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Young drivers' elevated crash risk is linked to inexperience, low risk awareness, and underde-
veloped cognitive control. To improve driving testing, several countries use hazard perception
tests, and Sweden is piloting a simulator-based screening test as a potential complement to the on-
road driving test. These screening tests would have to be developed in several versions and would
have to be randomized. The aim of this study was to examine whether introducing controlled
visual variations into traffic situations would alter the overall difficulty structure of the simulator-
based screening test, that is, whether the relative difficulty of the situations remained stable
across different test versions. An experimental between-group design was used, with 127 Swedish
automotive high school students randomly assigned to one of three versions of a simulator-based
screening test. All versions included the same 14 traffic situations across urban, rural, and
highway environments, but differed in minor design features. The screening test evaluated par-
ticipants' performance in each situation (pass/fail) and the outcome from the three versions was
analyzed with a Rasch analysis. The findings suggest that small variations did not compromise
overall test consistency, although added pedestrians and roadside objects increased difficulty in
some traffic situations. These insights support the development of fair and reliable simulator-
based screening test, with potential benefits for driver testing and traffic safety.

1. Introduction

Due to limited driving experience and low risk awareness, young drivers often underestimate risks and overestimate their abilities
(e.g., Fisher et al., 2006; McKnight & McKnight, 2003). These factors are among the main reasons for the higher crash risk associated
with young drivers, a well-documented issue that has been the focus of extensive research in several countries for decades (Banz et al.,
2019; Elvik, 2010; Walshe et al., 2017). Various developmental, social, and cultural factors contribute to this elevated risk (Arnett,
2000; Bates et al., 2019; Walshe et al., 2017). Risky driving behaviors, inadequate hazard perception, and distracted driving, all of
which are commonly associated with crash involvement among young drivers, have also been linked to poor executive function
(Walshe et al., 2017). Executive function refers to a set of cognitive processes that are not fully developed until early adulthood; in line
with the maturation of the frontal lobe (Diamond, 2013). Deficits in executive function are related to impulsivity; sensation seeking;
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and other risk-taking behaviors that are frequently observed in young adults (Romer et al., 2017). Given these factors and the
overarching goal of improving traffic safety, it is essential that new drivers receive both comprehensive education and rigorous
assessment of risk awareness.

Many countries have programs and initiatives that are designed to support or improve on the state-of-the-art in driver training and
testing. For example, a number of countries incorporate hazard perception tests into driver training to evaluate drivers' abilities to
recognize and respond to risks on the road (e.g., Crundall et al., 2021; Ventsislavova et al., 2019). These are typically computer-based
tests that assess how effectively a driver can detect potential hazards (usually presented in video clips) and respond appropriately.
Hazard perception refers to a driver's ability to detect, anticipate, and respond to potential dangers in traffic — that is, situations that
may lead to a crash— and is closely linked to situational awareness (Crundall et al., 2012; van der Kint et al., 2024). While this skill is
strongly associated with driving experience, it is also influenced by factors such as age, cognitive functioning, and physiological re-
sponses (Lacherez et al., 2014; Liu & Cian, 2014; Oron-Gilad & Parmet, 2014; Vardaki et al., 2014). Hazard perception tests have been
developed to measure this ability, and several countries, such as the UK, the Netherlands, and Australia, have integrated them into
their driver licensing processes (Grayson & Sexton, 2002; Horswill et al., 2015; Wetton et al., 2011). The European Union also supports
the inclusion of hazard perception assessment in driver training and testing, as recommended in Directive 91/439/EEC on driving
licenses (European Economic Community, 1991). According to Horswill (2016); hazard perception is one of the few aspects of driving
competence that reliably distinguishes between drivers who are involved in crashes and those who are not. This claim is further
supported by research using static image-based hazard perception tests; which have been shown to distinguish between novice and
experienced drivers (Tuske et al., 2019).

Hazard perception research also distinguishes between overt hazards, which are fully visible, and covert hazards, which are
partially or fully occluded (Vlakveld et al., 2012). These hazard types elicit different perceptual and anticipatory responses; and
drivers' abilities to detect them varies with experience and context (Sun & Hua, 2019; Vlakveld et al., 2012; Wei et al., 2022), making
their inclusion important for comprehensive training and assessment.

