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Abstract
Previous literature suggests that the motion sickness susceptibility questionnaire (MSSQ) is inadequate for prediction of 
motion sickness under naturalistic driving conditions. In this study, we investigated whether visually induced motion sickness 
using a virtual reality headset could be used as a quick and reliable way to predict participant susceptibility. We recruited 
22 participants to complete a two-part experiment. In randomised order, we determined their susceptibility to visual motion 
sickness and their susceptibility to car sickness. To determine visual susceptibility, the visual scene was sequentially rotated 
at constant velocity around an earth-vertical yaw axis and rolled about the nasiooccipital axis, in 30 s intervals. Car sick-
ness, on the other hand, was elicited under completely naturalistic conditions, being driven in the backseat of a car in the 
city of Delft, performing a visual task on a laptop. Sickness ratings were collected at regular intervals in both parts of the 
experiment. We found that the frequencies excited by naturalistic driving are very low, which has important consequences 
for motion sickness modelling and mitigation in automated vehicles. We found that individual car sickness correlated posi-
tively with visual motion sickness. This indicates that both are influenced by a common sickness susceptibility factor. Car 
sickness correlated similarly with visual motion sickness and MSSQ. Overall, our results indicate that combining measure-
ments of sickness responses to a visual stimulus and MSSQ can yield a reliable method for determining individual sickness 
susceptibility. To this end the visual stimulus and the weighting with MSSQ responses can be refined using a much larger 
sample and considering additional visual conditions in driving.

Keywords Motion sickness · Visual · Vestibular · VIMS · Individual variations · Susceptibility · Driving · Virtual reality

Introduction

Automated vehicles are presented as a revolutionary new 
technology that will shift how the average vehicle is utilised. 
This shift will be in the form of a turn away from “driving” 
to “riding”. The aim is that the former driver, that is now 
a passenger, is freed from the driving task and can use the 
travel time for other activities. A major problem, however, 
is that whereas drivers rarely get motion sick, 46% of 

passengers do (Schmidt et al. 2020); particularly in eyes-
off-road conditions (Irmak et al. 2021a).

As motion sickness severely limits the ability to 
engage in other activities, this reduces the utility of 
vehicle automation. Several current research efforts aim 
to develop mitigation methods that can be used to reduce 
the incidence of motion sickness (Winkel et  al. 2021; 
Karjanto et al. 2018; Kuiper et al. 2020). Such mitigation 
methods include’comfortable driving styles’, through 
smart strategies like motion planning, path planning, route 
planning and active suspension (Zheng et al. 2024, 2023; 
Jain et al. 2023) to minimize the provocative stimulus. 
Other mitigation methods augment perception rather than 
augmenting the actual vehicle motions. These include 
interfaces increasing anticipation of vehicle motions 
via auditory (Kuiper et al. 2020), visual (Karjanto et al. 
2018; Winkel et al. 2021) and tactile (Li and Chen 2022) 
cues; or decreasing reliance on the vestibular senses by 
noisy vibrations. Assessments of the effectiveness of such 
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mitigation methods requires experiments where human 
participants are subjected to provocative motions. The 
efficacy of the mitigation method under study can then be 
determined by contrasting the level of sickness attained in 
an experimental condition with the mitigation method to a 
control condition without.

Detrimental to the generalizability of such studies over a 
target population is the extent of noise in sickness measure-
ments, which is primarily due to interpersonal variability in 
overall motion sickness susceptibility (Irmak et al. 2021b). 
This means that some participants may not respond to the 
sickening stimulus at all, whereas others may respond too 
fast. In such cases, there is a flooring or a ceiling response, 
which limits an experiment’s ability to differentiate between 
conditions.

In order to make efficient use of time and resources, it 
is useful to select a representative sample of participants. 
The conventional method of participant selection is through 
the Motion Sickness Susceptibility Questionnaire (MSSQ) 
(Golding 2006). The MSSQ queries a participant’s historical 
experience of motion sickness on various modes of trans-
port. Here, the sum of the scores yields a (self reported) rep-
resentation of individual susceptibility. Many studies present 
MSSQ to control and characterize the population tested but 
do not report correlations to sickness. Unfortunately, some 
studies have indicated MSSQ to be an unreliable predictor of 
individual susceptibility to on-road car sickness. For simple 
laboratory experiments a correlation of 0.45 was found aver-
aged over ten studies (Golding 1998). However, for passive 
driving (Muhlbacher et al. 2020) reports a Spearman rank 
correlation of only 0.212 between MSSQ Total and MISC 
and 0.266 between MSSQ Adult and MISC. In our slalom 
experiment with passive driving (Irmak et al. 2021a) the cor-
relation was 0.27 (p = 0.29) eyes-off road and 0.54 (p = 0.02) 
eyes-on road (this correlation derives from the original data 
and was not in the published paper (Irmak et al. 2021a)). 
A low correlation was also found in a ship simulator (Bos 
et al. 2005).

