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ABSTRACT 1 
Electric vehicles (EVs) are a promising alternative to fuel vehicles (FVs), given some unique 2 
characteristics of EVs, for example, the low air pollution and maintenance cost. However, the increasing 3 
prevalence of EVs is accompanied by widespread complaints regarding the high likelihood of motion 4 
sickness (MS) induction, especially when compared to FVs, which has become of the major obstacles to 5 
the acceptance and popularity of EVs. Despite the prevalence of such complaints online and among EV 6 
users, the association between vehicle type (i.e., EV versus FV) and MS prevalence and severity has not 7 
been quantified. Thus, this study aims to investigate the existence of EV-induced MS and explore the 8 
potential factors leading to it. A survey study was conducted to collect passengers' MS experience in EVs 9 
and FVs in the past one year. In total, 639 valid responses were collected from mainland China. The 10 
results show that FVs were associated with a higher frequency of MS, while EVs were found to induce 11 
more severe MS symptoms. Further, we found that passengers’ MS severity was associated with 12 
individual differences (i.e., Age, gender, sleep habits, susceptibility to motion-induced MS), in-vehicle 13 
activities (i.e., chatting with others and watching in-vehicle displays), and road conditions (i.e., 14 
congestion and slope), while the MS frequency was associated with the vehicle ownership and riding 15 
frequency. The results from this study can guide the directions of future empirical studies that aim to 16 
quantify the inducers of MS in EVs and FVs, as well as the optimization of EVs to reduce MS. 17 
 18 
Keywords: Motion Sickness, Electric Vehicles, Fuel Vehicles  19 
  20 
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INTRODUCTION 1 
The electric vehicle (EV) driven by the electric motor is one of the most promising alternatives to fuel 2 
vehicle (FV) driven by internal combustion engines. By 2035, the share of EVs in the Chinese automobile 3 
market is expected to reach 50% (1). EVs offer several advantages over traditional FVs, such as faster 4 
dynamic responses (2) of the power system and lower carbon emissions (2). However, users or potential 5 
users still have concerns over EVs, and motion sickness (MS) is one of them. 6 

MS is a physical discomfort that is caused by the passive movement of the human body. It is 7 
characterized by symptoms such as nausea, dizziness, and vomiting (3). The MS has attracted attention 8 
from various fields, including aviation (4), rail transit (5), virtual reality (6), and vehicular control (7). 9 
Although research on MS in vehicles has been ongoing for decades, the deployment of new innovative 10 
technologies, such as autonomous driving (8), new human-machine interface designs (9), and 11 
electrification of vehicle power systems (10), may introduce new sources of MS in vehicles, which could 12 
hinder the widespread and acceptance of these new technologies. For example, a study on hybrid electric 13 
vehicle acceptance suggests that passenger comfort is a crucial factor influencing public acceptance (11), 14 
and MS induction can negatively impact the comfort of vehicles. 15 

Understanding the causes of MS serves as the foundation to remove MS inducers. Several 16 
theories have been proposed to explain the causes of MS. For example, the theory of sensory conflict 17 
suggests that MS is induced by a mismatch between vestibular signals, visual signals, and somatosensory 18 
motion cues (12). When an occupant looks at an in-vehicle display, they may visually perceive 19 
themselves as in a static environment; while the vestibular signal and somatosensory motion perceived by 20 
their body suggest that they are in a moving environment. This conflict in perceived motion states can 21 
explain why vehicle-dynamics-related factors, such as the stop-and-go scenario caused by traffic jams 22 
(13), curvy roads (13), and slalom driving (14) can lead to more severe MS. Again, based on the theory of 23 
sensory conflict, previous research also suggests that the capability to anticipate future motion of vehicles 24 
can be associated with MS (15), given that knowing the future dynamics of a vehicle can reduce the 25 
perceived sensory conflict between the visual and vestibular channels. This could explain the higher 26 
incidence of MS in passengers than in drivers (16). At the same time, MS can also be induced by 27 
vibration alone. For example, previous research found that low frequency of vertical oscillation, low 28 
frequency of fore-and-aft oscillation, low frequency of lateral oscillation, and high lateral acceleration all 29 
may lead to MS in vehicles (7). 30 

