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ABSTRACT

Originally developed for military flight simulators in the 1990s, the
Simulator Sickness Questionnaire (SSQ) has been widely adopted
to quantify sickness elicited by modern virtual reality systems. We
illustrate the inherent challenges of applying the SSQ in virtual
reality research and highlight large differences that can be found in
related work. Based on our observations, we conclude by providing
suggestions on how to improve the expressiveness of SSQ results
in future studies and encourage researchers to consider simpler
measurement methods if their research questions allow.

Index Terms: Human-centered computing—Human computer in-
teraction (HCI)—Empirical studies in HCI; General and reference—
Document types—Surveys and Overviews

1 INTRODUCTION

Immersive interfaces and virtual environments enable expressive
interactions and compelling user experiences, but they come at the
risk of severely affecting the users’ wellbeing. The problem is known
by many names, e.g. simulator sickness and cybersickness [12], and
it is an open debate whether these refer to the same or closely related
issues [27]. Unless these negative effects can be avoided, they pose
a major obstacle to applications of virtual reality.

A large body of research aims at a better understanding of sickness
symptoms and the factors of their causation (see [18,26] for an
overview). The main motivation in our community, instead, is
to control and ideally prevent such negative effects on the users’
wellbeing. Even in studies on task performance or other qualities of
novel immersive interfaces, sickness symptoms must be monitored
since they are likely to bias most other dependent variables [19,
30]. In the highly probable case of participants reporting somewhat
increased symptoms, their severity must be gauged in order to decide
on the reliability of other obtained measures. This, in turn, requires
interpretation on an absolute scale or at least support for coarse
comparisons across different settings.

The Simulator Sickness Questionnaire (SSQ) [16] seems to meet
these requirements. It was introduced as a calibrated absolute mea-
surement tool. Its popularity over decades led to a large body of ref-
erence measures that can be consulted for comparison (the original
paper counts more than 3000 citations). On closer inspection, how-
ever, the interpretation of SSQ scores as suggested by Kennedy et al.
appears dubious. Even coarse comparisons of scores across different
studies are impaired by large differences in the application and usage
of the SSQ. Based on our paper collection gathered over the past
years, we review and discuss some of the challenges and contradic-
tions involved in the usage of this questionnaire. We then derive
suggestions and guidelines for future work in our community.
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Weight
SSQ Symptom N (0] D
General discomfort 1
Fatigue

Headache

Eyestrain

Difficulty focusing
Increased salivation
Sweating

Nausea

Difficulty concentrating
Fullness of head
Blurred vision 1
Dizzy (eyes open)
Dizzy (eyes closed)
Vertigo

Stomach awareness 1

Burping 1

Total [1] [2] [3]

— e e e

N=[1] x 9.54
0=1[2] x 7.58
D=[3] x 13.92

TS = ([1] + [2] + [3]) x 3.74

Table 1: Computation of nausea (N), oculomotor disturbance (O), dis-
orientation (D), and total simulator sickness (TS) scores as introduced
by Kennedy et al. [16]. The red brackets were added to the original
formula for clarification.

2 THE SIMULATOR SICKNESS QUESTIONNAIRE (SSQ)

Designed as a refinement of the Pensacola Motion Sickness Ques-
tionnaire (MSQ) for computer-based simulators, the simulator sick-
ness questionnaire (SSQ) asks participants to provide subjective
severity ratings of L6isymptoms on a scale ffomi0 (no perception)
tor3 (severe perception) after the exposure [16]. As visualized in
Table 1, the ratings for the individual symptoms are grouped into
three non-mutually exclusive categories representing symptoms for
nausea (N), oculomotor disturbance (O), and disorientation (D). The
score of each category is defined as the sum of its symptom scores
multiplied by a constant scaling factor. Moreover, a total simulator
sickness score (TS) combining the three sub-scales can be computed
in a similar way. In general, higher scores on each scale indicate
stronger perceptions of the underlying sickness symptoms and are
therefore undesired. Based on a large sample of SSQ data gathered
from military pilots, it is suggested that total scores can be associ-
ated with negligible (< 5), minimal (5 — 10), significant (10 — 15),
and concerning (15 — 20) symptoms. A simulator resulting in total
scores above 20 is considered “bad” [27]. Similar thresholds can
be assumed for the sub-scales nausea, oculomotor disturbance, and
disorientation as the scaling factors were chosen to produce scales
with similar variabilities [16].
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3 CHALLENGES OF USING THE SSQ

The SSQ has been widely adopted as a simple research tool to
quantify and compare simulator sickness in virtual environments.
However, there are some considerations that should be taken into
account when conducting, evaluating, and interpreting the SSQ in
the context of a user study.