Research also shows that hazard perception can be improved through targeted training using both video-based tasks and driving
simulators, with simulators often producing stronger learning effects because active driving engages affective and implicit risk-
processing systems more deeply than passive viewing (Kinnear et al., 2013; Strojny & Duzmanska-Misiarczyk, 2023). This aligns
with dual-process perspectives on risk (risk as feeling vs. risk as analysis), highlighting the role of hot executive control and psy-
chophysiological responses such as electrodermal activity in anticipating danger (Slovic, 2010; Sudrychova et al., 2025). These
findings underscore the value of simulator-based training and assessment when the goal is to strengthen both the cognitive and the
affective components of hazard perception.

In Sweden, an initiative that is similar to hazard perception testing has been the subject of several research projects in recent years.
The Swedish Transport Administration, which is responsible for driver testing, has reported a decline in pass rates. They have also
emphasized the challenges of assessing risk perception and self-awareness during on-road tests, and discussed the potential role of
driving simulators in training and testing. In an effort to explore this further, a driving simulator-based screening test has been
developed (Thorslund, Thellman, Nyberg, & Selander, 2024) in collaboration with experts from the Swedish Transport Administra-
tion's driving test unit. The Swedish Transport Agency, Sweden's National Association of Traffic Schools, and other traffic education
stakeholders also actively contributed to its design.

In driving simulator research, two common terms are driving scenario and traffic situation. According to Chanmas et al. (2023); a
driving scenario is the use of a combination of a driving environment and driving events to force the driver to make decisions or
perform specific tasks within a specified duration. A traffic situation (or event); by contrast; is defined as a situation that occurs in the
driving environment; i.e. the driving scenario (Chanmas et al., 2023).

The scenarios and situations used in the driving simulator screening test were carefully selected based on the Goals for Driver
Education (GDE) framework (Hatakka et al., 2002); with a primary focus on the second level; to complement the existing on-road
driving test. An evaluation study involving driver examiners and driving educators found that the screening test addresses all levels
of the GDE framework (Thorslund, Thellman, & Selander, 2024). This suggests that the test could serve as a suitable complement to the
traditional on-road driving assessment. However, before a driving simulator-based screening test can be implemented in the Swedish
driving test routine, feasible methods must be established to generate a large number of fair, diverse, and unpredictable test versions.

2. Aim

This paper presents an initial exploration of possible variations in the existing driving simulator screening test, providing essential
insights for developing multiple unpredictable, fair, and reliable versions of the test. The aim of this study was to examine whether
introducing controlled visual variations into traffic situations would alter the overall difficulty structure of the simulator-based
screening test, that is, whether the relative difficulty of the situations remained stable across different test versions. The following
research question was formulated to help guide the work: To what extent can visually distinct versions of traffic situations be created
without altering the relative difficulty of the screening test?

3. Method
An experimental study was conducted using a between-group design, in which participants were randomly assigned to one of three

groups. Each group completed a different version of the same simulator-based screening test, with the three versions sharing the same
core structure but differing in certain design features. This design allowed for comparisons between the groups to assess how small
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variations in the test affected performance.

3.1. Participants

Data were collected at five automotive high schools across Sweden, with a total of 127 students participating in the study. Among
them were 93 male and 34 female students, all 17 years old. All participants had more than one year of prior experience with driving
simulators, as these were integrated into their high school curriculum (see Fig. 1). All participants also had experience driving in real
traffic; however, the extent of this experience could not be precisely determined, as their driving practice occurred both within the
school curriculum and to varying degrees as private supervised driving. As all participants were enrolled in an automotive high school,
they had completed both theoretical and practical coursework equivalent to the mandatory requirements for obtaining a driver's
license.

3.2. Screening test

A team — consisting of two researchers, the Head of Development for the Driver Test Unit at the Swedish Transport Administration,
and two senior software developers from a company that develops simulator software for driver education (Skillster, skillster.se) —
was assigned the task of proposing, creating, and testing variations of the existing screening test. In this screening test, a GPS in the
dashboard is used to guide the driver through a predefined route. All three versions included the same driving scenario across urban,
rural, and highway environments, as well as the same 14 traffic situations (S1-S14). However, each version included slight variations in
the situations, visible in the road environment or surrounding traffic, to test the effects of small changes. Each situation had specific
evaluation criteria, such as yielding appropriately, maintaining a safe speed, and keeping a proper distance from other vehicles. Failure
was defined as any traffic rule violation, such as speeding or failing to yield, or, in rare but more severe cases, a collision, which
automatically resulted in a failure. Some situations were designed to be cognitively demanding, where lapses in attention could lead to
such violations or crashes. The study was not designed to model error severity, since all rule violations are severe in the context of a
driving exam, but rather to evaluate version-related differences in test difficulty.

