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ABSTRACT

As smart cabins become more prevalent, various displays have been embedded in

vehicles to enhance the occupants’ experience. However, in-vehicle displays may also

increase the risk of motion sickness (MS) among occupants due to prolonged exposure

to conflicting sensory stimuli. Though previous research has shown a connection

between MS and visual motion cues, particularly those related to road visibility, it

remains unclear whether and how display location, as an interface design factor,

influences passengers’ motion perception through peripheral visual information and

head motion, thereby contributing to MS.-Thus, to guide the design of smart cabins, a

within-subject on-road experiment was conducted to explore the relationship between

display locations (including roof, backrest, and armrest displays), view conditions

(unblocked view with road environment versus blocked view) and MS development.

Results showed that the external-view condition was associated with lower MS than the

view-blocked. condition, consistent with the importance of maintaining peripheral

access to road-motion cues. When passengers had an unblocked external view, the roof

display was associated with the lowest MS, likely because it supports better peripheral

visual motion information, situational awareness, and anticipation of upcoming vehicle

motion. Even when the external view was fully blocked, the roof display still

outperformed the other locations, possibly because it induces head posture and head-

motion patterns that may reduce sensory conflict. These findings provide evidence-



39  based insights into smart cabin interface design, highlighting the role of display

40  placement in shaping peripheral motion perception and head posture to mitigate MS.

41  Keywords: motion sickness; display location; on-road study; smart cabin
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1. Introduction

The development of technologies such as Information and Communications
Technology (ICT) and artificial intelligence (AI) has made In-Vehicle Infotainment
Systems (IVISs) increasingly popular in smart cabins (Faurecia, 2023 , see Table 1). As
a result, occupants may spend more time engaging in non-driving-related tasks
(NDRTs), such as work or in-vehicle entertainment. To support these activities, displays
are being integrated into diverse locations within the vehicle cabin—including roofs,
seat backs, and center consoles—beyond traditional front-dashboard positions. This
transformation has gradually shifted vehicles from ameans of transportation to a “third
space” beyond homes and workplaces, with potential societal benefits. For example,
survey studies in the 45 largest cities in China revealed that individuals’ average daily
commuting time is around 72 minutes (YueXiAn, 2023). If this commuting time can be
effectively utilized for work or entertainment, overall social efficiency can be improved.
Accordingly, industry projections_anticipate that IVIS market share will surge from
$16.4 billion in 2023 to an estimated $28.3 billion by 2028 (MarketsandMarkets, 2023),
indicating growing demand for in-vehicle digital interaction. However, the placement
of these interfaces may have unintended consequences for passenger comfort,
particularly with respect to motion sickness (MS), warranting careful investigation of
how display location affects occupants during vehicle motion.

MS, characterized by physical discomfort during passive body movement, is

associated with symptoms such as malaise, nausea, and, in severe cases, emesis (Smyth
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et al.,, 2021). It is prevalent in various modes of transportation, including aviation
(Turner et al., 2000), rail transport (Suzuki et al., 2005), sea transport (Lawther &
Griftin, 1986), and vehicle transport (Xie, He, et al., 2023). Survey studies have
reported that 59% of individuals had experienced in-vehicle MS at least once in their
lifetime (Schmidt et al., 2020), while more recent data from China indicate that over
70% of respondents experienced MS in the past year (Xie et al., 2024). Previous studies
have further shown that engaging with in-vehicle displays, such-as watching videos,
increases the likelithood of MS (Kato & Kitazaki, 2006). This effect may stem from a
reduced ability to perceive vehicle motion through peripheral visual information and a
diminished awareness of vehicle dynamics while focusing on visual secondary tasks
(Xie, He, et al., 2023). Consequently, substantial research” efforts have sought to
mitigate MS among vehicle occupants, particularly when they are engaged in in-vehicle
activities. Previous studies have demonstrated that maintaining visual access to the
external road environment or providing supplementary motion cues, such as dynamic
visual indicators on smartphone displays (Meschtscherjakov et al., 2019) or in virtual
reality (VR) displays (Qiu et al., 2022), can reduce MS severity levels.

However, MS in vehicles can be a compound effect of sensory conflict (i.e.,
inconsistencies among visual, vestibular, and proprioceptive cues about self-motion and
orientation, Reason, 1978) and motion accumulation (Donohew & Griffin, 2004). Thus,
providing motion cues alone may not fully alleviate the MS of occupants. Hence,

previous research has also examined how display locations influence MS development
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in vehicles in human-computer interaction (HCI) studies. For example, a head-up

display (HUD) has been found to provide better road visibility and to help passengers

perceive motion information and predict future vehicle movements more effectively

than a head-down display (Diels & Bos, 2016). However, this previous study focused

on front-seat occupants and explored only a limited number of display locations.

Recently, smart cabins have adopted a wider range of display locations, especially for

rear-seat occupants, underscoring the urgent need to determine-which locations are

preferable for MS induction. Thus, it is necessary to consider the display location from

an HCI perspective, i.e., treating the displaylocation as an interface design factor that

constrains head posture and alters the availability of peripheral visual motion cues.

Specifically, head posture can alter the absolute vestibular stimulation acting on the

head, thereby contributing to MS development, while the peripheral visual motion cues

can affect passengers’ ability to anticipate upcoming vehicle motion, thereby

modulating sensory conflict during driving.

Accordingly, this study investigates how different display locations, as interface

design choices, influence MS development in smart cabins, given that the interface

location may affect MS through postural (by shaping passengers’ head posture) or

perceptual (by shaping passengers’ perception of peripheral visual motion cues)

pathways. We conducted an on-road experiment to explore how three commonly used

display locations (see Figure 1): (1) a roof display, mounted at the center of the vehicle

roof above the first row and oriented vertically to the floor, requiring a right rear
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passenger to look up towards the upper left corner (Li Auto L9; Li Auto, 2022); (2) a
backrest display, positioned at the eye level of rear-seat passengers and also vertically
aligned with the floor (Jeep Grand Wagoneer; MotorTrend, 2023); (3) an armrest
display, installed between the front seats at a 70° inclination to the floor, requiring a
right rear passenger to look down towards the lower left corner (Tesla Model S/X;
Cristovao, 2021). Hence, we formulate our first research question (RQ1): which display
location would result in less MS in the smart cabin? Further, given that many luxurious
vehicles now have a blocked cabin without external views (Lam, 2018), we have our
second research question (RQ2): how the view condition may interact with the display
location (i.e., whether we need different display locations for a blocked cabin).
2. Literature Review
2.1 Visual Motion Perception and Motion Sickness

