY).
Symptoms related to virtual reality were measured using
the VRSQ. The participants’ total usage time before dis-
continuing the use of VR was recorded in minutes, and
they were asked to rate their general tolerance on a visual
analog scale (VAS). All measurements were conducted
at baseline and again in the fourth week after the inter-
vention was completed. Both pre-and post-test meas-
urements were taken after the participants experienced
a 15-minute roller coaster VR session. Roller coaster
game was selected due to its ability to induce a high level
of motion sickness, attributed to its rapid ascents and
descents, rotational motion, and acceleration-deceler-
ation elements [25]. To eliminate any potential learning
effect, the track used in the pretest was mirrored.

VRSQ

Motion sickness symptoms were assessed using a 9-ques-
tion Likert scale. Participants were instructed to indi-
cate the extent to which each of the following symptoms
affected them, ranging from 0 (none) to 3 (severe). The
total score for the test amounts to 100, with scores
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derived from two subsections: oculomotor symptoms
and discomfort. The VRSQ is a reliable, valid, and easy-
to-administer questionnaire due to its in fewer items and
sensitive to diagnosing motion sickness [26].

Visual analog scale

The participants were instructed to indicate the level of
their enjoyment on a 100-mm horizontal line. The inten-
sity of the experience was determined by measuring the
segment between the points marked by the individual,
ranging from O (unenjoyable) to 10 (the most enjoyable
experience).

Biodex balance system

The test records angular displacement of the platform
in both the anteroposterior (AP) and mediolateral (ML)
axes, providing a measure of postural stability and bal-
ance. The ML stability index (MLSI) is derived from
angular displacement in the frontal plane on a circular
platform, while the AP stability index (APSI) is obtained
from angular displacement in the sagittal plane on the
same platform. The overall stability index (OSI) is calcu-
lated as a composite of the APSI and MLSI. During the
measurements, participants were instructed to stand on
the platform, either on 1 foot or both feet, as per the pro-
tocol, and maintain a static posture. The platform setting
was static, the trial time was 20seconds and the test was
performed 3 times, and the best score was used for data
analysis [27].

Flamingo balance test

The test was used to assess participants’ static balance,
with trials performed both with eyes closed and eyes
open. Each participant was instructed to position the
ankle of their untested leg behind the knee of the tested
leg while standing on a single leg for 1 minute. The num-
ber of visible body sways was recorded for the test dura-
tion [28]. The test has high sensitivity and good reliability
for determining balance problems in healthy populations
especially young adults and teenagers [28, 29].

Statistical analysis

Numeric variables in the study are presented as the
mean *standard deviation (X+SD) or as numbers and
percentages (n, %). Paired-sample t-test were used
to compare pretreatment and posttreatment differ-
ences. Group comparisons were conducted by using the
ANCOVA test. Cohen’s d formula was used for effect size
calculations. To explore the relationship between VRSQ
and Titmus scores, Spearman correlation tests were con-
ducted. The statistical significance threshold for all tests
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was set at p<0.05. Statistical analysis of the data was car-
ried out using SPSS 22.0 for Windows.

Results

A total of 130 medical students were included between
December 2022 and April 2023, 121 of whom com-
pleted this study (Fig. 1). Among these participants,
44 (73.3%) were female, 16 (26.7%) were male in the
intervention group, and 45 (73.8%) were female, with
16 (26.2%) being male in the control group. The nor-
mal distribution of data across all outcome assessments
for both groups was assessed using the Shapiro—Wilk
test. The results revealed that all parameters displayed
a normal distribution (p>0.05). No significant differ-
ences were found between the groups in terms of sex
(p=0.957), age (p=0.530), Titmus stereoacuity scores
(p=0.173), lateralization scores (p=0.606), or Purdue
Spatial Visualization Test scores (p =0.539) (Table 1).

A comparison of baseline parameters between the
groups demonstrated no significant differences at the
outset of the study for tolerance time (p =0.622), VRSQ
total (p=0.307), VAS (p=0.493), OSI (p=0.241), and
FBT scores (p =0.487).