Since the aim was to examine how slight variations can be implemented without influencing the test outcome, the approach was to
introduce small, step-by-step changes between each version, allowing the impact of each modification to be evaluated more clearly. In
version 2, only minor adjustments were made, such as changing the colors of nearby cars or road signs. This approach is supported by
research showing that while color can influence visual salience and object detectability, these effects are generally moderate and do
not substantially alter the cognitive processes involved in hazard detection when contrast and luminance are held constant (Treisman
& Gelade, 1980; Wolfe, 1994). Version 3 included slightly more noticeable updates, such as additional vulnerable road users, vehicles,
or object placements along with the color changes. This is supported by research showing that adding non-critical scene elements can
vary visual appearance without altering hazard perception difficulty when the primary hazard cues remain unchanged (Borowsky
et al., 2009; Crundall, 2016; Underwood et al., 2011). Version 3 of situation S9 was intentionally made more complex by adding more
people and roadside objects to test the boundaries of how much scene variation can be introduced without altering core hazard cues,

Fig. 1. Data collection at one of the automotive schools.
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consistent with research on controlled increases in visual complexity (Crundall, 2016; Underwood et al., 2011). Once the two addi-
tional versions were developed, all three versions were tested by a group of researchers at the Swedish National Road and Transport
Research Institute and Linkoping University. During these test drives, a lack of clarity regarding road directions was identified at a
specific point in the scenario. To address this issue, the screening test was revised by adding directional arrows to clearly indicate the
correct route.

3.3. Equipment

The study used a fixed-base driving simulator equipped with Logitech controls (steering wheel, pedals, and gear shift), adjustable
seating, and a seatbelt (see Fig. 2). Visuals were presented on three curved 32-in. screens providing a 120° field of view, complemented
by three functional rear-view mirrors. Traffic and engine sounds were delivered through headphones. The simulator operated on the
Skillster software platform (skillster.se), which provides a realistic traffic environment and records driving behavior and response
times for detailed analysis. According to Wynne et al. (2019), the combination of a fixed-base platform, immersive controls, realistic
visual presentation, and valid driver responses qualifies this setup as medium-fidelity. The system enables precise replication of
scenarios and ensures consistent exposure across participants.

Three versions of the test were administered, each consisting of 14 challenging and potentially hazardous driving situations. These
situations were set in a mix of urban traffic, rural roads, and highway environments. For example, the driving situations included
merging onto a highway, making a left turn on a rural road with oncoming traffic, and avoiding a hidden pedestrian. While the core
situations remained consistent across the three versions, each included slight variations, such as differences in the color of vehicles,
signs and buildings, or replacing a truck with a bus. See Fig. 3 for a description of the situations, their variations and the failure criteria.

3.4. Procedure

The simulator tests were conducted during school hours (see Fig. 1). Participants received information about the study from their
teachers and through on-screen instructions prior to starting the test. They were informed that the study was part of a research project
evaluating the use of driving simulators in driver education and testing. Participants were assured of their anonymity and their right to
withdraw at any time. After providing informed consent, the participants were randomly and evenly assigned to one of the three
simulator test versions, each of which took approximately 24 min to complete. Because participants were randomly assigned to the
three test versions, gender was not used as a stratification variable, and gender was therefore not recorded at the level of each version.
To pass the overall test, participants had to meet the criteria in all 14 situations. The outcome of the test, whether participants passed or
failed, was not disclosed to them, and their performance was never reported to their teachers or any driving inspectors, although all
data were recorded for later analysis.

Fig. 2. A detailed view of the driving simulator used in the study.
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Version 1 Description of Changes in V2 Failure
situation and V3 criteria

S1 Left turn at an V2: Car colors Collsion
intersection with V3: Carand or not
traffic lights and garage colors giving
oncoming traffic Bicycle added way

close to the road

S2 Passing a traffic V2: Car colors Collsion
queue ata V3: Car colors or not
pedestrian Parked cars giving
crossing, wherea | added way
pedestrian is Truck ahead Speeding
obscured by the added
gueue and steps
out in front of the
first car.

