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Hazard perception (HP) testing is widely regarded as an effective approach for identifying unsafe drivers and
mitigating collision risk. The European Transport Safety Council has therefore recommended its adoption within
national licensing systems. Evidence indicates that HP assessments must be adapted to local environments to
yield comparable safety benefits. Moreover, traditional HP tests depend largely on reaction times, which may
introduce post-perceptual biases because responses typically reflect the moment a hazard is judged as threat-
ening. To address this, the present study developed two versions of the HP test tailored to the Czech driving
context: a conventional reaction-time-based test and a prediction-based test in which participants were asked to
anticipate how a hazardous situation would unfold. Hazardous traffic scenarios were filmed across the Czech
Republic and edited into hazard perception and prediction tests. A total of 225 participants were recruited and
randomly allocated to either the hazard perception or hazard prediction test. Within each test, participants were
grouped according to pre-existing driving experience (novice vs. experienced) and collision history (collision-free
vs. collision-involved). The results indicated that experienced drivers outperformed novices on both test versions,
showing faster and more accurate hazard detection and superior predictive performance. These findings support
the feasibility of incorporating a hybrid HP assessment into the Czech national licensing system. However,
significant collision group differences emerged only in the perception task, with collision-involved drivers
demonstrating slower hazard response times. This suggests that the key differences may arise from post-
perceptual decision-making processes rather than perceptual limitations.

Driving experience
Driving context

1. Introduction

Since 2014, road safety improvements in the EU have saved
approximately 23,800 lives, resulting in an estimated societal benefit of
€60 billion. However, had the EU achieved the target 6.7% annual
reduction rate, 49,590 more lives could have been saved (European
Transport Safety Council). Globally, traffic collisions cause about 1.35
million deaths each year, surpassing both HIV/AIDS and tuberculosis,
making this the eighth leading cause of death (World Health Organi-
zation, 2018). Further, traffic collisions are now the leading cause of
death for people under 29, posing a significant risk to young pop-
ulations. Beyond the human costs, road crashes also impose a substantial
economic burden amounting to over $100 billion annually in low- and

middle-income countries (World Health Organization, 2013). In
response, the UN’s Decade of Action for Road Safety aimed to halve global
road deaths between 2010 and 2020 (United Nations, 2010) and the
EU’s Vision Zero seeks almost zero fatalities by 2050 (Cinea, 2022).
Nevertheless, by 2019 the global reduction in road deaths reached only
18% and some nations, including Colombia, the Netherlands, and the
US, recorded increases instead (International Transport Forum, 2022).

One promising initiative to address this issue focuses on enhancing
the driver licensing process, as newly licensed drivers are dispropor-
tionately represented in crash statistics (White et al., 2011). As part of
this initiative, the ETSC has recommended that hazard perception
training or assessment be incorporated into all European driver licensing
systems (European Transport Safety Council). In the UK, such testing
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reduced novice drivers’ crash involvement by 17.4% in the first year
(Wells et al., 2008) and following this success, similar tests have been
successfully adopted in Australia, New Zealand, and the Netherlands, as
well as trialled in other European countries. Despite this, most European
countries have yet to implement hazard perception testing.

Hazard perception refers to a driver’s ability to detect and respond to
potentially dangerous situations on the road (Ventsislavova et al., 2019).
Drivers with stronger hazard perception skills can anticipate and
respond to potential dangers more quickly and effectively, thus reducing
their likelihood of being involved in collisions. The theoretical frame-
work most closely aligned to hazard perception is the Situation
Awareness Framework (Endsley, 1995; Crundall, 2016), which con-
ceptualises hazard perception as a three-stage process: perceiving rele-
vant elements in the environment, understanding their meaning and
possible interactions, and anticipating how the situation is likely to
develop (Endsley, 1995). Empirically, hazard perception is one of the
few driving skills consistently linked to collision risk (Horswill et al.,
2013). It is typically assessed via short video clips filmed from the
driver’s perspective, during which participants are instructed to click a
button whenever they identify a hazard (Horswill et al., 2004). Faster
responses within the defined “hazard window” indicate better hazard
perception skill as research indicates that slower response times are
predictive of higher crash frequency (Horswill et al., 2004; Horswill
et al., 2015). Poorer test performance has also been linked to a higher
frequency of heavy-braking events in real-world driving (Hill et al.,
2019) and individuals who fail hazard perception tests multiple times
are nearly twice as likely to be involved in a collision after obtaining
their driving licence (Boufous et al., 2011). Overall, these findings
indicate that hazard perception is a strong predictor of crash risk,
underscoring its importance as a critical focus for interventions aimed at
enhancing driver safety and reducing collision rates.

While these results highlight the predictive validity of hazard
perception measures, questions remain regarding their ecological val-
idity. Measures obtained from HP tasks have been shown to correspond
closely with comparable measures collected during real-world driving.
Indeed, drivers cannot interact with video-based stimuli in the same
manner as they can in driving simulators. However, it is equally the case
that certain hazardous driving scenarios are difficult to recreate safely
and realistically within simulator environments. Video-based HP tests
therefore offer a pragmatic and ecologically relevant alternative, typi-
cally employing non-staged hazards captured in naturalistic traffic
conditions. As such, they provide one of the closest available approxi-
mations to real-world hazardous situations, while remaining cost- and
time-efficient. A related question concerns why relatively simple re-
sponses are used to assess driving performance in HP tests. There are
several reasons for this approach. First, the validity of HP tests has been
well established (e.g. (Crundall et al., 2012; Horswill and McKenna,
1999; Wetton et al., 2011), with robust evidence demonstrating an as-
sociation between superior hazard perception skills and reduced colli-
sion involvement (Wells et al., 2008; Boufous et al., 2011; Drummond,
2000). For example, Horswill et al. (Horswill et al., 2015) reported that
provisional drivers in Queensland who anticipated traffic conflicts
earlier in a licensing HP test reported fewer crashes both in the year
following the test and in the years preceding it. Comparable relation-
ships between HP test performance and crash involvement have been
reported across a range of other HP paradigms (Cheng et al., 2011;
Darby et al., 2009; Horswill et al., 2010; Rosenbloom et al., 2011).
Further support for the validity of HP tests comes from studies exam-
ining their relationship with on-road driving performance. In these
studies, driving ability was evaluated during a single journey on public
roads lasting approximately 30 to 45 min, with participants following a
predefined route while being assessed by trained examiners. Although
the samples differed in age, including older drivers (Ross et al., 2014;
Wood et al., 2013) and younger drivers (Mills et al., 1998), all reported
significant associations between examiner-rated on-road performance
and hazard perception test scores.
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Beyond their predictive validity, video-based HP tests offer sub-
stantial practical advantages. They can discriminate between safer and
less safe drivers while remaining highly cost- and time-efficient.
Consequently, HP testing has been incorporated into official driver
licensing systems in both the UK and Australia, providing an efficient
means of assessing drivers at scale. Evidence from these implementa-
tions suggests reductions in non-low-speed public-road crashes in which
drivers accepted some degree of responsibility (Wells et al., 2008), as
well as associations between HP performance and subsequent fatal and
serious injury outcomes one year after the test (Boufous et al., 2011).
Finally, video-based HP tests strike a balance between ecological and
experimental validity. They allow specific components of the driving
task to be measured under controlled conditions while exposing par-
ticipants to realistic, real-world hazardous traffic situations.

Hazard perception tasks are usually validated by their ability to
distinguish between novice and experienced drivers (Hill et al., 2019).
While several studies have yielded robust evidence supporting the role
of hazard perception ability in differentiating between drivers of varying
experience levels (Horswill et al., 2004; Wetton et al., 2010), the find-
ings across the literature remain somewhat inconsistent. Research con-
ducted in Norway (Sagberg and Bjgrnskau, 2006), Singapore (Yeung and
Wong, 2015), Spain (Ventsislavova et al., 2019) and even the United
Kingdom (Chapman and Underwood, 1998; Underwood et al., 2005) has
failed to identify significant experience-based differences, suggesting
that the test methodology may not provide a sufficiently sensitive or
comprehensive assessment of hazard perception ability. One contrib-
uting factor is the lack of consistency in defining what constitutes an
“experienced driver” in the literature. While the evidence indicates that
driving performance tends to improve progressively with age, reaching
its peak at approximately fifty-five years (Horswill and Hill, 2021), the
operational definitions of an ‘experienced driver’ differ considerably
across studies; some defining it as between three and five years of
driving experience, while others define it as ten years or more (e.g.,
(Horswill et al., 2004; McCartt et al., 2009). This inconsistency makes
cross-study comparisons challenging.

A further concern is that the contents of the various HP tests reported
in academic papers differ considerably, with some HP tests better
reflecting HP than others. For instance, in Yeung & Wong’s study (Yeung
and Wong, 2015), the video clips used did not include cues that might
allow a driver to predict the development of a hazard. This likely
contributed to their finding that experienced drivers did not outperform
novices, as the experienced drivers did not have access to the visual cues
that they would normally use to detect hazards. Similarly, stimulus
design also plays a crucial role. Studies using static images, such as the
Lithuanian test (Tuske et al., 2019), found inconsistent results compared
with dynamic video-based tests (Endriulaitiene et al., 2022). Static im-
ages remove the motion cues that are essential for developing situational
awareness. Evidence from eye-tracking studies indicates that experi-
enced drivers exhibit a broader distribution of attention (Underwood
et al., 2003; Konstantopoulos et al., 2010) and direct their gaze towards
locations where hazards are most likely to occur (Borowsky et al., 2010).
These differences in behaviour are unlikely to be accurately captured
using static stimuli. Furthermore, including rich video stimuli allows for
the possibility that novice drivers may incorrectly react to irrelevant
cues or miss early precursors of a hazard, mistakes that reflect real world
driving behaviour. This additionally highlights the need to carefully
define “hazard windows” within which responses will score points, as
variations in how researchers define these temporal windows can
obscure genuine differences in performance (Wetton et al., 2010; Ven-
tsislavova and Crundall, 2018).

While inconsistencies in validation and methodology do not under-
mine the value of traditional hazard perception tests, they highlight the
need for standardised guidelines. Such tests should encompass all crit-
ical components of hazard perception (detection, comprehension, and
prediction), employ well-designed dynamic stimuli that incorporate
precursors to potential hazards (to assess both drivers’ comprehension
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and anticipation of developing situations) and reflect clearly specified
evaluation criteria to ensure both reliability and comparability across
studies.

