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Simulator sickness (SS) poses significant challenges in thewidespread adoption of
driving simulators for traffic research, training, and other applications. This study
investigates the effects of gender, age, driving environment, and gaming
experience on SS in a desktop driving simulator, using a sample of
363 Swedish police trainees. Participants completed the Simulator Sickness
Questionnaire (SSQ) after simulator sessions involving either city traffic or
country road scenarios. Results revealed that females experienced significantly
higher SS emerging as the most influential predictor in a multiple regression
model. Age also positively correlated with SS, with older participants reporting
more severe symptoms. Rural driving scenarios induced higher SS than city traffic.
Although prior gaming experience reduced SS symptoms in univariate analyses, it
was not a significant predictor in the regression model. These findings emphasize
the need for personalized simulator design and tailored scenario optimization to
reduce simulator sickness, promoting an inclusive and accessible educational
experience. This aligns with broader goals of equity and excellence in
professional training programs. Future research should expand these findings
by exploring a broader age range and different simulator types.

KEYWORDS

age, driving simulator, gaming experience, gender, higher education, police,
simulator sickness

1 Introduction

Driving simulators are widely used in fields like traffic research, driver training, vehicle
design, and entertainment due to their ability to recreate real-world driving scenarios in a
controlled environment (Alonso et al., 2023). However, a major drawback is simulator
sickness (SS), which could be explained by sensory conflicts between the visual, vestibular,
and proprioceptive systems and presents symptoms such as nausea, dizziness, and
disorientation, like motion sickness (Kennedy et al., 2010). In driving simulators, users
remain physically static while perceiving movement in the virtual environment, causing a
sensory mismatch. This issue is often exacerbated by latency between real-world actions and
their virtual representation (Stanney et al., 1997). While motion-based simulators, which
provide physical movement cues, can help alleviate some conflicts, they do not fully
eliminate SS (Bles et al., 1998). SS can hinder performance and reduce user experience,
posing challenges to the broader adoption of simulators in areas like police driver training.
Another explanation for SS could be found in the postural instability theory (Riccio and
Stoffregen, 1991) suggesting that motion sickness (or simulator sickness) arises from
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instability in the control of the body. The key prediction of this
theory is that movement patterns should differ between individuals
who experience motion sickness and those who do not, with these
differences appearing even before any subjective symptoms arise.
This prediction has been supported in different studies (e.g.,
Stoffregen et al., 2017).

Universities use driving simulators in police training programs
for several practical and pedagogical reasons. For example, in a
Swedish university, driving simulators are used to train police
students in low-speed maneuvering with promising results
(Ingrell et al., 2022). Driving simulators offer an environmentally
sustainable alternative to traditional in-vehicle training, reducing
fuel consumption and emissions. They are resource-efficient and
cost-effective, enabling institutions to train many students without
the logistical challenges of maintaining a large fleet of vehicles. As
universities in Sweden are required to accommodate increasing
numbers of police students, simulators provide a scalable solution
for offering critical skills training. Moreover, driving simulators
allow for repetitive practice in controlled and customizable
scenarios, ensuring that students can master complex driving
situations safely. This is particularly important for police
training, where officers must develop quick decision-making
skills in high-stakes environments.

Understanding and mitigating simulator sickness is crucial to
maximizing the effectiveness of this technology. If not addressed,
simulator sickness can limit participation and learning, creating
barriers for some students. Studies frequently report participant
dropout due to the severity of SS symptoms in virtual environments
(Balk et al., 2013; Brooks et al., 2010). However, research indicates
that familiarization or adaptation can reduce SS. Hoffmann et al.
(2003) showed that adaptation to simulators can diminish SS,
enhancing training outcomes and reducing dropout rates.

The increasing use of driving simulators, especially in fields like
police driver training, highlights the need to understand how
simulator design and adaptation strategies can reduce SS. The
severity of SS is influenced by factors like gender, age, type of
driving environment, gaming experience, and different types of
simulators (Kennedy et al., 2010). Despite these insights, gaps
remain in understanding how these factors interact and how SS
can be mitigated across different user groups. This study aims to
explore these factors when driving a desktop driving simulator. By
studying prevalence and causes of SS work can be done towards
ensuring that driving simulator training is accessible to all students,
fostering an inclusive educational environment in higher education.
This aligns with broader goals of equity and excellence in
professional training programs.