S3 Drivers are V2: Car colors Collsion
required to give V3: Car colors or not
way to a bus Small wagon giving
leaving the bus added close to way
stop. the speed limit

sign

S4 A child runs V2: Car colors Collsion
toward the V3: Car colors or not
pedestrian Objects and giving
crossing bushes added way

Speeding

S5 Right turn while a | V2: Car colors Collsion
cyclist crosses the | V3: Car colors or not
road at a People added at giving
signalized bus stop way
intersection. Bike and house

colors

S6 The driver V2: Car colors Collsion
encounters a V3: Car colors or not
pedestrian Clothing color giving
crossing the Construction way
street, who is work added on
partially hidden the hill and an
by the vehicle’s A- | object on the
pillar. balcony

Fig. 3. Description of the 14 situations, their variations and the failure criteria.
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S7 The driver V2: Car colors Collsion
encounters a child | V3: Car colors or speed
suddenly running | Clothing color over 40
into the path of Vegetation added | km/h at
the bus while back of
passing. the bus
S8 The driver enters | V2: Car colors Collsion
a motorway on- V3: Car colors Too
ramp and must Apartment house | close to
adapt speed to added carin
merge safely with front or
traffic. behind
Too slow
S9 The driver V2: Car colors Collsion
encounters a V3: Car colors or not
cyclist crossing Clothing color giving
the intersection House color way
with traffic Different cyclist
approaching from | People at pede-
the opposite strian crossing
direction. Child to the right
Workers ahead
S10 A caris hidden V2: Car colors Collision
behind the V3: Car colors or fail to
turning bus. Bushes added stop at
along the river stop sign
S11 The driver V2: Car colors Collsion
approaches a V3: Car colors
truck parked out Color of road sign
of sight behind a Bus instead of
small hill. truck
S12 The driver V2: Car colors Collsion
encounters a V3: Car colors
slow-moving Color of truck
vehicle merging Wagon and
onto the road and | haybales on the
must determine if | field
passing is safe.

Fig. 3.

(continued).
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S13 A moose enters V2: Car colors Collsion
the road. V3: Car colors or
Previously, Vehicles and speeding
warning signs objects added
indicated the shortly before
presence of the situation
moose.

S14 The driver V2: Car colors Collision
encounters a V3: Car colors Lane
situation with a Color of road sign | position
leftturnon a Logs by the road
country road side
while managing
oncoming
vehicles.

Fig. 3. (continued).
3.5. Analysis

The data were compiled in Excel, with separate files created for each test version, and subsequently analyzed using Jamovi. The
independent variables were the test version (version 1-3) and the specific driving situations (§1-S14). The dependent variable was
participants' performance, measured both overall and for each individual situation (pass/fail).

To assess the relative difficulty of the 14 situations across the three versions, a Rasch analysis was conducted. This analysis pro-
duced three corresponding result tables (Table 1-3). Situation difficulty was evaluated using the Measure parameter from the Rasch
model, where higher values indicate more challenging traffic situations, and lower values indicate easier ones.

The Rasch analysis also produced outfit and infit statistics, which were considered when interpreting the results. These values
indicate how well the data fit the expectations of the Rasch model. Specifically, outfit is sensitive to outliers, which in this case refer to
unexpected responses to specific traffic situations. Infit, or information-weighted fit, is more sensitive to patterns of responses and may
indicate a structural misfit if values are high (Tesio et al., 2024). Ensuring a good model-data fit is essential in Rasch analysis. What
constitutes an acceptable fit can vary depending on the sample size; however; many studies adopt an accepted range of 0.5 to 1.5 for
both outfit and infit values (Tesio et al., 2024). Values outside this range may suggest that a particular item does not behave
consistently with the underlying construct being measured.

In addition, a Generalized Mantel-Haenszel test was performed using the snowIRT module in Jamovi. The analysis was performed
on a combined dataset including responses from all three test versions. Item-level pass/fail responses (0 = fail, 1 = pass) served as the
dependent variable, and the Rasch-estimated person ability measure was used as the conditioning variable. Test version was specified
as the grouping variable with more than two levels, and the GMH procedure was applied to assess whether item difficulty differed