While the traditional hazard perception test has been successfully
applied in the UK (Wells et al., 2008), its suitability for use in other
countries remains uncertain. Driving culture varies widely due to dif-
ferences in legislation, enforcement, infrastructure, and attitudes toward
risky behaviours such as speeding or drink driving (World Health Or-
ganization, 2018). Cross-cultural research indicates considerable vari-
ation in hazard perception. For example, drivers from Spain tend to
perceive greater risk when evaluating traffic scenes, irrespective of their
origin, compared with drivers from the United States (Sivak et al.,
1988). Chinese drivers rated hazards from Spain, the United Kingdom,
and China as less dangerous than UK drivers did (Ventsislavova et al.,
2019). Similarly, many drivers tend to rate familiar hazards as less risky
than unfamiliar ones (Bazilinskyy et al., 2020), suggesting that both
culture and experience shape hazard interpretation. Evidence regarding
the international validity of the test is mixed. In Brazil, experienced
drivers demonstrated faster reaction times than novices (Caparelli-
Daquer et al., 2017), suggesting that similar effects may be observed in
other driving contexts. However, this study employed static Canadian
stimuli and compared professional with non-professional drivers; limi-
tations that may confound the findings. By contrast, research conducted
in Norway (Sagberg and Bjgrnskau, 2006) and Singapore (Yeung and
Wong, 2015) did not distinguish between novice and experienced
drivers. Cross-cultural comparisons in hazard perception showed that
Malaysian drivers exhibited significantly slower response times than
their UK counterparts despite similar visual fixation patterns (Lim et al.,
2013). Similarly, UK drivers outperformed Chinese and Spanish drivers
in both speed and accuracy (Ventsislavova et al., 2019). Notably, these
differences appeared to reflect variations in hazard criteria rather than
fundamental perceptual ability. Ventsislavova et al. (Ventsislavova
et al., 2019) demonstrated this by presenting Chinese, UK, and Spanish
drivers with identical hazardous clips across two types of hazard tests.
The first test measured reaction times in the same manner as the tradi-
tional hazard perception test, while the second required drivers to pre-
dict hazards independently of whether they perceived them as
hazardous. While, both tests employed identical hazard scenarios, the
previously observed cultural differences were no longer evident with the
hazard prediction test. These findings suggested that even in high-risk
driving environments, drivers who are very familiar with that context
may adopt a higher threshold than less familiar drivers for what con-
stitutes a hazardous situation, leading to fewer or slower responses in a
standard hazard perception test. Consequently, the standard hazard
perception test may be influenced by cultural differences in driving
norms and interpretations of risk. Effective international adaptation,
therefore, requires culturally tailored stimuli and calibration to local
driving conditions to ensure validity and comparability across countries.

Drivers’ allocation of attention, evaluation of potential risks, and
decision-making processes are shaped by top-down mechanisms
informed by their prior experiences and familiarity with the driving
environment (Gazzaley and Nobre, 2012). When encountering a devel-
oping hazard, a driver may exhibit either an automatic reaction or a
deliberate response. A reaction represents an immediate, unplanned
behaviour triggered by the sudden detection of danger while a response
involves considered, goal-directed actions based upon the individual’s
cognitive appraisal of the situation. The latter tends to produce more
adaptive outcomes, particularly when guided by effective hazard pre-
diction and supported by anticipatory hazard management strategies
(Pradhan et al., 2017). Given the rich variety of responses that drivers
can apply on the road, relying solely on reaction time to measure a
drivers’ hazard perception offers a restricted measure. Furthermore,
simple response times may introduce post-perceptual biases as a drivers’
recorded response may not reflect the instant of initial recognition, but
instead the moment at which the event is cognitively categorised as
hazardous. This distinction is especially relevant in contexts such as
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developing countries with elevated collision rates, where repeated
exposure to hazardous scenarios may reduce drivers’ sensitivity to po-
tential threats (e.g. (Lim et al., 2013). Consequently, it is essential to also
evaluate drivers’ anticipatory skills; specifically, whether their visual
attention is directed to appropriate areas at the appropriate time,
regardless of how they calibrate the unfolding situation.

The hazard prediction test offers a methodologically sound solution
to this issue. This paradigm closely resembles the traditional hazard
perception test, as it presents traffic scenarios containing hazardous
situations. However, unlike the traditional method, the video clip is
occluded before the hazard materialises. Drivers are then asked to pre-
dict how the situation is likely to unfold, regardless of whether they
regard it as hazardous or not (e.g., (Crundall, 2016; Ventsislavova and
Crundall, 2018). The hazard prediction test therefore addresses an
important limitation of the traditional hazard perception test, as it re-
quires participants to anticipate the development of a hazardous situa-
tion independently of their subjective evaluation of its risk. This isolates
the predictive component of hazard perception and provides a measure
of accuracy that is not confounded by subjective biases.

Early iterations of the hazard prediction test used open-response
formats (Jackson et al., 2009), while more recent versions have
employed multiple-choice questions (Ventsislavova and Crundall, 2018)
which are both more practical to administer and equally effective at
distinguishing between novice and experienced drivers. Empirical evi-
dence indicates that this paradigm has yielded promising results. Lim
etal. (Lim et al., 2013; Lim et al., 2014) reported that traditional hazard
perception tests failed to capture experience-related differences among
Malaysian drivers, whereas the hazard prediction test successfully
differentiated between experienced and novice drivers. Ventsislavova
et al. (Ventsislavova et al., 2019) observed a similar pattern across the
UK, Spain, and China. Additional studies employing context-specific
hazard prediction tasks have been found to be effective in Israel
(Ventsislavova et al., 2022), Lithuania (Endriulaitiene et al., 2022), and
Australia (Horswill et al., 2020) further corroborated its validity by
distinguishing drivers according to experience and crash history.

Other researchers have instead sought to minimise criterion bias by
modifying the traditional hazard perception test while still retaining its
reaction-time component. For instance, Manley et al. (Manley et al.,
2020) developed a Thai version that instructed participants to anticipate
“traffic conflicts” rather than hazards, effectively differentiating expe-
rience levels. Similarly, Sun et al. (Sun et al., 2019) designed a Chinese
hazard perception test based on national guidelines and expert valida-
tion, demonstrating that well-calibrated traditional tests can still
distinguish between drivers of differing experience, even in high-risk
driving cultures. Suggesting that, while the traditional hazard percep-
tion test has certain limitations when applied in countries with driving
cultures that differ substantially from that of the United Kingdom,
carefully designed traditional tests can still effectively distinguish be-
tween novice and experienced drivers (Manley et al., 2020; Sun et al.,
2019). Consequently, researchers have recommended that both versions
of the test be utilised for assessment and training purposes, and that they
be piloted across different countries (e.g. (Ventsislavova et al., 2019).

The Czech Republic presents a particularly relevant context for such
research. Between 2010 and 2020, the country recorded 7,372 road
fatalities, the tenth highest within the European Union (European
Commission, Directorate-General for Mobility and Transport, 2022).
Young drivers aged 18-24 are 3.7 times more likely to be involved in
fatal crashes and rank fourth highest in the EU for fatalities within this
age group (European Commission, 2021). Reducing young driver casu-
alties is identified as a key priority in the Czech Road Traffic Safety
Strategy 2021-2030 (Besip, 2021). Strengthening the learning and
licensing processes could play a crucial role in addressing this issue,
underscoring the importance of evaluating hazard perception assess-
ments. To date, Czech drivers have not been formally exposed to any
version of the hazard perception test. Given the demonstrated effec-
tiveness of both the traditional and prediction-based approaches in other
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countries, and the national commitment to improving young driver
safety, the present study aims to adapt hazard perception testing to the
Czech driving context and examine which version most effectively dif-
ferentiates between safe and unsafe drivers. Accordingly, the study
examined the capacity of the tests to discriminate between experienced
and novice drivers, as well as between drivers with and without prior
collision involvement, in order to evaluate whether this version of the
tests similarly predicts retrospective collisions, consistent with findings
from previous research (see (Boufous et al., 2011; Drummond, 2000).
The overarching objective is to develop a test that can be integrated into
the Czech driver licensing system as an evidence-based assessment tool.

This study aims to develop hazard prediction and hazard perception
tests that are specifically adapted to the Czech driving context and to
evaluate their effectiveness in distinguishing between experienced and
novice drivers, as well as between collision-free and collision-involved
drivers. Based on previous findings, it is anticipated that the hazard
prediction test will effectively differentiate between experience groups,
whereas the traditional hazard perception test may be less sensitive to
such differences. However, given that only one study to date has
examined the relationship between hazard prediction performance and
collision involvement (Horswill et al., 2020), while hazard perception
tests have consistently demonstrated the ability to distinguish between
collision-involved and collision-free drivers (Wells et al., 2008; Drum-
mond, 2000), it is expected that both tests will successfully differentiate
drivers based on collision history.

2. Methods
2.1. Design

The study employed a between-subjects factorial design combining
experimental and quasi-experimental methods, including hazard
perception test type (reaction-time-based vs prediction-based tests),
driving experience (novice vs experienced drivers), and collision history
(drivers with vs without self-reported prior collisions). Hazard percep-
tion test type was experimentally manipulated through random assign-
ment of participants to test conditions. In contrast, both driving
experience and collision history represented naturally occurring
participant characteristics and therefore constituted quasi-experimental
grouping variables. Accordingly, comparisons involving driving expe-
rience and collision history should be interpreted as quasi-experimental,
whereas comparisons between hazard perception paradigms reflected
an experimental manipulation. This hybrid design allowed the study to
examine how different hazard perception tests differentiate drivers as a
function of experience and collision history, while maintaining experi-
mental control over test format. Driving experience (experienced vs
novice), self-reported number of collisions and test type were fitted as
the independent variables. The primary dependent variables were re-
action time to hazards in the hazard perception task and response ac-
curacy in the hazard prediction task. Additional measures were collected
for the hazard perception task, including accuracy of hazard detection
and the number of extra hazard responses per clip. Accuracy in the
hazard perception task was defined as a response occurring within a
predefined temporal window surrounding the onset of the hazard. For
the hazard prediction task, accuracy was determined by the partici-
pant’s ability to correctly anticipate the unfolding of a hazardous situ-
ation from a set of presented response options. The study received
ethical approval from the Ethics Committee of Palacky University
(Czech Republic) and the College of Business, Law and Social Sciences at
Nottingham Trent University (United Kingdom).

2.2. Participants
To estimate the required sample size for the study, an a priori power

analysis was conducted using G*Power. Based on the pilot data collected
for this study, an odds ratio of 0.379 was calculated. With an alpha level
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of 0.05 and a target power of 0.95, the analysis indicated that a mini-
mum of 99 participants per task would be required to detect a statisti-
cally significant effect of driving experience in a multiple linear
regression model.

A total of 225 participants were recruited for the study, with 119
completing the hazard perception task and 106 completing the hazard
prediction task. Participants were recruited through university mailing
lists, driving schools, and public advertisements targeting Czech drivers
with varying levels of driving experience. Screening criteria were
applied prior to participation to ensure eligibility, including possession
of a valid provisional or full driving licence and active engagement in
driving at the time of the study. Novice drivers comprised both newly
licensed drivers and individuals currently enrolled in driving schools,
reflecting early-stage drivers with limited independent driving experi-
ence. To be included in the study, experienced drivers were required to
have held a full driving licence for at least three years and to have driven
a minimum of 2,000 km within the preceding two years (McCartt et al.,
2009). Novice drivers were required to have passed their driving test
within the past year or to be currently learner drivers. While learner
drivers typically accumulate relatively low mileage under supervised
conditions, their inclusion was intentional, as the study aimed to capture
hazard perception and prediction skills at the earliest stages of driving
experience. Collision history was self-reported and referred to any traffic
collision in which the participant was directly involved as a driver or
learner driver, irrespective of fault. However, detailed contextual in-
formation regarding collision circumstances (e.g., supervision status,
severity, or responsibility) was not collected.