The characteristics of the EV are closely associated with the above-mentioned inducers of MS. 31 
On one hand, because of the fast dynamic response of the electrified drive system and the introduction of 32 
the energy regenerative system, EVs are usually associated with higher acceleration and unexpected 33 
deceleration. At the same time, the auditory cues from the internal combustion engine could be used to 34 
anticipate the acceleration of FVs, but they no longer exist in EVs as the electric motor can respond 35 
almost immediately to pedal movement. Thus, the EVs may lead to more severe MS compared to FVs, 36 
given the above-mentioned differences between the FVs and EVs. However, although there are numerous 37 
online complaints about EVs causing more MS than traditional FVs (17), no research has been conducted 38 
to verify whether this is the case or it is just another example of survivor bias (18), i.e., the majority of 39 
users who never experienced MS may tend to keep quiet. Without verifying the motion sickness severity 40 
in EVs, further endeavous to reduce motion sickness in EVs can be questionable.  41 

To address this research gap, a survey study was conducted in mainland China, which is the 42 
largest EV market in the world (19). Given that MS is more prevalent among passengers (16), the survey 43 
targeted the population who took rides in both EVs and/or FVs as passengers in the past one year. Several 44 
scenario-related factors and demographic-related factors that may be associated with MS have also been 45 
investigated and the self-reported prevalence and the highest level of severity were used to evaluate the 46 
MS among passengers. 47 
 48 
  49 
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METHODS 1 
Questionnaire design 2 
The questionnaire designed for data collection includes three parts: (1) Individual information; (2) MS 3 
susceptibility; (3) Experience of MS in EVs and FVs, which assessed respondents’ frequency of 4 
experiencing MS in the past one year and the severity and scenario-related factors associated with their 5 
most recent experience of MS within the past one year. The questionnaire design is illustrated in Table 1 6 
and Table 2. 7 

 8 
Individual information 9 
As shown in Table 1, the respondents' individual information was collected to account for individual 10 
differences in experiencing MS. The basic demographic information was collected, including age, gender, 11 
workout routine, sleep pattern, smoking, and drinking habits. In addition, respondents’ susceptibility to 12 
motion-induced MS was assessed using MSSQ-short (20). In the end, the ownership of EVs and FVs was 13 
also inquired. The citations after each variable provide related research that suggests the relationship 14 
between MS and these variables.  15 

 16 
Table 1: Individual-Related Questions and Extracted Variables. 17 

Question Variables Type Responses and Distribution 
Q1: What’s your age? Age (21) Continuous - Mean: 28.5 (SD: 6.7, min: 17, max: 65) 
Q2: What’s your gender? Gender 

(22) 
Nominal - Male (n=368, 55.1%) 

- Female (n=295, 44.2%) 
Q3: How many hours per week have 
you exercised (including running, 
swimming, gym, etc.) in the past six 
months? 

Sport (23) Ordinal - Rare (n=64, 9.6%) 
- Less than half hours (n=117, 17.6%) 
- Half to one hour (n=159, 23.9%) 
- One to two hours (n=122, 18.4%) 
- Over two hours (n=201, 30.3%) 

Q4: How many hours do you usually 
sleep per day in the past six months? 

Sleep (24) Ordinal - Less than four hours (n=9, 1.3%) 
- Four hours to six hours (n=68, 10.2%) 
- Six hours to eight hours (n=509, 76.7%) 
- Over eight hours (n=77, 11.6%) 

Q5: How many times per week on 
average have you consumed alcohol 
in the past six months? 

Alcohol 
(25) 

Ordinal - Rare (n=392, 59.1%) 
- Less than one time (n=163, 24.5%) 
- Two to four times (n=98, 14.7%) 
- Over five times (n=10, 1.5%) 

Q6: How many cigarettes do you 
smoke per week? 

Smoke 
(26) 

Ordinal - Never (n=513, 77.3%) 
- Less than five (n=34, 5.1%) 
- Five to ten (n=41, 6.1%) 
- Ten to twenty (n=26, 3.9%) 
- Over twenty (n=49, 7.3%) 

Q7: Question sets from MSSQ 
questionnaire 

MSSQ 
(20) 

Continuous - Mean: 19.64 (SD: 12.6, min: 0.0, max: 
54.0) 

Q8: Do you or your family own an 
EV 

EV 
ownership 

Nominal - Yes (215, 33.6%) 
- No (424, 66.3%) 

Q9: Do you or your family own an 
FV 

FV 
ownership 

Nominal - Yes (308, 48.2%) 
- No (331, 51.7%) 

 18 



Table 2: MS-Related Questions and Extracted Variables. 1 

Question Variables  Type 
Distribution 
MS in EVs MS in FVs 

Q10: In the past one year, 
how often have you (as a 
passenger) taken a ride in 
an EV/FV? 