Reasons for the limited predictability of MSSQ may be 
that the MSSQ pools reports of susceptibility to multiple 
stimulation modes, and the limited reliability of self reports, 
due to various cognitive and memory biases (Paulhus 1991).

Another way to gauge susceptibility to car sickness may 
be to expose participants to a short duration of sicken-
ing motions. In experiments by Irmak et al. (2022) it was 
observed that fore-aft sinusoidal accelerations at 0.3 Hz 
and 2.5  ms−2 for on average 8 min correlated strongly with 
overall motion sickness susceptibility to fore-aft motions 
of much longer duration. However, as these experiments 
were performed using a simulator with a large motion base 
(SIMONA flight simulator motion platform, TU Delft) this 
specific method is not cost- and time-efficient, prohibiting 
wide scale adoption. Instead, a more accessible pretest for 

assessing sickness susceptibility may be using a provocative 
visual stimulus.

To the best of our knowledge, there is no study that 
directly investigates the relationship between visually 
induced motion sickness and car sickness.

A relevant and promising study (Mazloumi Gavgani et al. 
2018) compares a simple motion paradigm on a rotational 
seat (cross-coupled coriolis) with eyes closed, to a vision 
only condition being a virtual reality ride on a roller coaster. 
In this study the individual maximum nausea rating in the 
two conditions was highly correlated (r = 0.58, p < 0.001).

In Bijveld et al. (2008) off-vertical axis rotation (OVAR) 
with and without vision was compared to a corresponding 
vision only condition. This paper does not report whether 
individual susceptibility correlates across motion and/or 
visual stimulus conditions. However, it presents an inter-
esting relation with the individual MSSQ, where subjects 
with low MSSQ, developed nausea more slowly with vision 
(comparing OVAR with vision to OVAR without vision, 
r = 0.7, p < 0.05). They hypothesize that”subjects who fared 
better in the light used visual cues to resolve sensory con-
flict, whereas subjects who were equally susceptible in light 
and dark made poor use of visual cues. This may explain 
why some people prefer ‘a view of the road ahead’ to help 
against motion sickness whereas others shut their eyes”.

Studies have shown that genetic factors explain half the 
variability in sickness susceptibility (Reavley et al. 2006). 
Moreover, there is a relationship between higher motion 
sickness susceptibility and greater susceptibility to chemo-
therapy induced nausea (Golding 1998), and similar obser-
vations have been made for other sources of non-motion 
based emetic stimuli; even in animal studies (Golding 2006). 
Overall, these findings indicate the existence of a general 
sickness susceptibility factor, in addition to other specific 
factors, i.e., habituation/prior motion experience. Therefore, 
based on the expectation of a general sickness susceptibility 
factor, susceptibility to visually induced motion sickness is 
likely to be correlated with car sickness encountered in real 
traffic. Indeed, survey results have shown MSSQ scores to 
correlate positively with the visually induced motion sick-
ness susceptibility questionnaire (VIMSSQ) (Golding et al. 
2021).

In the present study, we will experimentally assess the 
correlation between susceptibility to visually induced motion 
sickness and motion sickness induced in a naturalistic drive. 
We will evaluate the usefulness of the visual stimulus as 
predictor of susceptibility to car sickness for future motion 
sickness experiments that may supplant, or be used in tan-
dem with, the currently used MSSQ. We will do this by hav-
ing participants perform a two-part experiment. In the first 
part, we will determine the susceptibility to visually induced 
motion sickness. The visual stimuli will be in the form of 
pseudo-Coriolis stimulation provided using a virtual reality 
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headset. This stimulation is very intense, and is expected 
to provoke quick motion sickness responses (Dichgans and 
Brandt 1973; Bonato et al. 2009). In the second experiment, 
susceptibility to car sickness will be determined. This will 
be done by driving participants along rural and urban roads 
around the city of Delft in conditions that mimic a typical 
commute. Based on the literature, we hypothesize that:

1) Visually induced motion sickness correlates positively 
with car sickness.