Participants were recruited using a purposive sampling strategy
designed to maximise variability in driving experience while maintain-
ing ecological validity within the Czech driving context. Novice and
experienced drivers were classified based on a combination of licence
tenure and recent driving exposure, rather than age alone, in order to
minimise misclassification bias. Although recruitment was based on
voluntary participation, stringent inclusion criteria were applied to limit
heterogeneity within experience groups. Participants were randomly
allocated to the hazard perception and hazard prediction tasks, thereby
reducing the likelihood of systematic selection effects across task con-
ditions. Participant demographics, broken down by task type and
experience group, are reported in Table 1. A t-test determined that there
were no significant difference in the ages of participants who completed
the hazard perception or hazard prediction tasks, t(222) = 0.137, p =
0.616. Similarly, there was no significant difference in the number of
kilometres driven in the past two years by participants in the hazard
perception and prediction tasks, t(207) = 0.939, p = 0.059.

2.3. Materials and apparatus
2.3.1. Video clips

2.3.1.1. Filming and synchronisation. To develop the video stimuli for
the hazard perception and prediction tasks, approximately 17 h of
bespoke driving footage were recorded across various regions in the
Czech Republic in October 2022. Filming was conducted across a variety
of driving environments to capture a broad spectrum of scenarios
representative of those typically encountered by drivers in the Czech
Republic. All footage was captured during daylight hours and under
clear weather conditions, across different times of day. None of the
hazardous events were staged. The footage was recorded using four
GoPro HERO4 Silver Edition cameras mounted on the vehicle’s interior,
including the windscreen, rear-view mirror, and side mirrors to accu-
rately replicate the visual input available during real-world driving.
Recordings were made in 1920 x 1080 resolution at a frame rate of 50
frames per second (fps). The vehicle was driven by an experienced Czech
driver who adhered to all relevant legal and safety requirements for
filming while driving. Following data collection, footage from the four
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Table 1
Demographic characteristics of all participants across task and level of driving
experience.

Hazard Perception Hazard Prediction

Experienced Novice Experienced Novice
drivers Drivers drivers Drivers

N Participants 60 59 52 54

Average age 40.19 18.44 37.98 20.39

Age SD 16.32 3.04 14.11 12.80

N Gender

Male 34 29 32 20

Female 24 30 19 32

Chose not to answer / 2 0 1 2
Other

Driving Experience

N Participants still in 0 42 0 38
driving school

Average estimated 263.27 8.25 209.61 7.55
months between (195.24) (6.92) (160.45) (7.62)
individuals driving
test and
participation in the
experiment* (SD)

Average estimated N/A 7.44 N/A 8.69
hours spent in (8.87) (6.52)
driving school**

Average estimated km 33,476.27 1,526 26,581.00 173.35
driven in the (43,788.20) (5029,5) (29,086.28) (319.58)
previous 2 years
(SD)

Collision History

N participants who 31 10 28 6
had previously
experienced a
collision

Average N collisions 1.90(1.15) 1.10 1.89(1.11) 1.17
in participants who (0.30) (0.37)

reported experience
of collisions (SD)

N participants who 45 27 45 23
had previously
experienced a near
collision

Average N near 4.50(4.50) 3.40 7.31(15.49) 2.73
collisions in (5.22) (2.11)
participants who
reported experience
of near misses (SD)

*As the novice group includes all participants who reported less than 3 years of
driving experience, the calculation of participants months of driving experience
after passing the driving test does not include those participants who reported
still being in driving school. Further, as one experienced participant in both tasks
did not report the date at which they received their driving licence, they were
excluded from this calculation.

**Participants estimated hours spent in driving school was only calculated for
participants who reported that they were still in driving school.

cameras was synchronised and integrated into a composite overlay
representing the interior view of a vehicle, using Adobe Premiere Pro
2023 (see Fig. 1). This overlay was designed to enhance ecological
validity by closely replicating the visual information available to a
driver in a naturalistic driving context. From the recorded footage, an
initial set of 79 hazardous scenarios was identified. A hazard was
defined as an object or event that would require an evasive manoeuvre,
including sudden braking or swerving to avoid a potential collision (this
definition has been followed to select all of the videos in this study) (see
(Ventsislavova et al., 2019). Each scenario involved a materialised
hazard requiring an active driver response, such as braking or evasive
manoeuvring to prevent a collision.

2.3.1.2. Hazard perception clips. To assess participants’ accuracy, a
hazard window was defined for each clip. Hazard onset was defined as
the moment at which sufficient visual information became available for
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Fig. 1. An example frame from a hazardous clip, including the vehicle interior
overlay alongside the visual information captured in the right, left, and rear-
view mirrors.

a driver to recognise the emerging hazard and initiate an appropriate
response to avoid a collision. Hazard offset was defined at the point
beyond which an effective response would no longer have been possible
(see (Ventsislavova et al., 2019). The duration of the pre-defined hazard
windows ranged between 1,840 ms and 6,650 ms across video clips,
varying by clip according to the temporal duration of each hazard.
Hazard response times were calculated by subtracting the hazard onset
time for each clip from the participant’s button-press time. Participants
who failed to respond within a given hazard window were assigned a
score of 0. Responses were scored on a scale from O to 5, where a score of
5 indicated the fastest response within the hazard window and a score of
0 indicated no response during the hazard window. This scoring pro-
cedure followed the method established by the UK Department for
Transport (DfT) for official hazard perception testing, with scores
determined by the speed of hazard detection. Participants who produced
an excessive number of responses in a single clip (i.e., more than seven
clicks) were excluded from the analysis.

One example of a hazardous scenario involved the driver travelling
in the middle lane of a motorway, while a truck in the adjacent right-
hand lane flashed its indicator and began merging into the same lane.
This situation required the driver to either brake or change lanes to the
left in order to avoid a potential collision (see Fig. 2). Participants were
provided with a definition of a hazardous situation (see Section 2.3.1.1:
Filming and Synchronisation) and were instructed to observe each video
clip carefully, pressing the mouse button whenever they believed they
had identified a hazard.

2.3.1.3. Hazard prediction clips. Each hazard prediction clip contained a
hazard that would subsequently materialise, but each clip was occluded

Fig. 2. The image depicts a motorway from a driver’s perspective. A car and a
white truck are visible ahead. The truck is partially encroaching from the right-
hand lane into the driver's lane. The merging manoeuvre by the truck requires
the driver to either reduce speed or change lanes to avoid a potential collision.
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by a black screen just as the hazard began to develop. The occlusion
point was carefully selected so that a relevant cue indicating the forth-
coming hazard was visible, allowing participants to anticipate how the
situation was likely to unfold. For example, in the scenario shown in
Fig. 2, the clip was occluded shortly after the second intermittent indi-
cator signal, providing a clear precursor to the hazard for participants to
anticipate the truck’s merging manoeuvre. To prevent participants from
using the final frame of the clip to search for the hazard at their leisure,
each clip included a one-second black screen following the occlusion.
This occlusion technique has been previously identified as the best way
to elicit experienced-novice driver differences (Jackson et al., 2009).
After viewing each clip, participants were asked to select the correct
answer out of four multiple-choice response options. One option accu-
rately described the development of the hazard following the occlusion,
while the remaining three served as distractors. While all distractor
options were contextually feasible within the given driving scenario,
they were designed such that, for an experienced driver, only the correct
option could be logically inferred from the preceding hazard precursor.
The multiple-choice response options were carefully constructed and
piloted to ensure that none appeared more plausible than the others
based on linguistic features such as wording, phrasing, or sentence
length (see (Ventsislavova and Crundall, 2018).

2.3.1.4. Clip selection and focus group. Following an initial screening, 37
video clips were shortlisted for further evaluation. A focus group was
organised comprising nine experts in transport psychology and road
safety to assess the clips. Participants were recruited from both the
United Kingdom (n = 3) and the Czech Republic (n = 6), and all
attended the session in person. Each of the 37 clips was presented in two
formats: a hazard prediction version (in which the video occluded at the
point of hazard onset), and a hazard perception version (in which the
clip was shown in full, revealing the materialised hazard). During the
session, participants were shown all 37 video clips, beginning with the
hazard prediction version of each clip and asked whether they were able
to predict the unfolding hazard. This was followed by the corresponding
hazard perception version, after which participants were asked to
evaluate the plausibility of the occlusion point and the adequacy of the
overall hazard window. Finally, participants were asked to evaluate
whether the depicted hazard was representative of typical driving situ-
ations in the Czech Republic. The discussion centred on several key
criteria: whether sufficient information was available for participants to
accurately predict the development of the scenario; whether the occlu-
sion point occurred too early or too late; whether the distractor options
were plausible; whether the wording of the multiple-choice options was
potentially misleading or biased; and whether the overall quality of the
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video footage was adequate for inclusion in the tests.

For the hazard prediction task, participants responded by selecting
one of four multiple-choice options using OMBEA Response clickers.
This allowed the plausibility of the generated distractors to be assessed.
Once all participants had submitted their responses, a summary showing
the proportion of responses for each option was displayed. The correct
answer was then revealed, alongside a screenshot from the final frame of
the occluded clip to illustrate the visual cues that could have supported
correct prediction. This procedure is illustrated in Fig. 3.

To minimise order effects, both the sequence of clip presentation and
the order of multiple-choice response options were randomised. This
approach ensured that similar hazard types were not grouped in a way
that might influence participants’ accuracy.

Following the focus group, 31 clips were selected for piloting to
determine the most suitable stimuli for inclusion in the final hazard
prediction and hazard perception tasks. The other six clips were
excluded if our driver’s behaviour was considered inconsistent with
standard practice (n = 3), the scenario was not perceived as hazardous
(n = 2), or the simultaneous occurrence of multiple hazards within a
single clip would prevent the clip being used in a hazard perception test
(n = 1). Based on the feedback from the focus group, 13 clips were re-
edited to adjust the timing of the occlusion point, and two clips were
shortened to reduce the time leading up to the onset of the hazard.
Additionally, the multiple-choice options for 29 clips were revised to
enhance plausibility and clarity, ensuring cultural and contextual
appropriateness for a Czech participant base. Excluding the one-second
black occlusion screen, the final 31 hazard prediction clips ranged in
duration from 11.70 s to 38.74 s (M = 29.72 5), while the corresponding
hazard perception clips ranged from 24.44 s to 50.68 s (M = 44.86 s).
The focus group session took place over two consecutive days and lasted
a total of ten hours.

