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ABSTRACT
The adoption of automated vehicles will be a positive step towards
road safety and environmental benefits. However, one major chal-
lenge that still exist is motion sickness. The move from drivers to
passengers who will engage in non-driving related tasks as well as
the potential change in the layout of the car interior that will come
with automated vehicles are expected to result in a worsened expe-
rience of motion sickness. The previous workshop [18] highlighted
the need for consensus on guidelines regarding study design for mo-
tion sickness research. Hence, this workshop will develop a guide
for motion sickness research through reflection and discussions on
the current methodologies used by experts in the field. Further it
will build on the knowledge collected from the previous workshop
and will thereby facilitate not only new research ideas and fruitful
collaborations but also find a consensus in the field in regard to
study design and methodologies.
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1 INTRODUCTION
We spend large part of our lives travelling, such as commuting to
and from work, as well as for longer journeys, such as holidays
or visiting friends and family. With the introduction of automated
vehicles (AVs) into our lives, drivers will turn into passengers al-
lowing for not only a redesign of the car interior, but also opening
up more free time for the now passengers to engage in non-driving
related tasks (NDRTs; e.g. watching movies, reading, working). Pas-
sengers often experience a heightened sensation of motion sickness
compared to drivers [23] and engaging in such NDRTs can further
increase these adverse symptoms [3, 6]. Motion sickness results in
a multitude of symptoms, such as, dizziness, sweating, headaches,
drowsiness, nausea and in extreme cases vomiting [5]. Such symp-
toms, once experienced, often persist for the entire journey and are
slow to diminish, with even mild symptoms negatively affecting
passengers engagement in NDRTs [1, 20, 22], and in the worst case
resulting in people having to terminate their journey prematurely.
Highlighting the need for research that can successfully detect mo-
tion sickness symptoms and identify mitigation strategies that will
ensure a comfortable travel experience of AV occupants.
Motion sickness research spans across a multitude of domains,
which is why it is not surprising that the methodologies used vary
strongly (e.g. [13, 17, 19]). The length of conditions can vary be-
tween a few minutes up to over half an hour, with all experimental
conditions being performed on the same day, or in separate sessions
[19, 21]. The tasks that are being performed while immersed in the
sickness inducing environment include anything from simple count-
ing tasks, to reading tasks, and even video games [7, 10, 15, 19, 24].
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Studies are being performed on motion simulators in the lab with
varying motion profiles, in AVs on test tracks, and even in cars in
everyday traffic [2, 9, 10, 19, 21]. However, not only does the way
motion sickness is induced vary strongly between studies, but also
the way it is measured. Various types of subjective and objective
measures, from questionnaires to physiological sensors, are em-
ployed to measures the passengers sensation of motion sickness.
In addition to the measures being inconsistent between studies,
the way a specific measure can be employed also often varies from
study to study. Mitigation methods also vary strongly between stud-
ies, they are generally either passenger- or vehicle-centric. Motion
sickness can for example be reduced by optimising the velocity
or acceleration profile of the vehicle [8, 12] or by optimising seat
configurations [11, 16] but can also be mitigated independent of the
type of car journey by manipulating the sensory information the
passenger perceives during their journey (e.g., visual input through
a virtual reality headset or a displays placed in the car interior)
[2, 4, 14]. This strong variation in the methodologies makes it often
impossible to compare findings of different studies with each other,
and can impede the process of designing a successful motion sick-
ness study. This highlights the need for clear guidelines on how to
design a motion sickness study.
This workshop will bring together experts in the field of motion
sickness who will discuss the methodologies used in their own
work, highlighting the benefits and disadvantages of each. These
discussions will form the basis to finding consensus in the field,
and providing well-informed guidelines for researchers allowing
them to easily design research studies that are not only more re-
liable in their nature, but also more easily replicable, and allow
for easy comparison between findings of different groups. At the
same time this workshop will strengthen the multi-disciplinary
motion-sickness community by bringing together researchers from
Automotive, Neuroscience, Human-Computer-Interaction, Psychol-
ogy and others.