Visual conditions play a critical role in MS development, as they determine how
vehicle-motion is perceived. A meta-analysis of experimental studies indicates that
internal-view conditions, where side and front windows are blocked, and visual self-
motion cues are removed, can lead to significantly higher MS than external-view
conditions, where passengers can observe the road environment and perceive vehicle
motion visually (Xie, He, et al., 2023). This difference is commonly attributed to the
availability of visual motion information that reduces visual-vestibular conflict. Similar
mechanisms have been used to explain the elevated MS levels observed when

passengers engage in visually demanding tasks, such as watching videos, during vehicle



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

travel (Isu et al., 2014). These findings highlight the importance of peripheral visual
motion cues in supporting accurate perception of vehicle dynamics.
2.2 Head Motion and Motion Sickness

Previous studies have consistently demonstrated that head movement and head
posture play an important role in MS development. Previous studies indicated that head
posture plays an important role in MS, with actively controlled head alignment delaying
symptom onset, whereas passively imposed alignment has the opposite effect (Golding
et al., 2003). Vehicle-based interventions, such as chassis lean and centripetal head tilt,
have similarly been shown to reduce MS- severity (Sugiura et al., 2019; Wada et al.,
2012; Wada & Yoshida, 2016). These findings suggest that head movement affects MS.

From a modeling perspective, this relationship is also ‘consistent with the six-
degree-of-freedom subjective vertical conflict (6-DoF SVC) theory, in which MS risk
is determined by the accumulation of aceeleration signals expressed in a head-fixed
coordinate system (Kamiji et al., 2007). Changes in head posture alter the orientation
of this coordinate system and, consequently, influence the predicted level of sensory
conflict and MS risk. Inspired by this framework, Xie, Yan, et al. (2023) conducted
simulation studies showing that display location can indirectly affect MS by inducing
different head postures, thereby modifying head-fixed motion dynamics.
2.3 Display Location as An Interface Design Variable

According to the sensory conflict theory, MS occurs when motion information

provided by the visual and vestibular systems is inconsistent (Reason, 1978). Thus,
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human-machine interfaces (HMIs) have been extensively investigated to alleviate MS

in vehicular settings by enhancing occupants’ perception of vehicle motion. Prior HCI

studies have shown that anticipatory visual cues, such as in-cabin LED light strips

(Karjanto et al., 2018), and auditory motion cues (Maculewicz et al., 2021) can reduce

MS by improving awareness of upcoming vehicle movements. Emerging display

technologies, including virtual reality (VR) and head-mounted displays (HMDs), have

also been investigated in vehicular contexts. For example, road-aligned virtual

environments (Cho & Kim, 2022) and earth-fixed HMD presentations (Sato et al., 2022)

have been shown to reduce MS compared with visually unstable or head-fixed HMDs.

Beyond the content of motion cues, interface design, especially the display location,

can influence MS through multiple perceptual pathways. Previous studies have reported

that the spatial placement of in-vehicle displays can significantly affect visual attention

allocation and viewing geometry during real-road driving (Hada, 1994), and that the

display placement can also alter head posture during sustained visual tasks (Rempel et

al., 2007). Such differences in visual access and head posture may, in turn, influence

motion perception and discomfort during in-vehicle interaction. As noted previously,

existing findings have largely focused on front-seat scenarios and may not generalize

directly to rear-seat occupants in smart cabins, where peripheral visual access and head

postural constraints differ substantially. As modern smart cabins increasingly integrate

diverse rear-seat display configurations, a systematic investigation of how display

location influences motion perception and MS development in these emerging
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interaction contexts is needed, especially given that seat position (front passenger
versus rear seat) can influence MS (Schmidt et al., 2020).
3. Methodology
3.1 Participants

A total of 24 participants (12 males and 12 females), recruited through online
forums and in-campus posters, participated in the experiment, with a mean age of 21.0
(min: 18, max: 31, standard deviation (SD) = 3.4). They were required to self-report
having high susceptibility to MS scores, as defined as over the 75" percentile of MS
Susceptibility Questionnaire Short-form (MSSQ-Short) score (Golding, 2006), i.e., at
least 19 out of 54 points in MSSQ-short (Lim et al., 2021). This is because individuals
with higher MSSQ scores are more likely to experience MS in vehicles, and thus, the
effect of experimental control can be more observable. Given that the experiment was
conducted in mainland China, the Chinese version of MSSQ-short was used for the
participant selection (Lin & Guo, 2022). Ultimately, the mean MSSQ score of
participants was 28.1 (min: 19.1, max: 47.0, SD = 7.0). All participants are self-reported
to be healthy and exhibit normal vestibular functions. To avoid bias in subjective
reporting, participants were not informed of the specific study hypotheses regarding
display location and MS; instead, they were simply instructed to engage in a video-
watching task while moving in a vehicle.

A priori power analysis was conducted using G*Power 3.1 (Kang, 2021). For the

primary within-subject analysis with 6 experimental conditions (3 display locations x
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2 view conditions), assuming a medium effect size (f = 0.25), a = 0.05, correlation
among repeated measures (p) = 0.5, and sphericity (¢ = 1), the required sample size to
achieve 80% power was N = 19.

3.2 Equipment
We utilized a fuel-engine Volkswagen Magotan as the instrumented vehicle (see

Figure 2a) with a 12.9-inch iPad as the in-vehicle display. The iPad. was securely

mounted using a specialized holder to prevent relative motion of the iPad to the vehicle

during the trials. We also manually checked the location of the 1Pad before each ride to
ensure consistent location and orientation across all trials. As mentioned, three locations
of the display were explored following benchmarking vehicles, specifically:

(a) The roof display (Figure 1a) simulated entertainment screens in vehicle models
such as Li L9 (Li Auto, 2022). It was vertically mounted along the symmetry
midline of the vehicle. The distance between the basement of the holder to the
headrest of the right rear seat.was approximately 95 cm.

(b) The backrest display (Figure 1b) simulated entertainment screens in vehicle
models such as the Jeep Grand Wagoneer (MotorTrend, 2023). It was vertically
mounted and aligned with the middle line of the headrests of the front passenger
seats.

(c) The armrest display (Figure Ic) simulated entertainment screens in vehicle

models such as the Tesla Model S/X (Cristovao, 2021). It was inclined at an angle
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216 Figure 1. Locations of the displays and the experiment setups: a) roof display; b)
217 backrest display; ¢) armrest display; d) blocked view.
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Figure 2. The instruments used for the study: a) Instrumented vehicle used for the on-

road data collection; b) The position of the IMU recording the vehicle dynamic

profile.

