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Abstract

The short version of the Visually Induced Mation Sickness Susceptibility Questionnaires (V1M SSQ-short) was designed to
estimate an individual’ s susceptibility to motion sickness caused by exposure to visual motion, for instance when using
smartphones, simulators, or Virtual Reality. The goal of the present paper was to establish normative data of the VIM SSQ-short for
men and women based on online surveys and to compare these results with findings from previously published work. VIMSSQ-
short data from 920 participants were collected across four online surveys. In addition, the relationship with other relevant
constructs such as susceptibilities to classic motion sickness (viathe Motion Sickness Susceptibility Questionnaires [MSSQY]),
Migraine, Dizziness, and Syncope, was explored. Normative data for the VIM SSQ-short showed a mean score of M = 7.2 (standard
deviation [SD] = 4.2) and amedian of 7, with agood test reliability (Cronbach’s alpha = 0.80). No significant difference between
men and women showed. The VIM SSQ-short correlated significantly with the MSSQ (r = 0.55), Migraine (r = 0.48), Dizziness (r
=0.35), and Syncope (r = 0.31). Exploratory factor analysis of all variables suggested two latent variables. nausea-related and
oculomotor-related. Norms for this study were consistent with the only other large online survey. But average VIM SSQ-short
values were lower in smaller studies of participants volunteering for cybersickness experiments, perhaps reflecting self-selection
bias. The VIM SSQ-short provides reliability with efficient compromise between length and validity. It can be used alone or with

other questionnaires, the most useful being the MSSQ and the Migraine Screen Questionnaire.
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1. Introduction

Motion sickness is acommon sensation caused by real (e.g., ship, bus, aircraft) or apparent (e.g., video
games, Virtual Reality) motion, with the latter often referred to as visually induced motion sickness
(Keshavarz and Golding, 2022). Both classic motion sickness and visually induced motion sickness (VIMS)
share many similarities and are characterized by avariety of symptoms such as nausea, headache, dizziness,
or fatigue. However, vomiting is more common during classic motion sickness, whereas oculomotor
discomfort such as eye strain, blurred vision, or difficulty focusing are more prominent during VIMS

(Bronstein et al., 2020; Chaet al., 2021). The underlying mechanisms of classic motion sicknessand VIMS



are not fully understood, but a sensory mismatch between the visual, vestibular, and/or proprioceptive
systems, and also intravestibular mismatches, has been assumed to result in motion sickness’VIMS, when
this conflict is not expected and does not match previous experiences (Benson, 2003; Reason and Brand,
1975). Additionally, the roles of postural stability (Riccio and Stoffregen, 1991) or eye movements
(Ebenholtz, 1992) as well as an evolutionary approach (Bowins, 2010; Treisman, 1977), have been
considered in the context of classic motion sickness and VIMS (see Golding, 2016 and Keshavarz et al .,
2014, for overviews).

Anindividual’s susceptibility to motion sickness and VIMS is determined by many factors (Golding,
2006). Besides technological features such as motion profile (Diels and Howarth, 2013; McCauley et al.,
1976) or the size of the visual field of view (Adhanom et al., 2020; Bos et al., 2010), various individual
characteristics have been linked to motion sickness/VIM S susceptibility. For instance, it has been often
mentioned that women report more severe motion sickness and VIM S compared to men, even though the
empirical evidence for biological sex as afactor remains inconclusive (see Lawson, 2014, for an overview).
Large-scale surveys have suggested that femal e passengers on cruise ships reported more severe nausea and
have a higher risk of vomiting compared to male passengers (Besnard et al., 2021), a finding that was
replicated under laboratory conditions in some studies (e.g., Flanagan et al., 2005) but failed to emergein
others (e.g., (Stanney et al., 2020). In addition to biological sex, it has been demonstrated that ageisa
prominent factor for classic motion sickness, with susceptibility peaking between the ages of 8-10 years and
decreasing during adulthood (Paillard et al., 2013). With regardsto VIMS, alate peak in susceptibility in
older adults (65+ years) has been reported (Brooks et al., 2010; Keshavarz et al., 2018), but recent evidence
suggested that this late peak might not be robust under all VIM S-inducing scenarios (Dilanchian et al., 2021).
Other individual characteristics that have been studied in the context of motion sickness/VIMS susceptibility
included personality traits, anxiety, visual field dependence, or fitness level, although the impact of these
factors on motion sickness/VIM S susceptibility remains somewhat vague (see Keshavarz and Golding,
2022). Given the various factors associated with motion sickness and VIMS, estimating an individual’s

susceptibility to motion sickness/VIM S remains challenging.



