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Abstract

Clinical Relevance and Background: Motion sickness is a common manifestation of au-
tonomic dysfunction. Increasingly induced by modern technology, such as virtual reality
(VR), it presents a pressing challenge that warrants investigation. However, the relation-
ship between binocular function, visual perception, and motion sickness remains largely
unexplored. Therefore, this study investigated the correlations between binocular visual
functions, visual perception, and motion sickness susceptibility in adults. Methods: Adults
aged 20 to 25 years were recruited. Based on a background and motion sickness suscep-
tibility questionnaire, participants were divided into two groups: the Sick Tendency (ST)
group (n = 21) and the Normal group (n = 33). Clinical assessments included habitual dis-
tance prescription and visual acuity (VA), phoria, fixation disparity (FD), positive/negative
fusional vergence (PFV/NFV), vertical fusional vergence (VFV), positive/negative rel-
ative accommodation (PRA/NRA), accommodative facility (AF), vergence facility (VF),
stereopsis, contrast sensitivity (CS), near point of convergence (NPC), and near point of
accommodation (NPA). Additionally, motor-free visual perception test (MVPT), peripheral
awareness (PA), and body balance (center of pressure) were assessed. Results: The ST
group exhibited significantly higher distance NFV, distance VFV, and near PFV. Conversely,
their NPA, stereopsis, and body balance (center of pressure) were significantly poorer
than those of the Normal group. These deficits may be attributed to the accommodation–
convergence conflict. Conclusions: Motion sickness susceptibility is closely associated with
specific binocular functions. Individuals susceptible to motion sickness exhibit poorer
postural stability, likely due to diminished stereopsis and accommodative amplitude
(NPA). Future research should further investigate the underlying mechanisms and their
clinical implications.

Keywords: binocular visual function; visual perception; motion sickness susceptibility

1. Introduction
Motion sickness susceptibility is a common phenomenon experienced by individuals

in daily life; however, the threshold for experiencing dizziness varies among individuals. In
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the United States, more than one-third of the population has experienced motion sickness
and shown symptoms such as nausea, vomiting, and sweating [1].

According to the prevailing theory regarding motion sickness, its onset is attributed
to sensory conflict arising during sensory integration [2,3]. Three types of sensory input
are related to motion sickness: visual sensory input, vestibular sensory input, and pro-
prioceptive sensory input [2–5]. With the coordination of these three sensory systems,
individuals can systematically and efficiently maintain their balance. However, if one of
these sensory inputs encounters issues during signal processing, it may cause a decline
in balance ability [3] or prompt the reliance on other sensory inputs for compensation to
maintain equilibrium [5,6]. Sensory conflict signals are transmitted to the brain’s vomiting
center, which includes the cerebellum, the medulla oblongata, and the reticular formation.
The nerves responsible for conveying these vomiting responses include the eighth cranial
nerve (vestibulocochlear nerve), the tenth cranial nerve (vagus nerve), and the nucleus
tractus solitarius. Subsequently, these signals are transmitted to the gastrointestinal tract;
ultimately, they trigger vomiting [7].

Sensory conflict can be categorized into two common types. The first type occurs
because of a contradiction between visual information and vestibular information. The
second type results from inconsistent signals between the semicircular canals and the
otolith organs within the vestibular system [8]. Furthermore, visual, proprioceptive, and
vestibular senses influence the center of gravity and postural sway; among them, vision
is the most dominant factor [3]. In previous studies, vestibular and visual stimuli are
used to assess motion sickness susceptibility and its associated performance [9,10]. If a
person exhibits considerable susceptibility to motion sickness, it may be attributed to the
interaction between genetic and environmental factors [11–13]. Some studies have indicated
that women are more likely to experience motion sickness than age-matched men are and
often report more severe symptoms, particularly during their menstrual periods [14–16].
Other studies have provided evidence that pregnant women are especially susceptible to
motion sickness, possibly because of hormonal changes during pregnancy [7,13]. Children
under the age of 2 years rarely experience motion sickness or exhibit symptoms, likely
because they lack sufficient visual input signals [16,17]. Conversely, children aged 6–12
years are the most affected by motion sickness, peaking between the ages of 9 and 10
years [13–15,18].

Few studies have investigated several factors, including visual-spatial abilities in vi-
sual perception, which may reduce motion sickness susceptibility [17]. However, binocular
visual function has rarely been discussed in this context. In natural conditions, humans
unconsciously maintain posture, a phenomenon known as postural sway. It is defined
as the horizontal oscillation around an individual’s center of gravity [19]. This term also
covers one’s ability to maintain their body while standing still. Increased postural sway
indicates crucial body movements during standing, which is often regarded as a potential
indicator of various conditions or diseases, such as natural aging, neuromuscular disorders,
anxiety, or attention deficit hyperactivity disorder [19–21]. Based on this understanding, the
primary motivation of this study was to explore the relationship between motion sickness
susceptibility, binocular visual function, visual perception, and balance ability.

2. Materials and Methods
2.1. Study Design

This experimental study was approved by the Institutional Review Board of Human
Experimentation Committee of Chung Shan Medical University Affiliated Hospital. All
participating researchers were equipped with good clinical practice education and training
certificates for human trials and were strictly adherent to the ethical principles of the
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Helsinki Declaration. The study was conducted at the specialized optometry laboratory of
the Department of Optometry at Chung Shan Medical University.

2.2. Research Subjects

Healthy young adults aged 20–25 years, with best corrected visual acuity ≥ 0.8 at
both distance and near, were recruited. All the participants were primarily composed of
students from Chung Shan Medical University. The participants who consented to join
the study were asked to sign an informed consent form and complete a motion sickness
susceptibility questionnaire (MSSQ), along with visual acuity measurements. Individuals
with relevant ocular diseases, long-term visual disturbances, or conditions affecting balance
were excluded. The participants had the right to withdraw from the study at any time.
The sample size for the current study was determined using G*Power 3.1 based on an
independent samples t-test (two-tailed). With an effect size of d = 0.80, α = 0.05, and
power (1 − β) = 0.8, the required total sample size was 52. Our actual sample size of
54 participants fulfilled this requirement, providing a post hoc power of 0.82. It should
be noted that the more complex repeated measures design involving within-between
interactions is reserved for the second stage of this research project, which will further
investigate longitudinal changes.