2) Susceptibility to visual motion stimuli is a better partici-
pant selection criterion than the motion sickness suscep-
tibility questionnaire.

Methods

A. Participants

In total, 22 participants completed this study (mean age: 
26.1 years, STD: 10.8, 10 female, 12 male). Before the 
experiment participants were asked to fill in the MSSQ 
(short) (Golding 2006). The 22 participants had a median 
motion sickness susceptibility MSSQ-Short score of 11.3, 
corresponding to the 50th percentile. This indicates that they 
were of average motion sickness susceptibility.

B. Apparatus & stimulus

1) Virtual Reality Experiment: This experiment was 
performed using an HTC Vive virtual reality headset. 
During the experiment, participants wore the headset 
and were seated on a chair in a quiet room (see Fig. 1a). 
Participants kept an erect posture while looking ahead. 
The scene presented to the participant in the virtual reality 
environment consisted of a natural urban scene (see Fig. 1). 
The visual world was rotated around a yaw-axis at a constant 

angular velocity of  150◦/s. Every 30 s this axis was tilted 
away from the earth vertical by  40◦. This angle was held for 
20 s and then rotated back to the vertical (see Fig. 1). There 
were two electrodes attached to the fingers which recorded 
the Galvanic Skin Reaction (GSR) using a Nexus 4 with 
the Biotrace NX4 software. Participants were instructed to 
report their sickness on the 11-point MISC scale (Bos et al. 
2010; Winkel et al. 2022), which was shown and explained 
before the experiment. The MISC scale is anchored to 
specific motion sickness symptoms: 0 is no symptoms, 1 is 
uneasiness, 2, 3, 4, 5 represent increasing severity of non-
nausea symptoms from vague to severe, 6 is mild nausea, 7 
is moderate nausea, 8 is severe nausea with 9 and 10 being 
retching and vomiting, respectively. There was a 1 kHz 
beep every 20 s which prompted the participants to give 
their MISC scores. Responses were recorded on audio and 
transcribed after the experiment session by the experimenter. 
The audio recordings were voice activated and recorded only 
for the duration the participant was speaking. Each MISC 
rating given by the participant was time stamped to the start 
of the audio sample. The visual stimulus was presented for 
a maximum duration of 10 min, or until the participants 
reached a MISC of 6.

2) Car Experiment: In this part of the experiment, the 
participants were seated in the right back seat of a five-seat 
passenger car. They had a laptop on their lap, from which 
they read short texts that were given in randomised order to 
each participant. The participants were instructed to read the 
texts in front of them. Therefore, the visual condition can be 
described as internal vision, with some peripheral visual cues. 
As with the vision experiment, GSR was recorded with the 
electrodes attached to the index and middle fingers of the left 
hand. Participants wore a seat belt at all times. The participants 
were driven on urban and rural roads in and around the city of 
Delft, the Netherlands (see Fig. 2b). All tests were performed 
by the same driver. The final route was chosen subjectively 
among three candidate drives. The vehicle was equipped with 

Fig. 1  Setup of the virtual reality experiment. a shows the participant 
seated with an erect posture, on a static chair with the headset 
attached, viewing the visual stimulus. There were two electrodes 

attached to the fingers which recorded GSR. b shows the virtual 
world from the point of view of the participant
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an IMU (Xsens Movella DOT) attached to the floor of the 
vehicle recording 3D translational accelerations at 100 Hz. 
Accelerations were transformed to the frequency domain 
using Welch’s method. GPS position was recorded with a 
medium accuracy system, but not used in this paper. There 
was a 1 kHz beep every 30 s which prompted the participants 
to give their sickness scores on the MIsery Scale (MISC). The 
MISC scale was shown and explained before the drive and 
was visible during the experiment being placed on the seat left 
of the participants. The drive continued until the participants 
finished the whole route, or until they twice reached a MISC 
of 6. In the first instance a MISC of 6 was reached, the vehicle 
was safely pulled aside and a minimum of 5 min was given for 
the participant to recover to a MISC of 2. The drive was then 
resumed. If the participant reached a MISC score of 6 a second 
time, the vehicle was again stopped, recovery was allowed and 
the vehicle was driven back to the staging ground as carefully 
as possible as to elicit very little sickness.

After the VR and the car experiment participants filled 
in the motion sickness assessment questionnaire (MSAQ) 
(Gianaros et al. 2001).

For each participant and each condition we evaluated, 
(1) the end time tend, being the first time of reaching MISC 
6 or the actual end time when this level was not reached, 
(2) the”mean MISC” over time up to tend, (3) the”maximum 
MISC”.