The Motion Sickness Susceptibility Questionnaires (MSSQ) (Golding, 2006), sometimes called
motion history questionnaires, predict individual differencesin motion sickness susceptibility based on
previous experiences. That is, the MSSQ was optimised for classic motion sickness provoked by transport
motion in boats, cars, planes, etc. Based on an individual’ s tendency to experience motion sicknessin the
past, alikelihood of experiencing motion sickness in future situations can be estimated. The MSSQ has
become the standard tool for measuring motion sickness susceptibility and is widely adopted by many
researchers.

Since the MSSQ was particularly designed to measure the susceptibility to classic motion sickness, it
may have limited applicability for VIMS-inducing situations (in fact, questions pertaining to VIMS were
purposefully removed from the MSSQ during its origina composition). The increasing use of visual
technologies prompted us to develop a questionnaire optimised for predicting intrinsic individual differences
in susceptibility to VIMS, the Visually Induced Motion Sickness Susceptibility Questionnaire (VIMSSQ).
We have produced the 67-item long version of the VIMSSQ (Keshavarz et al., 2019, 2023) as well as a short,
six-item version of the VIMSSQ (Golding et al., 2021). Both scales were developed in parallel and have their
strengths and weaknesses. On the one hand, the VIM SSQ-long provides detailed information on exposure to
awide variety of potentialy provocative visual environments and the estimated susceptibility for different
symptoms in each environment. On the other hand, the VIM SSQ-short lacks this detailed information on
experiences of visual environments but has the great practical advantage of being quick to complete. Both
scales have been validated in experimental studies and showed good correlations with VIM S severity under
laboratory conditions (Keshavarz et al., 2019, 2023; Golding et al., 2021). In the following, we will focus
exclusively on the VIM SSQ-short.

The VIMSSQ-short is arelatively new scale; as such, only limited empirical data are available to
date. Importantly, normative values have not yet been fully defined, although provisional norms have been
proposed in our previous work (Lukacova et al., 2023). Thus, the present study had three aims: (i) first, we
aimed to provide normative data for the VIM SSQ-short based on a pooled dataset collected from alarge
online study; (ii) second, we aimed to further explore associations between VIMS susceptibility and other

related factors including migraine, dizziness and syncope susceptibility; and (iii) lastly, to compare the
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normative data of the VIMSSQ found in this study with existing and published data on the VIM SSQ-short

conducted by other researchers.

2. Methods

2.1. Participants and Contributing Samples

To estimate norms for the VIM SSQ-short, we collected data via anonymous online surveys using Qualtrics
across various projects. These data were then combined to form a pooled dataset. The contributing data to
this pooled dataset came from three surveys that were presented at various meetings, including works by
Golding and Jahanara (2022) with n = 90, Tsang and Golding (2022) with n = 108, and Ignatova and Golding
(2024) with n = 282, aswell as from a published study by Lukacovaet al. (2023) with n = 440. Thus, the
pooled dataset included a total sample size of N = 920 participants, with amean age of M = 34.24 (SD =
13.01) years and an age range of 18-90 years. The sample was composed of 543 female and 377 male
participants. All contributing data were from studies which had been approved by the Psychology Ethics

Committee of the University of Westminster, London, United Kingdom.

2.2. Comparative Independently Published Data

Since the VIM SSQ-short is arelatively new questionnaire, empirical datafor the VIM SSQ-short are
relatively limited. To compare the norms from our pooled sample with existing data, we identified six
relevant studies that were published using the VIM SSQ-short and reported normative data. These studies
included works by, Doty et al. (2024), Golding et al. (2021) (see Note 1), Kelly et al. (2024), Papaefthymiou

et al. (2024), Ugur (2023) and Umatheva et al. (2024).

2.3. Questionnaires

In addition to the VIM SSQ-short, which was included in al online surveys, avariety of other questionnaires

were administered to investigate their relationship with (and their efficacy for predicting) VIMS
5



susceptibility as assessed by the VIMSSQ. Note that for Tsang and Golding (2022) the VIM SSQ-short data

were collected but not the M SSQ-short, Migraine, SWID, Syncope. In detail, these questionnaires included:

VIMSSQ-short. The short form of the Visually Induced Mation Sickness Susceptibility Questionnaire
VIMSSQ (Golding et al., 2021) is a six-item short version of the VIMSSQ (Keshavarz et al., 2019,
2023) (see Appendix [Note 2]). It was developed to capture individual susceptibility to VIMS and was
designed with the expectancy that it would be used in conjunction with the M SSQ as a supplement for
circumstances when VIMS is anticipated. The VIM SSQ-short enquires about the frequency of five
different symptoms (nausea, headache, fatigue, dizziness, eye strain) as well as possible consequent
avoidance when using avariety of visual devices and displays (e.g., smartphone, movie theatre, video
games, tablets, Virtual Reality glasses, etc.). Each item is scored on a four-point rating scale ranging
from O (Never) to 3 (Often). The VIMSSQ total score is calculated by the addition of all item responses,
resulting in a possible maximum score of 18. Higher scores on the VIM SSQ-short indicate a stronger
susceptibility to VIMS.