A total of 56 participants without a history of ocular-related diseases, long-term visual
disturbances, imbalance problems, or prolonged use of medications such as sleeping pills
or anxiety drugs were recruited for the study. After 2 participants were excluded due
to scheduling conflicts and physical discomfort, respectively, 54 participants successfully
completed the study (Figure 1). The participants were divided into two groups according to
their MSSQ score (cutoff point = 44.5). The demographic data are presented in Table 1. The
study participants were divided into two groups depending on their MSSQ scores and VR
exposure experiment (53.24 ± 6.17 and 32.67 ± 5.66, t = 10.363, p < 0.001): 21 individuals
in the sick tendency group and 33 in the normal group. The mean age of the participants
was 22.14 ± 1.49 years and 22.39 ± 1.87 years, respectively. Regarding refractive power,
the equivalent spherical power of the right eye was −5.40 ± 3.67 D and −4.46 ± 2.98 D; for
the left eye, it was −5.23 ± 3.44 D and −4.26 ± 2.98 D. The 95% confidence interval ellipse
areas of the center of pressure were 53.69 ± 55.78 and 35.82 ± 32.64 mm2, while the centers
of pressure sway velocity were 9.02 ± 1.25 and 8.77 ± 1.23 mm/s. Demographic data
analysis revealed that the two groups did not significantly differ in age, VA and equivalent
spherical power.

Table 1. Basic information of the participants, M (SD).

Sick
Tendency

N = 21

Normal
N = 33

Total
N = 54 T p

Age 22.14
(1.49)

22.39
(1.87)

22.30
(1.72) −0.520 0.606

MSSQ Scores 53.24
(6.17)

32.67
(5.66)

42.87
(10.17) 10.363 * <0.001

OD Spherical Equivalent (Diopter) −5.40
(3.67)

−4.46
(2.96)

−4.83
(3.26) −1.039 0.304

OS Spherical Equivalent (Diopter) −5.23
(3.44)

−4.26
(2.98)

−4.64
(3.17) −1.091 0.280

Monocular VA at Distance (log MAR) 0.01
(0.05)

0.02
(0.06)

0.02
(0.06) −0.346 0.731

Binocular VA at Distance (log MAR) −0.05
(0.05)

−0.03
(0.07)

−0.04
(0.06) −0.872 0.386
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Table 1. Cont.

Sick
Tendency

N = 21

Normal
N = 33

Total
N = 54 T p

Monocular VA at Near (log MAR) 0.01
(0.02)

0.02
(0.02)

0.01
(0.02) −0.889 0.378

Binocular VA at Near (log MAR) 0.01
(0.02)

0.01
(0.01)

0.01
(0.01) −0.387 0.705

* p < 0.05.

Figure 1. Flowchart of Participant Selection Process.

2.3. Research Materials
2.3.1. MSSQ

Motion sickness susceptibility was subjectively assessed using the Motion Sickness
Susceptibility Questionnaire (MSSQ) [13,22–24], which demonstrated excellent internal con-
sistency in this study (Cronbach α = 0.877). To ensure the robustness of group assignment,
a dual-validation approach combining psychometric scores and experimental exposure
was employed. In addition to completing the MSSQ, all participants underwent 20–30 min
of VR exposure to validate their susceptibility. A receiver operating characteristic (ROC)
curve analysis was conducted to establish an optimal MSSQ cutoff point of 44.5 (AUC = 1.0,
both sensitivity and specificity reaching 100%). Participants with MSSQ scores > 44.5 who
concurrently reported subjective motion sickness during VR exposure were assigned to the
susceptible (ST) group. Conversely, those who did not experience motion sickness and had
MSSQ scores ≤ 44.5 were assigned to the normal group.

2.3.2. Binocular Visual Function

Binocular visual function was examined. The View-M Digital Visual Acuity Chart
(Quan Chin Industrial Co., Taichung, Taiwan), the Saladin Near Point Balance Card (Bernell
Co., Mishawaka, IN, USA), and the Sine Wave Contrast Test (SWCT, Visumetrics Co.,
Clearwater, FL, USA) were used for visual acuity (logMAR) and contrast sensitivity (cpd)
assessment. Computerized refractive errors were measured using a Nidek AR 800 au-
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torefractor (Nidek, Gamagori, Japan), and retinoscopy was conducted for confirmation.
Subjective refraction, distance and near fusional convergence and divergence (prism diopter,
PD), and distance fixation disparity (PD) were examined using a TOPCON VT-10 phoropter
(Topcon, Tokyo, Japan), the Saladin Near Point Balance Card (Bernell Co., Mishawaka, IN,
USA), and the TMV Near VisionCard (Brighten Optix Co., Taipei, Taiwan), respectively.
The Howell phoria test was performed to evaluate the distance (3 m) and near phoria
(40 cm) (DLP and NLP). The Royal Air Force rule (Bernell Co., Mishawaka, IN, USA) was
used to measure the near point of convergence (NPC, cm), near point of accommodation
(NPA, diopter), and amplitude of accommodation (AA, cycle). The gradient AC/A ratio
was calculated by simultaneously placing +1.00 D and −1.00 D lenses on both eyes and
measuring the change by each lens in the near eye position. Stereopsis was assessed us-
ing the Frisby Stereo Test (Kay Pictures Ltd., Tring, UK), and monocular and binocular
accommodative facilities were measured using ±2.00 D flipper lenses (cycle).