Results

In this section, the sickness results, the vehicle accelera-
tions and the correlations between visual and car sickness 
are presented.

A. Observed sickness

In this study, the MISC indicated a greater level of sickness 
for the vision condition (median mean MISC = 2.52) 
compared to the naturalistic car condition (median mean 
MISC = 2.10) (Fig. 3). This is despite the much shorter 
exposure duration of 10  min, compared to the much 
longer exposure duration in the car of 60 min. The higher 
sickness in the vision condition was significant for mean 
MISC (p = 0.044), maximum MISC (p = 0.035) and MSAQ 
(p = 0.018) according to a Wilcoxon signed-rank test.

Fig. 2  Setup of the car experiment. a shows the participant (first 
author) seated on the back seat of the car, with a laptop on his lap, 
reading the given texts. There were two electrodes attached to the 

fingers which recorded GSR. b shows the GPS track superimposed 
on to the map of Delft. This was a naturalistic drive through rural and 
urban areas

Vision Car

1

2

3

4

Fig. 3  Mean MISC over time in the vision experiment compared to 
the car experiment. The red lines indicate the medians. Wilcoxon 
signed rank tests support a significant difference in sickness between 
the two conditions
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B. Vehicle motions

The motions encountered by the participant contribute to 
their subsequent ratings. Here, prime contributors were the 
longitudinal and the lateral accelerations of the vehicle. As 
shown in Fig. 4, the longitudinal accelerations peak sharply 
between 0.01 and 0.04 Hz. The lateral accelerations, on the 
other hand, are wider band, with a plateau between 0.01 
and 0.1 Hz. Despite the naturalistic drive having a large 
urban component, with the associated speed bumps, the 
vertical accelerations were minor in particular at the lower 
frequencies associated with motion sickness. The fact that 
our sensitivity to vertical motion is similar to horizontal 
motion (Donohew and Griffin 2004; Bos et  al. 2024) 
indicates that vertical accelerations encountered during 
naturalistic development of car sickness on relatively flat 
roads as studied in this experiment do not meaningfully 
contribute to its increase.

C. Linear regression model

Table 1 shows correlations between sickness in car and VR 
experiments and self reported susceptibility (MSSQ). Here 
the inverse termination time 1/tend is presented instead of the 
actual tend. The inverse is seen as more intuitive and is posi-
tively related to sickness susceptibility. Using the inverse 
improves correlations where 1/tend has a correlation of 0.81 
between car and VR while tend sees a correlation of 0.51.

All relevant correlations are positive indicating posi-
tive relations between sickness in car and VR and MSSQ. 
The MSSQ correlates reasonably well to sickness for these 
experiments with somewhat higher correlations for car as 
compared to VR conditions. The car results also correlate 
reasonably well to the VR results with the highest correla-
tion (0.81) observed for the inverse end time.

To assess how predictive the MSSQ and the susceptibility 
to the visual stimulus was of susceptibility to car sickness, 

Fig. 4  Mean Welch power spectral density estimates for 16 participants (for whom the IMU data were available) showing spectral content of 
longitudinal (blue), lateral (red), and vertical (green) vehicle acceleration, up to 0.5 Hz (left) and up to 10 Hz (right)

Table 1  Correlations between sickness in car and VR experiments (MISC, 1/tend and MSAQ) and self reported susceptibility (MSSQ); tend is the 
time of reaching MISC = 6 or ending the experiment with lower MISC levels at the scheduled time