In this study, the primary outcome measurement
was the VRSQ score values of the groups. The effect
size was calculated using Cohen’s d formula and was
determined to be 0.18 for the pre-test results. The study
exhibited a power level of 99%, as determined by post
hoc power analysis, and effect size was found as 0.465.

In the intervention group, the within-group pre-post-
test differences showed a significant decrease in VRSQ
total, oculomotor, discomfort, OSI, and FBT scores,
along with an increase in tolerance and VAS scores
(p<0.05). For the placebo control group, a significant
increase was found only in the VAS scores (p=0.031).
While, there were no significant differences in the other
outcome measures (p > 0.05) (Table 2).

There was a statistically significant difference between
group x time interaction as determined by pre-test adjusted
ANCOVA for VRSQ total (F(1,118)=102.446, p<0.001),
VRSQ oculomotor (F(1,118)=97.060, p<0.001), VRSQ dis-
comfort (F(1,118)=105.910, p<0.001), OSI (F(1,118)=6.074,
p=0.015), and FBT scores (F(1,118)=17.429, p<0.001),
along with an increase in tolerance time (F(1,118)=63.916,
p<0.001) and VAS scores (F(1,118)=26.671, p<0.001)
(Table 3.).

Spearman correlation analysis was conducted to
investigate the relationship between VRSQ and Titmus.
There was a strong, negative significant correlation
between the VRSQ and Titmus test scores (r=—0.732,
n=121, p<0.001).
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Assessed for eligibility (n=703)

Excluded (n=573)
+ Not meeting inclusion criteria (n=556)
+ Refused participation (n=17)
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!

[ Allocation ]

Intervention Group (n=65)
+ Received allocated intervention (n=63)
+ had a vertigo attack (n=2)

Control Group (n=65)
+ Received sham intervention (n=65)

[ Intervention ]

Lost to follow-up (n=3)

+Discontinued exercise program (n=3)

A 4

Lost to follow-up (n=4)

+Discontinued sham program (n=4)

[ Analysis ]

A4

4

Analysed (n=60)

Fig. 1 Flowchart of study

Table 1 Descriptive statistics of participants

Intervention (n=60) Placebo
control
(n=61)
X£SD X+SD t p
Age (year) 19.98 +£0.79 19.88 + 0.91 —-0.630 0.530
PSVT-R 2051 +4.24 2101 +466 0616 0.539
Laterality 19.78 £ 7.69 2050+7.72 0.517 0.606
BMI 2243 +279 2217+364  —0443 0658

PSVT-R Purdue Spatial Visualization Test Rotations: BM/ Body Mass Index: t
independent samples t test, p <0.05

Discussion
The present study demonstrated that 4 weeks of com-
bined balance therapy is effective in reducing motion

Analysed (n=61)

sickness symptoms, increasing the duration of virtual
reality usage, and enhancing user enjoyment in healthy
adults with motion sickness.

According to studies, demographic data especially age
has a major impact on the occurrence of motion sickness
[30]. Additionally, it has been reported that motion sick-
ness symptoms increase with the duration of application.
However, adaptation to the VR environment is required
in the initial use, and symptoms tend to decrease after
15-20 minutes of adaptation [31]. In the present study,
baseline values of participants were similar in both
groups, as they were separated according to their men-
tal rotation skills, lateralization discrimination levels, age,
gender, and Titmus scores. Also, all participants attended
a session to familiarize the virtual environment.

The incorporation of VR applications into education
presents numerous benefits. Nonetheless, despite these
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Table 2 Results of pre- and post-intervention scores within groups

Intervention (n=60) Placebo control (n=61)