2.4. Pilot study

The 31 video clips shortlisted during the focus group were subjected
to a pilot study to determine which were most effective at differentiating
between novice and experienced drivers. The study also aimed to eval-
uate the difficulty level of each clip and to ensure that none exhibited
ceiling or floor effects that could compromise the sensitivity of the
measures. A total of 19 participants (10 experienced drivers, 9 novice
drivers) completed the hazard perception pilot, while 21 participants
(12 experienced drivers, 9 novice drivers) took part in the hazard pre-
diction pilot. Demographic characteristics of the pilot sample are pre-
sented in Table 2. All participants were native Czech speakers.

The pilot study was developed using Gorilla Experiment Builder and

1.Too easy or too hard? 5 |
2. Are there better MC options? 2
3. Any reason to not use? 3

4

e~/ [ | : =
The pedestrians from the right will cross the road

The grey car parked on the right pulls out in front of you
A cyclist crosses the road on the right
The tram emerges from around a bend in the road

Fig. 3. An example slide shown to participants following a multiple-choice question. Participants were shown the final frame of a hazard prediction clip, highlighting
the cues present within the clip. The correct multiple-choice option was bolded and explained to participants.
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Table 2
Demographic information of participants recruited for the pilot study across
driving experience and task type.

Hazard perception task Hazard prediction task

Experienced  Novice Experienced = Novice
N Participants 10 9 12 9
Average Age 30.10 19.22 32.83 19.11
Age SD 8.24 0.44 7.84 0.33
Gender
N Female 5 7 5 7
N Male 5 2 7 2
Level of Experience
Average number of months 131.50 9.43 139.17 8.5

since test passed
SD 97.83 1.90 93.70 3.25
Average estimated Km 17,900 912.50 22863.64 688.29
driven in previous two
years
SD 19180.14
Collision involvement
N indicated collision 4 2 6 0
involvement

1387.89 22724.54 947.58

was administered in person. All instructions and on-screen materials
were presented in Czech. The procedure for the pilot study was identical
to that of the final experimental protocol for both the hazard perception
and hazard prediction tasks (see Section 2.5 Main Study Procedure for
details). The video stimuli were identical across both tasks, with the only
difference being that the hazard fully materialised in the hazard
perception clips. To evaluate the discriminatory power of each clip,
Wilcoxon rank-sum tests were conducted to compare performance be-
tween novice and experienced drivers. These analyses were carried out
separately for each clip. Further details on the derivation of reaction
time and accuracy measures for each task are provided in Section 3.

2.4.1. Pilot results

The results of the pilot study indicated significant differences in
mean accuracy between experienced drivers (p = 0.81) and novice
drivers (p = 0.62) on the hazard prediction task, W = 61,845, p < 0.001,
r = 0.213. Similarly, for the hazard perception task, the mean reaction
times of experienced drivers (p = 2.18 s) were significantly faster than
those of novice drivers (p = 1.68 s), W = 50,012, p = 0.0007, r = 0.139.
However, no significant difference was observed between novice and
experienced drivers in terms of hazard detection accuracy, W = 45,152,
p = 0.264, r = 0.046.

A clip-by-clip analysis was also conducted to identify which video
stimuli most effectively distinguished between novice and experienced
drivers. The results of this analysis are presented in Table 3. Based on
this analysis, six hazard prediction clips and three hazard perception
clips demonstrated statistically significant differences in performance
between the two groups. An additional six hazard prediction clips and
three hazard perception clips did not reach statistical significance but
yielded moderate to large effect sizes, suggesting potential utility in
discriminating driver experience.

The final selection of video clips for the main experimental proced-
ure was determined by a steering group composed of six transport
psychology experts, including four based in the Czech Republic and two
in the United Kingdom. Clip selection was guided by the results of the
clip-by-clip analysis, differences in mean reaction times and accuracy
scores between experience groups, and the contextual relevance and
visual quality of the hazards depicted. This process resulted in the se-
lection of 18 clips for use in both the hazard prediction and hazard
perception tasks. While previous research has recommended the use of
identical video stimuli across both hazard perception and hazard pre-
diction tasks to ensure that any observed differences are attributable to
task demands rather than variations in the stimuli (e.g., (Ventsislavova
et al., 2022), this was only partially feasible in the present study. Twelve
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of the selected clips were identical across both tasks, while six differed.
These non-overlapping clips were excluded from cross-use based on the
clip-by-clip analysis, which indicated that they were not equally suitable
for both task types. As noted in prior research, it is not always possible to
use identical clips across both methodologies (e.g., (Crundall, 2016).
Certain hazards develop too abruptly to include a meaningful precursor,
rendering them unsuitable for hazard prediction, while others include
clear precursors but do not yet materialise into an imminent threat,
making them inappropriate for hazard perception tasks. The final
evaluation indicated that only one video clip required adjustment to its
hazard window. All other clips were retained in their original form, as
established during the pilot phase. The complete set of stimuli selected
for inclusion in the hazard perception and hazard prediction tasks is
detailed in Table 4.

2.5. Main study procedure

The main experimental procedure was implemented using Gorilla
Experiment Builder and conducted in person. The experiment was
conducted in a controlled laboratory environment to ensure stand-
ardised testing conditions across participants. All stimuli were presented
on a 24-inch LCD monitor with a native resolution of 1920 x 1080 pixels
and a refresh rate of 60 Hz. Participants were seated at an approximate
viewing distance of 60-70 cm from the screen, resulting in a visual angle
comparable to that of a natural driving scene. The laboratory was evenly
illuminated with ambient lighting to minimise screen glare and visual
fatigue, and external noise was minimised throughout testing. Partici-
pants completed the task individually, using a standard computer mouse
for responses. All experimental sessions followed identical hardware and
environmental configurations to ensure consistency in response mea-
surement across participants. The same equipment and setup were used
for both the hazard perception and hazard prediction tasks.

Upon arrival, participants were provided with detailed information
about the study and asked to give informed consent. Following consent,
participants were asked to complete a brief questionnaire capturing
their demographic information and driving experience. Participants
were then randomly assigned to either the hazard prediction or the
hazard perception task. Prior to the experiment, participants completed
a practice trial to familiarise themselves with the procedure and were
given the opportunity to ask any questions. The practice trial depicted a
hazardous situation that was only presented during the practice and did
not include any of the clips or hazards used in the main test. The entire
study, including all instructions and stimuli, was presented in Czech,
which was the participants' native language. None of the participants
had previously completed any form of hazard perception or prediction
testing.

2.5.1. The hazard prediction test

The independent variables consisted of the drivers' experience levels
and their history of involvement in collisions, while the dependent
variable was the accuracy of hazard prediction. Participants were
informed that they would be shown 18 video clips depicting real driving
scenarios filmed from the driver’s perspective on roads in the Czech
Republic. They were instructed that each clip would be occluded by a
black screen immediately prior to a hazardous scenario. Following each
clip, participants were asked what would happen next in the driving
scene and asked to select the correct answer from four multiple-choice
options. Participants were informed that only one of the options accu-
rately described the actual development of the hazardous situation
depicted in the video, and that there would always be sufficient visual
information in the environment prior to occlusion to allow an attentive
observer to correctly predict the outcome. Before the experimental trials
began, participants completed a practice trial designed to familiarise
them with the procedure. Performance feedback was provided only
during the practice trial, during which the clip was replayed with the
hazard highlighted to assist participants in identifying the relevant cues



P. Ventsislavova et al. Accident Analysis and Prevention 232 (2026) 108538

Table 3
Results of the Wilcoxon rank-sum tests for each individual clip across hazard task. The table includes, mean differences, p-values, and effect size for each.
Hazard Prediction Hazard Perception
Clip Difference between Wilcoxon rank-  Significant Included in Difference between Wilcoxon rank- Significant Included in
Name experienced and novice sum test results  Difference? final experienced and novice sum test results  Difference? final
drivers’ M accuracy rates procedure? drivers’ M reaction times procedure?
Clipl 0.028 W=555,p= No No 1.344 W=59.5p= No No
0.889, r = 0.185,r=
0.0457 0.315*
Clip2 0.444 W=78p= Yes — Large Yes 1.011 W=59,p= No Yes
0.0142,r = effect size 0.248,r =
0.547 0.275
Clip3 0.111 W=60,p= No No 0.056 W=485,p= No No
0.29, r = 0.252 0.801,r =
0.0675
Clip4 0.333 W=72p= Yes — Yes 0.156 W=49,p= No No
0.0404, r = moderate 0.76,r =
0.460 effect size 0.0801
Clip5 0.361 W=735,p= No* Yes 0.322 W=50.5,p= No Yes
0.0675, r = 0.656, r =
0.409* 0.112
Clip6 0.583 W=285.5p= Yes - large Yes 0.333 W=45p=1, No No
0.00704, r = effect size r=0
0.598
Clip7 0.111 W=60,p= No Yes 0.667 W=54,p= No Yes
0.29,r = 0.252 0.468,r =
0.176
Clip8 0.611 wW=87,p= Yes - large Yes 0.767 W=635p= No Yes
0.00711, r = effect size 0.0992, r =
0.596 0.389*
Clip9 —0.056 W=51,p= No No 0.278 W=51.5p= No Yes
0.77,r = 0.615,r =
0.0767 0.125
Clip10 0.139 W=615,p= No Yes 1.233 W =65.6,p = No Yes
0.566, r = 0.0828,r =
0.134 0.408*
Clip11 0.222 W=266,p= No Yes 1.144 W=70,p= Yes — Yes
0.108, r = 0.0395,r = moderate
0.366* 0.482 effect size
Clip12 —0.056 W=51,p= No No 0.833 W=59.5p= No Yes
0.77,r= 0.242,r =
0.0767 0.278
Clip13 0.000 W=54,p=1, No No 0.656 W=575p= No Yes
r=0 0.256, r =
0.271
Clip14 0.250 W=675,p= No Yes —1.089 W=35p= No No
0.175,r = 0.409, r =
0.307* 0.199
Clip15 —0.028 W=525,p= No No —0.389 W=39,p= No No
0.923, r = 0.637,r =
0.0315 0.118
Clipl6 0.111 W=60,p= No Yes 0.333 W=48,p= No Yes
0.643, r = 0.828,r =
0.110 0.0599
Clip17 —0.083 W=49.5,p= No No 0.411 W=50.5,p= No No
0.736,r = 0.677,r =
0.0829 0.105
Clip18 0.361 W=735p= No* Yes 0.022 W=2545,p= No No
0.0675, r = 0.447,r =
0.409* 0.184
Clip19 0.528 W=825,p= Yes - large Yes 1.622 W=73,p= Yes - large Yes
0.0216, r = effect size 0.0223,r = effect size
0.510 0.534
Clip20 0.222 W=66,p= No Yes 0.722 W=71,p= Yes — large Yes
0.341,r= 0.028,r = effect size
0.217 0.514
Clip21 0.250 W=675,p= No Yes 0.522 W=55p= No Yes
0.286, r = 0.386,r =
0.242 0.209
Clip22 0.028 W=555,p= No No —0.067 W=455,p= No No
0.889, r = 1, r = 0.00952
0.0457
Clip23 —0.028 W=522,p= No No 0.300 W=55p= No Yes
0.934,r= 0.398, r =
0.0271 0.204

(continued on next page)
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Table 3 (continued)
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Hazard Prediction

Hazard Perception

Clip Difference between Wilcoxon rank- Significant Included in Difference between Wilcoxon rank- Significant Included in
Name experienced and novice sum test results  Difference? final experienced and novice sum test results  Difference? final
drivers’ M accuracy rates procedure? drivers’ M reaction times procedure?