2 WORKSHOP GOALS
This workshop will build on the goals defined in the previous work-
shop [18], (1) highlighting the need for motion sickness research in
the future of AVs, (2) strengthen the community of motion sickness
researchers by facilitating collaboration across research domains,
institutions and industry to further contribute to the success ad
progression in the field, and most pressingly (3) this workshop
will form the basis for a consensus in the research field regarding
methodologies used and will aid the development of guidelines
for motion sickness researches to improve and speed up the de-
sign stage of research studies allow for direct comparison between
studies between research groups and allow for easy replication of
findings. In this workshop the organisers will bring together mem-
bers of the AutoUI community and beyond as well as researchers
from the industry with a background in motion sickness research.
First, the workshop organisers will introduce the topic and aim of
the workshop to participants; they will give a quick overview of
the outcomes of the previous workshop which inspired the focus
of the current. Following, participants that chose to submit a short
abstract prior to the workshop will present the methodologies used
in their current studies. This will build a foundation and common

knowledge for the discussions later on in the workshop, which are
expected to identify advantages and disadvantages of commonly
used methods in the field and find a consensus of what methods
are best suited depending on the aim on focus of each study.
The workshop will build the foundation of a shared review paper
as well as guidelines that will help researches conduct the most suc-
cessful work bringing us one step closer to solving motion sickness
in AVs.

3 WORKSHOP OVERVIEW AND TENTATIVE
SCHEDULE

This workshop will include participant presentations focusing on
the methodologies used in their motion sickness studies, group
discussion on benefits and disadvantages of different methodolo-
gies used in motion sickness research as well as a keynote. The
workshop will last 3 1/2 hours with a 20 min break. Participants
will leave this workshop with a broader knowledge of the current
methods used in motion sickness research, their individual benefits
and recommended use settings as well as new collaborators that
will help advance the motion sickness research field even further.
Participants will be able to submit their own work by submitting
short abstracts prior to the workshop with some of them being
selected by organisers for presentation. Submission of such short
abstracts is, however not mandatory to participate in the workshop.
A main goal of the workshop is to discuss the current methodolo-
gies used in motion sickness research, discuss the study design, the
measures used and the tasks performed by users. Based on these
discussions, we aim to find consensus in the these methods that will
allow for better replication and comparability of motion sickness
research. We are expecting around 30 participants to take part in
this workshop.

3.1 During the Workshop
At the beginning of the workshop, organisers will introduce them-
selves as well as the aims of the workshop; additionally, a short
summary of the findings from the first workshop will be provided
to participants who did not attend it. This will be followed by par-
ticipant presentations and short Q&A sessions. These presentations
will focus on providing an overview of the current methodologies
used in motion sickness research and the Q&A sessions will not
only allow participants to ask questions but also to discuss their
own methodologies used; this will motivate engagement of all par-
ticipants and will guide further discussions later on in the session.
After the presentations, a short introduction to the aim of the group
discussions will be given. The discussions will focus on the method-
ologies used in motion sickness research with the main aim being
to find a consensus in the field that can guide future study designs.
This is done to give participants the chance to contribute to the
topics that will be discussed and to allow them to make a decision
regarding which group discussion they want to participate in. These
topics will include but are not limited to:

(1) The NDRTs chosen
(2) The motion profiles chosen to induce motion sickness
(3) The measurements chosen to detect motion sickness and

how and when they are being applied
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Timeline

Before Workshop During Workshop
Submission of short abstracts by participants to present at the Workshop Introduction of Organisers (10 min)

Introduction to the Workshop and Workshop goals (10 min)
Pre-selected Participant Presentations (30 min)
Introduction to Discussion Topics and forming smaller Discussion Groups (30 min)
Break (20 min)
Group Discussions (40min)
Final Discussion in entire Group and Group Presentations (40 min)
Keynote (30 min)

Table 1: Workshop Timeline

(4) The interpertabilty of findings based on different motion sick-
ness theories (such as sensory-conflict or postural instability
theory)