Riding frequency 
(15) 

Ordinal - Almost every day (n=49, 7.6%) 
- A few times a week (n=255, 39.9%) 
- A few times a month (n=241, 37.7%) 
- A few times a year (n=76, 11.8%) 
- Never (n=18, 2.8%) 

- Almost every day (n=62, 9.7%) 
- A few times a week (n=237, 37.0%) 
- A few times a month (n=250, 39.1%) 
- A few times a year (n=75, 11.7%) 
- Never (n=15, 2.3%) 

Q11: In the past one year, 
in an EV/FV, how often 
have you experienced MS 
(as a passenger)? 

MS frequency Ordinal - Always (n=41, 6.4%) 
- Frequent (n=77, 12.0%) 
- Occasional (n=282, 44.1%) 
- Never (n=221,34.5%) 
- N/A (n=18, 2.8%) 

- Always (n=50, 7.8%) 
- Frequent (n=160, 25.0%) 
- Occasional (n=237, 37.0%) 
- Never (n=177, 27.6%) 
- N/A (n=15, 2.3%) 

Q12: In your most recent 
experience of motion 
sickness (as a passenger) 
in an EV/FV, how severe 
were your symptoms? 

MS severity (28) Ordinal - Alright (n=41, 6.4%) 
- Slightly unwell (n=251, 39.2%) 
- Quite ill (n=65, 10.1%) 
- Absolutely dreadful (n= 43, 6.7%) 
- N/A (n=239, 37.4%) 

- Alright (n=59, 9.2%) 
- Slightly unwell (n=236, 36.9%) 
- Quite ill (n=84, 13.1%) 
- Absolutely dreadful (n= 66, 10.3%) 
- N/A (n=194, 30.3%) 

Q13: What descriptions 
match the behavior of the 
vehicle during your most 
recent occurrence of MS 
(as a passenger) in an 
EV/FV? 

Acceleration and 
braking (29) 

Nominal - Yes (n=307, 48.0%) 
- No (n=93, 14.5%) 
- N/A (n=239, 37.4%) 

- Yes (n=341, 53.3%) 
- No (n=104, 16.2%) 
- N/A (n=194, 30.3%) 

Turning (13) Nominal - Yes (n=236, 36.9%) 
- No (n=164, 25.6%) 
- N/A (n=239, 37.4%) 

- Yes (n=282, 44.1%) 
- No (n=163, 25.5%) 
- N/A (n=194, 30.3%) 

Lane change (14) Nominal - Yes (n=185, 28.9%) 
- No (n=215, 33.6%) 
- N/A (n=239, 37.4%) 

- Yes (n=231, 36.1%) 
- No (n=214, 33.4%) 
- N/A (n=194, 30.3%) 

Q14: What descriptions 
match the road/traffic 
condition during your 
most recent occurrence of 
MS (as a passenger) in an 
EV/FV? 

Congested road 
(30) 

Nominal - Yes (n=162, 25.3%) 
- No (n=238, 37.2%) 
- N/A (n=239, 37.4%) 

- Yes (n=164, 25.6%) 
- No (n=281, 43.9%) 
- N/A (n=194, 30.3%) 

Smooth road (30) Nominal - Yes (n=32, 5.0%) 
- No (n=368, 57.5%) 
- N/A (n=239, 37.4%) 

- Yes (n=35, 5.4%) 
- No (n=410, 64.1%) 
- N/A (n=194, 30.3%) 

Highway (13) Nominal - Yes (n=33, 5.1%) 
- No (n=367, 57.4%) 
- N/A (n=239, 37.4%) 

- Yes (n=43, 6.7%) 
- No (n=402, 62.9%) 
- N/A (n=194, 30.3%) 

Bumpy Road (31) Nominal - Yes (n=187, 29.2%) 
- No (n=213, 33.3%) 
- N/A (n=239, 37.4%) 

- Yes (n=207, 32.3%) 
- No (n=238, 37.2%) 
- N/A (n=194, 30.3%) 
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Uphill Road (32) Nominal - Yes (n=25, 3.9%) 
- No (n=375, 58.6%) 
- N/A (n=239, 37.4%) 

- Yes (n=34, 5.3%) 
- No (n=411, 64.3%) 
- N/A (n=194, 30.3%) 

Downhill Road 
(32) 

Nominal - Yes (n=31, 4.8%) 
- No (n=369, 57.7%) 
- N/A (n=239, 37.4%) 

- Yes (n=38, 5.9%) 
- No (n=407, 63.6%) 
- N/A (n=194, 30.3%) 

Curvy road (13) Nominal - Yes (n=149, 23.3%) 
- No (n=251, 39.2%) 
- N/A (n=239, 37.4%) 

- Yes (n=189, 29.5%) 
- No (n=256, 40.0%) 
- N/A (n=194, 30.3%) 

Q15: What activity were 
you engaged in inside the 
vehicle during your most 
recent experience of MS 
(as a passenger) in an 
EV/FV? 

