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The simulator sickness
questionnaire, and the erroneous
zero baseline assumption

Phillip Brown*, Pieter Spronck and Wendy Powell

Department of Cognitive Science and Artificial Intelligence, Tilburg University, Tilburg, Netherlands

Cybersickness assessment is predominantly conducted via the Simulator

Sickness Questionnaire (SSQ). Literature has highlighted that assumptions

which are made concerning baseline assessment may be incorrect,

especially the assumption that healthy participants enter with no or minimal

associated symptoms. An online survey study was conducted to explore further

this assumption amongst a general population sample (N = 93). Results for this

study suggest that the current baseline assumptionmay be inherently incorrect.

KEYWORDS
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Introduction

Virtual reality (VR) use is more prevalent than ever, with many disciplines exploring

its capabilities, and the potential benefits as a health technology (Mahrer & Gold, 2009;

Malloy & Milling, 2010; Powers, 2008; Riva et al., 2019), as a traditional entertainment

medium (Tan et al., 2015), and increasingly as a practical application for training purposes

(Gavish et al., 2013; Sarig Bahat et al., 2015).

Whilst VR has become broader in its applications, a persistent concern is

cybersickness (McCauley & Sharkey, 1992), a common, negative side effect of VR use.

Cybersickness is described as being similar to motion sickness (Rebenitsch & Owen,

2016), with symptoms including eye strain, headache, disorientation, and nausea

(LaViola, 2000). However, unlike motion sickness, cybersickness can occur in the

absence of physical motion, and is thus considered distinct (Stanney et al., 1997).

Prevalence of cybersickness during or post VR immersion has previously been

reported to be as high as 80% (Cobb et al., 1999; Kim et al., 2005), with recent

literature indicating that this is still a widespread issue (Yildirim, 2020). Whilst

discomfort to the user is undesirable, greater implications exists when considering, for

example, the reported effect of increased cybersickness symptoms on reducing the efficacy

of treatment in medical and rehabilitation applications (Hoffman et al., 2004; Wiederhold

et al., 2014; Weech et al., 2019).

Cybersickness is described in the literature by a variety of terms, including simulator

sickness (Kennedy et al., 1993), visually induced motion sickness (Hettinger, 1992), and

virtual reality induced symptoms (Cobb et al., 1999). For the purposes of this work, we will

be using the term cybersickness. While the cause of cybersickness is still debated, a
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number of prominent theories have been proposed, with possibly

the most prominent being the sensory mismatch theory (Stanney

et al., 2020; Stoffregen & Smart, 1998). This theory postulates that

visual-vestibular conflicts occur when visual stimuli prompt

bodily movement, although often no movement is occurring

during VR immersion. Other theories including the evolutionary

hypothesis, which postulates that the brain recognises certain

sensorimotor conflicts as toxins which it must rid (Stanney et al.,

2020), although this has been challenged in recent literature

(Lawson, 2014). In lieu of a definitive conclusion, or applicable

preventative measure, it is important that we are able to measure

cybersickness adequately.

The severity of cybersickness symptoms can be determined

by several factors, such as those of the intervention itself,

including the content and hardware being used, but also

subjective traits. Specific to the hardware, factors can include

refresh rate, input lag and visual quality (LaViola, 2000).

Additionally, individual user factors such as age and ethnicity

(Edwards & Fillingim, 2001; Knight & Arns, 2006; Davis et al.,

2014) have been suggested to be linked to higher susceptibility

and stronger overall effects of cybersickness. Gender has also

been postulated as an influencing factor, although results have

been inconsistent (Davis et al., 2014; Saredakis et al., 2020).

Traditionally, when testing VR applications for their

suitability regarding the potential of induced cybersickness,

self-assessment questionnaires, such as the standardised

Simulator Sickness Questionnaire (SSQ), are typically

administered (Kennedy et al., 1993). Administration of the

SSQ commonly takes place post-intervention, as the authors

initially proposed (Kennedy et al., 1993). Pre-intervention

administration has been previously argued against, with key

justifications being over concerns with regards to participant

priming (Young et al., 2006), and that in general, difference

scoring between pre and post is unreliable (Cronbach & Furby,

1970). However, recent literature suggests that this may not be

the case (Bimberg et al., 2020), highlighting especially that fear of

participant priming should not be a barrier to pre-exposure

assessment. This is particularly relevant to within-subjects

designs, which already require repeated administration.