mean MISC
car

max MISC
car

1/tend
car

MSAQ
car

mean MISC
VR

max MISC
VR

1/tend
VR

MSAQ
VR

MSSQ

mean MISC car 1.00 0.88 0.14 0.65 0.34 0.27 0.10 0.25 0.45
max MISC car 0.88 1.00 0.43 0.65 0.35 0.44 0.40 0.36 0.54
1/tend car 0.14 0.43 1.00 0.47 -0.05 0.20 0.81 0.38 0.30
MSAQ car 0.65 0.65 0.47 1.00 0.13 0.14 0.32 0.51 0.60
mean MISC VR 0.34 0.35 -0.05 0.13 1.00 0.79 0.17 0.04 0.29
max MISC VR 0.27 0.44 0.20 0.14 0.79 1.00 0.51 0.18 0.37
1/tend VR 0.10 0.40 0.81 0.32 0.17 0.51 1.00 0.37 0.45
MSAQ VR 0.25 0.36 0.38 0.51 0.04 0.18 0.37 1.00 0.38
MSSQ 0.45 0.54 0.30 0.60 0.29 0.37 0.45 0.38 1.00
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a linear regression model was fitted to the aggregate group 
data. This was done using the MATLAB function fitlm. 
A model of the form MSAQcar = a MSAQvis + b was used 
to evaluate the hypothesis that”visually induced motion 
sickness relates positively with car sickness”. Here, the 
coefficient a = 0.40 is significantly different from zero 
(p = 0.016) with R2 = 0.26. The corresponding Pearson’s 
correlation coefficient was ρ = 0.51 (p = 0.016). Therefore, 
there is sufficient evidence to conclude that individual 
susceptibility to visually induced motion sickness does 
correlate positively with car sickness. However, it is seen 
from a model of the form MSAQcar = a MSSQ + b that MSSQ 
is also predictive of susceptibility to car-sickness with the 
coefficient a = 0.781 (p = 0.0034) with an R2 = 0.35 and a 
corresponding Pearson’s correlation coefficient of ρ = 0.595.

A joint linear model of the form MSAQcar = a MSAQvis + b 
MSSQ + c has better fit performance (R2 = 0.45) than any sin-
gle one of the individual predictors on their own. In this case, 
the coefficients were a = 0.26, b = 0.62 and c = 10.761. How-
ever, in this model, the contribution of the MSAQvis was not 
significant (p = 0.091). Similar models were fitted for mean 
MISC, max MISC and 1/tend in the car experiment. For mean 
MISC and max MISC only MSSQ was significant (p = 0.04 
and 0.009 respectively). For 1/tend in the car only 1/tend in 
VR was predictive (p < 0.001). These were indeed the only 
significant effects as verified by stepwise regression using all 
VR results and MSSQ to predict sickness in the car experi-
ment. Therefore, for the VR stimulus now used, we find no 
clear support for the second hypothesis:”susceptibility to 
visual motion stimuli is a better participant selection crite-
rion than the motion sickness susceptibility questionnaire”.

Figure 5 shows the scatter plots of sickness encountered in 
the car, denoted by MSAQcar against that encountered in the 
visual stimulus MSAQvis, selfreported susceptibility MSSQ 
and a linear summation of MSAQvis and MSSQ. Qualitative 
evaluation of the plots shows that for the visual stimulus 
(Fig. 5a) three participants were much more sensitive to the 
visual stimulus than to the inertial stimulus. Interestingly, all 
participants that were very susceptible to car sickness were 
also very susceptible to visually induced motion sickness 
(Fig. 5a).

Discussion

For the first time, this study investigated the correlation 
between visually induced motion sickness and car sickness. 
Participants underwent a two-part experiment where their 
susceptibilities to both visually induced motion sickness, and 
to car sickness under naturalistic conditions were measured. 
We then evaluated whether the visual stimulus experiment 
could supplant the MSSQ questionnaire as a preselection 
tool. In the following, we discuss our findings in relation 

to the hypotheses and consider the statistics of naturalistic 
driving and its potential influence on sickness susceptibility.

A. Vehicle accelerations

In this study, we found that vehicle accelerations encoun-
tered during naturalistic manual driving were generally nar-
row bandwidth and low frequency. Longitudinal accelera-
tions peak sharply between 0.01 and 0.04 Hz. The lateral 
accelerations peak between 0.01 and 0.1 Hz. Experiments 
on a suburban route (Griffin and Newman 2004) show simi-
lar frequency distributions with substantial differences in 
amplitude, rather than frequency between vehicle types and 
between drivers.

This makes modelling car sickness, at least for trajec-
tory control for automated vehicles, easier and more com-
putationally efficient, reducing the need for complex motion 

MSAQvis

MSSQ

MSAQvis + MSSQ

(c)

20 40 60 80

20

40

60

0 10 20 30 40

20

40

60

20 40

20

40

60

Fig. 5  MSAQ in the car as function of MSAQ in the visual 
experiment a, as function of MSSQ b and a joint metric using both 
visual MSAQ and MSSQ c, where color scales with  MSAQcar
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sickness models. Such motion sickness models would then 
only need to be accurate in the frequency ranges of inter-
est in driving. This could combine simple filters like the 
motion sickness dosage value (MSDV) with an Oman model 
of nausea to predict the time evolution of sickness (Irmak 
et al. 2022) and could include individual susceptibility vari-
ations (Kotian et al. 2023; Kotian et al. in press; Metzulat 
et al. 2024).