Clip24 0.333 W=72p= No Yes 0.411 W=54,p= No No
0.151,r = 0.459, r = 0.18
0.322*

Clip25 0.361 W=735p= No* Yes 0.511 W=56.5p= No Yes
0.0675, r = 0.337,r =
0.409* 0.230

Clip26 —0.056 W=51,p= No No 0.711 W=156,p= No Yes
0.77,r = 0.381,r =
0.0767 0.211

Clip27 0.556 W=284,p= Yes - large Yes 0.567 W=54,p= No No
0.00453, r = effect size 0.474,r =
0.630 0.174

Clip28 0.028 W=555,p= No No 0.767 W=55p= No Yes
0.889, r = 0.398, r =
0.0457 0.204

Clip29 0.194 W=064.5,p= No Yes 0.744 W=54,p= No Yes
0.385, r = 0.4, r = 0.204
0.199

Clip30 —0.056 W=51,p= No No —-0.078 W=43,p= No No
0.77,r = 0.9, r = 0.0386
0.0767

Clip31 0.139 W=615,p= No No 0.667 W=61,p= No No
0.412,r = 0.125,r =
0.192 0.364*

*Clips that did not reach statistical significance but yielded moderate to large effect sizes.
they may have missed. No feedback was provided during the main 3. Results

experimental trials. Each video began with a fixation screen lasting
3000 ms, which included a countdown to indicate when the clip would
start. The order of video presentation was randomised and the clips were
divided into two blocks of nine, with a short break offered between
blocks. To control for potential order effects, the presentation order of
the four multiple-choice response options following each clip was also
randomised. The full procedure, including instructions and practice,
lasted approximately 40 min. Upon completion of the task, participants
were presented with a debrief screen thanking them for their partici-
pation. A visual overview of the experimental procedure is presented in
Fig. 4.

2.5.2. The hazard perception test

The independent variables were driving experience and involvement
in collisions. The dependent variable was reaction time to hazards.
Participants were presented with 18 video clips depicting driving sce-
narios filmed from the driver’s perspective on roads in the Czech Re-
public. They were informed that these clips would contain potentially
hazardous situations requiring driver intervention to avoid a collision.
Participants were instructed to view each clip as if they were the driver
and to press the left mouse button every time they think they have seen a
hazard that, in their judgment, requires an evasive action. Before
beginning the experimental trials, participants completed a practice trial
to ensure they understood the task requirements. Participants received
feedback only during the practice trial where the clip was replayed with
the hazard visually highlighted. Following the practice trial, participants
proceeded to the main task without further feedback. Each trial began
with a 3000 ms fixation screen, which included a countdown indicating
the time remaining before the video clip commenced. All 18 clips were
subsequently presented in a randomised order, divided into two blocks
of nine, with an opportunity to take a short break between blocks. The
duration of the full experimental was approximately 35 min. A visual
representation of the procedure is provided in Fig. 4.

3.1. Statistical analysis

The project aimed to assess the differences between experienced and
novice drivers in their skills to predict and perceive hazards while
driving. Data on car collisions was also incorporated into the analysis,
however, the results should be interpreted with caution, as the collision
groups were not equivalent in numbers. Traditionally, factorial designs
of this nature have been analysed using mixed ANOVA, but this
approach has several limitations. First, it treats stimuli (video clips) as a
fixed factor rather than a random factor, even though the design in-
cludes two fully crossed random factors—participants and clips. Failing
to account for the second random factor may increase the likelihood of
Type I errors. In contrast, treating both clips and participants as random
effects enhances the generalisability of the findings beyond the specific
clips used in the study. Secondly, mixed ANOVA treats discrete out-
comes, such as correctly identifying a hazard, as continuous variables. A
more suitable approach is a multilevel generalised linear model, which
allows for discrete responses and incorporates fully-crossed random
factors (Baguley, 2012). In this study, we used the free and open-source
software R (R Core Team, 2018). We fitted a series of models, beginning
with an intercept-only model including random effects, followed by
models incorporating all main effects and subsequently adding higher-
order interactions, starting with two-way interactions. Likelihood ratio
tests were employed to assess the significance of effects by comparing
models with and without the effect of interest at each level of
interaction.

Prior to the main analyses, the internal consistency of both tests was
assessed and found to be acceptable. For the hazard perception test,
internal consistency was high for both accuracy scores (Cronbach’s a =
0.86, 95% CI [.82, 0.90]) and reaction time measures (Cronbach’s « =
0.86, 95% CI [.82, 0.90]). The hazard prediction test also demonstrated
good internal consistency (Cronbach’s a = 0.82, 95% CI [.76, 0.86]).

3.2. Hazard perception test results

There were three main measures of interest: the response times to
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Table 4
Final selection of video clips for the hazard perception and hazard prediction

tasks.

Hazard Perception

Hazard Prediction

Clip
Clip2

Clip5

Clip7

Clip8

Clip10

Clip11

Clipl6

Clip19

Description

You are driving down the
middle lane of a motorway,
behind a black car. A truck
ahead in the right-hand lane
begins to merge left into the
middle lane, forcing you to
pull into the left-hand lane

You are driving on the right-
hand side of a relatively busy
motorway, before pulling into
the left-hand lane. A truck
begins to signal and pulls into
the left-hand lane, in front of
you forcing you to slow down

You are driving down a wide
city street, approaching a
four-way junction. A car pulls
across the junction ahead of
you, causing you to brake and
slow down

You are driving down a dual
carriageway, when suddenly a
pedestrian appears and
crosses the road ahead of you
forcing you to brake and slow
down

You are driving down a
residential road with cars
parked on both sides. A car
unexpectedly turns into the
road, causing you to brake

You are driving in a shared
space for pedestrians, trams
and vehicles. A pair of
pedestrians suddenly cross the
road ahead of you causing you
to brake and slow down

You are following a grey car
along a residential road. You
are driving around a parked
van when a cyclist that had
previously been obscured by
the car in front becomes
visible and you must brake.

You are driving behind a red
car on a city street, turning left
and then right. Ahead, two
pedestrians on opposite sides
of the road cross a zebra
crossing and you must stop

Clip
Clip2

Clip5

Clip7

Clip8

Clip10

Clip11

Clipl6

Clip19

Description

You are driving down the
middle lane of the motorway,
behind a black car. A truck
ahead in the right-hand lane
begins to merge left into the
middle lane, forcing you to
pull into the left-hand lane.
The clip occludes after the
truck flashes its second
indicator

You are driving on the right-
hand side of a relatively busy
motorway, before pulling into
the left-hand lane. A truck
begins to signal and pulls into
the left-hand lane, in front of
you. The clip occludes after
the truck flashes its first
indicator

You are driving down a wide
city street, approaching a
four-way junction. A car pulls
across the junction ahead of
you, causing you to brake and
slow down. The clip occludes
as the car becomes visible
approaching the road

You are driving down a dual
carriageway, when suddenly
a pedestrian appears and
crosses the road ahead of you
forcing you to brake and slow
down. The clip occludes just
as the pedestrian becomes
visible, emerging from
behind the oncoming cars
You are driving down a
residential road with cars
parked on both sides. A car
unexpectedly turns into the
road, causing you to brake.
The clip occludes just as the
car comes into view from
around the corner

You are driving in a shared
space for pedestrians, trams
and vehicles. A pair of
pedestrians suddenly cross
the road ahead of you causing
you to brake and slow down.
The clip occludes as the
pedestrians are just about to
step off the pavement

You are following a grey car
along a residential road. You
are driving around a parked
van when a cyclist that had
previously been obscured by
the car in front becomes
visible and you must brake.
The clip occludes just as the
car moves

You are driving behind a red
car on a city street, turning
left and then right. Ahead,
two pedestrians on opposite
sides of the road cross a zebra
crossing and you must stop.
The clips occludes as the
pedestrians are just about to
step off the pavement

10
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Table 4 (continued)

Hazard Perception

Hazard Prediction

Clip20

Clip21

Clip25

Clip29

Clip9

Clip12

Clip13

Clip23

You are driving in a shared
space for pedestrians, trams
and vehicles. A pedestrian
suddenly emerges from a side
road without looking and
crosses the road forcing you to
slow down

You are driving along a wide
city street and approaching a
crossroads where a tram is
passing across. As you prepare
to turn left, a car previously
hidden by the tram suddenly
appears and crosses your path,
forcing you to brake.

You are traveling through a
residential area behind a
white car. After taking the
second exit at a roundabout, a
bus at a nearby bus stop pulls
out in front of you, forcing you
to slow down.

You are driving along
cobblestone streets and turn
into a side street. A parked
vehicle on the corner
obstructs your view, and an
oncoming car suddenly
becomes visible, prompting
you to brake.

You are driving in a shared
space for pedestrians, trams
and vehicles. A car quickly
pulls in front of you from a
side road on the right forcing
you to slow down

You pull into a side road. A

parked car is pulling out in the
side road which only becomes
visible once you have started
turning causing you to brake.

You exit a side road and turn
into a main road. A pair of
pedestrians with a service dog
cross the road ahead of you,
causing you to slow down

You are traveling through a
residential area. Firemen
using a ladder are visible
ahead on the road opposite a

Clip20

Clip21

Clip25

Clip29

Clip4

Clip6

Clip14

Clip18

You are driving in a shared
space for pedestrians, trams
and vehicles. A pedestrian
suddenly emerges from a side
road without looking and
crosses the road forcing you
to slow down. The clips
occludes as the pedestrian
approaches the road

You are driving along a wide
city street and approaching a
crossroads where a tram is
passing across. As you
prepare to turn left, a car
previously hidden by the tram
suddenly appears and crosses
your path, forcing you to
brake. The clip occludes as
the car briefly comes into
view, emerging from behind
the passing tram

You are traveling through a
residential area behind a
white car. After taking the
second exit at a roundabout, a
bus at a nearby bus stop pulls
out in front of you, forcing
you to slow down. The clip
occludes after the bus flashes
its first indicator

You are driving along
cobblestone streets and turn
into a narrow side street. A
parked vehicle on the corner
obstructs your view, and an
oncoming car suddenly
becomes visible, prompting
you to brake. The clip
occludes just as the
headlights of the oncoming
car become visible from
behind the parked vehicle.
You are driving down the left-
hand lane on the motorway
directly behind a white car
and a truck. A grey car in the
right-hand lane suddenly
pulls in front of you,
undertaking and cutting
across your path. The clip
occludes just as the grey car
becomes visible through your
right window and activates its
indicator.