In the blocked view condition, the side windows, front view, and top view were

occluded by curtains on the side windows, a board between the first and second rows,

and a sunshade for the car sunroof, respectively (see Figure 1d). AnIM948 Inertial

Measurement Unit (IMU) was affixed to the thorizontal surface of the glove

compartment in the middle of the first row (see Figure 2b), which collected linear and

angular acceleration at a frequency of 30Hz, with accuracies of 0.01G and 0.05°/s,

respectively. Following the right-hand coordinate system as per ISO8855 (2011), the z-

axis, x-axis, and y-axis are pointed upwards, front, and right of the vehicle, respectively.

3.3 Experimental Tasks

In the experiment, participants took rides in the instrumented vehicle, consistently

driven by the same operator (the firstauthor) to ensure uniform driving behavior across

different trials. The vehicle followed a predetermined urban route on the outer ring of

the University City, Guangzhou, China, with a fixed duration of around 40 minutes (see

Figure 3). To minimize the impact of traffic flow on the results, the experiments were

conducted only during non-rush hours, i.e., on weekdays between 9:00 am and 4:00 pm.

The road features six lanes in each direction and has a design speed of 30-60 km/h. The

mean of average speeds across all trials was 32.6 km/h, with a standard deviation of 2.3

km/h.
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Figure 3. The predefined route for the ride in the University City, Guangzhou, China

During each ride, the in-vehicle display played:documentary video clips related to
food, history, culture, or military. During the rides, the sole task that was allowed other
than reporting the MS levels was this video-watching task. All the video clips were in
Chinese, the native language of the participants, thereby minimizing potential
comprehension challenges. All participants were informed that the questions related to
the video would be asked after the rides, and their bonus would be based on their
answers, to encourage the participants to concentrate on the videos. The questions were
designed to encompass the entire duration of the 40-minute videos and were non-
common knowledge so that participants could hardly answer them without watching
the videos. The video clips varied across rides for a given participant (so that they had
to focus on the videos in all rides), but the order of the videos remained consistent for
all participants, thereby canceling out the potential impact of video content on the MS
(see Figure 4) when a Latin square experiment design was used for other experimental

conditions.
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3.4 Experiment Design

A within-subject experiment design was adopted with two factors, i.e., display
location (i.e., roof display, backrest display, and armrest display) and view condition
(i.e., blocked and unblocked view), leading to six experimental conditions and hence
six rides for each participant. To mitigate habituation effects and allow participants a
sufficient recovery period if MS occurred during a ride, a minimum gap.of 3 days was
implemented between rides for each participant. To mitigate the order effects, the
experimental conditions were counterbalanced based on a Latin square design (Figure
4), leading to six orders in total. Four participants (2:'male and 2 female) were assigned
to each experiment condition. Thus, in total, we collected data from 144 rides, i.e., 6

orders by 4 participants (2 male and 2 female) per order, and 6 rides per participant.

Fl1 & F2 & M1& M2
F3 & F4 & M3 & M4

F5 & F6 & M5 & M6
F7 & F§ & M7 & M8

F9 & F10 & M9 & M10

> T MU O W
> TmooO
T

F11 & F12 &M11 & M12

Figure 4. The Latin square design of the experiment. A to E represent different
combinations of view conditions and display locations, while blocks with the same
color indicate the same video clip played during the rides. F1-F12 denote the twelve

female participants, and M1-M12 denote the twelve male participants.
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3.5 Experiment Procedures

Following the guidelines by Suwa et al. (2022), at least one day before the

experiment, all participants were instructed to:

(a) Prioritize self-care to maintain good health.

(b) Ensure sufficient sleep the night before to prevent drowsiness.

(c) Avoid alcohol intake the day before to avoid residual effects.

(d) Finish meals at least 1 hour before the experiment, maintaining a balanced state of
neither hunger nor fullness.

On the day of the experiment, upon arrival, each participant signed a consent form
informing the objectives, procedures, associated risks, and potential benefits of the
experiment. They were explicitly informed of their right" to withdraw from the
experiment at any point, particularly if they were unable to endure MS-induced nausea.
If this happened, we stopped the car at the nearest safe location, and they were allowed
to exit the vehicle. The experimental ride would then be terminated. Before the ride,
participants were provided with an explanation of a Chinese version of the Misery Scale
(MISC; Lin & Guo, 2022), which measures respondents’ level of MS (Bos et al., 2005,
see Table 1).

During the ride, as mentioned, participants were required to watch video clips on
an in-vehicle display. At the same time, a timer, emitting an auditory alert (with a
loudness of 90 dB, frequency of 1000 Hz, and duration of 1 second) at minute intervals,

prompted participants to report their MS levels orally using the MISC. To remind the
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participant of the meaning of the scale, the MISC was printed and stuck on the frame

of the screen (see Figure 1d). To maintain consistency, in all rides, the cabin

environment was controlled by setting the wind speed at level three and a temperature

ranging between 25 and 27 degrees Celsius. Further, the positioning and inclination of

the chair remained constant across all trials, and the audio narration in the video was

set to a constant level.

The experiment would stop when we reached the destination of the route (around

40 minutes), when the participants requested to stop, .or ‘when the MISC scores

exceeded 7 (i.e., “Rather Nausea”). The MISC of 7 was commonly adopted as the

stopping threshold in previous MS-related studies (Irmak etal., 2021; Suwa et al., 2022).

Following the conclusion of each ride, participants answered questions regarding the

video they watched during the ride. All participants received monetary compensation

at a rate of 60 Yuan per hour, regardless of the correctness of their answers, but they

would only receive full compensation after they finished all six rides. All participants

provided written informed consent before participating in the study. This protocol

received approval from the Human and Artefacts Research Ethics Committee of the

Hong Kong University of Science and Technology (HREP-2023-0193).
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Table 1. MISC for evaluation of MS during the rides

Symptoms MISC
No problems 0
Some discomfort, but no specific symptoms 1
Dizziness, cold/warm, headache, stomach/throat awareness, sweating, Vague 2
blurred vision, yawning, burping, tiredness, salivation, . . . but no nausea
Little 3
Rather 4
Severe 5
Nausea Little 6
Rather 7
Severe 8
Retching 9
Vomiting 10
4 Data Analysis

4.1 Quantification of Motion Stimuli
To ensure consistency in motion stimuli across experimental conditions, we compared
the MS Dose Value (MSDV) across different rides. The MSDYV serves as an objective
measure to assess MS induced by continuous motion exposure to vehicles (Donohew
& Griffin, 2004). Although conducting experiments on public roads can replicate a
natural‘driving environment, there is a concern that variations in vehicle motion and
acceleration between rides might obscure the effects of experimental factors. Therefore,
to confirm that vehicle motion remained similar across various experimental conditions,
we initially compared the MSDV across rides.