2.3.3. Visual Perception
Body Balance

For analysis, the mean of the two balance measurements was calculated for each
participant to provide a stable estimate of postural stability. A Physio Sensing (Sensing
Future Tech., Coimbra, Portugal) foot pressure plate was used to test the static balance. It
consists of 1600 pressure sensors measuring 10 mm × 10 mm. It can record pressure maps,
center of pressure (COP), body sway, and weight distribution. At the beginning of the test,
the participants were instructed to stand in a designated position and focus on a visual
stimulus. The test was conducted twice. Each measurement lasted 1 min, and a rest period
of 1 h was allotted between the tests. After measurements were taken with the balance foot
pressure plate, the following important values were considered: (1). The 95% confidence
ellipse area of COP (ellipse of COP, mm2) encompasses 95% of the trajectory of the COP
movement during the test using the minimum ellipse area. The smaller the area, the greater
the stability. (2). The mean velocity of body sway (mm/s) represents the average distance
the COP sways during the test. The smaller the sway velocity, the greater the stability.

Motor-Free Visual Perception Test (MVPT)

MVPT-4 (Therapro Inc., Framingham, MA, USA) was used for assessments. The test
was conducted for approximately 20 min in a quiet environment during the daytime when
the participants’ attention was focused. It was composed of 45 items and divided into
five dimensions: spatial relationships, visual discrimination, figure-ground, visual closure,
and visual memory. Only figure-ground, spatial relationships, and visual closure were
used for testing in this study because these three subtests have a higher correlation with
spatial perception.

Peripheral Awareness (PA) Test

Peripheral awareness was examined using a peripheral awareness chart (Bernell Co.,
Mishawaka, IN, USA), which is a square measuring 45 cm2. It was placed at a distance
equivalent to one forearm’s length in front of the participant, ensuring their eyes were
level with the center position. At the start of the measurement, the examiner randomly
pointed to a target on the chart, and the participants used their dominant hand to indicate
the target’s location while recording the number of targets pointed out by the participant
within 1 min.

2.4. Data and Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics v.26 (IBM Corp., Ar-
monk, NY, USA). Study outcomes were pre-specified as primary or exploratory to maintain
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hypothesis integrity. Continuous variables were compared between groups using inde-
pendent t-tests, while categorical data were analyzed via chi-square tests. To account for
multiple comparisons among primary core indicators and secondary clinical measures,
p-values were adjusted using the False Discovery Rate (FDR) method. For all analyses,
effect sizes (Cohen’s d for t-tests and Cramér’s V for chi-square) were reported. Statistical
significance was defined as a two-tailed p < 0.05.

3. Results
3.1. Motion Sickness and Binocular Visual Functions

The binocular visual function was compared between the ST and normal groups via
an independent t-test. It was examined in terms of PFV, NFV, PRA, NRA, AF, VF, stereopsis,
near and distance FD, NPA, NPC, and contrast sensitivity. For certain test items where
participants did not respond (e.g., no blur point) or where the results had directional
characteristics (e.g., esophoria or exophoria), data were recorded as nominal or ordinal
variables. Accordingly, a statistical comparison was conducted through chi-square analysis.
The results of the analysis are shown below.

3.1.1. Distance and near Fusional Vergence

The “break” value represents the ability to maintain binocular fusion, while the
“recovery” value indicates the ability to sustain and stabilize binocular fusion. The average
values of distance and near fusional vergence in the ST group were higher than those in
the normal group (Table 2). Regarding distance fusional vergence ability, the two groups
did not significantly differ in NFV break (t = −1.64, p = 0.054, d = 0.45) and PFV break
(t = −0.59, p = 0.264, d = 0.16). However, the groups exhibited significant differences in
NFV recovery (t = −1.87, p = 0.036, d = 0.52), VFV break (t = −1.81, p = 0.038, d = 0.50),
and VFV recovery (t = −1.87, p = 0.034, d = 0.52). To maximize statistical power while
controlling for multiple comparisons, FDR adjustments were applied to a pre-specified
set of primary outcomes (distance NFV recovery, VFV break, and VFV recovery; other
parameters were treated as exploratory). Following FDR adjustments for these primary
clinical measures, all three distance parameters remained statistically significant (q = 0.038).

In terms of near fusional vergence ability (Table 2), the ST and normal groups did
not significant vary in NFV break (t = −0.41, p = 0.341, d = 0.11), NFV recovery (t = −0.62,
p = 0.267, d = 0.17), VFV break (t = −1.57, p = 0.064, d = 0.44), and VFV recovery (t = −0.94,
p = 0.176, d = 0.26). Conversely, they significantly differed in PFV break (t = −1.70, p = 0.047,
d = 0.47), while they nominally differed in PFV break (t = −1.70, p = 0.047, d = 0.47) in the
initial test, this significance did not survive the FDR adjustment (q = 0.096).

Notably, the observed effect sizes for distance NFV and VFV recovery exceeded 0.50,
representing a medium-strength effect. This suggests that the impairment in fusional
stabilization in the ST group is not merely a statistical artifact but a robust physiological
characteristic.

Due to the absence of a “blur point” or specific directional characteristics in some
participants, subjects were categorized according to Morgan’s norms. Chi-square analysis
revealed no statistically significant differences across the tested parameters: D/NFV/break,
χ2 = 2.884, p = 0.089, Cramer’s V = 0.23; D/PFV/blur, χ2 = 4.172, p = 0.124, Cramer’s
V = 0.28; D/PFV/recovery, χ2 = 2.424, p = 0.298, Cramer’s V = 0.21; N/NFV/blur, χ2 = 0.788,
p = 0.674, Cramer’s V = 0.12; N/PFV/blur, χ2 = 3.050, p = 0.218, Cramer’s V = 0.24;
N/PFV/recovery, χ2 = 4.235, p = 0.120, Cramer’s V = 0.28. Despite the lack of statistical
significance, distinct distributional trends emerged. The ST group exhibited a higher
proportion of individuals within Morgan’s norms for distance NFV break and near PFV
blur compared to the normal group. Conversely, they showed a lower frequency of normal
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values for near PFV recovery. These results suggest that individuals susceptible to motion
sickness habitually prioritize visual abilities for distant targets, which may lead to a reduced
capacity to stabilize binocular fusion during near tasks, particularly when facing balance
disruptions (Figure 2).