In lieu of SSQ administration pre-exposure, susceptibility

questionnaires have been and are still used (Golding, 1998; Kim

et al., 2005; Recenti et al., 2021), although their success at predicting

cybersickness-like symptoms vary (Golding et al., 2021). However, it

may be argued that susceptibility questionnaires are more a measure

of general tendency, not of current symptoms, andwhilst it may be a

predictor of cybersickness, it tells us nothing about the participants’

current state. Aside from the SSQ, other questionnaires exist for

assessing the impact of cybersickness symptoms, including the

Cybersickness Questionnaire (CSQ) (Stone et al., 2017) and

Virtual reality sickness questionnaire (VRSQ) (Kim et al., 2018),

although these are far less frequently used. Validity for the CSQ and

VRSQ has been reported to be greater than that of the SSQ (Sevinc,

2020), although their lack of implementation, and therefore the

potential inability to compare between studies rendered them

undesirable for this work. However, both questionnaires share

similar traits as they are derived from the SSQ, so it may be

assumed that a similar baseline assumption would exist between

all the variants, and that any inferences from the results of the SSQ

may be applicable to the CSQ, and VRSQ, respectively. Ifi sub

heading.

Although the SSQ was initially intended for simulator sickness

assessment, it has been used in recent times more frequently for

cybersickness assessment (Bouchard et al., 2021; Brown et al., 2021;

Munafo et al., 2017), and has been administered in conflict of the

initial interpretation by its authors, with evidence existing that it is

also beneficial under certain circumstances for pre-exposure

administration (Bliss et al., 1997; Zanbaka et al., 2004;

Bouchard et al., 2007, 2021; Munafo et al., 2017). While the

benefits of pre-exposure assessment have been previously

explored, the justification and application of its use often

contradict the benefits that pre-exposure assessment may

provide, and all too often, dissemination of pre-exposure SSQ

results is lacking (Kim et al., 2005; Min et al., 2004; Munafo et al.,

2017; Zanbaka et al., 2004). Also, the majority of pre-exposure

assessment is conducted amongst medical populations, as it is

often assumed that participants defined as “healthy” enter with a

zero-baseline score (Kennedy et al., 1993).

Furthermore, the initial validation of the SSQ was conducted

with persons defined as healthy, and who were likely more

adaptive to VR than the general population (Kennedy et al.,

1993). Literature has previously highlighted why this sample

specifically is not representative of the general population

(Bouchard et al., 2007). This highlights a key notion that the

current knowledge base is not informative as to how responses to

the SSQ may vary between populations, such as people with

medical conditions, as has been reported in the literature

previously (Brown & Powell, 2021).

Of the work documenting non-zero SSQ baseline scores, the

majority is concerned with medical populations, for example,

persons with acute or chronic pain (Brown & Powell, 2021), or

persons who suffer with anxiety disorders (Powers, 2008;

Bouchard et al., 2009). Although symptoms of medical

conditions may explain non-zero SSQ baseline scores amongst

specific populations, what is not so determinable is what

participants of a more general, non-medical population may

report as an SSQ baseline, and how this may be comparable to

medical populations.

In addition, the majority of research is not concerned with

measuring cybersickness at baseline, as the zero-baseline

assumption is retained in the absence of pre-intervention

susceptibility questioning, which would often exclude

participants if they answer anything other than feeling healthy

(Garrett et al., 2017; Tashjian et al., 2017; Spiegel et al., 2019).

However, the literature does suggest that assuming a zero baseline

may be incorrect (Bolte et al., 2011; Freitag et al., 2018; Kim et al.,

2021; Mostajeran et al., 2021; Young et al., 2006), although limited
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literature exists on healthy participant baseline (pre-intervention)

SSQ administration. Of the work which does report healthy

participant baseline SSQ scores, the literature does suggest that

non-zero scores of some concern have also been reported

(Freeman et al., 2008; Langbehn et al., 2018; Oberdörfer and

Games, 2019; Oberdörfer et al., 2021; Park et al., 2008).