M SSQ-short. The short form of the Motion Sickness Susceptibility Questionnaire M SSQ-short (Golding,
2006) was used to assess the participants susceptibility to classic motion sickness from physical motion.
The M SSQ-short enquires about the participants previous experiences of motion sickness when using
nine different modes of transportation (e.g., boat, car, bus, plane) or amusement rides (e.g., funfair rides).
Participants rated the frequency of experiencing motion sickness for each item on a scale from O (Never)
to 3 (Often). They can also indicate if they never used or experienced the respective item. The M SSQ-
short has two sections, one asking about childhood experiences before the age of 12 (MSSQ Child) and
one asking about experiences during adulthood over the last 10 years (MSSQ Adult). A raw score of the
whole M SSQ-short scale can be calculated and, if required, can be translated into percentile scores based
on the population norms reported in Golding (2006). Higher scores indicate a stronger susceptibility to
motion sickness. The MSSQ was applied in all surveys.

Migraine Screen Questionnaire. The Migraine Screen Questionnaire (Léinez et al., 2010) consists of five
items that are rated on abinary scale (0 = No, 1 = Yes) in order to measure the participants tendency to

experience migraines. Iltemsinclude, for instance, the person’s experience of frequent or intense
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headaches and the duration of those. A total score can be calculated by summing together the value of
each item (maximum score = 5). Higher scoresindicate a greater likelihood of migraines.

SWID. The Socia Life and Work Impact of Dizziness questionnaire (SWID) (Bronstein et al., 2010) consists
of four items. It measures the negative impact of dizziness on everyday activities. The SWID consists of
four socia, travel, family, and work-related questions, and has been validated in patient and control
samples. Responses are rated on abinary scale (0 = No, 1 = Yes) and a summed total score (maximum
score = 4). Higher scores indicate greater probability of being affected by dizziness.

Syncope. The single-item Syncope question measures the participants tendency to experience vasovagal
syncope (Golding and Patel, 2017). Participants indicate how often they experience the feeling of
faintness (e.g., if stressed, in pain, or sighting blood). This single-item question was adapted from Bosser

et al. (2006). Higher scores indicate a more frequent tendency to syncope.

2.4. Data Analysis

Results were analysed using SPSS 28.0 (IBM®). Descriptive data, correlations (Pearson and non-
parametric), exploratory factor analysis, and linear regression were employed. For all statistical analyses, the
significance level was set a priori to a = 0.05. Where statistical tests could be directional, the significances
were two-tailed. The sample size for correlational analysis was reduced due to some missing data and since
some questionnaires were not measured in all contributing data. The minimum sample size for listwise

correlations in multivariate analyses had areduced n = 772.

3. Resaults

3.1. Normative Data for the VIMSSQ-short

Table 1 shows the descriptive statistics of the VIMSSQ-short for our pooled dataset. The mean total score for
the VIM SSQ-short was M = 7.2 (SD = 4.2) with amedian score of 7.0 (25th percentile = 4.0 and 75th

percentile = 10.0). See the Supplementary Material for item scores. Figure 1 illustrates the distribution of the
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VIMSSQ-short data for the pooled dataset. Reliability was good with a Cronbach’s alpha = 0.80. Table 2

shows the present results and comparative data from other published studies.

Table 1.

Descriptive statistics for the VIM SSQ-short separated by biological sex.

M SD Range P10 P25 Med P75 P90
All 7.22 421 0-18 1 4 7 10 12
Female 741 4.61 0-18 2 5 8 10 12
Mae 6.93 3.90 0-18 1 3 7 10 13

Note. Med = median, P10 = 10th percentile, P25 = 25th percentile, P75 = 75th percentile, P90 = 90th percentile.

Table 2.
Descriptive statistics for the VIM SSQ-short (separated by biological sex) for the pooled dataset of the present study

and for other available published studies.