Research consistently shows that females are more prone to SS,
with higher levels of nausea, dizziness, and discomfort in driving
simulators (Almallah et al., 2021; Garcia et al., 2010; Matas et al.,
2015; Mourant and Thattacherry, 2000). Chaumillon et al. (2017)
and Stanney et al. (2020) linked this susceptibility to vestibular and
hormonal differences, suggesting females are disproportionately
affected by visual-vestibular conflicts in VR. Pohlmann et al.
(2021) noted that gaming experience may help mitigate these
symptoms in women. Physiological factors, including vestibular
sensitivity and hormonal fluctuations, contribute to the higher SS
prevalence among females, particularly in HMD-based simulations
(Stanney et al., 2020). Kennedy et al. (2010) and Rangelova et al.

(2020) [17] highlighted women’s heightened sensitivity to sensory
conflicts, exacerbating nausea and disorientation. However, some
studies, such as Kolasinski and Gilson (1998), argue that SS
differences are driven more by individual traits and simulation
design than by gender.

Simulator sickness (SS) varies significantly across age groups,
with distinct patterns observed among older adults, younger adults,
and children. Understanding these differences is essential for
designing effective interventions and improving user experiences
in simulations. Research consistently shows that older adults are
more susceptible to SS than younger individuals (Brooks et al.,
2010). This increased vulnerability is due to age-related sensory
processing changes, such as diminished vestibular function and
slower visual and motor responses (Diels and Howarth, 2013).
Keshavarz et al. (2018) found that older adults experienced more
severe symptoms during simulated driving tasks, especially under
visual-only conditions where recovery times were longer.
Additionally, older adults often drop out of studies due to severe
symptoms, limiting generalizability and introducing selection bias
(Trick and Caird, 2011). In contrast, younger adults generally
experience less severe SS, though symptoms can still vary by
gender and individual sensitivity. Keshavarz et al. (2018) noted
that younger adults reported fewer symptoms of nausea, dizziness,
and disorientation, but females within this group were more prone
to SS. Prior experience with virtual environments, such as gaming,
helps mitigate symptoms, highlighting the role of habituation in
reducing SS. However, younger adults without prior exposure may
still face challenges, especially in settings with pronounced motion-
induced symptoms. Children and adolescents appear to be more
sensitive to SS than both younger and older adults. Wang et al.
(2023) found that children and adolescents experienced more severe
symptoms due to developmental differences in sensory and
cognitive processing. However, not all virtual environments
provoke the same level of sickness in children. Godfrey et al.
(2024) found minimal symptoms of cybersickness in children
aged 8 to 12 during VR exergaming, suggesting that engaging
and interactive environments may reduce symptoms.
Nevertheless, children may need additional support when using
complex visual environments (Wang et al., 2023).

Different driving environments influence SS in different ways.
Although more predictable, with fewer directional changes and
smoother motion, lower traffic density and simpler driving tasks,
Mourant and Thattacherry (2000) found that participants driving in
highway or rural road environments exhibited more symptoms of
simulator sickness compared to those driving in a city environment.
This suggests that vehicle velocity may play a role in simulator
sickness, as participants drove at speeds of 60 mph in the highway
and rural road scenarios but only 25 mph in the city environment.
Furthermore, specific driving maneuvers also play a role, with
Mourant et al. (2007) noting increased symptoms during curves
and turns. Keshavarz and Hecht (2011) also noted that high-speed
turns and rapid visual changes create stronger sensory conflicts,
leading to more nausea. This is attributed to heightened optic
flow—the perceived motion of objects relative to the
driver—which causes mismatches between visual and vestibular
cues. Urban driving environments are also influencing SS, as they
require drivers to navigate dense traffic, frequent stops, and dynamic
interactions. Pawar et al. (2023) found that urban driving, especially

Frontiers in Virtual Reality frontiersin.org02

Ingrell and Mellgren 10.3389/frvir.2025.1547752

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1547752


under time pressure, significantly increases mental workload and SS
due to the higher cognitive demands. Regardless of driving
environments, the design and realism of the simulation could
play a critical role. Almallah et al. (2021) found that a strong
sense of presence—when users feel fully immersed in the virtual
environment—can help reduce SS by aligning user expectations with
visual experience. However, overly complex simulations may worsen
SS by overwhelming the senses, while simplified environments can
mitigate conflicts but may reduce immersion.