Chatting (13) Nominal - Yes (n=74, 11.5%) 
- No (n=326, 51.0%) 
- N/A (n=239, 37.4%) 

- Yes (n=87, 13.6%) 
- No (n=358, 56.0%) 
- N/A (n=194, 30.3%) 

Listening to audio 
(13) 

Nominal - Yes (n=85, 13.3%) 
- No (n=315, 49.2%) 
- N/A (n=239, 37.4%) 

- Yes (n=83, 13.6%) 
- No (n=362, 56.6%) 
- N/A (n=194, 30.3%) 

Closing eyes (29) Nominal - Yes (n=134, 20.9%) 
- No (n=266, 41.6%) 
- N/A (n=239, 37.4%) 

- Yes (n=120, 18.7%) 
- No (n=325, 50.8%) 
- N/A (n=194, 30.3%) 

Looking outside 
(29) 

Nominal - Yes (n=122, 19.0%) 
- No (n=278, 43.5%) 
- N/A (n=239, 37.4%) 

- Yes (n=120, 18.7%) 
- No (n=285, 44.6%) 
- N/A (n=194, 30.3%) 

Looking inside 
(29) 

Nominal - Yes (n=58, 9.0%) 
- No (n=342, 53.5%) 
- N/A (n=239, 37.4%) 

- Yes (n=80, 12.5%) 
- No (n=365, 57.1%) 
- N/A (n=194, 30.3%) 

Using mobile 
devices (13) 

Nominal - Yes (n=176, 27.5%) 
- No (n=224, 35.0%) 
- N/A (n=239, 37.4%) 

- Yes (n=251, 39.2%) 
- No (n=194, 30.3%) 
- N/A (n=194, 30.3%) 

Watching in-
vehicle display 
(33) 

Nominal - Yes (n=95, 14.8%) 
- No (n=305, 47.7%) 
- N/A (n=239, 37.4%) 

- Yes (n=112, 17.5%) 
- No (n=333, 52.1%) 
- N/A (n=194, 30.3%) 

Handwriting (13) Nominal - Yes (n=20, 3.1%) 
- No (n=380, 59.4%) 
- N/A (n=239, 37.4%) 

- Yes (n=24, 3.7%) 
- No (n=421, 65.8%) 
- N/A (n=194, 30.3%) 

Typing on laptop Nominal - Yes (n=27, 4.2%) 
- No (n=373, 58.3%) 
- N/A (n=239, 37.4%) 

- Yes (n=29, 4.5%) 
- No (n=416, 65.1%) 
- N/A (n=194, 30.3%) 

Q16: In your most recent 
experience of MS (as a 
passenger) in an EV/FV, 
where were you seated? 

Seat (13) Nominal - Front passenger seat (n=82, 12.8%) 
- Rear passenger seat (n=315, 49.2%) 
- Not sure (n=3, 0.4%) 
- N/A (n=239, 37.4%) 

- Front passenger seat (n=89, 13.9%) 
- Rear passenger seat (n=356, 55.7%) 
- Not sure (n=0, 0%) 
- N/A (n=194, 30.3%) 
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Note: N/A (not applicable) applies to those who have never traveled with EVs and FVs in the past one year, rendering the related question about their 1 
experience with EVs and FVs unnecessary. Additionally, it is also not applicable to those who have never encountered any MS in EVs or FVs within the past 2 
one year, thereby exempting them from responding to questions pertaining to their most recent MS experience in these vehicles.3 



Experience of MS in the past one year 1 
As illustrated in Table 2, respondents were asked about their experience of MS in EVs and FVs during 2 
the past year, including the frequency of riding EV or FV, and the frequency of experiencing MS in EV or 3 
FV. Further, we evaluated the severity level of MS in EVs and FVs by inquiring about details of their 4 
most recent MS experience in the past one year, including in-vehicle activities (Q15 & 16), road 5 
conditions (Q14), and driving behaviors in the drive (Q13). The severity of MS was assessed using a 6 
validated 4-point rating scale, which has been widely adopted in other MS-related studies (27) (28). 7 
 8 