VIM SSQ-short M (SD)

AgeM
Study Context N (SD) All Male Female
Present study Online survey (UK) 920 34.24 7.22 6.93 741
(13.01) (4.21) (4.61) (3.90)
Umathevaet al., 20241 Online survey (Canada) 11 21.21 791 6.18 8.39
(4.73) (365 (3.19 (3.64)
Papaefthymiou et al., 2024 VR experiment (Greece) 47 27.4 3.47 s a
(5.78)  (4.41)
Kelly et al., 20242 VR experiment (USA) 201 19.0 3.60 3.10 4.37
(1.2 (247) (2.26) (2.54)
Doty et a,, 2024 VR experiment (USA) 103 (119;12) (421.2) n/a n/a
Ugur, 20232 In-person survey (Turkey) 49 (22.12) (5.24) (4.07) (5.71)
571 4.25 3.04 4.59
Golding et al., 2021 VIMS experiment (UK) 20 22.90 4.87 4.40 5.10

(5.03) (4.06) (4.38) (3.99)

Notes: tAdditional VIMSSQ separated by biological sex provided via personal communication from Emel Ugur, 5
May 2024.
2Values for VIM SSQ-short separated by biological sex averaged from published table.



-(Insert Fig 1 around here) -

3.2. Confirming the Factor Structure of the VIMSSQ-short

In line with our previous work, exploratory factor analysis of the VIM SSQ-short (n = 920) revealed only a

single factor (Table 3).

Table3.

Exploratory factor analysis of the six VIM SSQ-short items revealing a single factor.

VIMSSQ item Factor loading
Nausea 0.73
Headache 0.75
Dizziness 0.73
Fatigue 0.67
Eye strain 0.66
Avoidance 0.71

When adding the variables M SSQ-short, Migraine susceptibility, SWID, and Syncope to the factor analysis
(n=772), atwo-factor structure was revealed following an Oblimin rotation calculation (Table 4). The two
latent variables might be termed Nausea-related discomfort (Factor 1) and Oculomotor-related discomfort
(Factor 2), explaining 40.4% and 12.1% of the variance, respectively. The orthogona and oblique rotated
solutions were similar, with the obligue solution producing a somewhat more distinct pattern of factor

loadings (see Supplementary Material for more details).



Table4.

Oblique Rotated Component Matrix for all dependent variables revealing a two-factor solution.

VIMSSQ item Factor 1 Factor 2
Nausea 0.60

Headache —0.66
Dizziness 0.49

Fatigue —-0.75
Eye strain —0.84
Avoidance —0.54
MSSQ 0.54

Migraine (score) 0.53

SWID (score) 0.79

Syncope (score) 0.74

Note: Loadings < 0.40 not shown for clarity. Oblimin rotation with variances of 40.4% (Factor 1) and
12.1% (Factor 2).

3.3. Relationship of the VIMSSQ-short with Other Variables

3.3.1. VIMSQ-short, Age, and Sex

In the pooled dataset, female participants (M = 7.4, SD = 3.9) reported dlightly higher mean VIM SSQ-short
scores than male participants (M = 6.9, SD = 4.6), but differences were not statistically significant as
indicated by at-test (tg15 = 1.696, p = 0.09, two-tailed, Cohen’sd = 0.11). Across al participants, VIMS
susceptibility declined slightly with increasing age (r = —0.12, p < 0.001). Interestingly, when these data were
grouped into age groups, there appeared to be an increase in older adults (70+ years). However, the sample

sizein this older group was quite low, which increased the associated 95% CI (see Figure 2).

-(Insert Fig 2 around here) -

3.3.2. VIMSSQ-short, MSQ, Migraine, Dizziness, and Syncope
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The VIM SSQ-short correlated significantly (ps < 0.001) with the MSSQ-short (r = 0.55), the
Migraine Screen Questionnaire (r = 0.48), SWID (r = 0.35), and Syncope (r = 0.31). Detailed results are
shown in Table 5 (with age and sex included for completeness). Figure 3 shows a scatterplot illustrating the

correlation between the VIM SSQ-short and the M SSQ-short.

Tableb.

Bivariate correlations (r) of the VIMSSQ total score with other variables.

Variable N Pearson r (Spearman r) p

MSSQ total score 789 0.55 (0.54) 0.001
Migraine Screen score 801 0.48 (0.48) 0.001
SWID score 797 0.35(0.38) <0.001
Syncope score 795 0.31(0.31) <0.001
Age (years) 920 -0.12 (-0.15) <0.001
Biological sex 920 0.06 (0.07) 0.090

Note: n varies since some variables were not measured in all contributing datasets.

-(Insert Fig 3 around here) -

Correlations between the VIM SS-short and the M SSQ-short from previous studies are given in Table
6. All correlations were reported as highly significant. However, there were variations between studies,

ranging from r = 0.26 to 0.63, with an overall median correlation of approximately r = 0.40.