Individuals with gaming experience tend to show lower
susceptibility to SS compared to non-gamers, as documented
across multiple studies. Gamers generally experience fewer
symptoms, such as nausea, dizziness, and disorientation, in
virtual environments (Grassini et al., 2021; Himmels et al., 2022;
Pohlmann et al., 2021). This reduction in SS symptoms is attributed
to their familiarity with virtual environments, which require
frequent visual-motor coordination and adaptation to virtual
motion. Pohlmann et al. (2021) found that gamers report
significantly fewer symptoms of virtual reality sickness, especially
in scenarios involving illusory motion, where visual cues suggest
movement without physical motion. Gamers’ exposure to such
environments allows them to anticipate and process sensory
conflicts more effectively, reducing their likelihood of
experiencing SS. Similarly, Grassini et al. (2021) observed that
gamers reported a stronger sense of presence in virtual reality
(VR), which correlates with fewer SS symptoms, suggesting that
their familiarity with dynamic environments helps them manage
sensory inputs better. In addition to familiarity, enhanced cognitive
flexibility and visual-motor coordination are key factors. Himmels
et al. (2022) found that gamers performed better in managing optic
flow, reducing SS symptoms in a driving simulator. This skill,
developed through gaming, helps them handle rapid visual
changes and maintain control and orientation in fast-moving
simulations, further reducing SS incidence. Frequent gaming
exposure allows users to adapt to rapid visual changes and
virtual motion, which are common SS triggers. Dennison et al.
(2016) and Kennedy et al. (2010) noted that gaming improves
visual-motor skills and spatial awareness, helping users navigate
virtual environments without experiencing sensory conflicts.

The type of simulator—whether desktop-based or motion-
based—significantly influences the likelihood of experiencing SS,
with each having distinct effects on sensory conflict and user
discomfort. Studies have shown that the degree of sensory
immersion and the synchronization between visual and physical
cues are key factors affecting the severity of simulator sickness.
Desktop-based simulators, which typically involve stationary
monitors or VR headsets, are more likely to induce simulator
sickness due to the absence of physical motion cues. Dennison
and D’Zmura (2017) pointed out that this lack of congruent
vestibular input—where the visual system detects motion but the
body does not feel it—results in a sensory mismatch that contributes
to feelings of nausea and disorientation. The deep immersion
provided by VR headsets can further aggravate this issue, as the
visual stimuli immerse users without corresponding physical
feedback, amplifying the sensory conflict. Weidner et al. (2017)
compared different display setups and found that virtual reality
(VR) head-mounted displays (HMDs) led to significantly higher
levels of simulator sickness than stereoscopic 3D or traditional 2D

screens. The heightened sensory immersion of VR HMDs tends to
induce sensory conflicts between visual cues and physical sensations,
particularly when the visual system perceives motion that the
vestibular system does not register. This mismatch between what
is seen and what is felt often results in nausea, dizziness, and
disorientation. Motion-based simulators are generally more
effective at reducing simulator sickness because they provide
congruent motion cues, which help synchronize visual and
vestibular inputs. Lucas et al. (2020) found that incorporating
specific vibration configurations in motion-based simulators
could reduce the severity of simulator sickness. These vibrations
replicate tactile sensations associated with real-world driving, such
as road texture and vehicle movement, helping to create a more
cohesive sensory experience. However, Bles et al. (1998) cautioned
that the effectiveness of motion-based simulators in mitigating
sickness relies on the accuracy and timing of motion cues.
Delayed or exaggerated motion cues can exacerbate sensory
conflicts, intensifying simulator sickness instead of reducing it.
Despite the advantages of motion-based simulators, they are less
accessible due to their high cost and technical complexity, limiting
their widespread use. Stanney et al. (2020) emphasized the need for
cost-effective solutions for desktop-based simulators to minimize
simulator sickness without relying on expensive motion platforms.

Simulator sickness continues to pose a significant challenge in
the use of driving simulators across various sectors. While individual
factors such as gender, age, and gaming experience play a crucial role
in determining susceptibility to SS, there are still substantial research
gaps in understanding how these factors relate with the type of
driving task and simulator platform used. Addressing these gaps will
not only improve the design of simulators but also enhance the user
experience, making these tools more effective and accessible for a
broader range of applications. In the present study we investigated
the prevalence of simulator sickness and the effects of gender, age,
type of driving environment, and previous experience of gaming on
the degree of simulator sickness when driving a desktop driving
simulator. Furthermore, an attempt is made to predict which of the
factors; age, gender, type of driving environment, and previous
experience of gaming best predict simulator sickness when
driving a desktop driving simulator.