Misleading Formula The introductory paper of the SSQ omitted

Subjective Ratings Similar to any other questionnaire, an abso-

lute severity rating of sickness symptoms is highly subjective
and might therefore differ between participants experiencing the
same symptoms. The coarse classification of symptoms into only
four severity classes might mitigate this issue slightly, but the
boundaries are still volatile. While some participants could be
overly sensitive, others could deliberately understate the severity

the notation of bracketsrinithertotal'scorercomputation [16] al-
though it is meant to sum up the category scores first before
multiplying them with the scaling factor (see red brackets in Ta-
ble 1). The (wrong) notation without brackets implies that only
the disorientation-related category sum has to be multiplied by the
scaling factor of 3.74, which would generally result in lower total
scores than Kennedy et al. themselves reported. It would also re-
sult in a highly imbalanced weighting that overrates disorientation
symptoms compared to nausea and oculomotor disturbance.

Non-Uniform Discretization Although the scaling factors were

designed to ensure comparability between the sub-scales and the
total score, they introduce an unequally strong discretization of
potential outcome scores with different maximum values. In par-
ticular, the formulas dictate that nausea, oculomotor disturbance,
disorientation, and total scores can only increment in steps of 9.54,
7.58, 13.92, and 3.74, respectively. As the four symptoms Gen-
eral discomfort, Difficulty focusing, Difficulty concentrating, and
Blurred vision appear in two categories each, their contribution to
the total score is twice as high, resulting in coarser increments of
7.48 on the TS scale. As a result, the comparability of total scores
within and across studies is challenging as similar scores could
be generated by a few symptoms with high influence or multiple
symptoms with small influence. To mitigate these issues, related
work proposed alternative symptom categorizations and scaling
factors [7, 8].

Military Reference Population The absolute interpretation thresh-

olds of SSQ scores as introduced by Stanney et al. were derived
from a sample of military aviators, who might be less susceptible
to simulator sickness than the general population. A study by
the same authors with college students in flight-unrelated virtual
environments revealed considerably higher scores on the SSQ
than the aviator dataset, where all average sub-scale scores were
above the “bad simulator” threshold of 20 [27]. While the authors
attribute this to differences of stimuli rather than samples, average
scores above 20 are frequently observed in related VR studies
(e.g. [4,11,13,15,20,24,31]). This is not surprising since small
increases of only a few symptoms can already suffice for reaching
the threshold. It therefore seems that the military aviators used for
the initial calibration were indeed not representative for a more
general population.

Missing Baseline Scores The SSQ assumes that participants felt

completely well before the exposure to the simulator. However,
assuming a rating of 0 (no perception) on each of the 16 symp-
toms is challenging as certain symptoms could also be provoked
depending on the time of the day, the journey to the experimental
venue, or the current mood of a participant. Since the focus of
many studies is to investigate whether an experimental manip-
ulation has a negative effect on simulator sickness, it therefore
seems reasonable to administer'the'SSQ before:and after the ex-
posure and only focus on the resulting differences. However,
Kennedy et al. explicitly criticize the low reliability of difference
scores and instead suggest asking whether participants felt “sick”
and in their “usual state of fitness” prior to the experiment [16].
This procedure is further supported by studies mentioning that
pre-exposure questionnaires can bias the resulting post-exposure
scores negatively [32]. Nevertheless, the assumption of erroneous
baseline scores could be another reason for the rather high SSQ
scores observed in related work.

of symptoms in order not to appear weak [2]. Moreover, the
concrete definitions of medical terms like stomach awareness or
vertigo might not be clear to all participants, which could further
disperse the obtained results.

4 DIVERSITY IN SSQ ADMINISTRATION AND REPORTING

Despite the issues mentioned above, the SSQ seems to be the most
common sickness measure in the our research community. How-
ever, we observe a huge diversity in its administration and reporting
across publications. In the following, we would like to give a short
overview of some differingrapproachesiwithinithe:community and
their influence on the interpretation of the resulting scores.
Scoring Among publications, different computation variants of the
total SSQ score and its sub-scales out of the raw values can
be observed. While the missing brackets in the original paper
do not seem to have led to confusion in the community, other
issues seem to be common. One variation of the formula that
can be encountered is the computation of the total 7'S score by
multiplying the already weighted sub-scale values N, O and D
with 3.74. (e.g. [9]). This approach naturally leads to higher
values as well as a change in the weighting of the different items
through the corresponding sub-scale(s). In contrast, some other
papers seem to use the SSQ without applying any scaling factors
or sub-scores in the calculation of the total score (e.g. [3,5]). This
approach, in turn, leads to very small SSQ values in comparison
to the original method of calculation since it forgoes the double-
counting of certain items as well as the application of the final
scaling factor.

Administration Unlike recommended in the original paper, the
SSQ is often administered as a pre- and post measurement
(e.g. [3,5,14,20,22,28,29,33]). Applying the SSQ as a post-
measurement only builds on the assumption that participants who
report to be in their "usual state of fitness” [16] before exposure
to the stimuli would indicate absolutely no sickness symptoms in
the full questionnaire. In light of several publications reporting
pre-exposure values that, taken by themselves, would already
indicate “significant” or “concerning”” amounts of simulator sick-
ness [5, 20, 29], this assumption appears at least questionable.
We even found examples of reduced sickness symptoms after
exposure to the stimuli (e.g. [3,29]), which can be challenging
to interpret. Comparing pre- and post-study questionnaires can
be beneficial to better understand the effects of given stimuli on
sickness symptoms. Repeating the same questionnaire, however,
raises awareness to such symptoms, which can lead to their higher
reported sickness scored independent of the tested stimuli [32].
Please note that such repeated filling of the same questionnaire
cannot be avoided at all if different conditions are tested with re-
peated measures involving the same participants (within-subjects
design).