 9 

 10 
Figure 1: Data screening procedure 11 

 12 
Participants 13 
The questionnaire was distributed online in vehicle forums and on social media platforms (e.g., WeChat) 14 
in China. A total of 1896 respondents finished the questionnaire. To ensure data quality, attention checks, 15 
logic checks, and survey completion time checks were implemented (see Figure 1). Two simple questions 16 
served as attention checks when asking about the Experience of MS in EVs and FVs in part 3, leading to 17 
the exclusion of 292 respondents. In logic checks, 267 respondents who claimed to have never been 18 
passengers in EVs nor FVs but reported MS frequency (Q11) or severity (Q12) were removed; 66 19 
respondents who claimed no experience of MS but reported severity (Q11) were excluded; 133 20 
respondents who selected more than one choices for the seating position (Q16), such as having a seat in 21 
the front passenger seat and rear passenger seat at the same time were excluded; 288 respondents were 22 
removed as they provided mismatched vehicle brand and vehicle model information. Further exclusions 23 
were made for respondents who reported very rare life experiences, such as never taking a car or bus in 24 
the past ten years or before the age of 12 (131 respondents were excluded). Following the time check 25 
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procedure proposed by Andereadis (34) and considering the similar reading speeds between Chinese 1 
characters and English words (35), a minimum threshold of 5 minutes was set for the study, which 2 
allowed for a response time of 1.4 seconds per question (43 questions in total) and a reading speed of 525 3 
words per minute for the questionnaire. As a result of the time check, 54 respondents were excluded. 4 
Then, 24 respondents who did not take a ride in neither FV nor EV in the past one year were excluded, 5 
leading to 639 respondents being kept for final analysis, of which, 156 did not report MS in either FV or 6 
EV, 367 experienced MS in both FV and EV, 445 experienced MS in FV, and 400 experienced MS in EV 7 
in the past one year. Respondents who provided valid survey samples were compensated with 3 RMB. 8 
This study was approved by the Human and Artefacts Research Committee at the Hong Kong University 9 
of Science and Technology (HREP-2023-0111). 10 
 11 
Variable Extraction and Statistical analysis 12 
The extracted variables and their distribution (i.e., mean, standard deviation, minimum and maximum 13 
values) are summarized in Table 1 and Table 2. Two ordinal logistic regression models considering the 14 
effect of repeated measures (i.e., respondent) were constructed using PROC GENMOD in SAS 15 
OnDemand for Academics, with the repeated measures being accounted for by Generalized Estimation 16 
Equation (36). In Model 1, we investigated the influential factors of MS frequency (Q11) based on their 17 
MS experience within the one past year. In the model, the odds ratio (OR) of experiencing MS more 18 
frequently was modeled. In Model 2, we investigated the influential factors of MS severity (Q12) based 19 
on the most recent MS experience within the last year. In the model, the odds ratio (OR) of experiencing 20 
more severe MS was modeled.  21 

In all models, the vehicle type was included as the independent variable. Further, individual-22 
related factors (Q1 – Q9) were used as independent variables in Model 1 and Model 2; and in-vehicle-23 
activity-related (Q15 and Q16), road-condition-related (Q14), and driving-behaviors-related factors (Q13) 24 
were used as independent variables in Model 1. Before fitting the models, the correlations between all 25 
independent variables were assessed using the Spearman correlation (37). Independent variables with 26 
high absolute values of correlation coefficients (> 0.6) were either aggregated or abandoned (38). In our 27 
analysis, we initially constructed full models that included all independent variables, as well as their two-28 
way interactions with vehicle type as predictors. Then, a backward stepwise selection process based on 29 
Quasi-likelihood under the Independence Criterion (QIC) (39) was adopted to select the independent 30 
variables. However, vehicle type was always kept in models, given that it is the variable of interest in this 31 
study. Post-hoc comparisons were conducted for all significant (p<.05) main effects and two-way 32 
interaction effects. All significant post-hoc contrasts were reported. 33 

 34 
RESULTS  35 
Model 1: MS frequency 36 
Table 3 presents the Wald statistics for the type 3 GEE analysis of model 1 (for the frequency of MS in 37 
the past one year). It was found that riding frequency was a significant predictor of MS frequency. At the 38 
same time, a significant interaction effect between vehicle type and FV ownership, and between vehicle 39 
type and MSSQ have been observed.  40 
 41 

Table 3: Wald statistics for type 3 GEE analysis of the final model 1 and model 2. 42 

Model Independent Variables 2-value P 
MS frequency 
(Model 1) 

Vehicle type 2(1) = 3.95.  .047* 
EV ownership 2(1) = 2.13 .14 
FV ownership 2(1) = 31.50 < .001* 
MSSQ 2(1) = 177.74 < .001* 
Riding frequency 2(3) = 23.52 < .001* 
Vehicle type*FV ownership 2(1) = 18.52 < .001* 
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MSSQ*Vehicle type 2(1) = 4.85 .03* 
MS severity  
(Model 2) 