2 Methods

2.1 Participants and procedure

A total of 363 Swedish police students (Mage = 29.1, SD = 7.88)
participated in the study between December 2022 to August 2024.
More specifically, 203 males (Mage = 28.5, SD = 7.72) and
160 females (Mage = 29.8, SD = 8.04. At this university’s police
education program, students participate in simulation-based lessons
as part of their training. Specifically, they have a low-speed
maneuvering and city traffic lesson during their first semester
and a country road driving lesson during their fourth semester.
Based on the timing of data collection, no student completed the
questionnaire for both lessons. Each driving simulator featured a QR
code for participants interested in joining the study. After their
session, they scanned the code to access a questionnaire that
included background questions (e.g., informed consent, age,
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gender, simulator driving type, gaming experience) and the
Simulator Sickness Questionnaire (SSQ) (Bimberg et al., 2020;
Kennedy et al., 1993).

2.2 Driving simulator

The simulator room, where students practice driving, is
equipped with six desktop-based simulation stations (Figure 1).
Each station is powered by a PC featuring an Intel i7 10700k
processor (3.80 GHz), an NVIDIA RTX 3070 GPU (8 GB), and
64 GB of DDR4 RAM at 2,933 MHz. The visual display comprises
three 31.5-inch curved monitors (1500R curvature) with a native
resolution of 2560 × 1440 and a refresh rate of 60 Hz. These
monitors provide a front view and two side views, offering a
visual field of approximately 135° for the driver. The simulation
setup includes Logitech TrueForce C923 steering wheel and pedals,
along with a Logitech Driving Force Shifter for gear changes,
delivering realistic tactile feedback. Audio output is provided via
Jabra headphones. The simulations run on Skillster software
operated on Windows 11 Education (version 23H2). The
maximum speed within the simulation environment is
approximately 180 km/h.

2.3 Driving simulator training

Each lesson is scheduled for 1 hour and 45min, with six students
attending each session, one per simulator. On average, students
drive for approximately 60 min, as the lesson also includes
theoretical components and breaks. During low-speed
maneuvering, various exercises are used where students practice
driving in tight spaces, both forward and backward, in urban
environments (see Figure 2).

Additionally, a more advanced exercise was included where
students trained on a simulated track that was an exact replica of the
track used on the actual driving yard (see Figure 3). To create this
simulated track, drone footage and video clips, along with
measurements of the total length and width of the driving yard,
obstacles, and distances between them, were sent to Skillster so they

could replicate the exercise in the simulator. This exercise is
therefore a simulated copy of the driving yard setup that all
students are tested on using real vehicles.

For rural road driving, students practiced various exercises in the
simulator (see Figure 4). Here, students trained to apply safe police
tactical driving in traffic environments, which required them to
explain and, on a basic level, drive according to the principles of
vehicle positioning. Students also had to identify the need to adapt
their driving and speed to changing conditions to ensure safety was
not compromised.

FIGURE 1
Three-monitor simulator configuration with steering wheel
and pedals.

FIGURE 3
Shown is the simulation exercise where students practiced in
advanced maneuvering paths similar to the real driving yard.

FIGURE 4
Simulation exercise where the students practiced rural
road driving.

FIGURE 2
Shown is the simulation exercise where students practiced
maneuvering in tight urban situations.
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2.4 Questionnaire

In this study, the Simulator Sickness Questionnaire (SSQ),
developed by Kennedy et al. (1993), was used to assess participants’
symptoms of simulator sickness after exposure to the driving
simulator. This tool was chosen for its reliability and widespread
use in studies involving simulated environments and virtual reality.

The SSQ, a 16-item self-report scale, evaluates symptoms across
three dimensions: nausea, oculomotor disturbance, and disorientation.
Each symptom is rated on a scale from 0 to 3, with scores then
weighted (see Bimberg et al., 2020; Kennedy et al., 1993) to calculate an
overall SSQ score.

2.5 Analytical strategy

Statistical analysis was performed using IBM SPSS Statistics
(version 29). We began with a descriptive analysis of the
participants, age, gender, gaming experience, type of driving in
the simulator, and perceived simulator sickness. In the next step
we compared the outcome, namely, the perceived simulator
sickness, between the groups. One-way ANOVA was used to
compare means in perceived simulator sickness. If there was a
statistically significant difference between groups a post-hoc
Tukey’s HSD test was used to follow up the analysis.

Furthermore, a multiple linear regression analysis was
conducted to examine the relationship between the overall
simulator sickness score (TotalSimSick) and age, gender, gaming
experience, and type of driving (base model). We then ran another
model which included interaction terms between the
independent variables.