The MSDV serves as an approach to assess MS induced by vehicle motion stimuli
(ISO2631-1, 1997). The comprehensive MSDV o (Yunus et al., 2021), as defined in

Equation (1), was calculated to quantify motion stimuli in a ride.

MSDV 101 = \[MSDVxZ + MSDV,* + MSDV,* (1)
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Where MSDV ,, MSDV ,,, and MSDV , can be calculated as the weighted integral

of acceleration in different directions, as shown in Equation (2) and Equation (3).
a;,(t) = a;(t) xW; i=xY2 (2)
MSDV; = ([, (@ ()12 3)

In which, W; was the weight of the acceleration. In our study, we applied the
frequency weighting specified in ISO2631-1 (1997) to compute MSDV, in the vertical
direction and utilized the frequency weightings from Donohew and Griffin (2004) for
the calculation of MSDVy and MSDVy in the lateral and longitudinal directions. The
acceleration data required for MSDV calculations. were obtained using the IMU
attached to the vehicle's glove compartment, as shown in Figure 2b.

To check the consistency of the motion stimuli across experiments, we compared
the MSDV oa1 at four time points during each ride (i.e., 10", 20, 30, and 40" minutes)
by fitting four repeated-measures ANOVA models using linear mixed-effects modeling
(Lohse-et al., 2022). In each model, display location, view condition, and their
interaction. were treated as fixed effects. Random intercepts were included for
participants, as well as for participant-by-display and participant-by-view combinations,
to account for within-subject dependencies across repeated measurements. Linear
mixed-effects models were fitted using the /mer() function to perform repeated-
measures ANOVA, allowing both fixed effects of experimental conditions and random

effects associated with individual participants to be modeled simultaneously:
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Imer(MSDVioal ~ 1 + Display + View + Display:View + (1|Participant) +

(1|Participant:Display) + (1|Participant: View))

4.2 Influence of Experimental Conditions

We then investigated how display location and view condition can influence MS

development. It should be noted that when early discontinuation of the rides happened,

we could not predict the MISC score if they had continued the trials. Thus, we padded

the MISC value of the rest of the rides using their last reported value based on the

assumption that once participants reach a MISC score of 7 or higher, their MISC score

will not decrease under ongoing motion stimuli, which 1s a common practice in MS-

related research (Irmak et al., 2021; Kuiper et al., 2018; Kuiper et al., 2020). As a result,

it is unfair to compare the MISC scores of participants who stopped earlier and those

who finished the rides. Thus, following previous research (Kuiper et al., 2018) that

adopted the same early discontinuation strategy, and given that we were specifically

interested in factors that can lead. to MS over a threshold, we transformed the MISC

scores (ranging from 0 to 7) into binary outcomes (0 = no MS, 1 = MS) based on three

thresholds, i.e., MISC = 2, MISC = 4, and MISC = 6, corresponding to “mild”,

“moderate” and “severe” MS, respectively.

We then constructed three mixed-effects logistic regression models to investigate

the likelihood of participants who reported a MISC score of 2, 4, or 6 or higher during

a ride. Display location, view condition, time in ride, and their two-way interactions

were specified as fixed effects. To account for individual differences in baseline
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susceptibility and temporal trends, random intercepts and random slopes of time were

included for each participant. Mixed-effects logistic regression models were fitted using

the g/mer() function, which extends linear mixed-effects modeling to binary outcomes:

glmer (MS ~ Display + View + Time + Display:View + Time:View

+Time:Display + (1 + time|Participant))

Furthermore, in this model, the time in a ride was a continuous variable, ranging

from 1 minute to 40 minutes with a step of 1 minute; while the Display (i.e., display

location: roof versus backrest versus armrest display) and View (i.e., view condition:

blocked versus unblocked) were categorical variables.

In our study, we utilized the "Ime4" package (Bates, 2010) and “glmmTMB”

(Bolker, 2019) in R for regression model analyses, including analysis of variance

(ANOVA using linear mixed effect model)and mixed-effects logistic regression models.

The "emmeans" package in R was used for pairwise comparison (Lenth, 2022) of

significant (p < .05) main or interaction effects, with the "Bonferroni” method used for

p-value correction.

5. Results

5.1 Performance on Video-Watching Tasks

To ensure the participants’ level of engagement in the video-watching tasks did not

bias the results, we analyzed the correctness of their answers to the video-related

questionnaires (see Table 2). The ANOVA results indicate that there were no significant

differences across different experimental conditions (p > .05).
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Table 2. Accuracy of participant responses to video-related questionnaires

Roof display Backrest display Armrest display
Unblocked view Correctness: 79.0% Correctness: 88.5% Correctness: 79.2%
SD: 21.3% SD: 19.5% SD: 23.4%
Blocked view Correctness: 82.6% Correctness: 83.3% Correctness: 81.3%
SD: 19.7% SD: 20.4% SD: 18.4%

5.2 Early Discontinuation of Rides

In total, 5 out of 24 participants discontinued at least one ride. In total, 11 out of
144 rides have been discontinued either by the participants (even if the MISC < 7) or
by the experimenter due to a high MISC score (i.e., >7). /Specifically, one participant
discontinued multiple rides under the blocked=view condition: at the 36™ minute with
the roof display (MISC = 7), at the 24" minute with the armrest display (MISC = 7),
and at the 25" minute with the backrest display (MISC = 8). The same participant also
terminated a ride under the unblocked-view condition with the armrest display at the
29" minute (MISC = 8). Another participant stopped rides at several points: under the
blocked-view condition with the roof display (36" minute, MISC = 8), under the
unblocked-=view condition with the roof display (30" minute, MISC = 8), with the
backrest display (35" minute, MISC = 8), and with the armrest display (32nd minute,
MISC = 8). Additienally, one participant terminated the ride under the blocked-view
condition with the roof display at the 37" minute (MISC = 7). Finally, two participants
discontinued rides in the blocked-view condition with the backrest display at the 36th
and 38" minutes, both with MISC scores of 8. Figure 5 further visualizes the early

discontinuation rate across different experimental conditions.
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414 Figure 5. Early discontinuation rate over time across experimental conditions.