You are driving down a city
road passing a tram stop. A
pedestrian suddenly emerges
from the right-hand side and
starts crossing the road
ahead. The clip occludes as
the pedestrian steps off the
pavement.

You are travelling behind a
white car on a quiet single
carriageway. A cyclist on the
right-hand side of the road
causes the car ahead of you to
brake and pull into the left-
hand lane to pass it and you to
slow down. The clip occludes
with the car in front braking
abruptly

You are driving through a
quiet, wide city street and
enter a car park. A pedestrian
emerges from the left and

(continued on next page)
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Table 4 (continued)

Hazard Perception Hazard Prediction

corner in the road. As you turn
the corner a parked fire truck
becomes visible forcing you to
slow down.

walks in front of you forcing
you to brake. The clip
occludes as the pedestrian
becomes visible from behind
the cars.

Clip26  You are driving through a Clip24  You are travelling through a
wide city street behind a line residential area behind a line
of traffic. As you approach a of traffic. The car in front of
zebra crossing, two you begins to move into the
pedestrians step out and begin left-hand lane, revealing a
to cross, prompting you to stationary car pulled over on
stop. Just after they pass, an e- the right, which forces you to
scooter suddenly appears from slow down. The clip occludes
the side and crosses the road just as part of the stationary
unexpectedly, forcing you to car’s hazard lights becomes
remain stopped. visible

Clip28  You are driving down a Clip27  You are driving down a city

narrow road and turn left into road and turn left into a
a wider shared space for
pedestrians, trams and
vehicles A man is seen on the
right about to step out of a
parked car, forcing you to

reduce your speed

narrow side street that leads
onto another main road. A
large bus coming from the left
suddenly becomes visible,
attempting to turn into the
narrow street, forcing you to
stop. The clip occludes just as
a flash of the bus becomes
visible.

hazards (Reaction Times — RTs), the proportion of hazards correctly
identified (hazard perception accuracy), and the number of mouse clicks
outside the hazard window.

3.2.1. Differences between driving experience and collision groups in
relation to their reaction times to the pre-defined hazards

Differences for reaction times (RTs) were analysed via a multilevel
ordinal regression using the R ordinal package (Christensen, 2018). In
order to calculate response times for the hazards, hazard onsets and
offsets were defined for each clip. RTs were then calculated by sub-
tracting the hazard onset times for each video clip from the participants'
button-press times. If participants did not respond during a particular
clip, they were assigned a score of 0. The scoring system ranged from
0 to 5, with 5 indicating the fastest response within the hazard window
and O representing no response within the hazard window (following the
procedure established by the UK Department for Transport (DfT) for
official hazard perception testing). The scores were determined based on
the speed at which participants detected the hazard. For instance, a

Panel A
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score of 1 would indicate a response made just before the end of the
hazard window (when the hazard window closes), while a score of 5
would signify a response made at the beginning of the hazard window
(when the hazard window opens). The independent variables were
driving experience and involvement in collisions and the dependent
variable was reaction times to hazards.

First an intercept-only model with random intercepts for participants
(SD = 1.33) and video clips (SD = 0.99) was fitted before adding main
effects and two-way interactions. The intercept only model (Xz 7)) =
6388.2) was a worse fit than a model with all main effects (sz 2) =
27.32, p < 0.001), which however was a better fit than a model with all
two-way interactions (A2 (1) = 0.74, p = 0.38). The results suggested
that experienced drivers were significantly faster at detecting hazards
than the novices (M = 3.01 vs. M = 2.1) (AX2 (1) = 27.24, p < 0.001)
(see Fig. 5). The results also indicated that those drivers who have never
been involved in collisions were slightly faster than those who have
previously been involved in collisions (M = 2.70 vs. M = 2.23) (AX2 (€D)
= 5.27, p < 0.05) (see Fig. 6). Collision-involved participants showed
lower odds of achieving higher RTScore categories compared to
collision-free participants (OR = 0.55, 95% CI [0.33, 0.90]), while
novice drivers showed substantially lower odds than experienced drivers
(OR = 0.26, 95% CI [0.16, 0.42]). These effects indicate reduced hazard
perception performance associated with collision history and less
driving experience. It is important to note that the collision group con-
sisted of only 41 participants, compared to 78 in the non-collision group
(combining experienced and novice drivers in the hazard perception
task), warranting caution when interpreting the findings. Within the
experienced driver group specifically, those who had not been involved
in collisions demonstrated faster RTs (non-collision: M = 3.21 vs.
collision: M = 2.83). No significant interaction was found between
collision involvement and driving experience (see Fig. 6).

3.2.2. Differences between driving experience and collision groups in
relation to their hazard perception accuracy

To assess overall hazard perception accuracy, participants' responses
within the hazard window were analysed, regardless of how quickly
they responded. A score of 1 was assigned if the participant detected the
hazard within the pre-defined hazard window, while a score of 0 indi-
cated a failure to respond during that time frame. The independent
variables were driving experience and involvement in collisions and the
dependent variable was accuracy in detecting hazards.

A 2x2 factorial model was fitted via a multilevel logistic regression
using the R Ime4l] package (Bates et al., 2015). The deviance (likelihood
ratio Chi Square, y%) for the intercept only model was 2466.0 and
decreased dramatically to 2440.7 for a model including main effects of

Panel B

Fig. 4. A and B: Sequence of events in the hazard prediction task (Panel A) and hazard perception task (Panel B). Panel A illustrates the procedure for the hazard
prediction task, showing the fixation screen, the final visible frame of the video clip prior to occlusion, a one-second black occlusion screen, and the subsequent
display of four multiple-choice response options. The response screen remained visible until a selection was made. Panel B depicts the sequence for the hazard
perception task, including the fixation screen, a representative frame from the clip showing the developing hazard, and the blank screen presented for 500 ms

following the clip.
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Fig. 5. Reaction Times to hazards across driving experience groups. Scores
closer to 5 indicate a faster reaction time (with error bars).

Experience

@ Experienced
@ Novice

Reaction Time

N}

Collisions

Fig. 6. Reaction time to hazards across experience and collisions groups. Scores
closer to 5 indicate a faster reaction time (with error bars).

collisions and driving experience. This improvement in model fit was
statistically significant, Ay?> (2) = 25.37, p < 0.001. In addition,
although the chi-square value decreased when all two-way interactions
were included, the change was not significant, sz(l) =1.03,p=0.31.
The main effects model appeared to be the most informative. There was
a significant difference between the experienced groups in hazard
perception accuracy sz (1) = 25.33, p < 0001, with experienced
drivers showing better HP accuracy than the novices (M = 75% vs M =
42.3%) (see Fig. 7). On average, those drivers that were involved in
collisions were less accurate in spotting hazards than those that have
never been involved in collisions sz (1) =4.58,p < 0.05, (M =67% vs
M = 52%) (see Fig. 8). The odds of a correct hazard perception response
were significantly lower for participants reporting a prior collision (OR
= 0.54, 95% CI [0.31, 0.94]), indicating that collision-involved drivers
were less likely to respond correctly than collision-free drivers. In
addition, novice drivers exhibited substantially lower odds of correct
hazard perception compared with experienced drivers (OR = 0.24, 95%
CI [0.14, 0.41]). The model intercept corresponded to the odds of cor-
rect responding for experienced, collision-free drivers (OR = 4.21, 95%
CI [2.22, 7.99]). No significant interactions between any of the groups
was observed. It is important to note that the collision group consisted of
only 41 participants, compared to 78 in the non-collision group, war-
ranting caution when interpretating the results.
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Predicted probabilities of HPScore
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Fig. 7. Hazard perception accuracy across driving experience groups (with
error bars).

Predicted probabilities of HPScore
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e
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Fig. 8. Accuracy in hazard perception across driver collision groups (with
error bars).

3.2.3. Differences between driving experience and collision groups in
relation to their additional hazard responses

The number of extra hazard responses, beyond those responses
identified within the predefined hazard window, was also calculated.
The extra hazard response rate refers to the total number of additional
responses recorded during the entire video that did not qualify as correct
detections of the predefined hazard. The independent variables were
driving experience and involvement in collisions and the dependent
variable was the extra responses to the pre-defined hazards.

As the video clips varied in time, we modelled the responses as a
Poisson count variable with an offset to account for the extra exposure
for the duration of each clip (Baguley, 2012). The resulting multilevel
generalized linear model, which included participant and clip as random
factors, therefore estimated the extra hazard responses per minute
(EHR/m) and was fitted using Ime4 package. The deviance (likelihood
ratio Chi Square ¥2) of the intercept only model was 7543.9 and
decreased to 7540.3 for a model with main effects. The intercept only
model (y 2(3) =7549.9) appeared to be a worse fit than a model with all
main effects ()(2 (2) = 3.63, p = 0.16) and all two-way interactions (X2
(1) = 0.62, p = 0.43). No significant main effects and interactions were
observed. No statistically significant differences were observed between
experienced and novice drivers (xz(l) = 1.58, p = 0.20), with similar
mean scores for experienced drivers M = 2.07 and for novice drivers M
= 2.19. Similarly, no significant differences were found between colli-
sion history groups (Xz(l) = 3.22, p = 0.07). Participants with no history



P. Ventsislavova et al.

of collisions had a mean score of M = 2.21, whereas those who had been
involved in a collision had a mean score of M = 1.98 for additional
hazard responses. The main effect of Collisions was not significant,
indicating that participants with a history of collisions did not differ in
click rate from those without such a history (IRR = 0.87, 95% CI [0.66,
1.15]). Similarly, Experience did not significantly predict click rate, with
novices showing a comparable number of clicks to experienced drivers
(IRR = 0.92, 95% CI [0.71, 1.19]).

3.3. Hazard prediction test results

The primary variable of interest in this analysis was the accuracy of
drivers' ability to predict hazards. To examine differences in hazard
prediction accuracy across various factors, a 2x2 factorial design was
fitted using multilevel logistic regression with the R Ime4 package (Bates
et al., 2015). The independent variables consisted of the drivers' expe-
rience levels and their history of involvement in collisions, while the
dependent variable was the accuracy of hazard prediction.