Table6.

Correlations (r) between the VIM SSQ-short and the M SSQ-short in this study and in other available studies.

Study N Correlation statistic r

Present study? 2 789 Pearson 0.55
11



Umathevaet al., 2024 711 Spearman 0.42

Papaefthymiou et al., 20243 47 Pearson 0.26
Kelly et al., 2024 201 Pearson 0.44
Doty et al., 2024 103 Pearson 0.41
Ugur, 2023 49 Spearman 0.63
Golding et al., 2021 30 Pearson 0.38

Notes: 1Reduced N of 789 from 920 due to missing data for the M SSQ-short in one contributing dataset.
2Equivalent Spearman correlation r = 0.51.

3Bivariate correlation by personal communications, the equivalent Spearman correlation wasr = 0.32.

3.4. Multiple Linear Regression

Multiple linear regression models, using both general and stepwise approaches, were employed to identify
those variables best able to predict the VIM SSQ-short. The most efficient model (multiple R = 0.65, adjusted
R2=0.41, Fg 764 = 91.12, p < 0.001) included the predictors MSSQ (5 = 0.39, p < 0.001), Migraine (8 = 0.28,
p <0.001), Age (5 =—0.10, p<0.001), SWID (= 0.09, p < 0.01), Syncope (# = 0.08, p < 0.05) (see Figure
4). Sex was not significant. Perusal of the full correlation matrix indicated that the variables Syncope and
SWID had much lower contributions than might be expected from their bivariate correlations with the

VIM SSQ-short. Examination of the correlation matrix suggested that this was due to multicollinearity (i.e.,
SWID and Syncope correlated with the dominant predictors MSSQ and Migraine). Despite showing a
relatively weak bivariate correlation with the VIMSSQ (see Table 5), age did not drop out from the model.

Thisindicated that age did contribute significant unique predictive power.

-(Insert Fig 4 around here) -

4. Discussion
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The goals of the present study were threefold: We aimed to (1) provide normative data for the VIM SSQ-
short, (2) to compare these findings with previously published data, and (3) to explore associations with other
relevant variables. The mean score for the VIM SSQ score was 7.2 across all participants with a median score
of 7. No significant differences between sexes showed, but negative correlations with age suggested a decline
of VIMS susceptibility with age. Additionally, high correlations with the susceptibility to classic motion
sickness, dizziness, migraine, and syncope were found. We will discuss these findings in more detail in the

following sections.

4.1. VIMSQ Norms and Factor Sructure

Overdl, the mean VIM SSQ-short scores across all participants found in the present study closely resembled
norms reported by another large-scale survey by Umatheva et al. (2024). Both of these studies were
comprised of online surveys with large sample sizes, and both used anonymous online reporting which tends
to encourage truthful responding. However, when compared to VIM SSQ scores obtained from experimental
studies or an in-person survey, lower mean n data could be due to a degree of self-selection in the
experimental studies. That is, individuals who are very susceptible to VIMS tend not to volunteer for such
experiments knowing that they will be exposed to provocative stimuli. The distribution of the VIM SSQ-short
scores was continuous but not normal, with a cluster of individuals reporting very low susceptibility scores.
At present, the best normative estimate would appear to be a mean and median VIM SSQ-short score of
around 7 for both sexes combined.

Factor analysis of the VIM SSQ-short revealed only one factor, which was consistent with the high
Cronbach’s alpha of 0.8 and supports the previous results (Golding et al., 2021). However, Ugur (2023),
albeit on arelatively small sample, suggested the existence of two factors in the VIM SSQ-short. Given this
observation, we conducted an exploratory factor analysis on the six items of VIMSSQ-short while including
the correlated variables M SSQ-short, migraine susceptibility, dizziness susceptibility, and syncope
susceptibility. This exploratory analysis revealed atwo-factor structure and, based on the item loadings, these

two latent variables could be described as nausea- related (Factor 1) and oculomotor-related (Factor 2), being
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reminiscent of the two-factor structure for the SSQ proposed by Bouchard et al. (2021). Perhaps the most
interesting and original aspect of the solution found here concerns headache and migraine susceptibility. One
might expect them both to load preferentially onto the Oculomotor factor, but our results suggest otherwise.
That is, migraine susceptibility loaded on the nausea factor which comprises of those aspects concerning
classic motion sickness susceptibility. However, the headache item of the VIM SSQ-short |oaded on the
oculomotor factor. It seems that the mechanisms underlying migraine susceptibility are more related to
nausea and dizziness, whereas headache in the context of VIMS is more areflection of those visual stimulus-
specific mechanisms related to symptoms such as eye strain. The avoidance item of the VIM SSQ-short
loaded across both the nausea and oculomotor factors, but the relationship was stronger with the oculomotor
factor. From this perspective, it could be argued that the oculomotor-related symptoms such as eye strain and
headache may have a much greater role in reducing or even preventing usage of new visual technologies,

rather than nausea per se.