415 5.3 Motion Stimuli

416 As shown in Figure 6, the ANOVA test revealed that the experimental conditions
417  had no significant (p>.05) effects on the vehicle motion (i.e., MSDVot1) from the start
418  of the ride (at minute 0) to the 10" minute; 20" minute; 30" minute, and 40" minute,
419  indicating the homogeneity of the vehicle motion across all experimental conditions.
420  Further details regarding the angular velocity (Figure A.2), linear acceleration (Figure
421  A.3), average speeds of the drives (Figure A.4), and aggressive driving behaviors
422  (Figure A.5) m different experimental conditions are reported in the Appendix.

423
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Figure 6. Boxplots of MSDViota1 across experimental conditions over time. In this
figure and the following figures, the boxplot represents the minimum, 1 quartile,

median, 3™ quartile, and maximum:

5.4 Subjective Motion Sickness

The average MISC of all trials across different experimental conditions is shown

in Figure 7.

Mean of MISC over Time

w

Experimental Setting
~+ armrest x blocked

~ armrest x unblocked

= backrest x blocked

=+ backrest x unblocked
== roof x blocked

== roof x unblocked

Mean of MISC
N

0 5 10 15 20 25 30 35 40
Time (min)

Figure 7. Mean MISC scores across different experimental conditions, including all

trials. The values after discontinuation were marked as missing.
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Figure 8 shows the number of participants who met a specified threshold for illness
rating at the time of measurement. Figure A.1 further illustrates the fluctuation in MISC
scores for each participant throughout the ride under each experimental condition. The
results of the three mixed-effects logistic regression models with MISC thresholds of 2
(Model 1), 4 (Model 2), and 6 (Model 3) are summarized in Table 3. As mentioned,
these models investigated how display location, view condition, time, and their two-
way interactions can influence the likelihood of participants experiencing MS, with the
MISC score being equal to or over a threshold.

Table 3. Model results of M1, M2;and M3 models

Parameters X2 DF p-value
MI1: Likelihood  time 72.92 1 <.0001%**
(MISC =2)  View 3.95 1 047*
Display 20.21 2 <.0001%**
View*Display 6.99 2 .03*
time*View 9.09 1 .003%*
time*Display 11.76 2 .003**
M2: Likelihood  time 27.22 1 <.0001%**
(MISC=4)  View 1.50 1 2
Display 597 2 .051
View*Display 16.98 2 .0002%%*
time*View 0.60 1 4
time*Display 9.47 2 .009**
M3: Likelihood™  time 6.51 1 01*
(MISC = 6)" " View 2.67 1 1
Display 22.48 2 <.0001%**
View*Display 14.74 2 .0006%**
time*View 21.54 1 <.0001%**
time*Display 22.01 2 <.0001%**

Note: In this table and the following tables, *: p <.05, **: p <.01, ***: p <.001
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454  5.4.1 M1 Model with MISC Threshold of 2

455 For M1, three significant interaction effects were observed, i.e., between view
456  condition and time, between display location and time, and between display location
457  and view condition. Specifically, the time effect was significantly greater in the blocked
458  view condition than in the unblocked view condition, with an odds ratio (OR) of 1.03,
459  95% confidence interval (95% CI): [1.01, 1.05], x2(1) = 9.09, p <.0.003 (see Figure
460  9a). In other words, with each additional minute, the odds of experiencing mild or
461  higher MS (MISC = 2) increased approximately 3% faster in the blocked wview
462  condition as compared to in the unblocked view condition. At the same time, for the
463 interaction between display location and time, the roof display was associated with a 3%
464  slower increase (OR =0.97,95% CI[0.94, 0.99], %3(1) =8.08, p =.012) in the likelihood
465  of participants experiencing slight or higher MS (MISC = 2) compared to the backrest
466  display for each additional minute (see Figure 9b). Similarly, the roof display showed
467  a 3% slower increase (OR = 0.97,95% CI [0.94, 0.99], ¥*(1) = 9.26, p = .007) than the

468  armrest display.
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Figure 9. Interaction effects and estimated marginal means (EMMs) in the M1 model:
(a) interaction between time and view; (b) interaction between time and display; (c)

interaction between view and display.

As shown in Figure 9c, a significant interaction was observed between display
location and view condition. Under the blocked view condition, participants
experienced a lower likelithood of mild or higher MS (MISC = 2) with the roof display
compared to both the backrest display (OR=0.19, 95% CI[0.12, 0.30], x2(1) = 106.56,
p <.0001) and the armrest display (OR = 0.39, 95% CI [0.25, 0.60], ¢*(1) = 38.05, p
<.000T1). In addition, the backrest display was associated with a higher likelihood of
MS than the armrest display (OR =2.08, 95% CI[1.30, 3.33], ¥*(1) = 19.89, p =.0001).
Similarly, under the unblocked view condition, the roof display again was associated
with a lower likelihood of MS than both the backrest display (OR =0.27, 95% CI [0.18,
0.42], ¥*(1)=74.79, p <.0001) and the armrest display (OR =0.32, 95% CI [0.21, 0.49],
v*(1) = 58.18, p <.0001). When comparing view conditions for the same display, the

blocked view condition was associated with a higher likelihood of MS than the



485  unblocked view condition for both the roof display (OR = 2.78, 95% CI [1.82, 4.26],
486  x*(1)=46.69,p <.0001) and the backrest display (OR =4.04, 95% CI [2.55, 6.39], ¥*(1)
487 =75.20,p <.0001).

488  5.4.2 M2 Model with MISC Threshold of 4

489  For M2, two interaction effects were observed, i.e., between display location and view
490  condition, and between display location and time. Specifically, as shown in Figure 10a,
491  asignificant interaction was found between display location and view condition. Under
492  the blocked view condition, the roof display was associated with a markedly lower
493  likelihood of experiencing moderate or higher MS (MISC = 4) compared with both
494 the backrest display (OR =0.23, 95% CI[0.14, 0.37], ¥*(1) = 84.21, p <.0001) and the
495  armrest display (OR =0.36, 95% CI[0.23, 0.58], %3(1) =39.74, p <.0001). The backrest
496  display also showed a higher likelihood of MS than the armrest display (OR = 1.58, 95%
497  CI[1.03, 2.44], v*(1) = 9.72, p = .027). Under the unblocked view condition, the roof
498  display was again associated with a lower likelihood of MS than the backrest display
499  (OR =10.57, 95% CI 0.34, 0.96], v*(1) = 9.96, p = .024). When comparing view
500  conditions within the same display, the blocked view condition was associated with a
501  higher likelihood of MS than the unblocked view condition for all display locations,
502  including the roof display (OR = 1.65, 95% CI [1.01, 2.71], ¥*(1) = 8.43, p = .04), the
503  backrest display (OR = 4.11, 95% CI [2.57, 6.57], y*(1) = 78.03, p < .0001) and the

504  armrest display (OR = 3.26, 95% CI [2.03, 5.25], %2(1) = 53.57, p <.0001).
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Figure 10. The interaction effects in the M2 model: a) between view condition and

display location; b) between time and display location.