(5) Passenger-centric vs. vehicle-centeric methodologies
(6) Potential differences between carsickness and simulator sick-

ness

Following, a 20 min break is planed to allow organisers and
participants to recuperate before the second half of the workshop.
The second half of the workshop will focus on group activities,
discussing the current methodologies used in motion sickness re-
search an possible ways to find a consensus in the field. Participants
will form groups to discuss their chosen topic. Each sub-group will
focus on one part of the methodology identified earlier on in the ses-
sion. The subgroups will also prepare short presentations about the
outcome of their discussions. After the discussions in the smaller
groups have finished the entire workshop will come back together
for a final discussion allowing each group to present their out-
comes and initiate further discussion of those with all participants.
This final group discussion will summarise the outcomes of the
workshop, which will guide and improve future motion sickness
research. The workshop will conclude with a keynote by a leading
motion sickness researcher.

4 WORKSHOP OUTCOMES
Based on the outcome of the first workshop, the organisers predict
that this workshop will facilitate even more fruitful collaborations
between attendees and organisers, and will be the basis of finding
a consensus in the research field regarding the methodologies used
and design choices made when designing motion sickness stud-
ies. Our overall goal is to allow for motion sickness free travel of
all occupants of AVs and make their journey as comfortable and
pleasant as possible. Furthermore, we expect the outcomes of both
this workshop and the previous one to result in an overview paper
on currently used detection and mitigation methods for motion
sickness in AVs as well as form the basis for a guide that will help
researcher chose the most suitable methodologies and study designs
for the motion sickness research.

5 AUTHOR BIOGRAPHIES
Katharina Pöhlmann is a Post-doctoral Researcher Fellow at
the KITE Rehabilitation Institute in Toronto and is an affiliate re-
searcher at the University of Glasgow working on the ViAjeRo

project (https://viajero-project.org/). She earned her PhD in Psy-
chology at the University of Lincoln. Her research focuses on using
multisensory motion cues to reduce motion sickness.
Ammar Al-Taie is a PhD student in the School of Computing
Science at the University of Glasgow. His area of research is Au-
tonomous Vehicle-Cyclist interaction. This often involves utilising
unconventional technologies, such as new displays on the car’s
exterior. Ammar is a "hands-on" researcher; most of his work is con-
ducted in real-world settings using new technologies such as eye-
tracking.Gang Li holds a PhD in Electronic Engineering from Puky-
ong National University, South Korea. Gang’s expertise is the design
and implementation of the closed-loop EEG-based brain-machine
interface system coupled with brain stimulation (tDCS/tACS) tech-
niques. He is a research associate of translational neuroscience
leading a VR motion sickness mitigation project funded by the UK
Medical Research Council.
Abhraneil Dam is a third year PhD candidate at the Mind Music
Machine Lab in Virginia Tech. Abhraneil is conducting research on
the topic of motion sickness in passengers of AVs as his dissertation
work; he also worked on the topics of audio augmented reality, and
safety of distracted pedestrians at unsignalized crosswalks. Prior to
his PhD program, he earned his MSE degree in Automotive Systems
Engineering from the University of Michigan-Dearborn.
Yu-Kai Wang is currently a Senior Lecturer and core member of
the Australia Artificial Intelligence Institute within the Faculty of
Engineering and Information Technology at University of Tech-
nology Sydney, Australia. His current research interests include
computational neuroscience, human performance modelling, artifi-
cial intelligence, brain-computer interface and human-AI teaming.
Chun-Shu Wei is an Assistant Professor (Hwa Tse Roger Liang
Junior Chair Professor) at the Department of Computer Science,
National Yang Ming Chiao Tung University. He received his Ph.D.
degree in Bioengineering from the University of California San
Diego, and worked as a Postdoctoral Researcher at the School of
Medicine, Stanford University. His research interests include brain-
computer interfaces, neural computation, machine learning, and
biomedical signal processing.
Georgios Papaioannou is an Assistant Professor at TU Delft
within the Intelligent Vehicles group. He received his PhD from
the National Technical University of Athens, Greece, in 2019 . His
research interests include motion comfort, seat comfort, human
body modelling, AVs, optimisation and control.