However, absence of baseline SSQ scores could result in

inaccurate interpretations. In studies which are not using the SSQ

at baseline, it may be said that they are assuming it is the VR

intervention which is influencing their post-intervention SSQ

scores. It has also been postulated that assumptions of unknown

and potentially erroneous baseline SSQ scores may be a reason

for high scores being observed (Bimberg et al., 2020), or more

practically, it may be that the attribution of a high post-exposure

SSQ score may be misleading if the participant started the

intervention with a non-zero score. Furthermore, it has been

highlighted that identifying baseline symptoms would be useful

to “further understand the theoretical underpinning of simulated

motion sickness” (Bruck & Watters, 2009).

Populations of concern are those who, in regards to their

baseline cybersickness scores, are either being screened out by

virtue of exhibiting symptoms of an illness, which may correlate

to symptoms of cybersickness, or via pre-exposure screening

questionnaires. Both of which are uninformative to the intended

population, as excluding participants as such is not informing

about how applicable or beneficial a proposed intervention for

said population may be. Therefore, rather than assuming the zero

baseline when conducting the SSQ, understanding whether the

zero baseline assumption is correct better informs post-exposure

SSQ recordings.

Study objectives

In this work, we examined the assumption of a zero baseline,

investigating non-exposure scores in a general population, and

compared the results of defined healthy and medical sub-

populations. Firstly, we suspected from the literature that the

zero-baseline assumption is indeed incorrect (Bolte et al., 2011;

Freitag et al., 2018; Kim et al., 2021; Mostajeran et al., 2021; Park

et al., 2008; Young et al., 2006). Secondly, we aimed to obtain a

better understanding on what a normal baseline range for the

general populations looks like, as well as, understand how

baselines of medical and healthy sub-populations differ.

Therefore, the primary objective of this work was to

investigate the SSQ zero baseline assumption amongst a

general population. As such, we first hypothesised that:

H1: The study sample SSQ scores will be significantly greater

than the zero baseline assumption.

Secondary, this work investigated how cybersickness may

differ between healthy and medical populations at baseline. We

anticipated that both medical and healthy samples would score

greater than the assumed zero-baseline, although our medical

population sample was likely to score significantly higher than

our healthy population sample, as we propose that symptoms of

cybersickness and medical conditions may be confounded. Thus,

we hypothesised (H2) that:

H2.1: Our healthy sub-population sample SSQ score will be

significantly greater than the zero baseline assumption.

H2.2: Our medical sub-population sample will score

significantly greater than the zero baseline assumption.

H2.3: Our medical sub-population sample will score

significantly greater than that of our healthy sub-

population on total score.

Additionally, how participants of the respective sub-

populations may score on SSQ sub-categories would be

informative, as although we hypothesised that the medical

group would score greater than the healthy population on

total score, the distribution of symptom scores may be

disproportionate between the nausea and oculomotor sub

scales. Therefore, we compared the sub-scale scores of our

sub-populations, hypothesising that:

H3.1: Our medical sub-population sample will score

significantly greater than that of our healthy sub-

population on nausea sub-scale.

H3.2: Our medical sub-population sample will score

significantly greater than that of our healthy sub-

population on oculomotor sub-scale.

Post-hoc testing was conducted to determine how the

respective populations scored on individual items of the

SSQ. We present these results, and discuss, in the context of

any potential differences between medical and healthy

participants, whether frequent medication usage could

influence SSQ scores, as proposed previously in the literature

(Kruk, 1992; McCauley & Sharkey, 1992). Results of the SSQ

will be presented using Bouchard et al. (2007, 2021) unweighted

scoring approach. We discuss the benefits to an unweighted

scoring approach, versus the traditional weighted scoring

approach (Kennedy et al., 1993), including how the

application of either could influence respective outputs and

conclusions.

Materials and methods

Participants

Ninety three participants aged 18–80 (M = 29 ± 15) (Table 1)

were recruited from the University of Tilburg participant pool, as

well as via social media. Snowball sampling was also used,
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whereby any potential participants could contact the lead

researcher for further information. Participation inclusion

criteria was being aged 18 years or above, and being

competent in the English language. Participants recruited

from the participant pool who were also students were

compensated for their time with course credit.