3 Results

The descriptive overview (see Table 1) of the study’s participants
based on key variables, means and standard deviations, showed that,
regarding gaming experience, 135 males and 25 females reported
having prior gaming experience, while 68 males and 135 females
indicated no such experience. This highlights a notable gender
disparity in gaming background, with a significantly higher
proportion of male participants having gaming experience.

The type of driving environment was categorized into low-speed
maneuvering and rural roads. For low-speed maneuvering,
151 males and 106 females were included, while for rural roads,
52 males and 54 females participated. These distributions show
relatively balanced representation between genders across the
different driving scenarios, allowing for a comparative analysis of
simulator sickness symptoms under varying conditions.

3.1 Comparing groups

A one-way analysis of variance (ANOVA) was conducted to
examine the effect of gender on total simulator sickness score. Effect
sizes were calculated using eta squared (η2) to measure the strength
of the associations (Cohen, 1988). The total simulator sickness score
was significantly different betweenmales and for females, F (1,361) =

37.30, p < 0.001, with a small-to-medium effect size (η2 = 0.094). To
further explore these differences, a post-hoc analysis using Tukey’s
Honest Significant Difference (HSD) test was performed. The post-
hoc Tukey’s HSD test revealed that females showed significantly
higher scores compared to males, with a mean difference of 25.39
(95% CI [17.22, 33.57], p < 0.001). These findings indicate that
females experienced significantly greater simulator sickness
symptoms than males.

Another one-way ANOVA was conducted to evaluate the effect
of game experience on total simulator sickness score. The ANOVA
for total simulator sickness demonstrated a significant effect of game
experience, F (1,361) = 19.50, p < 0.001, with a small effect size (η2 =
0.051). The post-hoc Tukey’s HSD test showed a significant
difference, with gamers reporting a mean decrease of −18.79
(95% CI: [-27.15, −10.42], p < 0.0001). These results highlight
that individuals without game experience tend to experience
more severe symptoms of simulator sickness.

Finally, a one-way ANOVA was conducted to evaluate the effect
of type of driving in the simulator on total simulator sickness score.
The total simulator sickness score was significantly higher in country
road driving scenarios compared to city traffic, F (1,361) = 14.31, p <
0.001, with a small-to-moderate effect size (η2 = 0.038). The post-hoc
Tukey’s HSD test, for total simulator sickness, revealed that those
driving on country roads reported significantly higher sickness
scores, with a mean difference of 17.69 (95% CI [8.49, 26.89],
p < 0.001). These results confirm that participants in the country
road scenario experiencedmore severe simulator sickness symptoms
compared to those in the city traffic scenario.

3.2 Regression analysis

A multiple linear regression analysis was conducted to examine
the relationship between simulator sickness (measured by the
TotalSimSick score) and four independent variables: gender (0 =
male, 1 = female), age (continuous), game experience (0 = no, 1 =
yes), and type of driving (0 = city traffic, 1 = country road). The goal
was to determine the extent to which these factors predict the
severity of simulator sickness. Variance Inflation Factor (VIF)
values were calculated to check for multicollinearity among the
predictor variables. All VIF values (Gender 1.36, Age 1.08, Game
experience 1.43, and Type of driving 1.03) were below 2, indicating
no multicollinearity concerns (Hair et al., 2010).

The overall regression model was statistically significant, F
(4,358) = 14.95, p < 0.001, indicating that the independent
variables together explain a significant portion of the variance in
simulator sickness. The model had an R2 of 0.143, meaning that
approximately 14.3% of the variability in TotalSimSick was
accounted for by the predictor variables. The adjusted R2 was
0.134, reflecting a slight adjustment for the number of predictors.
The regression coefficients and their statistical significance are
presented in Table 2.

The multiple linear regression model explained 14.3% of the
variance in simulator sickness scores (R2 = 0.143). Gender was the
most influential predictor, with a standardized beta coefficient (β =
0.259) indicating that females significantly higher simulator sickness
scores compared to males, with an increase of 21.47 points on the
TotalSimSick scale (p < 0.001).
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TABLE 1 Summary of means and standard deviation for all variables.