225



AutomotiveUI ’23 Adjunct, September 18–22, 2023, Ingolstadt, Germany Pöhlmann et al.

ACKNOWLEDGMENTS
The opinions and conclusion of this announcement and the work-
shop are not necessarily those of the associated organisations. This
research is sponsored by European Research Council (ERC) un-
der the European Union’s Horizon 2020 research and innovation
programme (grant agreement No. 835197).

REFERENCES
[1] JE Bos, MAHogervorst, KMunnoch, and D Perrault. 2008. Human performance at

sea assessed by dynamic visual acuity. In ABCD Symposium’Human Performance
in the Maritime Environment’, 31 January 2008 Pacific 2008 International Maritime
Conference, Sydney, Australia.

[2] Hyung-Jun Cho and Gerard J Kim. 2022. RideVR: Reducing Sickness for In-Car
Virtual Reality byMixed-in Presentation of Motion Flow Information. IEEE Access
(2022).

[3] Abhraneil Dam and Myounghoon Jeon. 2021. A Review of Motion Sickness in
Automated Vehicles. In 13th International Conference on Automotive User Interfaces
and Interactive Vehicular Applications. 39–48.

[4] Ksander N deWinkel, Paolo Pretto, Suzanne AE Nooij, Iris Cohen, and Heinrich H
Bülthoff. 2021. Efficacy of augmented visual environments for reducing sickness
in autonomous vehicles. Applied Ergonomics 90 (2021), 103282.

[5] Cyriel Diels and Jelte E Bos. 2016. Self-driving carsickness. Applied ergonomics
53 (2016), 374–382.

[6] Cyriel Diels, Jelte E Bos, Katharina Hottelart, and Patrice Reilhac. 2016. Mo-
tion sickness in automated vehicles: the elephant in the room. In Road Vehicle
Automation 3. Springer, 121–129.

[7] Xiao Dong and Thomas A Stoffregen. 2010. Postural activity and motion sickness
among drivers and passengers in a console video game. In Proceedings of the
human factors and ergonomics society annual meeting, Vol. 54. SAGE Publications
Sage CA: Los Angeles, CA, 1340–1344.

[8] Zaw Htike, Georgios Papaioannou, Efstathios Siampis, Efstathios Velenis, and
Stefano Longo. 2021. Fundamentals of motion planning for mitigating motion
sickness in automated vehicles. IEEE Transactions on Vehicular Technology (2021).

[9] Monica LH Jones, Victor C Le, Sheila M Ebert, Kathleen H Sienko, Matthew P
Reed, and James R Sayer. 2019. Motion sickness in passenger vehicles during test
track operations. Ergonomics 62, 10 (2019), 1357–1371.

[10] Juffrizal Karjanto, Nidzamuddin Md Yusof, Muhammad Zahir Hassan, Jacques
Terken, Frank Delbressine, and Matthias Rauterberg. 2021. An on-road study
in mitigating motion sickness when reading in automated driving. Journal of
Hunan University Natural Sciences 48, 3 (2021).

[11] Kazuhito KATO, Kousuke SUZUKI, and Chikanori HONDA. 2021. Reduction of
Carsickness using a Headrest with Support to Suppress Head Motion. Comfort
Congress.

[12] Scott Le Vine, Alireza Zolfaghari, and John Polak. 2015. Autonomous cars: The
tension between occupant experience and intersection capacity. Transportation
Research Part C: Emerging Technologies 52 (2015), 1–14.

[13] Gang Li, Mark McGill, Stephen Brewster, Chao Ping Chen, Joaquin Anguera,
Adam Gazzaley, and Frank Pollick. 2021. Multimodal Biosensing for Vestibular
Network-Based Cybersickness Detection. IEEE Journal of Biomedical and Health
Informatics (2021).