Vehicle type 2(1) = 7.11 .03* 
Gender 2(1) = 4.83 .03* 
Crowded road 2(1) = 6.37 .01* 
Uphill road 2(1) = 16.89 < .001* 
Chatting 2(1) = 5.46 .02* 
Listening to audio 2(1) = 2.53 .1 
Watching in-vehicle display 2(1) = 24.03 < .001* 
Seat 2(1) = 4.39 .11 
EV ownership 2(1) = 5.12 .02* 
FV ownership 2(1) = 6.93 .009* 
Age 2(1) = 7.59 .006* 
Sleep 2(3) = 8.05 .045* 
MSSQ 2(1) = 23.24 < .001* 
Riding frequency 2(3) = 11.11 .01* 
Vehicle type*watching in-vehicle display 2(1) = 3.27 .07* 
Vehicle type*EV ownership 2(1) = 1.52 .2 
Vehicle type*FV ownership 2(1) = 3.72 .053 
Age*vehicle type 2(1) = 2.93 .09 
MSSQ*vehicle type 2(1) = 4.79 .03* 

Note: in this table, * marks significant results (p<.05). 1 
 2 

 Riding frequency was associated with the frequency of experiencing MS. especially those who 3 
took vehicles more frequently were more likely to experience a higher frequency of MS in vehicles, when 4 
drivers took a ride almost every day, they were more likely to experience MS more frequently, compared 5 
to that when they took a ride a few times a week (OR=2.00, 95%CI: [1.14, 3.53], 2(1)=5.89, p=.02), a 6 
few times a month (OR=2.98, 95%CI: [1.68, 5.30], 2(1)=14.05, p=.0002), and a few times a year or less 7 
(OR=3.50, 95%CI: [1.81, 6.72], 2(1)=14.08, p=.0002). Those who took a ride a few times a week also 8 
reported having experienced MS more frequently compared to those who took a ride a few times a month 9 
(OR=1.49, 95%CI: [1.17, 1.90], 2(1)=10.31, p=.001) and a few times a year or less (OR=1.74, 95%CI: 10 
[1.15, 2.65], 2(1)=6.73, p=.01).  11 

Regarding the interaction effect between vehicle type and FV ownership, it was found that for 12 
those who did not own an FV, taking a ride in FV was more likely to be associated with more frequent 13 
MS compared to that taking a ride in EV (OR=1.95, 95%CI: [1.38, 2.77], 2(1)=14.11, p=.0002). Further, 14 
those who owned an FV were less likely to experience more frequent MS compared to those who did not 15 
own an FV, both when they took a ride in FV (OR=0.32, 95%CI: [0.24, 0.44], 2(1)=51.19, p<.0001) and 16 
in EV (OR=0.67, 95%CI: [0.49, 0.92], 2(1)=5.95, p=.014). 17 

At the same time, regarding the interaction effect between MSSQ and vehicle type, it was found 18 
that MSSQ was positively associated with the frequency of MS in both EVs (OR=1.08, 95%CI: [1.07, 19 
1.10], 2(1)=122.45, p<.0001) and FVs (OR=1.10, 95%CI: [1.08, 1.11], 2(1)=163.44, p<.0001). At the 20 
same time, for those with the same MSSQ score, taking an FV was more likely to lead to more frequent 21 
MS than taking an EV (OR=1.37, 95%CI: [1.03, 1.83], 2(1)=4.66, p=.03). 22 
 23 
Model 2: MS severity  24 
Table 3 also presents the Wald statistics for Model 2 (for the severity of the most recent experience of 25 
MS within the past one year). The following variables were found to be significantly associated with 26 
respondents' self-reported MS severity, i.e., vehicle type, gender, crowded road, uphill road, chatting, 27 
listening to the audio, watching in-vehicle display, seat, EV ownership, FV ownership, age, sleep, MSSQ, 28 
and riding frequency. Additionally, a significant interaction effect was observed between vehicle type and 29 
MSSQ. 30 



Weiyin Xie, Chunxi Huang, Jiyao Wang, and Dengbo He  

11 
 

First, road conditions and in-vehicle activities were associated with the severity of MS. 1 
Specifically, respondents who traveled through congested roads were less likely to experience more 2 
severe MS compared to those who did not (OR=0.66, 95%CI: [0.48, 0.91], 2(1) =6.37, p=.01). 3 
Conversely, traveling on uphill roads was positively correlated with more severity of MS (OR=3.73, 4 
95%CI: [1.99, 6.99], 2(1) =16.89, p<.0001). Additionally, those who engaged in conversations with 5 
others were less likely to experience more severe MS than those who did not (OR=0.62, 95%CI: [0.41, 6 
0.93], 2(1) =5.46, p=.02). Furthermore, those who watched in-vehicle display were less likely to 7 
experience more severe MS than those who did not (OR=0.37, 95%CI: [0.25, 0.55], 2(1) =24.03, 8 
p<.0001). 9 