An intercept only model (with no predictors) estimated the SD of the
participant random effect as 0.097 and the SD of the clip random effect
as 0.729 indicating that only 9% variation at level 2 of the model is
attributable to participants, with variability in clips accounting for the
majority (72%) of level 2 variance. This indicates that a traditional
ANOVA analysis, that treats variation between clips as zero, would
substantially underestimate standard errors. The deviance (likelihood
ratio Chi Square, Ay?) for the intercept only model was 2228.9 and
decreased substantially to 2192.2 for a model including main effects of
experience and crashes. This improvement in model fit was statistically
significant (AX2 (3) = 36.73, p < 0.001). However, the model with all
two-way interactions was not statistically significant (Ay2 (1) = 0.35, p
= 0.55). The main effects model therefore appears to be the most
informative. There were significant differences between the experienced
and novice drivers in their ability to predict hazardous situations (Ay?
(1) = 30.35, p > 0.001), (M = 78% vs. 48%) (see Fig. 9). The experi-
enced drivers predicted significantly more hazards than the novices. No
significant differences were found between drivers who had been
involved in collisions and those who had not (sz(l) =0.02, p = 0.89),
with mean accuracy rates of M = 65% and M = 64%, respectively (see
Fig. 10). The effect of collision history was not significant, with odds of
correct prediction for participants with a collision history being similar
to those without (OR = 0.97, 95% CI [0.60, 1.56]). In contrast, novice
drivers showed substantially lower odds of correct prediction compared
with experienced drivers (OR = 0.26, 95% CI [0.17, 0.41]), indicating
that novices were considerably less likely to make correct predictions. It

Predicted probabilities of Prediction_Accuracy

Hazard Pred\gtlon Accuracy

40%

Experienced

Novice

Experience

Fig. 9. Accuracy in hazard prediction across driving experience groups (with
error bars).
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Predicted probabilities of Prediction_Accuracy
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Fig. 10. Accuracy in hazard prediction across collision groups (with
error bars).

is important to note that only 34 drivers reported being involved in
collisions, compared to 72 experienced drivers (combining experienced
and novice drivers in the hazard prediction task). Consequently, when
experience was controlled for in the model, the analysis did not yield
comparable differences, which limits our ability to draw conclusions
regarding the impact of collisions. However, when examining the mean
accuracy scores between experienced drivers who had been involved
in collisions and those who had not, the scores were relatively similar at
M = 75% and M = 73%, respectively.

3.4. Comparisons of the two tasks

Both tests were compared via logistic regression, with the factors
being test type and driving experience, and the dependent variable —
accuracy in hazard detection. The results indicated that there was no
evidence that one test was more superior than the other in differenti-
ating between the groups of drivers with varying levels of experience
(sz (1) = 0.42, p = 0.52). The mean scores for hazard perception were
M = 69% for experienced drivers and M = 49% for novice drivers, while
for hazard prediction, the scores were M = 73% for experienced drivers
and M = 48% for novices. Both tests demonstrated a robust ability to
assess these skills. Additionally, no significant interaction was observed
between experience and test type (sz (1) = 0.83, p = 0.36) (see
Fig. 11). While experienced drivers outperformed novices in both tests
(OR = 0.21, 95% CI [.13, 1.00]), no meaningful effects were observed
for test type.

80% Experience

I

- Experienced
@ Novice

~
o

Accuracy (%)
g

50% 'S

HazardPerception HazardPrediction

Test Type

Fig. 11. Accuracy in perceiving hazards across test type and driving experience
(with error bars). The central line within each box represents the median.
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4. Discussion

The aim of the present study was to investigate whether a bespoke
hazard perception (HP) test, specifically designed for the Czech driving
context, could effectively distinguish between experienced and novice
drivers. As evidence from prior studies has suggested that standardised
HP tests may not transfer effectively across diverse driving contexts
(Ventsislavova et al., 2019), two variants of the HP test were developed;
a hazard perception test and a hazard prediction test. These tests reflect
different levels of Situation Awareness (SA) theory (Endsley, 1995),
assessing both drivers’ ability to detect hazards in a timely manner and
their ability to predict their development, and by developing both we
were able to compare these two paradigms and evaluate which approach
is better suited for the Czech driving context.

The findings revealed that experienced drivers significantly out-
performed novices on both hazard perception and hazard prediction
tests. Specifically, experienced drivers detected hazards more rapidly
and demonstrated greater accuracy in both detecting and predicting
hazardous situations. These findings are consistent with previous
research, which has repeatedly shown that experienced drivers
demonstrate superior situational awareness and hazard perception skills
compared to novice drivers (e.g., (Hill et al., 2019; Wetton et al., 2011).
Both hazard perception test variants developed for this study success-
fully distinguished between the two experience groups, producing
promising results and supporting the potential integration of this form of
assessment into the Czech driver licensing procedure. Notably, none of
the participants had prior exposure to any hazard perception testing, yet
experienced drivers consistently outperformed novices, indicating that
the observed differences are attributable to driving experience rather
than familiarity with the test format. Once again, the hazard perception
test has demonstrated its capacity to differentiate between levels of
driving expertise across both task variants. When considered alongside
previous large-scale validation studies (e.g., (Ventsislavova et al., 2019;
Ventsislavova et al., 2022; Ventsislavova et al., 2016) the present find-
ings offer strong empirical support for the inclusion of hazard perception
testing within national licensing systems, including those beyond the
Czech Republic.

The observed differences in hazard perception and prediction accu-
racy between novice and experienced drivers are underpinned by
cognitive and perceptual mechanisms related to attention allocation,
situational awareness, and schema development. Experienced drivers
typically possess more elaborate and refined mental models of traffic
situations, enabling them to anticipate potential hazards even when
visual cues are limited. This aligns with prior research indicating that
driving experience enhances the ability to detect and interpret subtle
environmental indicators related to the hazard (Crundall, 2016; Crun-
dall et al., 2012). In contrast, novice drivers may exhibit narrower
attentional focus and reduced capacity to integrate contextual infor-
mation, resulting in poorer performance on hazard-related tasks. Simi-
larly, individuals with a history of collision involvement may differ in
their attentional control or threshold for threat appraisal, potentially
reflecting either riskier driving behaviour or deficits in processing dy-
namic traffic information (e.g., (Wetton et al., 2011; Castro et al., 2021).

In this line, the findings also revealed statistically significant differ-
ences between collision-involved and collision-free drivers, with the
former group exhibiting lower accuracy and slower response times in
detecting hazards. While these findings should be interpreted with
caution due to the unequal sample sizes between collision groups, the
hazard perception test appeared more effective than the hazard pre-
diction test in distinguishing between drivers based on their collision
history. While further research is needed to better understand the rela-
tionship between hazard-related performance and crash involvement,
the current results seem promising. These findings corroborate existing
evidence indicating that superior hazard perception performance is
associated with reduced crash risk across a range of driver populations
(e.g., (Boufous et al., 2011; Drummond, 2000).
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Nonetheless, the hazard prediction test did not distinguish between
collision-involved and collision-free drivers. To the authors’ knowledge,
only one study has attempted to link self-reported collisions with hazard
perception performance, conducted by Horswill et al. (Horswill et al.,
2020). Their results indicated that drivers who reported no crashes in
the previous two years made significantly more valid predictions in the
hazard prediction test than those who reported crashes, however, this
finding is constrained by the use of only two video clips to measure
hazard perception performance. Given the mixed evidence, additional
research is warranted to determine whether hazard prediction skill is a
valid predictor of crash risk.

It should also be noted that experienced drivers achieved relatively
high scores on the hazard prediction test, a finding that is not without
precedent. While some previous studies have shown the hazard pre-
diction test to be harder than the hazard perception test for both novice
and experienced drivers (e.g., (Ventsislavova et al., 2019; 2022), other
studies have reported comparable levels of performance among expe-
rienced drivers. For example, Ventsislavova and Crundall (Ventsislavova
and Crundall, 2018) reported an accuracy of 72% in a study examining
three different occlusion points in a hazard prediction task. Their results
indicated that shorter temporal gaps between the hazard precursor and
the subsequent development of the hazard were associated with higher
prediction accuracy. This effect is likely due to the unfolding nature of
hazard precursors, which may also have contributed to the present
findings. Similarly, Crundall and Kroll (Crundall and Kroll, 2018) found
that low-risk, experienced fire-appliance drivers achieved an average
accuracy of 73% on a hazard prediction test. Eye-tracking data revealed
that these drivers fixated hazard precursors significantly more often
than higher-risk drivers, indicating greater attentional prioritisation of
locations from which hazards were likely to emerge. These findings
support the theoretical rationale underpinning hazard prediction
testing, namely that safer drivers are more effective at identifying, pri-
oritising, and monitoring potential precursors, and are therefore more
likely to be attending to the correct location at the critical moment.
Importantly, the hazard prediction test in the current study still suc-
cessfully differentiated between experienced and novice drivers
demonstrating that experienced drivers were more likely to prioritise
areas where hazards were anticipated to emerge.

The findings of the present study also indicated that experienced and
novice drivers produced a comparable number of additional hazard re-
sponses, suggesting similar levels of general vigilance. These results
align with previous cross-cultural research comparing hazard perception
performance in China, Spain and the UK, which reported no significant
differences between experienced and novice drivers but found differ-
ences across nationalities (Ventsislavova et al., 2019). However, the
significant experience group differences observed in hazard perception
performance suggest that experienced drivers were more accurate at
detecting and responding to the pre-defined hazards. This implies that
their performance advantage did not stem from heightened general
responsiveness, but rather from more efficient and accurate hazard
discrimination. In contrast, novice drivers may have produced addi-
tional responses due to uncertainty yet failed to demonstrate the level of
cognitive filtering and prioritisation of relevant cues observed in expe-
rienced drivers. While SA does not inherently involve decision-making,
it plays a pivotal role in guiding the selection of appropriate behavioural
responses that enhance driving safety.

It was somewhat surprising that the hazard prediction test did not
distinguish between collision-involved and collision-free drivers. One
possible explanation for the current pattern of results relates to the na-
ture of the response required. For example, Ventsislavova et al.
(Ventsislavova et al., 2016) reported no significant differences in hazard
prediction between offender and non-offender drivers, however, dif-
ferences emerged in post-perceptual decision-making, with a signifi-
cantly greater proportion of non-offender drivers indicating that they
would perform an evasive manoeuvre to avoid hazards than offender
drivers. A further consideration is that any measure of collision
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involvement may include collisions that could not have been mitigated
by hazard perception skill, therefore weakening the potential link be-
tween crashes and hazard perception score, especially in smaller sam-
ples (Af Wahlberg, 2018). This may explain why the collision effect is
smaller than the experiential effect in the hazard perception analysis and
absent in the hazard prediction analysis.

Notably, research conducted in countries outside the United
Kingdom and Australia has often shown hazard prediction tasks to be
more effective than perception tasks in distinguishing between driver
groups (e.g., (Ventsislavova et al., 2019; Lim et al., 2013). These findings
have been attributed to differences in criterion bias — the internal
threshold individuals use to judge whether a situation qualifies as haz-
ardous. In high-risk driving environments, such as those in Malaysia and
China, drivers may develop a higher threshold for defining an event as
hazardous. This could potentially influence their responses on
perception-based tasks, as while such drivers may detect and even fixate
on a hazard, they may delay overt responses until the situation crosses
their personal threshold for action (e.g. (Lim et al., 2013). However, the
current study demonstrated that both test types were effective in dis-
tinguishing between levels of driving experience, following the same test
development protocol outlined in Ventsislavova et al. (Ventsislavova
et al., 2019; Ventsislavova et al., 2022). These findings suggest that the
Czech driving context may be more closely aligned with those of
countries such as the United Kingdom and Australia, where both hazard
perception and hazard prediction tasks have proven effective. Such
alignment may reflect underlying similarities in road infrastructure,
traffic legislation, and common driving practices.