Participants were assigned to either the healthy or medical

sub-population for analytical purposes. Persons in the healthy

sub-population were included because they answered “no” to

having a diagnosed medical condition, and “no” to taking regular

or prescribed medication. Persons in the medical sub-population

were assigned because they answered “yes” to either of the

questions. All participants were assigned to the normal

population group, as this was determined to represent the

general population. For a complete dissemination of

participant demographics, see Supplementary Appendix A.

Design

A cross-sectional, observational study design was used.

Data has primarily been presented using Bouchard’s proposed

revised factor structure (Bouchard et al., 2007), as opposed to

Kennedy et al. (1993 initial factor structure. Bouchard’s structure

was used because an unweighted approach is a more suitable

method of determining differences between groups (Bouchard

et al., 2007), and better reflects users of the general population

(Bouchard et al., 2021), in contrast to Kennedy’s which was

conducted amongst specified personnel (Kennedy et al., 1993).

Results using Kennedy’s weighted scoring approach have also been

included in Supplementary Appendices B,C for transparency and

replicability.

A preliminary power analysis indicated that 71 participants

would be required. Further powering took place after data

collection commenced, and collection would continue until

adequately powered.

Procedure

Participants were asked to complete an online survey, consisting

of a demographic questionnaire and the SSQ. Data collection took

place during themonths of restrictedmovement during COVID-19.

In order to roughly mimic conditions which are commonly used

prior to participating in VR studies, participants were asked to

complete the online survey at a time of day roughly an hour after

eating a meal and having drunk water. Participants were also asked

to complete the study in a home based environment, as aside from

COVID-19, it is common for VR use to take place within a home

based environment, which would be similar to where daily VR usage

is likely in area such as rehabilitation (Miller et al., 2014; Garcia et al.,

2021).

On the demographic questionnaire, information on gender,

age, and nationality, as well as medical information post

questionnaire (any diagnosed condition or disorder, and any

medication taken regularly or prescribed).

The maximum time allotted for completion was 15 min,

although the average time taken to complete was 4 m 01 s ±

2 m 53 s.

The survey was administered via the secure Qualtrics

platform (Qualtrics, 2005).

Data analysis

We examined the distribution of demographic

characteristics, particularly between what is considered the

general population (no exclusions), medical (participants who

reported having a medical condition or prescribed medication),

and healthy (participants who reported having no medical

condition or prescribed medication).

A series of tests were performed between the healthy and

medical sub-populations, and against the general populations

zero baseline assumption, to determine if differences existed

between total scoring, as well as the oculomotor and nausea

sub-scales of the SSQ.

The following is concerned with unweighted scorings, as it will

more clearly demonstrate any potential differences between groups

without weightings manipulating the interpretation of scores.

Results

Statistical

Kolmogorov-Smirnov tests of normality were conducted for

all sub-sets of data being compared, with all showing a significant

departure from normality, which is common for the SSQ

(Helland et al., 2016; Lucas et al., 2020). Therefore, non-

parametric tests were conducted for each hypothesis,

presented below.

TABLE 1 Participant demographics.

n (%)

Gender

Male 39 (42%)

Female 53 (57%)

Prefer not to say 1 (1%)

Group

Medical 38 (41%)

Healthy 55 (59%)

Nationality

Dutch 49 (53%)

British 17 (18%)

Other 27 (29%)
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H.1: Baseline SSQ scores in our general population displayed a

median SSQ score of 8 (IQR = 4–14.5). A one-sample

Wilcoxon signed rank test was run to determine whether

baseline SSQ scores in our general population were different

to the assumed baseline, defined as a baseline score of 0. Post-

test ranks, median = 8, were statistically significantly higher

than the assumed baseline score of 0 (T = 4,095, z = 8.24,

p < .001).

H.2.1: Baseline SSQ scores in the recruited healthy sub-

population displayed a median SSQ score of 9 (IQR =

4–14). A one-sample Wilcoxon signed rank test was run to

determine whether baseline SSQ scores in the recruited

healthy sub-population were different to the assumed

baseline, defined as a baseline score of 0. Post-test

ranks, median = 9, were statistically significantly higher

than the assumed baseline score of 0 (T = 1,485, z = 6.40,

p < .001).