Reporting The level of detail at which the results of the simulator
sickness questionnaire are reported and discussed varies greatly
between publications. This ranges from the full reporting of all
sub-scales [1,20] over the report of the total result [4, 14] and
reporting only the difference between pre- and post measure-
ments [1,9] onto mentioning significances or non-significances
only [10,23,33,34]. Especially the latter two approaches do
not disclose any information about the overall wellbeing reported
by the participants of the relating study or the way in which the
scores where originally computed by the authors.
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The described methodological variations of applying the SSQ can
most likely be attributed to practical issues, but they complicate a
meaningful interpretation of results and impede the comparisons
of sickness symptoms between different studies. In the following
section, we therefore suggest guidelines for using the SSQ and
pragmatic alternatives in research on virtual reality.

5 SUGGESTIONS ON SSQ USAGE IN VR RESEARCH

Based on our observations of the challenges and diversity in admin-
istration and reporting, we propose the following suggestions for
future studies involving the SSQ:

* When citing the original paper by Kennedy et al. [16], prac-
titioners should use the original scoring formulas suggested
by the authors. However, it should be noted that the brackets
in the total score computation are mandatory but missing in
the publication. Diversions from the given formulas should
always be explicitly stated and justified.

Despite the demonstration of demand characteristics [32], it
seems reasonable to administerthe:'SSQrbothrbefore and after
the exposure to an experimental condition. This is especially
true for within-subject studies, where participants have to com-
plete the questionnaire multiple times anyways. In addition to
the absolute values, difference scores could offer more specific
insights into the effects of a condition by eliminating the scores
of symptoms that were already present before the exposure.
However, if the post-exposure score is smaller than before, it is
unclear whether this improvement stems from the experimental
manipulation or a general decay of symptoms over time. We
therefore suggest considering the experimental condition to
havemomegative instead of a positive effect on the participants.

Scores above 20 should not automatically be attributed to
a bad simulator as the proposed threshold values by Stan-
ney et al. [27] seem very strict when applied to non-aviators.
However, stating the maximum possible total score of 235.62 to
justify that a given score is comparatively low is also mislead-
ing [15,21]. Future work should determine refined threshold
values based on samples from a more general population.

Practitioners are encouraged to feportimeans; mediansyrand
standard deviations for all sub-scales and the total score — even
if inferential statistical tests on these values are not significant.
These values help to understand the absolute magnitude of
scores and allow for more detailed insights into the symptom
profiles elicited by an experimental condition.

We believe that the SSQ remains a meaningful research tool and
hope that our usage suggestions can help to improve the expres-
siveness and comparability of results. However, we also encourage
researchers to consider if an administration of the SSQ is really
necessary to answer their research questions. In many cases, the
main motivation of applying the SSQ is not a detailed analysis of
the distribution of nausea, oculomotor disorientation, and disorienta-
tion symptoms elicited by an experimental manipulation. Instead,
researchers are often either interested in the overall development of
their participants’ wellbeing or merely aim at verifying that the well-
being of their sample did not influence other dependent variables.
In this case, it might be sufficient to repeatedly ask participants a
single question about their wellbeing instead of the 16-symptom
SSQ, which could highly reduce the duration and workload of the
user study. Examples for single-scale questionnaires in the literature
include the Fast Motion Sickness Scale [17], the Misery Scale [6],
and relative ratings of wellbeing as compared to the start of the
experiment [13,25].

6 CONCLUSION AND FUTURE WORK

In this paper, we illustrated the inherent limitations of the SSQ as
introduced by Kennedy et al. and provided an overview of its diverse
administration variants applied in the literature. In summary, the
expressiveness of the SSQ suffers from a misleading formula, non-
uniform discretizations, a military reference population, missing
baseline scores, and subjective ratings. Nevertheless, the SSQ has
been widely adopted to quantify simulator sickness in virtual reality
research, which allows us to build on a large amount of experience
from related work. To strengthen this exchange, future studies
applying the SSQ should therefore provide a thorough report of their
procedures and results and be cautious about their interpretation
within and beyond the study context. Our suggestions could, from
our point of view, improve the expressiveness of the results by a
fair amount, but the honest and objective quantification of simulator
sickness still remains a challenge for virtual reality research. As
it has been proposed by Dennison et al., we should reach a better
understanding of the factors that influence this phenomenon both on
the side of the user and the side of the application [12]. This should
enable us to make predictions about problematic content for certain
user groups and to minimize their influence in the design phase of
new applications.

In our future work, we intend to further explore the use of sim-
ple scales in addition or as an alternative to the SSQ. From our
experiences as well as the experiences of other researchers with
similar approaches, we hope to advise on a suitable wording of such
a question (or two to three questions if needed) and to correlate the
obtained scores to the SSQ.
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