Table 2. Difference in Distance and Near fusional vergence (prism diopter) between the two groups.

Distance
Fusional
Vergence

Sick
Tendency

N = 21

Normal
N = 33 t P

FDR q
Cohen’s

d

Near
Fusional
Vergence

Sick
Tendency

N = 21

Normal
N = 33 t P

FDR q
Cohen’s

d

Distance
NFV
break
(PD)

10.38
(4.07)

8.85
(2.80) −1.64 0.054 0.45

Near
NFV
Break
(PD)

19.10
(6.55)

18.39
(5.71) −0.41 0.341 0.11

Distance
NFV

recovery
(PD)

6.24
(3.17)

4.91
(2.10) −1.87 * 0.036

0.038 0.52

Near
NFV

Recovery
(PD)

14.81
(5.99)

13.82
(5.49) −0.62 0.267 0.17

Distance
PFV

break
(PD)

21.86
(5.48)

19.65
(6.89) −0.59 0.264 0.16

Near
PFV

Break
(PD)

21.24
(7.00)

18.00
(6.05) −1.70 * 0.047

0.096 0.47

Distance
VFV

break (PD)

2.88
(1.00)

2.38
(1.00) −1.81 * 0.038

0.038 0.50

Near
VFV
Break
(PD)

3.52
(1.26)

2.95
(1.35) −1.57 * 0.064

0.096 0.44

Distance
VFV

recovery
(PD)

1.45
(0.81)

1.11
(0.56) −1.87 * 0.034

0.038 0.52

Near
VFV

recovery
(PD)

1.90
(1.10)

1.64
(0.98) −0.94 0.176

0.176 0.26

* p < 0.05.

 

Figure 2. Prevalence in Distance and Near fusional vergence.

Although Chi-square analyses were not statistically significant, near-medium effect
sizes (Cramér’s V = 0.28) for D/PFV/blur and N/PFV/recovery reveal a systematic deficit
in the ST group. This group showed a notable tendency to fall outside Morgan’s norms,
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particularly regarding near-fusional recovery. Such categorical trends—more sensitive
than aggregate means—imply that motion-sickness-susceptible individuals may employ
compensatory mechanisms, exerting greater visual effort to maintain image stability during
balance disruptions.

3.1.2. Accommodation and Vergence

In terms of accommodative and vergence abilities, the mean values of each variable
suggested that the accommodative and vergence functions of the normal group were better
than those of the ST group. However, statistical analysis revealed that only NPA (t = −2.06,
p = 0.022, d = 0.57) significantly differed between the two groups. While raw p-values
indicated a significant difference in NPA, this did not survive FDR correction for multiple
comparisons (q = 0.060). However, interpreting these findings through effect size provides
additional insight into the magnitude of these differences. NPA demonstrated a medium
effect size, suggesting a clinically relevant reduction in accommodative amplitude in the ST
group despite the conservative statistical threshold (Table 3).

Table 3. Difference in accommodation, vergence, stereopsis, and contrast sensitivity between the
two groups.

Accommodation
Sick

Tendency
N = 21

Normal
N = 33 t P

FDR q
Cohen’s

d
Contrast

Sensitivity

Sick
Tendency

N = 21

Normal
N = 33 t p Cohen’s d

NRA (Diopter) 1.96
(0.59)

1.83
(0.70) −0.72 0.239 0.20

Contrast
Sensitivity
(1.5 cpd)

86.57
(31.53)

87.24
(35.84) 0.70 0.472 0.19

PRA(Diopter) −2.46
(1.44)

−2.38
(1.97) 0.17 0.432 0.05

Contrast
Sensitivity

(3 cpd)

103.43
(41.00)

106.42
(40.47) 0.26 0.397 0.07

Monocular
Accommodative
Facility (Cycle)

14.71
(4.90)

13.12
(3.57) −1.38 0.082

0.123 0.38
Contrast

Sensitivity
(6 cpd)

129.05
(38.43)

133.18
(40.98) 0.37 0.357 0.10

Binocular
Accommodative
Facility (Cycle)

14.86
(3.94)

14.06
(5.18) −0.60 0.265 0.17

Contrast
Sensitivity

(12 cpd)

73.33
(34.33)

73.30
(30.17) 0.00 0.499 0.00

NPA (Diopter) 6.41
(3.01)

5.18
(1.29) −2.06 * 0.022

0.060 0.57
Contrast

Sensitivity
(18 cpd)

36.90
(19.71)

36.76
(23.15) −0.02 0.491 0.01

Vergence
Sick

Tendency
N = 21

Normal
N = 33 t p Cohen’s

d Stereopsis
Sick

Tendency
N = 21

Normal
N = 33 t p Cohen’s d

Vergence
Facility (Cycle)

14.67
(3.40)

14.18
(4.48) −0.42 0.337 0.12

Stereopsis
log10 (arc
seconds)

1.26
(0.18)

1.20
(0.57) −1.69 * 0.048 0.47

NPC
break (cm)

1.91
(2.49)

3.35
(5.72) 1.09 0.141 0.30

NPC
recovery (cm)

2.48
(3.28)

3.14
(5.22) 0.52 0.354 0.14

* p < 0.05.

Other parameters, such as NRA (t = −0.72, p = 0.239, d = 0.20), PRA (t = 0.17, p = 0.432,
d = 0.05), monocular accommodative facility (t = −1.38, p = 0.082, d = 0.38), binocular
accommodative facility (t = −0.60, p = 0.265, d = 0.17), vergence facility (t = −0.42, p = 0.337,
d = 0.12), NPC break (t = 1.09, p = 0.141, d = 0.30), and NPC recovery (t = 0.52, p = 0.354,
d = 0.14) did not significantly vary between the two groups.