Gender Gaming experience Type of driving N TotSimSick M (SD)

Male No LowSpeedManeuvering 45 31,08 (32,75)

RuralRoads 23 47,64 (45,67)

Total 68 36,69 (38,10)

Yes LowSpeedManeuvering 106 21,35 (26,35)

RuralRoads 29 32,24 (31,65)

Total 135 23,69 (27,81)

Total LowSpeedManeuvering 151 24,25 (28,65)

RuralRoads 52 39,05 (38,85)

Total 203 28,04 (32,13)

Female No LowSpeedManeuvering 90 47,37 (43,74)

RuralRoads 45 64,16 (52,27)

Total 135 52,97 (47,23)

Yes LowSpeedManeuvering 16 51,89 (47,89)

RuralRoads 9 63,16 (44,31)

Total 25 55,95 (46,03)

Total LowSpeedManeuvering 106 48,06 (44,18)

RuralRoads 54 64,00 (50,65)

Total 160 53,44 (46,92)

Total No LowSpeedManeuvering 135 41,94 (41,01)

RuralRoads 68 58,58 (50,41)

Total 203 47,51 (44,95)

Yes LowSpeedManeuvering 122 25,35 (31,53)

RuralRoads 38 39,57 (36,88)

Total 160 28,73 (33,31)

Total LowSpeedManeuvering 257 34,07 (37,67)

RuralRoads 106 51,76 (46,74)

Total 363 39,23 (41,26)

TABLE 2 Multiple linear regression results for simulator sickness (TotalSimSick.

Model Unstandardized
coefficients

Standardized coefficients 95% confidence interval for B

B Std. Error Beta t Sig Lower bound Upper bound

1 (Constant) 7,438 9,304 0,799 0,425 −10,860 25,735

Age 0,691 0,267 0,132 2,591 0,010 0,167 1,216

Gender 21,470 4,729 0,259 4,540 0,000 12,171 30,770

Gameexperience −3,838 4,863 −0,046 −0,789 0,431 −13,402 5,726

TypeOfDriving 13,486 4,495 0,149 3,000 0,003 4,646 22,327

a. Dependent Variable: TotSimSick.
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There was a positive relationship between age and simulator
sickness, with a 0.69-point increase (β = 0.132) in TotalSimSick for
each additional year of age (p = 0.010). Participants who experienced
country road driving reported significantly higher simulator
sickness scores compared to those who drove in city traffic, with
a 13.49-point increase (β = 0.149, p = 0.003). Game experience was
not a significant predictor of simulator sickness (β = − 0.046,
p = 0.431).

3.3 Regression analysis with interaction
effects

The regression model with interaction terms showed that,
collectively, age, gender, game experience, type of driving, and
their interactions accounted for 15.1% of the variance in
simulator sickness scores, R2 = 0.151, F (10,352) = 6.28, p <
0.001. However, none of the individual predictors or interaction
terms (Gender × Age, Gender × Type of Driving, Age × Type of
Driving, Gender × Game experience, Age × Game experience, Type
of driving × Game experience) reached statistical significance,
suggesting that the inclusion of interactions does not
meaningfully enhance the model’s explanatory power over the
main effects alone. The base model, without interaction terms, is
more interpretable and achieves nearly the same explanatory power.
Interaction effects between gender, age, and type of driving do not
meaningfully impact simulator sickness scores. Therefore, the base
model is preferable for interpreting the main effects of each variable.

4 Discussion

The findings of this study contribute to the growing body of
literature on simulator sickness (SS) in general, highlighting the
significant influence of gender, age, driving environment, and
gaming experience on SS in the context of a desktop driving
simulator. More specifically, using a relatively large sample of police
trainees, this research not only confirms several established patterns in
SS susceptibility but also provides new insights into the complex
interplay between individual differences and simulator design.

The results strongly support that females experience higher
levels of SS. This aligns with numerous studies emphasizing
gender as a critical determinant of SS. Mourant and Thattacherry
(2000) and Stanney et al. (2020) reported that women tend to
experience greater symptoms due to physiological differences,
particularly in vestibular sensitivity and hormonal fluctuations.
Another explanation could be sex differences in postural stability
(Riccio & Stoffregen, (1991). For example, a study by Munafo et al.
(2017) confirmed that sex differences in postural control precede
and contribute to variations in motion sickness susceptibility. Their
findings showed that motion sickness was more common in women
than in men, potentially due to physiological differences between the
sexes. In this study, females consistently reported higher SS scores,
with significant mean differences confirmed by both ANOVA and
post-hoc analyses. The regression analysis identified gender as the
most significant predictor of SS, with females scoring 21.47 points
higher on the Total Simulator Sickness scale thanmales. This finding
underscores the persistent gender disparity in SS, which has been

described by some researchers (e.g.; Munafo et al., 2017; Stanney
et al., 2020) as a form of “technological sexism.” This suggests that
simulator developers must prioritize gender-sensitive design
features, such as reducing optic flow intensity or incorporating
pre-adaptation protocols to mitigate SS among female users.