Table 1
Results from test version 1 for traffic situation S1-S14.
Proportion Measure S.E.Measure Infit Outfit
S1 0.811 —1.863 0.495 1.597 2.391
S2 0.622 —0.560 0.390 1.132 1.184
S3 0.838 —2.124 0.527 0.898 0.810
sS4 0.892 —2.779 0.625 0.499 0.198
S5 0.838 —2.124 0.527 0.681 0.577
S6 0.838 —2.124 0.527 0.756 0.846
S7 0.757 —1.421 0.449 0.883 0.895
S8 0.459 0.298 0.373 1.259 1.505
S9 0.676 —0.876 0.407 0.940 0.982
S10 0.730 —-1.227 0.432 1.078 1.052
S11 0.919 -3.219 0.706 0.779 0.741
S12 0.892 —-2.779 0.625 0.729 0.584
S13 0.324 1.017 0.391 1.087 1.033
S14 0.730 —1.227 0.432 0.972 1.040

Note. Infit = Information-weighted mean square statistic; Outfit = Outlier-sensitive means square statistic.
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Table 2
Results from test version 2 for traffic situation S1-S14.
Proportion Measure S.E.Measure Infit Outfit
S1 0.795 —1.782 0.473 1.269 1.673
S2 0.769 —1.568 0.452 0.895 0.759
S3 0.769 —1.568 0.452 0.894 0.753
S4 0.821 —-2.017 0.498 0.941 0.991
S5 0.897 —2.935 0.624 0.691 0.452
S6 0.821 —-2.017 0.498 1.336 1.391
S7 0.462 0.302 0.370 1.057 1.056
S8 0.385 0.716 0.375 1.165 1.124
S9 0.564 —0.251 0.377 1.014 1.100
Ss10 0.667 —0.850 0.401 0.891 1.057
S11 0.821 —-2.017 0.498 0.564 0.320
S12 0.744 -1.371 0.436 0.803 0.856
S13 0.308 1.152 0.390 1.137 1.089
S14 0.641 —0.693 0.393 1.018 1.237

Note. Infit = Information-weighted mean square statistic; Outfit = Outlier-sensitive means square statistic.

Table 3
Results from test version 3 for traffic situation S1-S14.
Proportion Measure S.E.Measure Infit Outfit
S1 0.843 —2.9004 0.528 0.728 0.699
S2 0.569 —0.2502 0.379 1.028 0.932
S3 0.647 —0.8533 0.399 1.207 2.663
S4 0.686 —1.1839 0.414 0.646 0.392
S5 0.647 —0.8533 0.399 0.808 0.543
S6 0.686 —1.1839 0.414 0.873 0.626
S7 0.529 0.0320 0.373 1.049 1.026
S8 0.235 2.1374 0.402 1.431 1.676
S9 0.510 0.1701 0.370 0.999 0.830
S10 0.588 —0.3954 0.383 0.839 0.610
S11 0.863 —3.1922 0.553 0.943 0.513
S12 0.686 —1.1839 0.414 1.128 0.984
S13 0.137 3.0678 0.472 1.030 0.589
S14 0.588 —0.3954 0.383 1.052 1.042

Note. Infit = Information-weighted mean square statistic; Outfit = Outlier-sensitive means square statistic.

significantly across test versions after controlling for latent ability. This approach tests for differential item functioning under the
assumption of local item independence conditional on the Rasch trait.

As an additional confirmatory analysis, Rasch item Measures were analyzed using a general linear model with test version (V1-V3)
as a fixed factor to examine whether overall item difficulty differed across versions.

4. Results

The results from the Rasch analysis indicate a general consistency in the relative difficulty of traffic situations across the three test

Table 4
Results from the Generalized Mantel-Haenszel test for traffic situation S1-S14.
MH Chi-square P Adj.p
S1 2.619 0.454 0.986
S2 5.082 0.166 0.581
S3 0.143 0.986 0.986
sS4 0.518 0.915 0.986
S5 6.799 0.079 0.550
S6 0.486 0.922 0.986
S7 7.022 0.071 0.550
S8 1.755 0.625 0.986
S9 0.313 0.958 0.986
S10 0.456 0.929 0.986
S11 5.388 0.146 0.581
S12 1.797 0.616 0.986
S13 4.063 0.255 0.713
S14 0.463 0.927 0.986
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versions (Table 1-3). For example, the Measure values show that S13 was the most difficult of all versions, with the highest difficulty
observed in version 3. Similarly, S11 consistently ranked as the easiest or among the easiest situations across all versions.

The findings from the Generalized Mantel-Haenszel test further support this consistency, as all p-values were above 0.05 (Table 4).
This suggests that there were no statistically significant differences in item difficulty between the three test versions. Moreover, the
general linear model showed no statistically significant effect of test version on Rasch item Measures, F(2, 39) = 1.92, p = .161, which
further suggests that the three test versions maintained comparable overall difficulty.