H.2.2: Baseline SSQ scores in the recruited medical sub-

population displayed a median SSQ score of 8 (IQR =

4–15). A one-sample Wilcoxon signed rank test was run to

determine whether baseline SSQ scores in the recruited

medical sub-population were different to the assumed

baseline, defined as a baseline score of 0. Post-test ranks,

median = 8, were statistically significantly higher than the

assumed baseline score of 0 (T = 666, z = 5.24, p < .001).

H.2.3: A Mann-Whitney test was run to determine whether

total SSQ scores between the medical and healthy sub-

populations were different. It was indicated that a non-

significant difference exists between the groups (U = 1,024,

p = 0.869).

H.3.1: A Mann-Whitney test was run to determine whether

nausea SSQ scores between the medical and healthy sub-

populations were different. It was indicated that a non-

significant difference exists between the groups (U =

1,004.5, p = 0.748).

H.3.2: A Mann-Whitney test was run to determine whether

oculomotor SSQ scores between the medical and healthy sub-

populations were different. It was indicated that a non-

significant difference exists between the groups (U =

1,021.5, p = 0.854).

Post-hoc analysis of individual simulator
sickness questionnaire items

Following the non-significant findings between our medical

and healthy sub-populations (see result of H.2.3), we were

interested to discover how individual questions on the SSQ

were answered, and whether any significant differences

between the sub-populations existed.

To determine this, a Mann-Whitney test was performed,

comparing the 16 SSQ questions between the medical and

healthy sub-populations.T
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Tested against a Bonferroni-adjusted alpha level of 003 (0.05/

16), it was determined that no significant differences exist

between the sub-populations answers for all questions (Table 2).

Effects of individual factors on simulator
sickness questionnaire scores

As literature suggests that individual factors of participants

may linked to changes in SSQ scores, tested to determine if

differences between genders exist in a general collected dataset.

AMann-Whitney test was run to determine if differences existed

betweenmale and female participants. The result for the test indicated

that a significant difference exists between the groups (U = 1,288, p =

044). Additionally it was observed that female participant scores were

more dispersed between low and high answers, whilst male scores

were concentrated between low-medium results (Figure 1).

Discussion

H1—Investigating the simulator sickness
questionnaire zero baseline assumption

The primary objective of this work was to investigate the

validity of the SSQ zero baseline assumption. Our results

indicated that our sample population scored significantly

greater than the general populations assumed zero baseline, in

line with our initial hypothesis. More specifically, the study

sample mean was much larger than the zero-baseline

assumption, with an average score of 9.66 ± 7.11, as it was

observed that although some participants did enter with minimal

symptoms, the majority exhibited symptoms which may be

considered significant (see Table 3).

Basing categorisation from Stanney et al. (1997) paper, and

using a weighted scoring approach for comparison, the authors

looked at distinguishing between simulator sickness and

cybersickness, the responses when no intervention has taken

place clearly shows that if 73.1% of participants gave these

responses post-immersion, it would have been determined

that the intervention was “bad”, and that 90.3% of

participants would have experienced “significant symptoms”

or greater (Table 3). Although we do not propose this to be a

direct comparison to Stanney & Kennedy’s work, as we are

talking about two different phenomena, as their work

outlined, the principles of the symptoms share the same

motion sickness profile, and thus what can be derived from

their categorisation is comparable.

Whilst the above is scored using the Kennedy’s weighted

approach (Kennedy et al., 1993), we do propose future work

determine severity categorisation using an Bouchard’s

unweighted approach (Bouchard et al., 2021).

A recent meta-analysis has suggested that using scores above

20 to describe a “bad” intervention is outdated, as it was reported

amongst work reviewed that the withdrawal rate of

approximately one third of users was with a weighted SSQ

score of 40 or higher (Caserman et al., 2021). It was therefore

suggested that a score of 40 would be more indicative of a “bad”

intervention. Using this categorisation, 58.1% of our participants

still scored greater than 40, and if conducted as a post-immersion

questionnaire, the intervention would have been considered

unsuitable.

Overall, a non-zero baseline has been observed in this work

in the majority of participants, with only 3 (3.2%) of the

93 participants reporting a zero baseline (no symptoms). Of

those 3 participants, 2 of the participants were classified as part of

the medical sub-population, with the other participant being

categorised under the healthy sub-population.