3.1.3. Stereopsis and Contrast Sensitivity

Stereopsis performance was quantified and reported as log10 (arc seconds), where
lower values indicate better depth perception performance; Contrast sensitivity values
represent the contrast threshold (expressed as a percentage) at which participants could
reliably detect sine-wave gratings at each spatial frequency (cpd = cycles per degree).
Results showed stereopsis significantly differed (t = −1.69, p = 0.048, d = 0.47). However,
no significant differences (Table 3) were found in contrast sensitivity at spatial frequencies
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of 1.5 cpd (t = 0.70, p = 0.472, d = 0.19), 3 cpd (t = 0.26, p = 0.397, d = 0.07), 6 cpd (t = 0.37,
p = 0.357, d = 0.10), 12 cpd (t = 0.00, p = 0.499, d = 0.00), and 18 cpd (t = −0.02, p = 0.491,
d = 0.01). These findings indicated that the stereopsis performance of the ST group was
poorer than that of the normal group, while contrast sensitivity remained comparable
between the two groups across high and low spatial frequencies.

3.1.4. Distance and near Phoria and Fusional Disparity (FD)

Lateral phoria or lateral FD was classified into three categories (ortho, eso, and exo);
vertical phoria or vertical FD was also classified into three categories (ortho, right hyper
[RH], and left hyper [LH]) based on Morgan’s norms. Statistical analysis revealed no signif-
icant differences between the two groups (Figure 3) in all the phoria variances (distance
lateral phoria: χ2 = 1.138, p = 0.566, Cramer’s V = 0.15; distance vertical phoria: χ2 = 0.781,
p = 0.377, Cramer’s V = 0.12; near lateral phoria: χ2 = 0.480, p = 0.787, Cramer’s V = 0.09;
near vertical phoria: χ2 = 2.164, p = 0.339, Cramer’s V = 0.20) and all the FD variances (dis-
tance lateral F.D.: χ2 = 2.022, p = 0.364, Cramer’s V = 0.19; distance vertical F.D.: χ2 = 1.883,
p = 0.390, Cramer’s V = 0.19; near lateral F.D.: χ2 = 3.586, p = 0.166, Cramer’s V = 0.26;
and near vertical F.D.: χ2 = 0.743, p = 0.690, Cramer’s V = 0.12). The proportion of “ortho”
in near lateral fixation disparity was higher in the normal group (75.8%), whereas the ST
group showed more “exo” (28.6%). Although the Chi-square analysis did not reach statis-
tical significance, the calculated effect size (Cramér’s V = 0.26) indicates a near-medium
association between near-lateral FD and motion sickness susceptibility. These findings
suggested that clinicians should still consider the potential effect of near lateral fixation
disparity on motion sickness susceptibility.

Figure 3. Prevalence in Distance and Near phoria and fixation disparity (FD).

3.2. Motion Sickness and Visual Perception

The visual perception items in this study were PA, MVPT (including subcategories
such as visual figure-ground, VFG; visual spatial, VS; and visual closure, VC), the ellipse
of COP, and the mean velocity of body sway. Independent sample t-test analysis revealed
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that the ellipse of COP (t = 2.03, p = 0.047, d = 0.40) significantly differed between the ST
and normal groups; furthermore, other variables such as PA (t = −0.73, p = 0.223, d = 0.14),
MVPT (t = 0.88, p = 0.191, d = 0.17), MVPT figure-ground (t = −0.47, p = 0.319, d = 0.06),
MVPT visual spatial (t = 0.43, p = 0.339, d = 0.08), MVPT visual closure (t = −0.10, p = 0.459,
d = 0.02), and mean velocity of body sway (t = 0.73, p = 0.234, d = 0.10) did not significantly
vary. Although the ellipse of COP reached statistical significance, its medium effect size
further confirms that the difference in postural stability between the ST and normal groups
is not only statistically valid but also practically meaningful.

4. Discussion
This study demonstrated that the distance NFV (break and recovery), distance VFV

(break and blur), and near PFV break point of the motion sickness susceptibility group
were better than those of the normal group. Conversely, the normal group showed superior
performance in stereopsis and a significantly closer Near Point of Accommodation (NPA)
than the ST group. Previous research suggests that morphological asymmetries within
the vestibular system can impair the integration of visual and vestibular signals; as a
result, compensatory mechanisms may rely more heavily on visual input for sensory
integration [25]. Consequently, studies have confirmed that visual signals play a crucial
role in modulating the development of motion sickness, suggesting that the effective
management of sensory conflicts is essential for alleviating symptoms [2,7,26–29].

Regarding distance NFV (blur and break), a higher proportion of individuals in
the ST group scored within Morgan’s norms. This suggests that these individuals may
exert greater accommodative effort during near tasks, potentially contributing to their
receded near point of accommodation (NPA). For distance PFV blur, a significantly higher
percentage of the ST group performed above Morgan’s norms, while fewer fell below the
norms compared to the normal group. This phenomenon indicates that individuals in the
ST group tend to utilize excessive accommodative convergence when shifting focus from
distance to near targets. However, some studies argue that blur points can be inconsistent
during clinical assessments, making them less reliable for objective evaluation [30].

In the near PFV recovery, the percentage of individuals in the normal group that
fell within Morgan’s standard values was higher than that in the ST group. This result
suggested that the normal group exhibited better and faster autonomous responses to
convergence stimuli and to spatial perception information. In terms of fixation disparity
and phoria, only the near lateral fixation disparity exhibited a near-significant difference; a
higher proportion maintained ortho in the normal group, while the other group performed
exo. Under stress, binocular vision likely experiences fixation disparity, indicating a non-
compensatory phoria [31]. Therefore, individuals with motion sickness susceptibility might
be more prone to the misalignment of visual axes under stress, although they did not
experience diplopia.