4. 2. The Roles of Sex and Age on VIMS Susceptibility

Therole of biological sex has been frequently investigated for classic motion sickness and for VIMS. A
frequent finding has been that women tend to be more susceptible than men to motion sickness, athough
many studies have failed to find such differences (see Lawson, 2014; Lawson and Bolkhovsky, 2023, for
overviews). In the present study, women tended to be slightly more susceptible in terms of higher VIM SSQ-
short scores, but this difference was not statistically significant. In contrast, the other published studies using
the VIM SSQ-short, including the large survey by Umatheva et al. (2024) suggested a more consistent and
significant pattern of higher scores in women. However, taking together these findings, it appears that any
greater susceptibility in women may be relatively small and may be estimated as around one to two points of
the VIMSSQ scale.

Over the whole lifespan, age differences in motion sickness susceptibility are greater than sex
differences. Infants and very young children are relatively immune to classic motion sickness (Huppert et al.,

2019), with susceptibility peaks around 9 to 10 years and a subsequent decline of susceptibility during the
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teenage years towards adulthood, probably due to habituation (Bronstein et al., 2020; Reason and Brand,
1975). Fewer data are available on VIMS susceptibility and age; it has been suggested that children might be
less susceptible to VIMS (Tychsen and Foeller, 2020), but this assumption is challenged by studies finding
similar VIMS reports between children and adults (Chang et al., 2021). In addition, a potential peak in VIMS
susceptibility later in life has been indicated by some studies (Brooks et al., 2010; Keshavarz et al., 2018),
but, again, this finding remains controversial (Saredakis et al., 2020). In this study, VIM SSQ-short scoresin
adults declined to a small but significant extent with age, mirroring the findings from classical motion
sickness. However, when the data were segmented by age groups, a potential increase in older adults aged
70+ years showed, but the interpretation of thisfinding is strongly limited by the small sample sizein this
age group. Unfortunately, the data from other published work did mainly focus on younger, healthy adults,
not allowing to draw meaningful comparisons across age groups. It is worth noting that the relationship
between age and VIM S may be complicated by the role of several influences, some synergistic and others
opposing (see Golding et al., 2021). For instance, people become more visually dependent with increasing
age for spatial orientation and balance, as they reduce reliance on vestibular and proprioceptive inputs (which
often become less reliable with ageing). In addition, older adults may have had less experience and
opportunity to habituate to newer visual technologies. These two influences should increase the susceptibility
to VIMS. At the same time, the opposing factor is that overall motion sickness susceptibility to physica
motion is known to decline with age (with individual variation). The investigation of VIMS susceptibility in

older age merits further investigation.

4. 3. Other Individual Characteristics and VIMS Susceptibility

A number of other individual characteristics correlated significantly with the VIM SSQ-short, the most
commonly studied being the M SSQ-short. The correlation between the VIM SSQ-short and the M SSQ-short
was high in the present study and for the other published studies (ranging from medium to high). This
correlation between VIM SSQ-short and the M SSQ-short was to be expected, since VIMS and classic motion

sickness share the same core symptomatol ogy of gastrointestinal and autonomic responses (see Chaet al.,
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2021). However, these correlations a so indicated that there was much unshared variation. In other words, the
susceptibility to VIMS does not fully overlap with the susceptibility to classic motion sickness. This reflects
the observation that they are similar but not identical phenomena. The moderately strong correlations
between the VIM SSQ-short and dizziness impact on general quality of life (SWID) can be explained by the
importance of symptoms such as dizziness and vertigo for VIMS.

Associations between migraine susceptibility with both VIMS and classic motion sickness have long
been noted (Abouzari et al., 2020; Golding and Patel, 2017; Grunfeld and Gresty, 1998). The results of this
study were in accordance with these previous findings and suggest that VIMS, classic motion sickness, and
the tendency to experience migraines are positively linked with each other. The mechanism underlying this
relationship remains unknown; various suggestions include that it may be due to atered serotonergic system
functioning or alternatively defective functioning of calcium ion channels (Golding, 2016). Regardless of the
exact mechanism, migraine appears to share underlying genetic factors with motion sickness susceptibility
(Hromatka et al., 2015). The significant association of syncope susceptibility with VIM SSQ-short supports
the notion that autonomic reactivity may be an additional factor in motion sickness susceptibility, consistent
with previous findings with classic motion sickness both from physical motion sources (Bosser et al., 2006)

and when provoked by visual stimuli (Golding et al., 2021).