FIGURE 1
Frequency of SSQ total scores by gender.

TABLE 3 Participant responses and categorisation—SSQ total score.

SSQ Score Categorisation Number
of responses (%)

0 No symptoms 3 (3.2%)

<5 Negligible symptoms 4 (4.3%)

5–10 Minimal symptoms 2 (2.2%)

10–15 Significant symptoms 11 (11.8%)

15–20 Symptoms are a concern 5 (5.4%)

>20 A bad intervention 68 (73.1%)
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This work clearly indicates that amongst our normal

population sample, the zero baseline assumption is

unfounded. This finding extends previous literature which has

carried out similar pre-condition SSQ assessment (Bliss et al.,

1997; Zanbaka et al., 2004; Munafo et al., 2017), supports

previous literature which has reported similar non-zero

baseline scores (Freeman et al., 2008; Oberdörfer and Games,

2019; Brown & Powell, 2021), and thus, it is reasonable to reject

the zero baseline assumption.

H2 and H3—Do pre-immersion simulator
sickness questionnaire scores differ
between healthy and medical sub-
populations

Our second hypothesis was concerned with how medical and

healthy sub-populations may individually differ from the zero

baseline assumption. Our results indicated that a Significant

departure from the zero baseline assumption exists for both

medical and healthy sin-populations. Therefore, the zero baseline

assumption is not a realistic expectation for pre-VR baseline SSQ

self-score.

Furthermore, we hypothesised that our medical sub-

population would score significantly greater than the healthy

sub-population. Our results indicated that the medical

population total SSQ score was not significantly greater than

that of the healthy population. As Table 4 shows, all groups

scored similarly. Standard deviation from the sample means was

large, which could indicate that the responses between the

participants in their respective groups was highly variable.

However, the standard error may be more indicative of how

our samples means are dispersed relative to the population. With

this reasoning, it would still be expected that the non-zero

baseline would be sustained within the wider population E

(within 95% CI) (Table 4).

Likewise, for the SSQ oculomotor and nausea sub-scale

scores, our results indicated that no statistically significant

difference existed between the groups on either sub-scale

scoring. Similarly, to the total score interpretation, the

variability in responses to questions pertaining to both the

oculomotor and nausea sub categories is high, both for

healthy and medical responses (Table 5). Likewise, how this

may be expected to reflect the wider population would likely

result in non-zero baselines for both sub-scales.

Literature suggests that persons with medical conditions or

taking medication may score more highly on the SSQ (Kruk,

1992; McCauley & Sharkey, 1992), as symptoms of condition and

the SSQ are similar. However, the results of this work indicate

that no statistical significance exists between the healthy and

medical populations, both of whom presented non-zero baseline

results. Furthermore, healthy and medical distributions were

similar, with a large variety of responses regardless of sub-

population group (Figure 2).

Collectively, these results could indicate that healthy and

medical participants alike may enter a VR intervention with pre-

existing cybersickness symptoms. It may be determined from

these findings that pre-immersion testing would be beneficial if

using the SSQ as an indicator for cybersickness, regardless of the

participants’ medical background. Furthermore, it also could

TABLE 4 SSQ total scores.

Total score (non-weighted) Mean SD SE n

Normal population 9.656 7.107 0.737 93

Healthy population 9.545 7.031 0.948 55

Medical population 9.816 7.307 1.185 38

TABLE 5 SSQ sub-scale scores.

Sub-scale scores (non-weighted) Mean SD SE

Nausea

Normal population 3.237 3.792 0.393

Healthy population 3.200 3.899 0.526

Medical population 3.289 3.683 0.597

Oculomotor

Normal population 6.419 4.111 0.426

Healthy population 6.345 4.052 0.546

Medical population 6.526 4.247 0.689

FIGURE 2
Distribution of total SSQ scores by sub-population, displaying
median and interquartile ranges. Individual datapoints are shown in
blue.
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suggest that in many studies the post-exposure SSQ score may

not in fact be indicating an adverse effect of the VR exposure, but

may simply reflect an existing SSQ score.