Pre-test Post-test p Pre-test Post-test p
VRSQ Total 80.65 £ 10.01 4623 +£16.79 <0,001 7854 +1243 74.24 +13.69 0.067
VRSQ Oculomotor 3546+4.83 21.15+£7.98 <0,001 3457 +593 33.82+6.17 0.494
VRSQ Discomfort 4518 +5.70 25.08 £ 893 <0,001 4319+6.71 41.15+38.17 0.125
Tolerance (minute) 813+293 12,75 £2.64 <0,001 7.88+2.58 873+285 0.116
VAS (mm) 28.58 £ 16.30 56.98 £ 22.09 <0,001 4586 +19.77 54.29 +20.87 0.031
osl 045 +0.21 035+0.28 0.043 050+0.27 049 +0.26 0.561
FBT 10.19£1.50 9.51+£1.99 0,021 1012 £ 257 9.85+192 0.158
VRSQ Virtual reality sickness questionnaire: VAS Visual analogue scale: OS/ Overall stability index: FBT Flamingo balance test: Paired sample t-test, p <0.05
Table 3 Pre-test adjusted comparison of post-test scores between the groups

Intervention (n=60) Placebo Control (n=61)
X+SD X+SD F p np?

VRSQ Total 46.23 +16.79 7424 £ 13.69 102.446 <0,001 0.465
VRSQ Oculomotor 2115+ 798 3382+6.17 97.060 <0,001 0451
VRSQ Discomfort 25.08 £ 893 41.15+8.17 105910 <0,001 0473
Tolerance (minute) 12.75 +2.64 8.73+2.85 63916 <0,001 0351
VAS (mm) 4586+ 19.77 28,58 +£16.30 26671 <0,001 0.184
osl 049 +0.26 035+0.28 6.074 0.015 0.049
FBT 0.64 +0.28 044 +0.32 17429 <0,001 0.129

VRSQ Virtual reality sickness questionnaire: VAS Visual analogue scale: OS/ Overall stability index: FBT Flamingo balance test: np? Partial ETA square: F ANCOVA test: C/

Confidence Interval p <0.05

advantages, publications have reported limitations
in the widespread adoption of VR as a general educa-
tional tool, primarily due to issues related to motion
sickness [8, 17, 32]. Motion sickness produces many
different symptoms. Among these, general discomfort
and ocular symptoms are the most prominent [18]. Due
to these symptoms, users’ tolerance and usage time
of VR devices decreases significantly [33]. In the pre-
sent study, similarly, 18.49% of the participants exam-
ined for eligibility had symptoms of motion sickness
and were included in to study. The total motion sick-
ness symptom scores showed a significant decrease in
the intervention group compared to the control group.
Furthermore, both the oculomotor and discomfort
sub-parameters of VRSQ decreased after 4 weeks, sig-
nifying the effectiveness of the treatment program and
implying that the duration of application was sufficient.
Within the scope of our study, we examined the effec-
tiveness of balance training on motion sickness. To the
best of our knowledge, there is no information in the
literature regarding rehabilitation protocols for virtual
reality-induced motion sickness. Therefore, we were
unable to compare the results of our study to those of
other literature.

In the literature, it is reported that the duration of VR
education sessions varies from 10 minutes to 45 minutes
[34]. While the extended durations mostly include opera-
tion simulations, regional anatomy training was given in
shorter durations [35]. The severity of reported symp-
toms and duration of experienced symptoms increases
with prolonged usage [36]. Therefore, the duration of
tolerance of the virtual environment is as important
as the manifestation of symptoms caused by the virtual
environment. In the present study, it was found that the
tolerance duration within the VR environment increased
by 49.6% compared to the pretest scores in the interven-
tion group, while the control group increased by 11.2%.
Increased tolerance to VR environment can be caused by
reduced motion sickness symptoms in the intervention
group. Especially VRSQ discomfort section potentially
affects user enjoyment.

A notable aspect of VR is its capacity to offer a highly
enjoyable experience. In a study conducted by Telner
et al. 2010, 90.5% of participants self-reportedly con-
curred or strongly concurred with the statement, “I learn
more when I have fun” Enjoyment is deemed a crucial
element, particularly in the context of case-based learn-
ing [37]. Several studies have reported that a significant
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majority of students express high levels of enjoyment
when using VR for learning anatomy [38, 39]. Further-
more, self-direction, alongside enjoyment, is recognized
as a pivotal factor contributing to the success of prob-
lem-based learning in medical education [40]. However,
many of the symptoms that accompany motion sick-
ness take the fun out of VR. In examining the impact of
motion sickness on overall enjoyment, we found that the
level of enjoyment from the virtual reality application
increased in both groups. Nevertheless, upon comparing
the two groups, it became evident that this increase was
significant in favor of the intervention group. Increased
enjoyment levels across both groups could be attrib-
uted to factors like growing familiarity with the virtual
reality environment or improved user adaptation over
time. The most likely explanation could be the placebo
effect induced by the placebo exercises, as this increase
occurred without any changes in motion sickness
symptoms.

