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Abstract. Almost everyone can experience motion sickness and one third of the
population are highly susceptible. With growing development and popularity of
technologies such as self-driving cars, simulators and virtual reality (VR), mo-
tion sickness management will be more of a consideration in the future than ev-
er before. People who are susceptible to motion sickness may not gain the full
benefits of self-driving cars (e.g., increased productivity), have access to voca-
tions involving significant simulator-based training (e.g., airplane pilots), or
have access to the increased opportunities that VR headsets may bring (e.g., vo-
cational training or job roles involving VR). Further, with demographic vari-
ance within susceptibility to motion sickness, it is known some demographic
groups are far more susceptible to motion sickness than others (e.g., females vs.
males), which further identifies an inclusivity aspect to these technologies. This
report evidences the strong motivation towards the mitigation of motion sick-
ness and discusses the associated benefits. Working towards the objective of
enhanced motion sickness management, this paper presents a new model to de-
tail the onset of motion sickness syndrome and discusses the causal relationship
between sensory conflict and the physiological and psychological effects of mo-
tion sickness. In doing so we identify within the existing literature many meth-
ods towards the management (both prevention and mitigation) of motion sick-
ness and provide a direction for further study.

Keywords: Motion Sickness, Wellbeing, Treatment and Prevention, Carsick-
ness, Nausea.

1 Introduction

Motion sickness is not a new phenomenon — humans have been documenting motion
sickness as early as 800 BC [1] and there is no evidence to suggest humans have be-
come more resilient or adept to overcome this condition today [2]. Early theories of
motion sickness included that of the ‘blood and guts theories’, which suggested
changes in flow of blood in the brain, specifically the cerebral cortex, and/or disrup-
tion to the viscera was the cause of motion sickness. These theories were eventually
disproved in 1882 [3] and it was not until 1975 that we were presented with the senso-
ry conflict theory — which we hold today as the most widely accepted theory of mo-



tion sickness. The ‘sensory conflict theory’ [4] explains that mismatches between
vestibular, visual and somatosensory motion cues are responsible for motion sickness.
For example, the vestibular system senses motion, yet the visual system detects none;
there is a conflict between senses and motion sickness can prevail. The body’s reac-
tion to this conflict in motion sense(s) is similar to that of a self-preservation re-
sponse. Offering an explanation to this, the evolutionary hypothesis [5] proposes that
when the body senses a mis-match between motion cues, the body assumes a poison
has been ingested and it is that poison which is responsible for the incoherent sensory
information. Thus, people often experience stomach churning, fatigue, increased
sweat rate and other thermoregulatory responses as the body attempts to mitigate the
effects of the suspected poison before ejecting it through the most widely known
symptom of motion sickness — vomiting.

2 Background

Motion sickness affects the majority of the population, in fact it is known that every-
one (besides those who are profoundly deaf) can be affected by motion sickness, and
according to the U.S. National Library of Medicine, around one third of the popula-
tion are highly susceptible to motion sickness [6]. It is prevalent in many domains,
including in car travel (carsickness), boat travel (seasickness), in simulators (simula-
tor sickness), in planes (airsickness) and even in virtual reality (cybersickness). Fur-
thermore, with the growth and development in technologies such as simulation, virtu-
al reality and automated vehicles, motion sickness is likely to become a greater prob-
lem in the future than it is today. Combining this knowledge with the evidence of the
sex-effect within motion sickness opens up an interesting area for accessibility and
inclusivity. Specifically, females are known to be more than twice as susceptible to
motion sickness than their male counterparts as evidenced in multiple studies [7] [8]
[9] and across various sectors including airsickness [10], seasickness, [11] and car
sickness [12]. The implications of this identify that the many benefits and expected
use cases for technology which has motion sickness as a factor are drastically more
limiting for some more than others. In consideration of this, we are provided with a
strong motivation to tackle motion sickness.

The issue of discomfort and aversion to certain travel methods due to motion sick-
ness is well established and documented. As such there is clear benefit in managing
motion sickness to improve comfort and wellbeing. However, we also have strong
evidence to show that motion sickness affects human performance and productivity in
a negative way. In industries where motion sickness is a factor (e.g., navy crew, pilot
simulator training or VR training tools), this is potentially limiting to not only re-
cruitment prospects but also job performance [13] [14] [15] [16].

Clearly there is a strong motivation to mitigate motion sickness across many sec-
tors and this paper will summarize and discuss these efforts in the automotive domain.
Motion sickness in cars (i.e., carsickness) has been a longstanding issue, although one



which is fairly easily overcome through constantly looking ahead, in the direction of
travel at all times. However, with the exciting potential use cases of automated vehi-
cles, and with occupant comfort and wellbeing giving manufactures a competitive
edge, there is growing demand in this sector to tackle this area of motion comfort. In
doing so we may enable car passengers today, and in future vehicles to have a better
and more productive travel experience, affording opportunities other than just staring
at the horizon.

3 Motion Sickness Prevention and Mitigation

In order to examine the various methods and attempts to mitigate motion sickness we
must first consider the onset the condition:
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Fig. 1. Motion sickness domino model

The model presented in Fig.1 is useful for detailing the stages and causality of mo-
tion sickness onset. As was introduced previously, the first stage (the ‘instigator’) of
motion sickness is known to be related to the presence of various motion cues that are
received by the visual, vestibular or somatosensory systems. If there is a noticeable
difference between these motion cues, sensory conflict [4] prevails. This leads to
various physiological self-preservation responses, related to the evolutionary hypothe-
sis [5]. The implications of this result in a thermoregulatory response [17] as well as
the onset of gastrointestinal related activity [18] leading to nausea [19]. When the



human becomes conscious of the onset of motion sickness and notices these physio-
logical symptoms (e.g., stomach churning, nausea or sweating) this manifests in a
psychological stress/alarm response [20]. It is the totality of these processes that we
can think about as motion sickness syndrome. The interconnected nature of these (i.e.,
physiological symptoms both affect, and are affected by, psychological response) is
part of the reason why motion sickness is so difficult to measure objectively [20].
Further, the variance within humans, for example related to thermoregulatory ability
(correlated with physical fitness) [21], and psychological perseverance and self-
efficacy [22] make the actual onset of motion sickness syndrome highly variable
within and between individuals [20].