Individual question, and sub-scale
interpretation

When concerned with the individual items of the SSQ, the

medical sub-population scored a greater mean score on general

discomfort (SSQ1), fatigue (SSQ2), headache (SSQ3), eye strain

(SSQ4), salivation increasing (SSQ6), blurred vision (SSQ11),

dizziness with eyes open (SSQ12), dizziness with eyes closed

(SSQ13), and stomach awareness (SSQ15), and interestingly, the

healthy sub-population scored higher average scores on all of the

other questions (Table 6; Figure 3).

The implications of this may be that sub-scales which feature

these symptoms in their scoring would indicate a greater

prevalence of that effect in certain populations.

Just taking the normal population means into consideration,

it may be expected from our results that some questions would

reliably score a non-zero baseline score in the wider population.

For example, fatigue (SSQ2), and difficulty concentrating (SSQ9),

it may be expected that these questions would score at least

“slight” (1) on the SSQ. If these questions score for the majority of

participants, then a new non-zero baseline, or expected baseline,

is already established. The likelihood of an example like this

occurring is not unreasonable, as we have found that

51 participants (55%) of our study sample answered at least

“slight” (1) to these two questions. Of those 51 participants, 23

(45%) were classified as belonging to the medical population,

meaning that there over half of the respondents (28 participants)

who many report symptoms on the most common categories to

score are in fact regarded as being healthy, with no medical

condition or prescribed medication.

Concerning how scores are distributed (Figure 4), the

majority of responses are skewed towards participants

answering with “none” or “slight”, with some exceptions

prominently being in the two questions highlighted previously

(questions 2, and 9), as well as general discomfort (question 1).

These three questions (excluding difficulty focussing, see below)

were the only ones which more responses were given for having

minimum “slight” (1) as opposed to “none” (0).

Overall, questions 8, 12, 13, 14, 15, 16 were answered by the

majority of participants with “none” (0). The Virtual Reality

Sickness Questionnaire (VRSQ) (Kim et al., 2018) had attempted

to address this issue by redesigning the SSQ, but without a lot of

the questions belonging to the nausea subscale, of which the

majority of the questions highlighted above belong to. It may be

advised that a questionnaire such as this may be more suited for

measuring cybersickness as a self-report method, although only

preliminary validation has taken place (Sevinc, 2020), and

widespread implementation is lacking.T
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Question 5 (difficulty focusing) is intended to be a measure of

visual accommodation, rather than a test of mental focus, and

this was not explicitly explained to participants. Therefore, it

could reasonable to assume that some participants scored it as

such, which would explain why it scored amongst the highest in

‘severe’ across all questions. Difficulty focussing has been

removed from the above dissemination for this reason.

However, if we remove this question from our total score

calculation, and base categorisation as similarly displayed in

Table 3, the percentage of non-zero baseline scores remains

the same (3.2%), and remaining category distributions similar

(<5 = 6.5%; 5–10 = 4.3%; 10–15 = 4.3%; 10–15 = 10.7%; 15–20 =

6.5%; >20 = 68.8%).

Weighted vs. unweighted, and total score
interpretation

For the purposes of comparing between participant sub-

groups, we have done so based upon Bouchard et al. (2021)

unweighted scoring approach. This has been done specifically

for its ease of understanding, as well as its total score

calculation being free of some items being counted twice,

as is the case with Kennedy et al. (1993) method. A distinction

worth highlighting, is that the unweighted scoring approach

implies that all symptoms equally contribute to the strength of

felt-sickness.

Where this is particularly problematic is how total scores are

interpreted. Five items of the SSQ are loaded on more than

1 factor, which give those items twice the weight of the other

11 items, and has previously been highlighted in the literature as

being unintuitive (Bouchard et al., 2007, 2009). In Bouchard’s

unweighted approach, two participants could each score, for

example, 6, where as if calculated using an weighted approach

each score could be calculated to be anywhere between 22.44 and

44.88. With such varying scores for what is essentially a relatively

comparable sickness, any statistical analysis made is not

informative, as well as comparisons between interventions of

sample groups tough to justify.

With that in mind, and as highlighted excellently by

Bouchard et al. (2021), we propose that any future

dissemination of SSQ results use an unweighted approach also.

For comparisons between weighted and unweighted total

scores, see Supplementary Appendix B. For comparisons

between weighted and unweighted sub scale scores, see

Supplementary Appendix C. For a complete dissemination of

FIGURE 3
Individual questions SSQ mean scores.
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FIGURE 4
Left—right, top—bottom. SSQ questions 1–16 score distributions.
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participant SSQ responses, both weighted and unweighted, see

data availability statement.