Impaired stability and increased sways can cause bal-
ance deficits due to impairments in proprioception and
neuromuscular control [41]. The role of propriocep-
tion, the capacity to perceive one’s body’s position and
movement, has not been thoroughly explored in the
context of virtual reality. However, it plays a critical role
in maintaining postural control, and the potential for
heightened oscillations with reduced postural control to
trigger motion sickness remains an intriguing area for
future investigation [42]. Walter et al. 2019, report that
when the complex task of body swaying is combined
with the demanding movements of the virtual environ-
ment, and the sensory inputs inherent in these tasks do
not align with real-world sensations, the risk of motion
sickness increases significantly [43]. In addition to that,
games with moving ground caused increased postural
sways [44]. The finding of the present study revealed
significant improvement in the stability index scores
of participants in the intervention group. In contrast,
there was no significant difference in post-test scores of
OSI in the control group that received a placebo exercise
program. These findings further support the hypothesis
of the present study that motion sickness symptoms are
related to sensory conflict. However, these improvements
were below the Minimal Clinically Important Difference
(MCID) scores reported by Yalfani et al. 2023, which
were 0.38 for young women without a history of balance
disorders [45]. All participants in the present study were
healthy young adults who achieved nearly perfect scores
in both balance and stability tests, leaving little room
for improvement, which can explain the improvements
below the MCID levels.

The literature reports that complex environments
with a lot of interaction and moving background
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scenes create a sensory mismatch and cause falls [46].
Previous studies also reported that full immersive vir-
tual reality affects the static balance [44, 47]. In the
present study, static balance significantly improved in
the intervention group compared to the control group.
Both groups initially demonstrated good static balance
(scoring 7 and above) and had no previous history of
balance problems, the small difference between the
pre-test and post-test scores was sufficient to dem-
onstrate the effectiveness of the balance exercises.
Although the change was statistically significant, the
amount of change was below the MCID level (mini-
mum 12% change from baseline [48]).

An unexpected discovery of our study was the strong
negative correlation between motion sickness and ste-
reoacuity test scores. Since the Titmus test measures
stereoacuity, which refers to the ability to perceive depth
and spatial relationships through binocular vision [49],
this correlation hints at the possibility that individuals
with greater stereoacuity may encounter fewer motion
sickness symptoms. However, to truly comprehend the
mechanisms at play in this relationship, further research
is needed.

Limitations

In this study, we used a combined intervention; there-
fore, we could not compare each section of the treat-
ment protocol (proprioceptive, balance, and vestibular
training) individually for motion sickness. Typically,
anatomical education software and simulators do not
involve acceleration, deceleration, and rotational move-
ments. Therefore, the tolerance duration for educational
software is expected to be significantly longer than what
was observed in this study. Another limitation of the
study was that it was conducted only on healthy young
individuals.

Conclusions

Combined balance training has been explored as a
potential strategy for reducing motion sickness symp-
toms and found effective in both reducing motion
sickness and increasing both overall enjoyment and
usage time in virtual reality. The notable enhance-
ments observed across a range of outcome measures,
coupled with the substantial effect size, imply that
incorporating such training could hold significant
promise for improving the usability of VR in both
educational settings and commercial fields. Further
research may provide additional insights into the long-
term effects and generalizability of the combined reha-
bilitation approach in diverse populations suffering
from motion sickness in the virtual environment. Our
results contribute information to the field of motion
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sickness management, potentially guiding future inter-
ventions and examining the effects on different patient
groups, especially on individuals with balance prob-
lems, which will provide more detailed information to
the literature.
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