[14] Mark McGill, Alexander Ng, and Stephen Brewster. 2017. I am the passenger:
how visual motion cues can influence sickness for in-car VR. In Proceedings of
the 2017 chi conference on human factors in computing systems. 5655–5668.

[15] Akihiro Morimoto, Naoki Isu, Daisuke Ioku, Hitoshi Asano, Atsuo Kawai, and
FumitoMasui. 2008. Effects of reading books andwatchingmovies on inducement
of car sickness. In Proceedings of the FISITA 2008 World Automotive Congress,
Munich, Germany. 14–19.

[16] Georgios Papaioannou, Donghong Ning, Jenny Jerrelind, and Lars Drugge. 2022.
A K-Seat-Based PID Controller for Active Seat Suspension to Enhance Motion
Comfort. SAE International Journal of Connected and Automated Vehicles 5, 12-
05-02-0016 (2022).

[17] Georgios Papaioannou, Lin Zhao, Mikael Nybacka, Jenny Jerrelind, Riender
Happee, and Lars Drugge. 2023. Motion comfort and driver feel: An explorative
study about their relation in remote driving. arXiv preprint arXiv:2305.07370
(2023).

[18] Katharina Margareta Theresa Pöhlmann, Gang Li, Abhraneil Dam, Yu-Kai Wang,
Chun-Shu Wei, Adrian Brietzke, and Georgios Papaioannou. 2022. Workshop
on Multimodal Motion Sickness Detection and Mitigation Methods for Car Jour-
neys. In Adjunct Proceedings of the 14th International Conference on Automotive
User Interfaces and Interactive Vehicular Applications (Seoul, Republic of Korea)
(AutomotiveUI ’22). Association for Computing Machinery, New York, NY, USA,
157–160. https://doi.org/10.1145/3544999.3550156

[19] Katharina Margareta Theresa Pöhlmann, Gang Li, Mark Mcgill, Reuben Markoff,
and Stephen Anthony Brewster. 2023. You spin me right round, baby, right round:

Examining the Impact of Multi-Sensory Self-Motion Cues on Motion Sickness
During a VR Reading Task. In Proceedings of the 2023 CHI Conference on Human
Factors in Computing Systems. 1–16.

[20] Katharina Margareta Theresa Pöhlmann, Horia A Maior, Julia Föcker, Louise
O’Hare, Adrian Parke, Aleksandra Ladowska, and Patrick Dickinson. 2023. I
think I don’t feel sick: Exploring the Relationship Between Cognitive Demand
and Cybersickness in Virtual Reality using fNIRS. In Proceedings of the 2023 CHI
Conference on Human Factors in Computing Systems. 1–16.

[21] Spencer Salter, Cyriel Diels, Paul Herriotts, Stratis Kanarachos, and Doug Thake.
2019. Motion sickness in automated vehicles with forward and rearward facing
seating orientations. Applied ergonomics 78 (2019), 54–61.

[22] Joseph Smyth, Stewart Birrell, Alex Mouzakitis, and Paul Jennings. 2018. Motion
sickness and human performance–exploring the impact of driving simulator
user trials. In International Conference on Applied Human Factors and Ergonomics.
Springer, 445–457.

[23] Mark Turner andMichael J Griffin. 1999. Motion sickness in public road transport:
the effect of driver, route and vehicle. Ergonomics 42, 12 (1999), 1646–1664.

[24] Fleur D Yen Pik Sang, John F Golding, and Michael A Gresty. 2003. Suppression
of sickness by controlled breathing during mildly nauseogenic motion. Aviation,
space, and environmental medicine 74, 9 (2003), 998–1002.

226

https://doi.org/10.1145/3544999.3550156

	Abstract
	1 Introduction
	2 Workshop Goals
	3 Workshop Overview and tentative schedule 
	3.1 During the Workshop

	4 Workshop Outcomes
	5 Author Biographies
	Acknowledgments
	References