This work also highlights that individual factors such as age

and gender may be associated with how cybersickness

associated symptoms are reported pre-exposure. For

example, the literature postulates a number of factors as to

why female participants may report heightened susceptibility to

cybersickness (Davis et al., 2015; Saredakis et al., 2020),

although in lieu of VR intervention, significantly different

scores have been observed between males and females.

Regardless of what the cause of this disparity is,

acknowledging that disparity may exist, and that participants

of different backgrounds exhibit variable, and potentially non-

zero, baseline symptoms, should be considered as a cause to

work with informed baselines and not assumptions.

As suggested by Stanney et al. (1997), the profiles of simulator

and cybersickness are distinct, and it may be proposed therefore

that the criteria for assessment should be also. In lieu of an

established observational measurement for cybersickness, it is

proposed that alternative measurement techniques should be

considered. Such techniques could include physiological

measuring, such as heart-rate variability (Garcia-Agundez et al.,

2019), and electrodermal activity (Caserman et al., 2021), which

has been demonstrated as a potential solution to undesirable self-

report methods (Mavridou et al., 2018).

Conclusion and future work

This work has presented a case for rejecting a zero baseline

assumption, and has demonstrated that it may be not just persons

withmedical conditions whowould report a non-zero baseline, but

also participants who would usually be defined as healthy. Future

work should look to expand upon this result with a larger sample

population, and could even explore participants who were

expecting a VR intervention also, as opposed to just those

knowingly not participating in a further or continued experiment.

The exploration of alternatives to the SSQ should also be

considered, as literature highlights that self-report methods are

undesirable for their potential lack of consistency, and inability to

measure response in real time (Chang et al., 2020).

Behavioural measures such as physiological responses

should be considered further, with evidence in the literature

to suggest that measures such as Electrodermal Activity

(Magaki & Vallance, 2019), Heart Rate (Cebeci et al., 2019),

Heart Rate Variability (Magaki & Vallance, 2019), and

electroencephalogram (H. Kim et al., 2021), may be

appropriate measurement techniques, in lieu of current self-

report approaches. Physiological assessment provides a non-

invasive, non-subjective ground truth which would be

invaluable in instances where self-report methods are either

unfeasible, or undesirable.

Limitations

It is important to note that this survey was partly conducted

amongst student participants who were re-imbursed via course

credits for their participation, as well as non-student participants

who were not reimbursed. Also, as this was conducted remotely,

there is no way to eliminate guessing answers by the student

population, as they had incentive to complete the questionnaire.

We did however compare completion times between the groups,

and found there no be significant differences between how long

participants took in answering the questionnaire, nor were any

answer times regarded as unreasonably short (indicating

guessing for accreditation did not take place). However, some

higher than expected SSQ scores were observed, so this cannot be

ruled out.

Although precise splits between the medical and healthy sub-

populations would have been ideal for drawing comparisons

between them, this work was concerned with sampling the

general population, so it could not be expected that precise

splits would be achieved. For more precise comparisons

between the groups, future work could aim to recruit more

stringent to the applicable sub-populations. Furthermore,

distinctions between, and severity of medical conditions were

not included as part of this analysis, which could have

implications for how a general medical population, or

participants of specific medical sub-populations report

baseline SSQ. Further work is warranted to explore how

specific medical sub-populations answer baseline SSQ, how

these participants compare to single medical condition groups,

and comparatively to defined healthy participants.

Further individual factor tests concerning the demographics

of participants could not be performed because of the difference

in group sizes. A test on gender differences was warranted, as

although the groups were not even, they did not have a large

disparity. The same was not true for demographics such as age

and ethnicity, as the majority of participants were younger and of

white European backgrounds.

Also of note, is that this work has been conducted during

the COVID-19 pandemic, and the impact as such could have

an effect on how people feel day to day. Questions of the SSQ

ask of fatigue, difficulty focusing, and difficulty

concentrating, all of which could realistically be abnormal

during abnormal times. A study conducted after the main

effects of the COVID-19 pandemic have diminished could

clarify these concerns.
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