Further, As shown in Figure 10b, for the interaction between time and the display
location, the roof display was associated with a slightly slower increase in the likelihood
of experiencing moderate or higher MS (MISC = 4) compared with the backrest
display (OR = 0.97, 95% CI [0.94, 0.99], ¥*(1) = 9.43, p = .006) for each additional
minute.

5.4.3 M3 Model with MISC Threshold of 6

For M3, three interaction effects were observed, i.e., between display location and
view condition; between display location and time, and between view condition and
time. Specifically, for the interaction between view condition and time, the time effect
was significantly greater in the blocked view condition than in the unblocked view
condition, with an OR of 1.11, 95% confidence interval (95% CI): [1.06, 1.16], x2(1)
=21.54, p <0.0001 (see Figure 11a).

At the same time, as shown in Figure 11b, a significant effect of display location

on the time trend was observed. Specifically, the roof display was associated with a



521  slightly slower increase in the likelihood of experiencing severe or higher MS (MISC
522 = 6) compared with the armrest display (OR =0.93, 95% CI [0.87, 0.99], x3(1) = 6.40,
523 p =.031) for each additional minute. In addition, the backrest display also showed a
524  slower increase in the likelihood of MS compared with the armrest display (OR = 0.89,

525 95% CI[0.84, 0.94], y(1) = 21.96, p < .001).
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526 Figure 11. The interaction effects in the M3 model: a) between view condition and
527 time; b) between display location and time; ¢) between view condition and display

528 location.



529 Further, as shown in Figure 11c¢, for the interaction between display location and
530  view condition, under the blocked view condition, the roof display was associated with
531  a substantially lower likelihood of experiencing severe or higher MS (MISC = 6)
532 compared with the backrest display (OR = 0.18, 95% CI [0.09, 0.38], x2(1) =23.42, p
533  <.0001). In the same view condition, the backrest display was also associated with a
534 higher likelihood of MS than the armrest display (OR =2.58, 95% C1[1.09, 6.10], ¥*(1)
535 =9.07, p = .031). At the same time, under the unblocked view condition, the roof
536  display was associated with a lower likelihood of MS compared with both the backrest
537  display (OR =0.31, 95% CI[0.12, 0.83],9*(1) = 8.52, p = .04) and the armrest display
538 (OR =0.18, 95% CI [0.07, 0.44], x*(1) =.16.86, p = .0001). When comparing view
539  conditions for the same display, the blocked view was associated with a higher
540  likelihood of MS than the unblocked view for both the backrest display (OR =4.29, 95%
541  CI[2.38, 7.73], ¥¥(1) = 23.75, p < .001) and the armrest display (OR = 5.43, 95% CI
542 [1.71, 17.23];¢%(1) = 13.16, p= .004).

543 6. Discussion

544 In this study, we reveal how a seemingly simple design choice, i.e., the display
545  position in the cabin, can affect passengers’ MS in smart cabins by shaping perceptual
546  and head postural constraints. Specifically, the display location, as an interface design
547  variable, can shape both peripheral visual access and head posture, which in turn may
548  modulate sensory conflict and influence the development of MS.

549
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6.1 Key Findings

In response to RQ1, the results of all three models consistently indicated that the

roof display may be more preferred for mitigating MS under both viewing conditions,

than the backrest and arrest display. This conclusion is supported by the significant

interaction effect between display location and view condition observed across the three

models. Specifically, under the unblocked-view condition, the .roof display

outperformed the backrest and armrest displays in all three models:.1) in the M1 model

(MISC = 2; see Figure 9c), it was associated with a lower MS level than both the

backrest display and the armrest display; 2)-in the M2 model (MISC = 4; see Figure

10a), it again outperformed the backrest display, and 3) in the M3 model (MISC = 6;

see Figure 11c¢), it was associated with a lower MS level than both the backrest and

armrest displays.

Similarly, under the' blocked-view. condition, the roof display consistently

outperformed the other locations: 1) in the M1 model (MISC = 2; see Figure 9c), it

was associated with a lower MS than both the backrest and armrest displays; 2) in the

M2 model (MISC = 4; see Figure 10a), it was associated with a lower MS than both

the backrest and armrest displays; and 3) in the M3 model (MISC = 6; see Figure 11¢),

it was again associated with a lower MS than the backrest display.

Furthermore, the significant interaction between display position and time further

suggests an advantage of the roof display. In the M1 model, MS increased more slowly

with the roof display than with the backrest and armrest displays. Consistent patterns
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were observed in the M2 and M3 models, in which the roof display again exhibited a

slower rate of MS increase than the backrest and armrest displays, respectively. Taken

together, these results indicate that the roof display was consistently associated with a

slower MS development than both the backrest and armrest displays in our experiment,

regardless of external-view availability.

To address RQ2, we further examined the interaction effects between display

location and view condition. As expected, the availability of the external view was

associated with the temporal development of MS. Specifically, the unblocked-view

condition was associated with a slower inerease in MS, as evidenced by the significant

interaction between view condition and time in both the M1 (Figure 9a) and M3 (Figure

11a) models. Furthermore, across models, the unblocked condition was generally

associated with a lower MS level than the blocked condition for the roof display in the

M1 and M2 models, for the backrest display in all three models (M1-M3), and for the

armrest-display in the M1 and M2 models. This finding is consistent with previous

research (Xie, He, et al., 2023) and theoretically reasonable: when passengers have

access to an external view, they can better perceive road motion, remain aware of the

vehicle’s current dynamics, and anticipate upcoming movements (Rolnick & Lubow,

1991)—all of which help mitigate sensory conflict and reduce MS.