At the same time, individual differences also affected the severity of motion sickness. Compared 10 
to females, males were less likely to experience more severe MS (OR=0.68, 95%CI: [0.48, 0.96], 2(1) 11 
=4.83, p=.03). Age was negatively associated with the severity of MS: with every 1-year increase in age, 12 
the OR of experiencing MS in vehicles was 0.96, 95%CI: [0.94, 0.99], 2(1) =7.59, p=.006. Additionally, 13 
those who took a ride a few times per week were less likely to experience more severe MS than those who 14 
took a ride a few times a month (OR=0.56, 95%CI: [0.40, 0.79], 2(1) =10.95, p=.0009). Further, it seems 15 
that sleep time was negatively associated with the severity of MS. Specifcially, respondents who reported 16 
a routine sleep duration of fewer than 4 hours a day were less likely to experience severe MS in vehicles 17 
than those who slept 4 hours to 6 hours a day (OR=0.11, 95%CI: [0.01, 0.84], 2(1) =4.50, p=.03). Those 18 
who slept 6 hours a day were less likely to experience more severe MS than those slept 6 to 8 hours a day 19 
(OR=0.48, 95%CI: [0.24, 0.95], 2(1) =4.41, p=.03). Those who slept 6 to 8 hours a day were less likely 20 
to experience more severe MS than those who slept more than 8 hours a day (OR=0.52, 95%CI: [0.30, 21 
0.93], 2(1) =4.89, p=.03).  22 

Vehicle ownership was found to be associated with the MS as well. Those who reported having 23 
their EVs (OR=0.66, 95%CI: [0.46, 0.95], 2(1) =5.12, p=.02) and FVs (OR=0.63, 95%CI: [0.45, 0.89], 24 
2(1) =6.93, p=.009) were associated with less likelihood of experiencing more severe MS than those who 25 
did not. Finally, the MSSQ, as expected, was positively associated with the MS severity, but to different 26 
extents in FV and EV (FV: OR=1.05, 95%CI: [1.03, 1.07], 2(1) =28.90, p<.0001; EV: OR=1.03, 95%CI: 27 
[1.01, 1.05], 2(1) =6.77, p=.01). At the same time, for the respondents with the same MSSQ score, those 28 
who took a FV was less likely to experience more severe MS than those who took an EV (OR=0.23, 29 
95%CI: [0.08, 0.68], 2(1) =7.00, p=.008). 30 
 31 
DISCUSSION 32 
This study investigates whether EVs can cause more frequent and more severe MS than that of FVs. 33 
Using an online survey, 639 valid responses in China, the largest EV market, have been analyzed. First of 34 
all, in line with the findings in previous research (20), we found that the MSSQ was positively associated 35 
with the frequency and severity of experiencing MS. Additionally, as expected, we found that the MS 36 
frequency was positively associated with their frequency of taking a ride – those who took more rides 37 
were more likely to experience scenarios that may lead to MS.  38 
 Surprisingly, we found that the FV led to more frequent MS compared to EV, when controlling 39 
the MSSQ score of the respondents. This result is contradictory to the frequency of online complaints and 40 
common cognition of MS frequencies in FVs and EVs. The analysis of the MS severity may provide 41 
some insights into this phenomenon. We found that respondents also reported more severe MS in EVs 42 
compared to that in FVs when controlling the MSSQ score. Thus, it is possible that only those who 43 
experienced more severe MS preferred to share their unpleasant experience with others or online; while 44 
minor discomfort might be neglectable among the passengers. It is also possible that the MS inducers in 45 
FVs are common, but are the ones that are usually associated with minor MS.   46 

Further, it seems that vehicle ownership also influenced both the MS frequency and MS severity. 47 
First, the FV ownership was found to be associated with the MS frequency. Those who owned FVs were 48 
less likely to experience MS in either FVs or EVs compared to those who did not. At the same time, those 49 
who did not own FVs seemed to experience more frequent MS in FVs compared to that in EVs. While the 50 
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MS severity was associated with both EV ownership and FV ownership with those who owned EVs or 1 
FVs reporting less likelihood of experiencing more severe MS. This result can be interpreted in several 2 
ways. First, those who owned a vehicle may have higher frequency of taking a ride of the vehicle. Given 3 
that the training program is effective in reducing the pilots' resistance to MS in fighter jets (40), more 4 
frequent vehicle riding/riding experience may also have trained the vehicle owners so that they became 5 
less sensitive to the MS inducers in vehicles. It is also possible that those who owned a vehicle were also 6 
drivers and they may have better capability to anticipate the motion of the vehicles even when they were 7 
passengers in the vehicle (16). However, only FV ownership was associated with less frequent MS 8 
frequency. It is possible that certain inducers of MS inducers are there in the FV but not in EV, so the 9 
passengers/owners were only desensitized to these inducers. For example, it is possible that the 10 
unpleasant odors that cause minor MS (13) only exist in FVs.  11 