4. 4. Limitations and Future Research

This study had a number of limitations. Although susceptibility decreased with age overall, the sample was
underrepresented in the older age groups. Consequently, whether or not there may be areversal of thistrend
in older age remains uncertain. Equally, any changes in susceptibility in younger age groups less than 18
years remains unexamined, and this topic deserves further attention. Possible differences in susceptibility
between ethnic groups were not addressed but could be of interest, too. Finally, the predictive validity of the
VIM SSQ-short was not examined in the present paper; however, thiswill be addressed in a separate

publication, both with new data and comparisons with published studies.
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5. Conclusion

In conclusion, the six-item VIM SSQ-short provides reliability with an efficient compromise between
length (reduced time cost) and validity (predicted VIMS susceptibility). It is useful to predict individual
susceptibility to VIMS. It can be used alone or with other questionnaires, the most useful being the M SSQ-

short and the Migraine Screen.
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Note

1 Thedatafrom Golding et al. (2021) were not included in the pooled sample since the study did not use
an anonymous online survey but contained alaboratory motion sickness experiment.

2 Thisappendix includes the actual questionnaire, scoring procedure and percentiles of the VIM SSQ-short,
offering rapid access to a quick ‘ stand-alone’ document for practical use.
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Figure Legends

Figure 1. Distribution of the total score of the Visually Induced Motion Sickness Susceptibility Questionnaire short form.

Figure 2. Mean the Visually Induced Motion Sickness Susceptibility Questionnaire short scores broken down by age groups (n of

each age group in brackets).

Figure 3. A scatterplot of the relationship between the Visually Induced Motion Sickness Susceptibility Questionnaire total score
and the Motion Sickness Susceptibility Questionnaire score. The dotted lines represent the 95% confidence intervals shown on
either side of the fitted regression line. Each point represents an individual person, some points may overlap and represent more

than one individual.

Figure 4. Multiple linear regression prediction of susceptibility to visually induced motion sickness measured by the Visually
Induced Motion Sickness Susceptibility Questionnaire using the predictors Motion Sickness Susceptibility Questionnaire,
Migraine, Age, Syncope, Social Life and Work Impact of Dizziness. Sex failed significance. The standardised predictor is shown
on the x-axis, with the beta values of the individual predictors. Dotted lines represent the 95% confidence intervals shown on either
side of the fitted regression line. Each point represents an individual person, some points may overlap and represent more than one

individual.

Appendix Figure 1. Cumulative distribution percentiles of the scores of the VIMSSQ-short (n = 920).

Appendix Figure 2. Fifth-order polynomial fit for VIMSSQ-short total score to percentiles conversion.
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Appendix

The Visually Induced M otion Sickness Susceptibility Questionnaire short form (V1M SSQ-
short): Questionnaire, Scoring, and Per centile Conver sion For mula.

Visually | nduced Motion Sickness Susceptibility Questionnaire (V1M SSOQ-short)

This questionnaire is designed to measure your experience with different visual display or entertainment
devices and if they ever caused discomfort.

Visual display or entertainment devices include Movie Theatre or Cinema, Smartphones and Tablets
with movies or games, Video games, Virtual Reality Glasses or Head-Mounted Displays, Simulators, Large
Public Moving Display Advertising or Information Screens.

Please answer these questions solely with respect to your experiences during adulthood (older than 18
years) and ignore childhood experiences.

Q1. How often have you experienced each of the following symptoms when using any of these devices?
(circle your response)

Nausea Never Rarely Sometimes Often
Headache Never Rarely Sometimes Often
Dizziness Never Rarely Sometimes Often
Fatigue Never Rarely Sometimes Often
Eyestrain Never Rarely Sometimes Often

Q2. Have any of these symptoms stopped you using any of these devices or made you avoid viewing such
displays? (circle your response)

Never Rarely Sometimes Often

Q3. If you have answered stopped or avoided, please list the devices or displays that you avoid:

Scoring the VIM SSQ- short

Q1 and Q2 Sections of VIMSSQ-short

There are five symptom itemsin Q1 and one avoidance item in Q2. All items are scored Never=0, Rarely=1,
Sometimes=2, Often=3.
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Thetotal scoreisformed by the addition of all items giving a maximum possible range for the
VIMSSQ-short total score with minimum of 0 to maximum of 18. Higher scores indicate a stronger
susceptibility to VIMS.