Fig. 1 maps not only the onset of motion sickness, but also identifies the difference
between prevention of motion sickness (i.e., stopping the onset) and mitigation of
motion sickness (i.e., reducing the impact of effects). With a spectrum of opportuni-
ties for intervention identified, it becomes apparent that interventions can theoretically
sit between dominoes to prevent or mitigate the onset of motion sickness. For exam-
ple, highly effective suspension and vehicle dynamics to limit nauseating low fre-
quency vibrations in a car may prevent the onset of motion sickness between the 1%
and 2" domino; or using airflow over the skin may begin to mitigate symptoms relat-
ed to sweat rate and prevent or delay the psychological identification of motion sick-
ness onset.

With the conception of motion sickness onset identified, and areas of preven-
tion/mitigation highlighted, the literature can be reviewed to begin to understand
some previous successes within the management of motion sickness (with a specific
focus on carsickness). Given the range of implementation opportunities of the various
methods of motion sickness management and the variety of testing environments, this
paper does not seek to identify the effectiveness of specific methods, but instead work
towards a greater understanding of the concepts and theories behind motion sickness
mitigation strategies.

3.1  Mismatched Motion Stimuli

There have been studies investigating the provision of additional motion-related in-
formation in an attempt to prevent sensory conflict theory. Methods have been inves-
tigated involving the provision of visual cues using lights around or within interfaces
[23], [24] and audio-based cues to give information about direction of travel [25],
[26], [27]. Methods of haptic interventions have also been evidenced using various
‘vibrotactile’ methods to give motion cues [28] and seat vibration [29]. The degree of
success of such methods are varied, but the concept remains, if accurate motion-
related information can be provided (consciously or otherwise) it is conceivable that
sensory conflict may not happen and thus motion sickness can be prevented.



3.2 Sensory Conflict

Still within the remit of motion sickness prevention, if it is possible to stop the brain
from registering mismatched motion cues according to ‘sensory conflict theory” then
it is theoretically possible to stop the onset of physiological symptoms. Methods have
been evidenced involving training visuospatial reasoning to self-resolve motions as an
effective means of motion sickness prevention [30]. Other research uses bone con-
ducting vibration (BCV) to disrupt vestibular-related motion cues in an attempt to
prevent sensory conflict, which falls into this same preventative classification catego-
ry [31]. Most famously the use of prescribed medication such as scopolamine [32] is
an effective prevention method of motion sickness, which blocks the action of acetyl-
choline through disturbing vestibular communication with the brain.

3.3 Physiological Symptoms

If sensory conflict cannot be avoided, we move towards mitigation methods to limit
the physiological response. Natural remedies for motion sickness mitigation often
involve the use of ginger. The anti-motion sickness features of ginger are not well
evidenced [33], however the ‘stomach calming’ effect of ginger is known. Ginger
therefore may act as an anti-motion-sickness strategy [34] through mitigating physio-
logical symptoms and reducing the likelihood of a psychological stress/alarm re-
sponse. Other mitigation strategies may involve the treatment of motion sickness
symptoms to prevent discomfort and limit psychological distress. For example, using
a vehicle’s HVAC (heating, ventilation, and air conditioning) system to cool the oc-
cupant and limit sweat-related discomfort, particularly on the face [35]

3.4  Psychological Response

The role of psychology in motion sickness has been known for some time [36] and
given the power of psychological some may argue it should sit above the entire ‘dom-
ino chain’ as presented in Fig.1. Where, for example, methods of increasing self-
efficacy [37], distraction [38] or even relaxation through calming music [39] seem to
have a positive preventative effect on motion sickness. However, it stands also as the
final domino where the realization or awareness of the onset of motion sickness trig-
gers responses linked to stress and alarm [40]. The nature of being aware of motion
sickness onset exacerbates the condition [38], and we see evidence for motion sick-
ness mitigation through cognitive-behavioral management of motion sickness [41].

3.5  Motion Sickness Syndrome

At the stage of motion sickness syndrome onset there appears to be few mitigation or
prevention opportunities remaining. At this stage, the human is in a self-repeating
cycle of physiological discomfort, psychological distress, and physiological respons-
es. Avoiding the motion sickness-inducing stimulus is the only remedy at this stage,
such as stopping reading a book in a car and focusing visual attention on the direction
of travel.



4 Conclusive Thoughts

Motion sickness syndrome is a complex multi-factorial condition consisting of self-
effecting physiological symptoms and psychological stressors. Without considerable
intervention, it is likely that many of the benefits of technologies such as self-driving
cars, simulators and virtual reality will not be fully achieved equally across society.
We identify a significant motivation to mitigate the unwanted effects of motion sick-
ness and introduce literature working towards this goal. This paper has presented a
motion sickness domino model to detail the ‘stages’ of motion sickness onset and
therefore providing a visual representation of prevention/mitigation opportunities with
a specific focus on the automotive sector. Many methods currently discussed within
the literature focus on the mitigation of motion sickness onset (e.g., treating the symp-
toms). However, working towards solutions for the prevention of motion sickness
through specific intervention and technology design will have the greatest utility and
is where future research should focus.
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