Our study also found that the MS severity was related to road conditions and passengers’ in-12 
vehicle activities. The road conditions that we identified to be associated with MS severity include traffic 13 
density (i.e., congested or not) and road slope. These findings suggest that the magnitude and directions of 14 
the vehicle acceleration are inducers of motion sickness. For example, the misalignment of the head and 15 
the gravito-inertial force while driving uphill may cause MS (32). Further, although the congested road is 16 
associated with a more frequent stop-and-go driving scenario, the congested roads may have constrained 17 
the velocity and acceleration of the vehicle, leading to reduced MS symptoms. Also, certain in-vehicle 18 
activities were found to be associated with MS severity. This highlights the importance of further 19 
quantifying the weights of different MS inducers in vehicles. Our results also suggest that chatting with 20 
others can alleviate MS symptoms. This is not surprising, as chatting can shift passengers' attention away 21 
from the MS-related symptoms and alleviate the perceived MS severity level (41). However, contrary to 22 
previous research suggesting that looking at displays is more likely to lead to MS compared to focusing 23 
on the road outside (31)(33), our results suggest that watching the in-vehicle display was associated with 24 
less severe MS symptoms. It is possible that only those who were less sensitive to MS would engage in 25 
in-vehicle activities such as watching an in-vehicle screen. Future empirical studies are needed to better 26 
explain this finding.  27 

We also found that MS severity is associated with individual differences. In line with previous 28 
studies (21), we found that older passengers tended to experience less severe MS. Similarly, it is not 29 
surprising to find that female passengers experienced more severe MS compared to male passengers, 30 
given that female was found to be more susceptible to MS than male (22). Lastly, we found that daily 31 
living habit was also a predictor of MS severity among passengers, with those who slept more being more 32 
likely to experience more severe MS. This is contradictory to previous studies which found that 33 
inadequate sleep can lead to more MS (27). However, it should be noted that the “adequate sleep” might 34 
be different for different people. In other words, short sleep is not equal to inadequate sleep. Further, self-35 
reported sleep may not be equivalent to true sleep duration being monitored in a lab setting. Future 36 
research is still needed to better reveal the relationship among the required sleep time, deprivation of 37 
sleep, and sensitivity to MS in vehicles. 38 

Finally, it should be noted that, although we tried to control the quality of the responses obtained 39 
from the study using attentional check and logical checks, and only focused on respondents’ riding 40 
experience in the past one year, or in their most recent MS experience, the readers should still be cautious 41 
about the validity of our findings. For example, it is possible that those who have complaints about the 42 
MS in FV or EV were more preferred to participate in MS-related studies and thus introduce bias into the 43 
results of our survey-based study. Thus, future empirical experiments are needed to further validate the 44 
findings obtained in our study. Further, the MS is highly related to the driving style of the drivers and the 45 
in-vehicle environment (e.g., temperature (13)). Although we tried to evaluate the driving style in the 46 
questionnaire, other unconsidered characteristics of the vehicle dynamics might affect MS as well. 47 
Though the large sample size in our study may partially cancel out the influence of the unconsidered 48 
covariants, more strictly designed on-road or observational studies are still needed. Overall, though with 49 
the above-mentioned limitations, this survey study has provided valuable insights into the direction of 50 
future empirical studies on in-vehilce MS. 51 
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CONCLUSIONS 1 
Based on 639 valid survey responses from EVs and FVs passengers, for the first time, we systematically 2 
investigated the occurrence of MS in EVs and FVs. Our results suggest that in general, when controlling 3 
the respondents’ susceptibility to motion-induced MS, passengers were more likely to experience MS in 4 
FVs compared to that in EVs; but less severe MS symptoms were observed in FVs compared to that in 5 
EVs. We further found that MS severity was associated with road conditions, in-vehicle activities, and 6 
individual differences. These findings highlight the need to consider the unique characteristics of EVs 7 
when investigating the causes of MS, as the inducers of MS in EVs may differ from those in FVs. Given 8 
that most existing research on MS in vehicles focused on the characteristics of FVs or have been 9 
conducted in FVs, our study indicates it is necessary to differentiate and investigate the potential MS 10 
inducers in EVs and explore countermeasures to reduce MS in EVs. Future studies are should further 11 
quantify the inducers of the MS in EVs to better explain the findings in our study. 12 
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