Q3 Section of VIMSSQ-short

This enquires about the devices and displays that a person has avoided or stopped using. It is aquestion to
provide additional information about device avoidance. It does not contribute to the total score for the
VIMSS-short.

Per centile Scor es of the VIM SSQ-short

Using weighted-averages approach (SPSS V28.0) the key percentiles for the VIM SSQ-short total score are as

follows:

5th = 0; 25th = 4; 50th = 7; 75th = 10; 95th = 14.

Detailed distribution of percentile conversion is given below in Appendix Figure 1 and in Appendix Table
1. Useinterpolation where necessary.

-(Insert Appendix Figure 1 around here)-
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Appendix Table 1. Mean, standard deviation and cumulative percentiles statistics for the VIM SSQ-short (n
= 920).

VIM SSQ-short Cumulative
score percentiles
0 6.8
1 11.2
2 16.8
3 22.8
4 28.9
5 35.3
6 43.0
7 50.4
8 58.3
9 67.4
10 76.0
11 82.9
12 90.8
13 93.7
14 96.5
15 98.2
16 99.0
17 99.5
18 100.0
VIMSSQ-short
Mean=7.2
Standard deviation = 4.2
Numbers are rounded

Alternatively, a 5th-order polynomial function provides a close fit for VIM SSQ-short to percentile
conversion. y =percentile and x = VIM SSQ-short score. Appendix Figure 2 below shows the fit.
Fifth-order polynomial fit: y = a+ bx + cx2 + dx® + ex2 + 3.

Coefficient data:

a=2.2926016

b =10.124353

c=-1.9304833

d = 0.34920201

e=-0.023566472

f = 0.00051780082

-(Insert Appendix Figure 2. Around here)-
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= 4208

Mean= 7.22
Std. Dev.

Adouanbaug

VIMSSQ-short (total score)
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Supporting Information

Table S1.
Factor analysis. Orthogonal Rotated Component Matrix.
Factor
1 2
Nausea (item) 06 04
4 3
Headache 0.3 0.6
(item) 0 9
Dizziness (tem) 0.5 0.4
4 4
Fatigue (item) 0.7
3
Eye strain 0.8
(item) 0
Avoidance 0.3 05
(item) 7 9
MSSQ (score) 05 0.3
8 8
Migraine (score) 0.5 0.3
6 2
SWID (score) 0.7
5
Syncope 0.6
(score) 9

Loadings <0.3 not shown for clarity; Varimax Rotation; Variance: Factor 1=40.4%; Factor 2=12.1%.
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Table S2.

Correlation matrix of all questionnaires used for the pooled data.

VIMSSQ MSSQ Migraine SWID Syncope Age Sex
VIMSSQ _total Pearson'sr -
p-value -
MSSQ Pearson'sr 0.545™" -
p-value <0.001 -
Migrn_Total Pearson'sr 0.478"" 0.348™" -
p-value <0.001 <0.001 -
SWIDtot Pearson'sr 0.347"" 0.357""" 0.343™ -
p-value <0.001 <0.001 <0.001 —
Syncope Pearson'sr 0.308™" 0.266"" 0.276"™" 0.321" -
p-vaue <0.001 <0.001 <0.001 <0.001 -
Age Pearson'sr —0.124"" —0.035 —-0.139"" 0.038 —0.042 -
p-value <0.001 0.255 <0.001 0.220 0.171 -
Sex Pearson'sr 0.056 0.055 0.166"" —0.003 —0.040 -0.074" -
p-vaue 0.090 0.074 <0.001 0.912 0.199 0.008 -
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Table S3.

Breakdown of item scores of the VIM SSQ-short (percentages and means [standard deviations, SD], n = 920).

Item of Never (0) Rarely (1) Sometimes  Often (3) Mean (SD)
VIMSSQ (2)

Nausea 40.8% 21.4% 29.3% 8.5% 1.06 (1.02)
Headache  22.3% 28.0% 36.0% 13.7% 1.41 (0.98)
Dizziness 38.2% 31.7% 23.6% 6.5% 0.98 (0.94)
Fatigue 36.0% 24.5% 28.5% 11.1% 1.15 (1.03)
Eye strain 20.1% 22.6% 37.8% 19.5% 1.57 (1.02)
Avoidance  31.6% 28.5% 31.7% 8.2% 1.16 (0.97)
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Figure S1. Graphical overview of means + 95% confidence intervals (Cls) for item scores of the VIM SSQ-
short (n=920).