Finally, it should be noted that the benefit of the unblocked view was most consistent

for the backrest display, whereas it was only partially effective for the roof and armrest

displays. This pattern is understandable: the armrest display inherently restricts
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passengers’ ability to perceive the outside environment, forcing them to maintain a

downward head posture even when the external view is available. In contrast, the

backrest display allows passengers to maintain a more natural, forward-facing posture,

thereby facilitating the integration of visual motion cues under the unblocked condition.

The absence of a significant difference for the roof display and armrest display in the

M3 model (MISC = 6) may be attributed to the limited number of participants who

reached severe motion sickness levels under the blocked-view condition, reducing the

statistical power to detect an effect.

6.2 Mechanisms behind Findings: Visual Motion Perception and Head Posture

The observed advantages of the roof display may be interpreted through two

complementary interaction mechanisms: peripheral visual motion perception and head

posture-related motion dynamics. First, display location determines the extent to which

passengers can access peripheral visual motion cues from the external environment

while interacting with in-vehicle systems. When the external view was available, the

roof display allowed passengers to maintain a more forward-facing visual orientation,

thereby facilitating better integration of road-motion information and more accurate

anticipation of vehicle dynamics. This interpretation is consistent with the significant

interaction effects between display location and view condition observed across models.

Second, display placement implicitly constrains head posture, which in turn

influences head-fixed motion dynamics relevant to vestibular conflict. Compared with

the backrest and armrest displays, the roof display encouraged a more upright and
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forward-facing head orientation, whereas the armrest display required a sustained
downward gaze. Such differences in head posture may alter the motion stimuli to which
the head is exposed, thereby modulating sensory conflict. The continued advantage of
the roof display under blocked-view conditions supports this interpretation, suggesting
that factors beyond visual accessibility, specifically head posture and head-motion
patterns, contribute to MS mitigation. Such a pathway indicates that, in contrast to
previous research, which claims that differences in motion sickness across display
positions can be fully explained by the availability of a road view (Kuiper et al., 2018),
factors beyond visual accessibility, such-as head posture and the resulting motion
dynamics, may contribute to the observed differences across display locations in terms
of MS development.

In addition to the proposed pathways; alternative explanatory mechanisms should
be considered. Differences in attention allocation, cognitive workload, and motion
expectation may also influence MS. In the present study, the video-watching task was
the only entertainment task allowed, and task accuracy did not differ significantly
across conditions, suggesting that task-induced cognitive load and engagement were
broadly comparable. In addition, video clips and display—view combinations were
counterbalanced using a Latin square design, which helps minimize systematic order or
content-related confounds. However, these controls cannot fully rule out more subtle
differences in gaze distribution or expectancy across display locations. Display

placement may influence how attention is divided between the display and the
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environment, which in turn may shape motion anticipation and symptom development.

Future studies incorporating direct measurements of gaze behavior, pupil-based

workload, or subjective workload ratings would help disentangle these complementary

pathways.

6.4 Implications for In-Vehicle Interaction Design

From an HCI perspective, these findings highlight display location as a critical

interface design variable, as placement can simultaneously shape users’ access to

peripheral visual motion cues and head posture constraints during NDRTs on the display.

Thus, the results suggest that rear-seat interface designs may benefit from display

configurations that preserve peripheral awareness of vehicle motion and minimize

unfavorable head postures from an MS mitigation perspective. In particular, roof-

mounted displays may represent a promising design option for rear-seat smart cabins,

as they support both visual motion perception and ergonomically favorable head

orientations, though this conclusion should be interpreted within the boundaries of the

present sample and setting, given that participants in our study were young adults with

high motion-sickness susceptibility, tested in a single vehicle type, on one urban route,

and in a fixed right-rear seating position.

6.5 Comparison with Prior Work

Previous research has demonstrated that display placement can influence MS,

particularly when comparing head-up and head-down displays in driver-centered or

front-seat contexts (Bos & Bles, 1998; Kuiper et al., 2018). These studies largely
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attribute MS differences to variations in visual access to the road environment. Our

findings extend this line of research in two important ways. First, we found that the

display location effects may persist in rear-seat contexts when passengers engage in

sustained visual NDRTs on the display. Further, we found that the display location may

continue to matter even when the external view is fully blocked, suggesting that head

posture-related mechanisms play an additional role beyond visual accessibility alone.

This interpretation is consistent with prior modeling and simulation work, which

proposed that head-fixed motion dynamics contribute to MS development (Xie, Yan, et

al., 2023); our current study appears to support this mechanism by providing empirical

evidence on the road.

6.6. Integrated Limitations

There are several limitations of our.work. First, although we adopted a within-

subject design to eliminate the individual differences, only 24 participants took part in

the study, and they were required.to have a high susceptibility to MS. Given that MS

inducers may have different effects on individuals with different levels of MSSQ

(Hainich et al., 2021; Li et al., 2023), the readers should be cautious when applying our

conclusions to a larger population.

Further, to capture the progressive nature of MS, we employed multiple mixed-

effects and logistic regression models at different MISC thresholds (=2, =4, =6),

each representing a distinct level of symptom severity. These analyses were intended to

identify potential patterns and threshold-specific effects rather than to draw
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confirmatory conclusions. In particular, we adopted a forward-filling strategy to address

early ride discontinuation, which may overestimate late-stage symptom severity by

treating all post-discontinuation time points as equally severe and by failing to capture

potential habituation or recovery effects. Moreover, relatively few participants reached

severe MS levels. Consequently, estimates from the M3 model (MISC > 6) are based

on a small number of severe cases and should be interpreted with caution. Accordingly,

the present study provides exploratory insights into how display location and view

condition jointly influence the onset and progression of MS.

Additionally, in our experiment, all-participants sat in the rear seat, and the

experiment was conducted on selected urban roads that are mostly flat and feature

smooth curves. Therefore, our conclusions may not be generalizable to front-seat

passengers, given differences in vehicle. vibration (Rikaz et al., 2019) and viewing

conditions (Salter et al., 2019) across seats, and may not be generalizable to all typical

road environments.

Next, a key limitation of the present study is the confounding of multiple interface

design dimensions within each display location. The three display configurations

differed simultaneously in vertical position, viewing angle, viewing distance, and

screen orientation. Consequently, the current experimental design does not permit

isolation of the independent contribution of individual design parameters (e.g., height,

inclination, or viewing distance) to MS outcomes. Further, although the video clips and

display—view combinations were counterbalanced using a Latin square design, which
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should have helped minimize systematic order or content-related confounds, these

controls may still not fully rule out more subtle differences in gaze distribution or

expectancy across display locations.