In other visual function aspects, NPA was poorer in the ST group than in the normal
group; this finding indicates a reduced amplitude of accommodation, which may be re-
flected in the distance NFV blur results. Since the proportion of individuals in the ST group
with distance NFV blur was higher than that in the normal group, they likely experienced
more accommodative stress during the overcorrection of myopia. Approximately 20% of
the NFV blur points of the ST group were below Morgan’s values, whereas only 10% of
the NFV blur points of the normal group were below Morgan’s values. However, accom-
modation is a single ability, while fusional convergence involves a cumulative effect of
accommodation and convergence [32,33]. Additionally, the poorer performance in the near
point accommodation in the ST group might be related to weaker spatial positioning skills
because accommodation contributes to acquiring depth information [34]. The ST group
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also demonstrated poorer stereopsis; fewer individuals maintained ortho during near
horizontal fixation than the normal group, which was also related to spatial positioning.
Individuals prone to motion sickness tend to have poorer alignment of fixation and visual
axes; consequently, they experience more difficulty in accurately perceiving object positions
in three-dimensional space and maintaining postural balance [35–39].

In summary, this study demonstrates that accommodation–vergence conflict—
specifically the interplay between convergence, accommodation, stereopsis, and postural
stability (center of pressure, COP)—serves as a critical indicator of motion sickness sus-
ceptibility. Our findings reveal that distance VFV (break and recovery) and distance NFV
recovery differ significantly between the groups. This aligns with previous research sug-
gesting that postural stability can be compromised by vertical prism stimulation [40]. In
near tasks, the interaction between accommodation, convergence (specifically near PFV
break), and stereopsis is closely linked to motion sickness. These findings underscore
that while accommodation and convergence are fundamental oculomotor functions, their
proficiency is essential for maintaining effective stereopsis and spatial perception. These
high-level visual processes are intrinsically tied to body balance, and their impairment
appears to be a key factor in the development of motion sickness [41].

According to the findings of this study, it has significant clinical implications, particu-
larly in the areas of vision therapy/rehabilitation. Targeted Vision Therapy (VT) aimed at
expanding fusional vergence ranges and accommodative amplitude may reduce symptoms
by resolving sensory-vergence conflicts and enhancing postural stability. Indicators such
as distance VFV, near PFV break, and stereopsis showed significant group differences and
warrant further investigation as potential clinical indicators, though prospective validation
would be needed before clinical implementation.

5. Conclusions
Accommodation and convergence are fundamental oculomotor functions that inter-

act synergistically to facilitate binocular fusion, ultimately leading to the formation of
stereopsis. As the highest expression of binocular function, stereopsis enables precise
spatial localization within three-dimensional environments. Throughout this functional
hierarchy, spatial positioning abilities are progressively refined. The superior fusion and
convergence capabilities observed in the motion sickness susceptibility (ST) group may
serve as a compensatory mechanism for their underlying deficits in accommodation, lateral
fixation disparity, and stereopsis.

The vestibular system, comprising the otolith organs and semicircular canals, interacts
with the visual system; when these inputs conflict, motion sickness occurs. The visual
system processes light stimuli and fixation targets via intrinsically photosensitive retinal
ganglion cells (ipRGCs), transmitting signals through the Parvocellular (P) and Magnocel-
lular (M) pathways to the visual cortex [42,43]. Driven by the autonomic nervous system
(ANS), this interaction modulates accommodation and vergence, synergistically influencing
binocular fusion and high-level functions such as depth and visual perception. Optimal vi-
sual perception relies on the healthy functioning of both the M and P pathways [44,45]. This
sensory conflict between the vestibular and visual systems, which serves as the foundation
for our exploration of visual factors in motion sickness, is illustrated in Figure 4.
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Figure 4. The relationship between motion sickness, binocular vision and visual perception.

Author Contributions: Conceptualization, C.-Y.C., H.-R.C. and P.-Y.C.; investigation, data curation,
and formal analysis, H.-R.C., C.-W.C. and C.-Y.C.; writing—original draft preparation, H.-R.C.,
L.-H.T., P.-Y.C., T.-S.L. and C.-Y.C.; writing—review and editing, C.-W.C., H.-R.C., P.-Y.C., T.-S.L. and
C.-Y.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Chung Shan Medical University Research Project (CSMU-
INT-114-09) in Taiwan.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Chung Shan Medical University
Hospital (Taichung, Taiwan) (approval number: CS2-21094; date: 13 September 2021).

Informed Consent Statement: Informed written consent was obtained from all individual par-
ticipants. Patients signed informed written consent regarding the publication of their data
or photographs.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article. Correspondence and requests for materials should be addressed to C.-Y.C.

Conflicts of Interest: The authors declare that there are no conflicts of interest regarding the publica-
tion of this paper.

References
1. Kim, K.; Hirayama, K.; Yoshida, K.; Yano, R.; Abe, M.; Otsuki, M.; Sakuraba, S.; Sakai, S. Effect of exposure to short-wavelength

light on susceptibility to motion sickness. Neuroreport 2017, 28, 584–589. [CrossRef]
2. Wei, Y.; Zheng, J.; So, R.H.Y. Allocating less attention to central vision during vection is correlated with less motion sickness.

Ergonomics 2018, 61, 933–946. [CrossRef] [PubMed]
3. Smyth, J.; Jennings, P.; Bennett, P.; Birrell, S. A novel method for reducing motion sickness susceptibility through training

visuospatial ability: A two-part study. Appl. Ergon. 2021, 90, 103264. [CrossRef]
4. Cho, K.; Lee, K.; Lee, B.; Lee, H.; Lee, W. Relationship between postural sway and dynamic balance in stroke patients. J. Phys.