Age emerged as another significant predictor of SS, with older
participants reporting more severe symptoms. For every additional
year of age, SS scores increased by 0.69 points, a finding consistent
with research by Diels and Howarth (2013) and Keshavarz et al.
(2018). These studies highlight the age-related decline in sensory
processing, which compromises the ability to resolve sensory
conflicts effectively. Despite the relatively narrow age range in
this study (M = 29.1, SD = 7.88), even small differences in age
significantly influenced SS outcomes. Notably, older participants in
this sample were still relatively young (with most under 40),
suggesting that the observed age effects might be more
pronounced in older populations. Trick and Caird (2011)
emphasized that older adults often exhibit severe SS symptoms,
leading to higher dropout rates in simulator studies. This
underscores the importance of designing simulators that
accommodate age-related sensory changes, particularly for
applications involving older users.

This study also found that country road scenarios resulted in
significantly higher sickness scores than city traffic scenarios. This
finding is consistent with prior research by Mourant and
Thattacherry (2000) and Keshavarz and Hecht (2011), who
reported that high-speed environments and scenarios with
heightened optic flow (e.g., rural roads with curves) amplify
sensory conflicts. Similar findings have been reported in studies
using driving simulation in VR (e.g., Venkatakrishnan et al., 2020)
where participants had increased SS-symptoms based on the
workload (i.e., higher levels of optic flow). Participants driving in
rural environments experienced increased disorientation and
oculomotor strain, likely due to the combination of rapid visual
changes and prolonged exposure to consistent motion cues. In
contrast, city traffic scenarios, characterized by frequent stops
and lower speeds, produced milder symptoms. These results
support Brooks et al. (2010), who noted that predictability in
driving tasks, such as in urban environments, can help reduce SS
by minimizing unexpected sensory mismatches. The regression
analysis further confirmed that driving on country roads
increased Total Simulator Sickness scores by 13.49 points
compared to city driving, highlighting the need to adapt driving
scenarios to reduce optic flow and visual demands in rural settings.

Previous research has often highlighted gaming experience as a
protective factor against SS (Grassini et al., 2021; Pohlmann et al.,
2021). However, in this study, while ANOVA results showed that
non-gamers reported significantly higher SS scores, gaming
experience did not emerge as a significant predictor in the
regression model. This discrepancy suggests that gaming’s
influence on SS may be context-dependent, offering limited
benefits in desktop-based simulators with specific design
characteristics. The findings imply that while gaming may help
users adapt to virtual environments, its mitigating effects on SS are
overshadowed by stronger predictors like gender and driving
environment. It is also possible that gaming experience has a
more pronounced impact in highly immersive setups, such as
those using head-mounted displays (HMDs), as noted by
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Grassini et al. (2021). Further research is needed to explore how
different types of gaming exposure interact with various simulator
configurations.

Interestingly, the inclusion of interaction terms in the regression
model did not significantly enhance its explanatory power,
suggesting that the main effects of gender, age, and driving
environment are sufficient to account for most observed
variability in SS. The final model explained 14.3% of the variance
in Total Simulator Sickness scores, indicating that while these factors
are important, additional unexplored variables (e.g., visual fidelity,
motion cue alignment) might also contribute to SS. The absence of
significant interaction effects, such as between gender and age or
driving environment, reinforces the idea that these factors
independently influence SS. This simplifies the interpretation of
the results and supports the development of targeted interventions
based on individual characteristics rather than their combinations.

4.1 Practical implications

The study’s findings have several practical implications for the
design and application of driving simulators. First, given the
significant impact of gender, developers and educators should
consider implementing gender-sensitive features, such as
adjustable visual flow rates or personalized acclimatization
protocols. These adaptations could help mitigate the heightened
SS susceptibility observed in females. Furthermore, the significant
impact of age underscores the need for customized simulation
designs. Older adults require tailored simulations to account for
sensory decline and longer recovery times, while younger adults and
children benefit from designs that consider gender differences and
the potential for habituation through prior experience. Age- and
gender-specific interventions are crucial as virtual environments
become increasingly prevalent in higher education, ensuring that
pedagogical and didactical approaches are adapted to meet the
diverse needs of learners. By addressing the unique challenges
faced by different demographic groups, educators can create
equitable and inclusive learning experiences that enhance
accessibility and foster equal opportunities for academic success
across all genders and age groups.

Second, the strong influence of driving environment
underscores the need for scenario-specific optimizations. For
rural or high-speed environments, reducing optic flow intensity
and incorporating predictive motion cues could alleviate SS
symptoms. Conversely, urban scenarios may require less
adjustment, given their lower associated SS severity.