Prior experiments (Irmak et al. 2021b) indicated that indi-
viduals have their own specific frequency sensitivity curves. 
Exploring individual frequency sensitivity across a repre-
sentative population requires major experimental efforts. A 
recent study (Bos et al. 2024) tested 0.06, 0.1, 0.2, 0.4, 0.8, 
1.6 and 3.2 Hz in fore-aft, 0.06, 0.1, 0.2, 0.4, and 0.8 Hz 
in lateral, and 0.24, 0.2, 0.4, 0.8, 1.6 and 3.2 Hz in vertical 
motion. To assess individual susceptibility to car sickness 
we would apparently need to focus on the lower frequencies.

B. Predicting car sickness from VR and MSSQ

In this study, we found that the vision paradigm we used was, 
on average, more sickening than car sickness (mean MISC 
2.52 vs 2.10). But because the vision paradigm occurred 
over an exposure duration of 10 min, compared to the 60 min 
of the car, it likely elicits more sensory conflict. In terms of 
correlations, we see that visually-induced motion sickness 
susceptibility correlates moderately with car sickness mag-
nitude (ρ = 0.51) for MSAQ and correlates well (ρ = 0.81) 
for 1/tend). Because the two perturbations are very distinct, 
such a correlation supports the notion of a general sickness 
susceptibility factor. This susceptibility factor is likely an 
idiosyncratic property. However the visual susceptibility 
on its own is not yet discriminative enough to perform bet-
ter than MSSQ as a participant selection tool. We see from 
Fig. 5 that no one who scored low on the visual motion 
sickness, scored high on the car sickness, likewise everyone 
who scored high on the MSSQ scored high on car sickness. 
This indicates that the visual and MSSQ are discriminative 
at different points of the susceptibility curve. Therefore, a 
combined metric using MSSQ and visually-induced sick-
ness susceptibility (Fig. 5c) likely provides a more robust 
correlate of on-road susceptibility.

In future studies, the visual stimulus can be adapted 
in terms of yaw rotational velocity, tilt angle, timing, and 
predictability. Experiments could vary such parameters to 
achieve a better correlation with car sickness. Stimulus tim-
ing could be adapted to better reflect the bandwidth of longi-
tudinal and lateral vehicle accelerations. The visual stimulus 
used in our experiment had a periodicity of 130 s corre-
sponding to a frequency of 0.008 Hz. This may be increased 
to better match the dominant frequency in the car experiment 
being 0.01–0.04 Hz for longitudinal and 0.01–0.1 Hz for 
lateral motion. The end time of the visual test correlated 

most strongly with the car test. However most participants 
did not reach the termination criterion (MISC = 6). Duration 
and amplitude of the visual test can be increased, making the 
end-time an even more informative measure.

Lastly, an advantage of the visual stimulus over the 
MSSQ is that individual specific Oman model time con-
stants can be identified, which allows for not only a pre-
test measurement of susceptibility, but also the temporal 
dynamics of sickness, including hypersensitivity and rest. 
The disadvantage of course is that it would take ten minutes 
of excitation some days prior to the actual experiment, and 
so has a smaller throughput than the MSSQ.

C. Limitations

This paper evaluated individual susceptibility to car sickness 
while reading on a laptop. Future studies shall quantify how 
results translate to other visual and motor task conditions. A 
recent paper (Metzulat et al. 2024) cites relevant papers on 
the effect of NDRTs and report somewhat increased sickness 
with a visual dynamic task compared to an auditory task.

The MSSQ has been extensively validated and refined 
using large and representative populations. Likewise our 
visual stimulus and the proposed integration with MSSQ 
can be validated and refined. Here a larger and more repre-
sentative sample will allow non-linear weighting towards a 
well validated and robust car sickness prediction.

Conclusions

This study investigated the correlation between visually 
induced motion sickness and car sickness. We found that 
the accelerations encountered during naturalistic driving 
were generally very low frequency, simplifying sickness 
modelling for vehicular motions. Moreover, we found that 
visually-induced motion sickness correlated positively with 
car sickness. This supports the existence of an individual 
specific general sickness-susceptibility factor. Lastly, the 
visual stimulus was not a better predictor of motion sick-
ness susceptibility in the car than the MSSQ. However, using 
both jointly as predictors with a better optimised visual stim-
ulus may provide a robust and highly selective participant 
preselection tool supporting effective testing in research and 
development mitigating self-driving car sickness.
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