Ther. Sci. 2014, 26, 1989–1992. [CrossRef]
5. Ludwig, O.; Kelm, J.; Hammes, A.; Schmitt, E.; Fröhlich, M. Neuromuscular performance of balance and posture control in

childhood and adolescence. Heliyon 2020, 6, e04541. [CrossRef]
6. Degani, A.M.; Leonard, C.T.; Danna-Dos-Santos, A. The effects of early stages of aging on postural sway: A multiple domain

balance assessment using a force platform. J. Biomech. 2017, 64, 8–15. [CrossRef]

https://doi.org/10.3390/jcm15041529

https://doi.org/10.1097/WNR.0000000000000802
https://doi.org/10.1080/00140139.2018.1427805
https://www.ncbi.nlm.nih.gov/pubmed/29325490
https://doi.org/10.1016/j.apergo.2020.103264
https://doi.org/10.1589/jpts.26.1989
https://doi.org/10.1016/j.heliyon.2020.e04541
https://doi.org/10.1016/j.jbiomech.2017.08.029
https://doi.org/10.3390/jcm15041529


J. Clin. Med. 2026, 15, 1529 13 of 14

7. Lawther, A.; Griffin, M.J. A survey of the occurrence of motion sickness amongst passengers at sea. Aviat. Space Environ. Med.
1988, 59, 399–406. [PubMed]

8. Leung, A.K.; Hon, K.L. Motion sickness: An overview. Drugs Context 2019, 8, 2019-9-4. [CrossRef]
9. Mure, L.S.; Vinberg, F.; Hanneken, A.; Panda, S. Functional diversity of human intrinsically photosensitive retinal ganglion cells.

Science 2019, 366, 1251–1255. [CrossRef]
10. Schmidt, T.M.; Chen, S.K.; Hattar, S. Intrinsically photosensitive retinal ganglion cells: Many subtypes, diverse functions. Trends

Neurosci. 2011, 34, 572–580. [CrossRef] [PubMed]
11. Gahlinger, P.M. Motion sickness: How to help your patients avoid travel travail. Postgrad. Med. 1999, 106, 177–184. [CrossRef]
12. Bos, J.E.; de Vries, S.C.; van Emmerik, M.L.; Groen, E.L. The effect of internal and external fields of view on visually induced

motion sickness. Appl. Ergon. 2010, 41, 516–521. [CrossRef]
13. Lamb, S.; Kwok, K.C. MSSQ-Short norms may underestimate highly susceptible individuals: Updating the MSSQ-Short norms.

Hum. Factors 2015, 57, 622–633. [CrossRef]
14. Cohen, B.; Dai, M.; Yakushin, S.B.; Cho, C. The neural basis of motion sickness. J. Neurophysiol. 2019, 121, 973–982. [CrossRef]
15. Zhang, X.; Sun, Y. Motion sickness predictors in college students and their first experience sailing at sea. Aerosp. Med. Hum.

Perform. 2020, 91, 71–78. [CrossRef]
16. Reason, J.T. Relations between motion sickness susceptibility, the spiral after-effect, and loudness estimation. Br. J. Psychol. 1968,

59, 385–393. [CrossRef]
17. Warren, M. A hierarchical model for evaluation and treatment of visual perceptual dysfunction in adult acquired brain injury:

Part 1. Am. J. Occup. Ther. 1993, 47, 42–54. [CrossRef] [PubMed]
18. Reason, J.T.; Brand, J.J. Motion Sickness; Academic Press: Cambridge, MA, USA, 1975.
19. Wallace, L.B. The theory and practice of syntonic phototherapy: A review. Optom. Vis. Dev. J. 2009, 40, 73–81.
20. Blume, C.; Garbazza, C.; Spitschan, M. Effects of light on human circadian rhythms, sleep, and mood. Somnologie 2019, 23, 147–156.

[CrossRef] [PubMed]
21. Gallin, P.F.; Terman, M.; Reme, C.E.; Rafferty, B.; Terman, J.S.; Burde, R.M. Ophthalmologic examination of patients with seasonal

affective disorder before and after bright light therapy. Am. J. Ophthalmol. 1995, 119, 202–210. [CrossRef] [PubMed]
22. Jay, W.M.; Jay, M.S. Vision and motion sickness. J. Pediatr. Ophthalmol. Strabismus 1981, 18, 34–37. [CrossRef] [PubMed]
23. Eyeson-Annan, M.; Peterken, C.; Brown, B.; Atchison, D. Visual and vestibular components of motion sickness. Aviat. Space

Environ. Med. 1996, 67, 955–962.
24. Homick, J.L. Space motion sickness. Acta Astronaut. 1979, 6, 1259–1272. [CrossRef]
25. Schröder, L.; von Werder, D.; Ramaioli, C.; Wachtler, T.; Henningsen, P.; Glasauer, S.; Lehnen, N. Unstable gaze in functional

dizziness: A contribution to understanding the pathophysiology of functional disorders. Front. Neurosci. 2021, 15, 685590.
[CrossRef]

26. Lledó, V.E.; Alkozi, H.A.; Sánchez-Naves, J.; Fernandez-Torres, M.A.; Guzman-Aranguez, A. Modulation of aqueous humor
melatonin levels by yellow-filter and its protective effect on lens. J. Photochem. Photobiol. B 2021, 221, 112248. [CrossRef]

27. Golding, J.F. Motion sickness. Handb. Clin. Neurol. 2016, 137, 371–390. [PubMed]
28. Stevens, R.G. Electric power use and breast cancer: A hypothesis. Am. J. Epidemiol. 1987, 125, 556–561. [CrossRef]
29. Spitler, H.R. The Syntonic Principle; The College of Syntonic Optometry: Pueblo West, CO, USA, 1941.
30. Evans, B.J.W. Pickwell’s Binocular Vision Anomalies, 6th ed.; Elsevier: Amsterdam, The Netherlands, 2021.
31. Neupane, A.K.; Gururaj, K.; Sinha, S.K. Higher asymmetry ratio and refixation saccades in individuals with motion sickness. J.