Finally, while gaming experience may offer limited protective
benefits in desktop simulators, it still holds potential as a training tool
for non-gamers. Familiarizing users with virtual environments
through controlled gaming exposure could enhance their tolerance
to sensory conflicts, particularly in more immersive simulation setups.

4.2 Limitations and future research

This study’s analysis has several limitations related to variable
types, sample size, and generalizability. First, the study includes both
categorical and continuous predictors in the regression model, such

as gender (categorical), age (continuous), and type of driving
(categorical). While this approach allows for analysis across
different types of variables, it assumes a linear relationship
between continuous variables and simulator sickness. Non-linear
relationships could potentially exist, especially with age, and may
impact the accuracy of the model’s predictions. Furthermore, the
reliance on self-reported data for categorical variables (e.g., game
experience) could introduce recall or response bias, whichmay affect
the accuracy of the findings. Future research should include
objective measures of SS (e.g., physiological data on participants)
and consider larger andmore diverse samples, test for potential non-
linear effects, and incorporate additional predictors (e.g., workload
measures) to enhance the model’s generalizability and robustness.

Second, the sample size, though sufficient for detecting medium
effect sizes, may limit the power to detect smaller but potentially
meaningful effects, especially with several interaction terms. A larger
sample size could provide more stable estimates and increase the
sensitivity of the model to detect subtle effects. This is particularly
relevant given the inclusion of game experience as an independent
variable, which did not reach statistical significance and may have
benefited from additional data to clarify its role. More research is
needed to explore how different gaming types, such as first-person
shooters or racing games, impact SS and how long-term gaming
interacts with factors like gender and age. While females generally
exhibit greater SS susceptibility, individual factors like gaming
experience and virtual environment exposure play a role. Future
research should focus on gender-sensitive solutions, such as pre-
exposure training and adaptive simulator designs, to reduce SS.
Understanding the interplay of physiological, psychological, and
experiential factors remains key to mitigating SS in diverse
user groups.

A third limitation involves potential confounding variables.
While no student completed the questionnaire for both lessons,
those who responded after the country road lesson had previously
participated in a simulator session during their first semester. This
prior experience could have led to familiarization or adaptation,
possibly reducing simulation sickness (SS) in this group. However,
this seems unlikely given the more than 1-year gap between
sessions and the fact that SS was higher during the country
road session. Another potential confounder is the difference in
traffic conditions between the two environments. The urban
environment may have involved less prolonged movement,
which could reduce SS. Additionally, the study did not measure
workload (e.g., visual-, auditory-, cognitive aspects of the
different tasks in the simulator), a factor that could influence
perceived SS across environments (Jasper et al., 2023; Sepich et al.,
2022; Venkatakrishnan et al., 2023). Workload is also tied to
the duration of simulator sessions; for example, low-speed
maneuvering and city traffic exercises are shorter than country
road driving sessions, potentially affecting SS. These factors were
not controlled for in this study.

Furthermore, the sample, while large and diverse in terms of
gender and type of driving in the simulator, predominantly
consisted of young adults, limiting the generalizability of age-
related findings. Future research should aim to include older
populations to better understand how age interacts with SS.

Another thing is that the model’s R-squared value indicates that
approximately 14.3% of the variance in simulator sickness scores is
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explained by the predictors, suggesting that other unmeasured
factors may play a substantial role. While this study examined
key predictors of SS, other variables such as visual display
quality, latency, prior exposure to simulators, user expectations,
motion sensitivity, and physiological factors were not considered.
Investigating these factors could further enhance the predictive
power of SS models and inform the design of more effective
simulators.

Lastly, the study focused exclusively on a desktop simulator,
which may produce different SS patterns compared to motion-based
systems. Exploring how different simulator types influence the
relationships between individual factors and SS would provide a
more comprehensive understanding of these dynamics.

4.3 Conclusion

This study highlights the complex interplay between
gender, age, driving environment, and gaming experience in
predicting simulator sickness in a desktop driving simulator.
Females and older participants consistently reported higher
SS symptoms. Rural driving scenarios lead to increased
sickness levels. Although gaming experience had a modest
effect, it was overshadowed by stronger predictors. These
findings emphasize the importance of personalized simulator
design and scenario optimization to reduce SS and improve
user experience and provide equal learning environments.
Future research should expand on these insights by including
more diverse populations and exploring additional factors that
contribute to SS.
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