7. Conclusions

In this study, we conducted an on-road experiment to compare the effects of display

locations on MS and to examine why these locations matter. We found:

First, the external-view condition was associated with a lower MS level than the

view-blocked condition, consistent with prior studies indicating. that visual

access to the road reduces sensory conflict and improves ride comfort (Xie, He,

et al., 2023).

Second, when passengers had full access to the external road view, the roof

display was associated with the dlowest MS levels, suggesting it may be a

promising location  for reducing. MS. Inspired by previous studies that

highlighted the role of motion cues in mitigating MS (Bohrmann et al., 2022),

we argued that this may be because the roof display allowed passengers to

maintain road visibility and situational awareness better, thereby enabling more

accurate anticipation of upcoming vehicle motion.

Third, even when the external view was fully blocked, the roof display tended

to be more effective than other display locations in reducing MS. Again,

inspired by previous simulation studies (Xie, Yan, et al., 2023), we assume that
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this advantage may be attributed to the head posture and head-motion patterns

induced by the roof display, which appeared to reduce sensory conflict.

Taken together, these findings contribute to an interaction-aware perspective on in-

vehicle interface design. We suggest that effective MS mitigation cannot rely solely on

the content or modality of motion cues (e.g., Hainich et al., 2021), but should also

consider how interface placement constrains visual access and head posture during

interaction. From a design standpoint, display configurations that preserve peripheral

awareness of vehicle motion and support ergonomically favorable head orientations,

such as roof-mounted displays, may offer a promising direction for rear-seat smart

cabin interfaces. More broadly, this work suggests a design paradigm in which motion

perception, head posture, and interaction can be thoroughly considered to improve in-

vehicle user experience.

However, it should be noted that the present findings should be interpreted within

the scope of the current experimental context. The study was conducted with a young,

motion-susceptible sample who sat at a fixed right-rear seating position, on a single

urban driving route. Accordingly, the results are most directly applicable to comparable

rear-seat interaction scenarios, particularly video-watching tasks involving fixed

display positions in similar smart-cabin environments.

While the observed patterns provide initial empirical support for the role of display

placement in shaping motion perception and MS development, further research across

broader populations, vehicle types, and interaction contexts is needed to assess the



738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

generalizability of findings with different road profiles (e.g., on steep roads, windy

roads, and long straight highways). Future research can also adopt factorial or

parametric designs that independently manipulate display height, inclination, and

viewing distance to disentangle their individual and interactive contributions to MS.

Further analytical approaches can also be considered, such as survival-based models

(Ohno-Machado, 2001) and joint modeling of symptom progression and dropout

(Saulnier et al., 2022) to handle early ride discontinuation, though the forward-filling

strategy we adopted has provided a preliminary estimation of the display location

effects.
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930  Appendix
931 Figure A.1 illustrates the progression of MISC scores over time for each participant

932 under all experimental conditions.

0 - T PR S — 277 4 Yy - /7 —
P10 P11 P12
10 1
ol
6
1 g s =
L 24 =\ ; < — = —
g2l R e - -
3
o P13 P14 P15
D 10
s 5
6l
44 —
21 U
oA £ Vauilin ¥ LY.V AR,V «. N I\
P16 P17 P18
101
ol
6
41 = - ——_Y
B /_/ﬁp&ﬂmb >
o e =
P19 P20 P21
104
o
6
41 22 Rani e} Y 4
2+ w 77 Y A
04 2 N =
P22 P23 P24
10 1
s
b
44 . - h_n_ g
2 v 1
0 — — d -
(o] 10 20 30 40 O 10 20 30 40 O 10 20 30 40
Time (min)
View — blocked — unblocked
933 Display — armrest — backrest = roof
934 Figure A.1. Progression of MISC scores over time for each participant
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The time-series plots of average angular velocity across experimental conditions

are shown in Figure A.2.

Figure A.2. Time-series plots of average roll, yaw, and pitch by experimental
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experimental condition are presented in Figure A.3.
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The boxplot of mean journey speed for each experimental condition is presented

in Figure A.4. Further ANOVA analyses revealed no significant differences in mean

speed across view conditions and display locations (p > .05).
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Figure A. 4 Distribution of mean acceleration across experimental conditions.

In addition, to evaluate potential differences in driving aggressiveness, we
quantified the occurrence of rapid acceleration and deceleration events using predefined
longitudinal and lateral'acceleration thresholds. Specifically, the thresholds for absolute
longitudinal and lateral acceleration were set at 1.89 m/s* and 1.65 m/s?, respectively,
based on passenger discomfort thresholds reported in previous studies'. For each

journey and experimental condition, the number of data points exceeding these

! De Winkel, K. N., Irmak, T., Happee, R., & Shyrokau, B. (2023). Standards for passenger comfort in automated

vehicles: Acceleration and jerk. Applied Ergonomics, 106, 103881.



958  thresholds was visualized in Figure A.S5. Further negative binomial regression test
959  revealed no significant differences across experimental conditions in the number of

960  aggressive acceleration and deceleration events.
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962  Figure A. 5 Distribution of data points exceeding acceleration thresholds per journey
963  across conditions (AR:armrest; BR: backrest; RF: roof; Blk: blocked; Unblk:

964  unblocked)

965
966
967
968
969

970



971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

Weiyin Xie received a BSc and MSc from the University of Duisburg-Essen, and a PhD
from the Hong Kong University of Science and Technology (Guangzhou). He is
currently a Lecturer at the Guangzhou Maritime University.

Zhenyu Wang is a PhD student at the Hong Kong University of Science and
Technology (Guangzhou), focusing on human factors, thermal comfort, and driving
safety. He received a BS from the University of Jinan and an MS from Sun Yat-sen
University.

Yulu Jiang received an MS in Applied Psychology from South China Normal
University. She is currently an office leader at Guangdong University of Technology
and an EdD candidate at Beijing Normal University, focusing on psychological health
education, sleep, and perception.

Chunxi Huang received a BS from Zhejiang University, an MS from KAIST, and a
PhD from the Hong Kong University of Science and Technology. He is currently an
Assistant Professor at the School of Design, Hunan University.

Jiyao Wang received a PhD from the Hong Kong University of Science and
Technology (Guangzhou). He is now a postdoctoral researcher at McGill University.
Dengbo He received an M.S. degree from Shanghai Jiao Tong University in 2016 and
a PhD degree from the University of Toronto in 2020. He is currently an assistant
professor at the Thrust of Intelligent Transportation, the Hong Kong University of

Science and Technology (Guangzhou).