Nevertheless, inspection of the Rasch item measures revealed some variability in item difficulty across versions. For example, the
difficulty of situation S8 increased from 0.298 logits in Version 1 to 0.716 in Version 2 and 2.137 in Version 3. Similar increases were
observed for S9 and S13. In contrast, some situations, such as S1, showed lower difficulty estimates in Version 3.

Finally, it is important to note that some situations had outfit and infit values outside the commonly accepted range of 0.5 to 1.5.
For example, the outfit value for S1 in version 1 and for S3 in version 3 exceeded 1.5. These elevated values may indicate the presence
of outliers or inconsistent responses, potentially affecting the reliability of the difficulty estimates for those items.

5. Discussion

The study aimed to assess the impact of introducing slight variations into the traffic situations included in the screening test,
ensuring that such modifications did not alter its overall outcomes. The following research question was formulated to help guide the
work: Which modifications to the road environment or traffic can be made while maintaining the test difficulty? In the following
subsections, the results are discussed, followed by strengths and limitations and suggestions for future work.

5.1. 5.1 Result discussion

Results from the Rasch analysis suggest that certain variations had a more pronounced impact on participants' performance. In-
spection of the Rasch item measures indicated that some situations in test version 3 had higher difficulty estimates than their coun-
terparts in versions 1 and 2, although this pattern was not consistent across all situations. This finding was expected, as the
modifications introduced in version 3 were more substantial. For example, S9 was intentionally designed to be more challenging
through the addition of additional pedestrians and objects along the roadside, and the Rasch estimates indicated higher difficulty.
Collectively, these findings indicate that adding more people and diverse objects to the environment may influence participant per-
formance. This aligns with our methodological intention to use S9 as a boundary-testing case, where controlled increases in visual
complexity were introduced without altering the fundamental hazard cues (Crundall, 2016; Underwood et al., 2011). The observed
rise in difficulty suggests that even when core hazards remain unchanged, added scene complexity can meaningfully affect hazard
perception performance. This insight should be carefully considered in the ongoing development of simulator tests to avoid making
traffic situations excessively difficult.

Despite some variations affecting difficulty, the Generalized Mantel-Haenszel test showed no statistically significant differences
between the situations across the three test versions. This indicates that, although some individual situations varied in their estimated
difficulty across versions, the overall level of hazard perception difficulty remained comparable between the three test versions.

Together, these results underscore the importance of thoroughly examining how environmental and traffic variations impact
simulator test outcomes. This aligns with previous research, which emphasizes the need for careful control of environmental factors in
driving simulators, as these can critically influence the success and validity of simulation experiments (Chanmas et al., 2023; Dols
et al., 2016).

5.2. Strengths and limitations

This study contributes to the advancement of fair and reliable methods for assessing hazard perception and risk awareness, which
can play an important role in reducing traffic accidents and improving road safety. Previous research (Thorslund et al., 2024a) has
shown that driving simulators can effectively identify individuals with insufficient hazard perception. Building on this, the present
study explored whether hazard perception and risk awareness can be fairly assessed when variations are introduced into simulator
tests. A key strength is that simulators allow assessment of both explicit and implicit hazard perception. By immersing participants in
realistic traffic situations, subtle cues and anticipatory behaviors can be captured, providing a more comprehensive evaluation of
drivers' risk awareness and intuitive responses, which are difficult to measure in traditional on-road or video-based tests. Specifically,
introducing multiple test versions with controlled variations allows researchers to assess hazard perception and risk awareness without
participants simply memorizing situations, which could give an unrealistic impression of performance. By carefully manipulating
elements such as the number and placement of road users or roadside objects, while keeping the core hazard cues constant, it is possible
to create scenes that are different in appearance but equivalent in difficulty. This approach not only enhances the fairness and reli-
ability of the assessment but also enables repeated testing and comparison across participants or time points, providing a more robust
evaluation of drivers' hazard perception skills and risk awareness.

The results indicated that the variations introduced across the test versions did not significantly affect the overall difficulty level.
However, some variations, such as adding more pedestrians and objects along the roadside, were associated with increased difficulty.
These findings are important considerations for the ongoing development of simulator-based assessments.