Am. Acad. Audiol. 2018, 29, 175–186. [CrossRef]
32. Richards, W. Configuration stereopsis: A new look at the depth-disparity relation. Spat. Vis. 2009, 22, 91–103. [CrossRef]

[PubMed]
33. Hoffman, D.M.; Girshick, A.R.; Akeley, K.; Banks, M.S. Vergence-accommodation conflicts hinder visual performance and cause

visual fatigue. J. Vis. 2008, 8, 33. [CrossRef]
34. Lappin, J.S. What is binocular disparity? Front. Psychol. 2014, 5, 870. [CrossRef]
35. Ukwade, M.T.; Bedell, H.E.; Harwerth, R.S. Stereopsis is perturbed by vergence error. Vision Res. 2003, 43, 181–193. [CrossRef]

[PubMed]
36. Matheron, E.; Lê, T.T.; Yang, Q.; Kapoula, Z. Effects of a two-diopter vertical prism on posture. Neurosci. Lett. 2007, 423, 236–240.

[CrossRef]
37. Niechwiej-Szwedo, E.; Thai, G.; Christian, L. Contribution of stereopsis, vergence, and accommodative function to the perfor-

mance of a precision grasping and placement task in typically developing children aged 8–14 years. Hum. Mov. Sci. 2020, 72,
102652. [CrossRef]

38. Chang, C.W.; Su, K.C.; Lu, F.C.; Cheng, H.M.; Cheng, C.Y. Visual function and visual perception among senior citizens with mild
cognitive impairment in Taiwan. Healthcare 2021, 10, 20. [CrossRef]

https://doi.org/10.3390/jcm15041529

https://www.ncbi.nlm.nih.gov/pubmed/3390095
https://doi.org/10.7573/dic.2019-9-4
https://doi.org/10.1126/science.aaz0898
https://doi.org/10.1016/j.tins.2011.07.001
https://www.ncbi.nlm.nih.gov/pubmed/21816493
https://doi.org/10.3810/pgm.1999.10.1.719
https://doi.org/10.1016/j.apergo.2009.11.007
https://doi.org/10.1177/0018720814555862
https://doi.org/10.1152/jn.00674.2018
https://doi.org/10.3357/AMHP.5386.2020
https://doi.org/10.1111/j.2044-8295.1968.tb01153.x
https://doi.org/10.5014/ajot.47.1.42
https://www.ncbi.nlm.nih.gov/pubmed/8418676
https://doi.org/10.1007/s11818-019-00215-x
https://www.ncbi.nlm.nih.gov/pubmed/31534436
https://doi.org/10.1016/S0002-9394(14)73874-7
https://www.ncbi.nlm.nih.gov/pubmed/7832227
https://doi.org/10.3928/0191-3913-19811101-09
https://www.ncbi.nlm.nih.gov/pubmed/6977635
https://doi.org/10.1016/0094-5765(79)90119-X
https://doi.org/10.3389/fnins.2021.685590
https://doi.org/10.1016/j.jphotobiol.2021.112248
https://www.ncbi.nlm.nih.gov/pubmed/27638085
https://doi.org/10.1093/oxfordjournals.aje.a114569
https://doi.org/10.3766/jaaa.16175
https://doi.org/10.1163/156856809786618493
https://www.ncbi.nlm.nih.gov/pubmed/19055889
https://doi.org/10.1167/8.3.33
https://doi.org/10.3389/fpsyg.2014.00870
https://doi.org/10.1016/S0042-6989(02)00408-X
https://www.ncbi.nlm.nih.gov/pubmed/12536140
https://doi.org/10.1016/j.neulet.2007.07.016
https://doi.org/10.1016/j.humov.2020.102652
https://doi.org/10.3390/healthcare10010020
https://doi.org/10.3390/jcm15041529


J. Clin. Med. 2026, 15, 1529 14 of 14

39. Solé Puig, M.; Romeo, A.; Supèr, H. Vergence eye movements during figure-ground perception. Conscious. Cogn. 2021, 92, 103138.
[CrossRef] [PubMed]

40. Lee, H.H.; Yeh, S.L. Blue-light effects on saccadic eye movements and attentional disengagement. Atten. Percept. Psychophys. 2021,
83, 1713–1728. [CrossRef]

41. Levine, M.E.; Stern, R.M. Spatial task performance, sex differences, and motion sickness susceptibility. Percept. Mot. Skills 2002,
95, 425–431. [CrossRef]

42. Tripodi, N.; Feehan, J.; Husaric, M.; Kiatos, D.; Sidiroglou, F.; Fraser, S.; Apostolopoulos, V. Good, better, best? The effects of
polarization on photobiomodulation therapy. J. Biophotonics 2020, 13, e201960230. [CrossRef]

43. Suttle, C.M. Active treatments for amblyopia: A review of the methods and evidence base. Clin. Exp. Optom. 2010, 93, 287–299.
[CrossRef] [PubMed]

44. Kiryu, T.; Tada, G.; Toyama, H.; Iijima, A. Integrated evaluation of visually induced motion sickness in terms of autonomic
nervous regulation. 2008 30th Annual International Conference of the IEEE Engineering in Medicine and Biology Society; IEEE:
New York, NY, USA, 2008; pp. 4597–4600.

45. Takov, V.; Tadi, P. Motion sickness. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15041529

https://doi.org/10.1016/j.concog.2021.103138
https://www.ncbi.nlm.nih.gov/pubmed/34022640
https://doi.org/10.3758/s13414-021-02250-z
https://doi.org/10.2466/pms.2002.95.2.425
https://doi.org/10.1002/jbio.201960230
https://doi.org/10.1111/j.1444-0938.2010.00486.x
https://www.ncbi.nlm.nih.gov/pubmed/20533925
https://doi.org/10.3390/jcm15041529

	Introduction 
	Materials and Methods 
	Study Design 
	Research Subjects 
	Research Materials 
	MSSQ 
	Binocular Visual Function 
	Visual Perception 

	Data and Statistical Analysis 

	Results 
	Motion Sickness and Binocular Visual Functions 
	Distance and near Fusional Vergence 
	Accommodation and Vergence 
	Stereopsis and Contrast Sensitivity 
	Distance and near Phoria and Fusional Disparity (FD) 

	Motion Sickness and Visual Perception 

	Discussion 
	Conclusions 
	References