Understanding the impact of such variations is particularly valuable for designing simulator tests that could be integrated into
existing driving exams. Introducing slight differences between simulator tests can prevent them from becoming overly predictable,
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thereby reducing the likelihood that test-takers can prepare specifically for certain traffic situations. Moreover, incorporating simu-
lator tests into the driving licensing process could enhance fairness by standardizing conditions that currently vary in on-road tests,
such as weather, traffic density, and other environmental factors. By controlling these variables, all participants face the same baseline
conditions, ensuring that performance differences reflect individual driving skills rather than external circumstances. This controlled
environment therefore supports a fair and consistent assessment of driving abilities.

One could argue that a limitation of this study is the homogeneity of the participant sample. All participants were the same age,
shared a similar educational background, and had comparable prior experience with the simulator. While this homogeneity reduces
variability, it also limits the generalizability of the findings to the broader population of individuals who may take the driving test.
Additionally, participants may have differed in their levels of motivation, which could have influenced their performance. For
example, some may not have taken the test seriously, while others might have felt pressured to perform well since testing occurred
during school hours. However, ethical measures were taken to minimize pressure by informing participants that the test was voluntary,
their data would remain anonymous, and they could withdraw at any time.

Another limitation concerns simulator fidelity. Although the simulator used in this study is classified as medium-fidelity, it does not
fully reproduce real-world driving conditions. Fixed-base simulators lack motion cues such as acceleration and braking forces, which
can influence speed perception and vehicle control. Moreover, participants are aware that the environment is simulated, and the
absence of real consequences may reduce stress or risk appraisal, potentially leading to more confident or less cautious behavior than
on the road (de Winter, van Leeuwen and Happee, 2012; Wynne et al., 2019). However, this limitation is less critical in the present
study because participants were already familiar with simulator use through their driver education, which likely reduced novelty
effects and promoted more natural driving behavior. Additionally, some participants may have experienced discomfort or simulator
sickness, which could have affected their performance independently of the test variations. However, this risk was likely minimal, as
all participants had extensive prior experience with the simulator, and none reported any symptoms of sickness during the study.

Finally, the Rasch analysis revealed that a few situations had outfit and infit values outside the accepted range, potentially indi-
cating reduced reliability of those measures. To improve the reliability of both the Rasch analysis and the Generalized Mantel-Haenszel
test, and to enhance the generalizability of the results, it would be beneficial to replicate the study with a larger and more diverse
sample.

5.3. Future work

Future research could build on this study by including a larger sample of participants. Increasing the sample size would reduce the
influence of individual outliers on the statistical analyses, thereby enhancing the reliability and robustness of the findings. Moreover,
according to the definition by Chanmas et al. (2023); this study focused on changes in traffic situations; while the driving scenario was
kept intact. Future studies could further investigate which types of scenario variations could be introduced in driving simulator tests
without significantly impacting difficulty levels. For instance; research could explore how changes in environmental factors; such as
weather conditions or time of day; influence participant performance. A further direction for future research would be to analyze
variation types in more detail; particularly for scenes such as V3. Coding different forms of added complexity (e.g.; added road users or
visibility-reducing objects) separately could help identify their specific effects on performance and clarify how different complexity
manipulations influence hazard perception. Further; traffic situations could be usefully grouped into overt and covert hazards; where
overt hazards are fully visible while covert hazards are partially or fully occluded; since these types produce different perception and
response patterns that depend on driving context and experience (Vlakveld; 2012; Wei et al., 2022; Sun et al., 2019). In our study, the
pass/fail criteria were not based on severity of the situations. This is a possible development of the test that could make it useful in a
wider context outside the Swedish driver education. Replicating the study by Thorslund and colleagues (2024a) but comparing
screening test results of different versions with the outcome of the on-road test would also be an interesting next step.

6. Conclusion

The aim of this study was to assess the impact of introducing slight variations in the traffic situations included in the screening test,
ensuring that such modifications did not alter the overall outcomes. The results indicated that there were no statistically significant
differences in difficulty across the different test versions, suggesting that the variations that were introduced did not compromise the
overall consistency of the test. However, some situations with additional pedestrians or roadside objects yielded higher difficulty
estimates, suggesting that increased scene complexity may influence hazard perception.

These findings provide valuable insights into the continued development of simulator-based assessments that could be integrated
into official driving tests. Ensuring that such tests remain fair and reliable, even when slight variations are introduced, is crucial for
accurately assessing hazard perception and risk awareness. Ultimately, this contributes to safer driving practices and improved traffic
safety.
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