Hazard perception and prediction tasks are not merely visual
recognition tasks. Rather, they draw upon higher-order cognitive pro-
cesses such as working memory, predictive reasoning, and decision-
making under conditions of uncertainty (Horswill et al., 2004; Prad-
han et al., 2017). However, even a good level of situational awareness
does not guarantee collision-free driving, as some drivers with relatively
poor situational awareness may still avoid collisions due to other
compensatory factors. Conversely, drivers with good situational
awareness may nonetheless be involved in crashes if they fail to act on
the information effectively or if other risk factors are present. Collision
involvement is typically the result of a complex interplay of variables,
including risk proneness, demographic factors, and environmental
conditions, all of which must be considered in interpreting hazard-
related performance (e.g., (Castro et al., 2021; Ventsislavova et al.,
2021). The willingness to engage in risky driving behaviour reflects a
driver’s propensity to adjust their actions according to the level of risk
they are personally willing to accept (Hergovich et al., 2007). Impor-
tantly, even when drivers accurately perceive a hazardous situation,
they may still underestimate the degree of risk it presents, potentially
leading to unsafe decisions (Ventsislavova et al., 2016). Thus, differ-
ences between collision-involved and collision-free drivers may be more
pronounced in post-perceptual processes such as risk calibration and
decision-making. As situational awareness serves as a precursor to
decision-making in driving contexts (Endsley, 2021), the hazard pre-
diction task does not encompass the full range of post-perceptual pro-
cesses involved in hazard avoidance, such as hazard appraisal and
behavioural response selection, nor is it intended to do so. Rather, its
primary function is to assess drivers’ awareness of the driving environ-
ment and their ability to anticipate how a situation is likely to unfold,
without conflating hazard prediction with hazard appraisal mechanisms
(e.g. (Pradhan et al., 2017).

More specifically, the hazard prediction task primarily assesses
drivers’ ability to project how a situation is likely to unfold under con-
ditions of reduced time pressure. In contrast, the hazard perception task
requires timely situational appraisal and sensitivity to temporal dy-
namics as hazards emerge in real time. Slower response latencies among
collision-involved drivers therefore may suggest inefficiencies not in
hazard knowledge per se, but in determining when a developing situa-
tion has reached a level of criticality requiring immediate action.
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Although both hazard prediction and hazard perception rely on early
perceptual-attentional processing, the divergence between groups may
arise at a later stage, specifically at the point at which drivers must
translate awareness into timely action. Collision-involved drivers may
thus demonstrate intact predictive capability while exhibiting de-
ficiencies in the timing or calibration of their behavioural responses.

Under real-world time pressure, even modest delays in judgement or
response initiation compress the window available for downstream
processes such as risk appraisal and motor execution, thus reducing
safety margins and increasing collision likelihood. For that reason,
drivers with higher risk tolerance may adopt a later decision threshold,
requiring greater hazard imminence before initiating evasive action. In
this account, the perceptual representation of the hazard is preserved,
but the criterion for responding is shifted, resulting in delayed inter-
vention despite intact predictive awareness. Crashes, therefore, may
occur not because hazards are unrecognised, but because action is
initiated too late relative to environmental demands. An alternative,
though not mutually exclusive, explanation concerns perceptual
discrimination under time pressure. Collision-involved drivers may
experience difficulty distinguishing diagnostic information (signal) from
competing background stimuli (noise), leading to slower evidence
accumulation and delayed hazard detection. Such inefficiencies would
be more likely to manifest in real-time perception tasks than in predic-
tion tasks administered under reduced temporal constraints.

Both elevated response thresholds and signal-noise discrimination
difficulties have been discussed in the literature [e.g., 69, 61, 70].
However, further research employing methodologies capable of
isolating decision criterion placement and perceptual sensitivity would
be required to determine whether collision involvement is more strongly
associated with altered response thresholds, reduced perceptual
discrimination efficiency, or an interaction between the two, including
potential cross-cultural variation.

When the two tests were compared, the results indicated that neither
demonstrated superiority in distinguishing between experienced and
novice drivers. Consequently, for optimal driver assessment, training,
and hazard awareness (particularly among novice drivers), we recom-
mend that both hazard perception and hazard prediction tests be
incorporated into the Czech licensing system. Each test offers distinct yet
complementary insights into drivers’ hazard-related competencies.
Assessing these two key sub-processes separately allows for a more
comprehensive understanding of the complex cognitive and behavioural
demands of safe driving. The key value of hazard perception tasks lies in
its capacity to assess the speed with which drivers detect and respond to
emerging hazards, whereas hazard prediction tasks are instrumental in
evaluating drivers’ ability to understand and anticipate potentially
hazardous scenarios, even when such scenarios are not perceived as
hazardous by drivers. This distinction is particularly pertinent in high-
risk driving environments, and notably in the context of the present
study, where collision-involved drivers appeared to comprehend the
hazard yet failed to respond to it appropriately. Hazard perception ex-
tends beyond the mere detection of a hazard. It involves a broader
cognitive process in which sensory information is interpreted and inte-
grated with prior knowledge and contextual cues to construct a mental
model of the driving environment (Endsley, 1995; Bellet et al.; Endsley,
1995). This process ultimately supports the recognition and anticipation
of potential hazards. The inclusion of a holistic hazard perception
component within national licensing systems is therefore critical for
enhancing situational awareness and encouraging timely and effective
responses to hazards.

While novice drivers may exhibit rapid reactions to hazards, this
does not necessarily indicate well-developed SA. Their responses may
reflect reflexive behaviour rather than informed anticipation of haz-
ardous scenarios, and such reactions may not consistently result in safe
outcomes. Therefore, hazard perception should be approached holisti-
cally, incorporating not only the detection of hazards but also the
assessment of drivers' anticipatory skills. In this regard, situational
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awareness levels 2 (comprehension; e.g., “This object may interfere with
my trajectory”) and 3 (projection; e.g., “This object will cut my path”)
are generally more informative indicators of driver competence than
level 1 (perception), which serves primarily as a necessary foundation
for higher-level processing (de Zwart et al., 2025). While the ideal goal is
to achieve complete SA, in practice this is rarely attainable, instead, SA
is conceptualised as a probabilistic construct, varying across individuals
and situations (Endsley, 2021; Endsley et al., 2000). Not all elements in
the driving environment carry equal relevance for hazard monitoring,
and effective hazard perception relies on the driver’s ability to prioritise
critical cues. A failure to accurately identify elements that pose an im-
mediate threat indicates an underdeveloped level of SA. Crucially, the
act of observing an element does not, in itself, imply comprehension of
its significance; meaningful interpretation depends on context-specific
expectations shaped by prior experience and knowledge (e.g., (Bellet
et al.). A deeper understanding of how the levels of situational aware-
ness operate within dynamic driving contexts, and how they relate to
risk assessment and decision-making, is essential for clarifying the
relationship between pre-perceptual and post-perceptual processes in
hazard perception.

4.1. Limitations

It should be noted that the collision groups in this study were un-
equal, with the number of collision-free drivers approximately three
times greater than those involved in collisions. This imbalance may have
influenced the statistical power of the analyses, and as such, the results
should be interpreted with caution. While multilevel modelling is
generally robust to unbalanced data and designed to accommodate
variability at different levels, substantial group size disparities can still
influence the precision of parameter estimates and standard errors.
Specifically, the smaller group (collision-involved) may have contrib-
uted less information to the model, potentially reducing the power to
detect effects in this group for the hazard prediction test. This imbalance
may partly account for the mixed pattern of significant and non-
significant findings, even when the direction of effects appeared
consistent. Future studies should prioritise focusing specifically on
collision groups to strengthen the robustness and interpretability of
group effects and strive to measure only those collisions that could be
plausibly due to poor hazard skills of our sample.

As is common in experimental driving research, reliance on volun-
tary participation may limit the generalisability of the findings. Future
research would therefore benefit from replication using stratified or
population-based sampling approaches. In addition, due to the very low
accumulated mileage and the largely supervised nature of learners’
driving experience, self-reported collisions among learner drivers may
differ qualitatively from those experienced by fully licensed drivers in
unsupervised traffic conditions. As detailed information regarding
collision circumstances (e.g., supervision, driver role, or severity) was
not systematically collected, comparisons involving collision history
should be interpreted with caution. Future research should aim to record
and examine such contextual information.

Finally, one further possible limitation lies in the design of the hazard
prediction test, as participants have time between occlusion and
response to fully consider their answer, arguably overestimating their
ability to make decisions ‘in the moment’. However, we do not argue
that hazard prediction reflects in-the-moment decisions. It does, how-
ever, reflect what visual information we have obtained in the immediate
moment prior to occlusion. While it is possible that highly experienced
drivers might be able to infer the answer based on information obtained
that was not directly pertinent to the imminent hazard, previous
research has shown the test to be sensitive to what participants fixate
immediately prior to fixation (Crundall and Kroll, 2018). This suggests
that the visual information obtained prior to occlusion is vital to success
in this task. While we acknowledge the possibility that post-perceptual
decision making will influence accuracy, this does not detract from
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the many studies that have demonstrated the success of hazard predic-
tion tests to differentiate between driver groups.

4.2. Implications

The present study provides evidence supporting the implementation
of the newly developed hazard perception and prediction tests within
the Czech licensing system. Importantly, this is not the first study to
successfully adapt hazard perception testing outside the UK and
Australia, where the approach was originally developed. Research
conducted in China, Spain, the UK (Ventsislavova et al., 2019; Castro
et al., 2014; Crundall et al., 2021), Lithuania (Endriulaitiené et al.,
2022), Israel (Ventsislavova et al., 2022), Malaysia (Lim et al., 2013;
2014), Germany (Malone and Briinken, 2016), and other countries has
demonstrated that standardised guidelines can be used to develop valid
and contextually appropriate hazard perception assessments. Such ef-
forts support consistent training and evaluation across diverse driving
environments. The HP test has already been incorporated into the offi-
cial driving licence assessments in several countries, including some
Australian states, the United Kingdom, and the Netherlands. While a
number of other countries, such as Spain, Germany, or Canada, have
expressed interest in adopting HP testing, it has yet to be formally
implemented in many countries. The introduction of HP testing presents
considerable challenges, as several key factors must be addressed. These
include the legal and regulatory frameworks, existing infrastructure,
alignment with national crash data, and integration within current
training and educational systems. Moreover, any HP test must be
compatible with the specific licensing system of each country. This
complexity is further compounded by the fact that each country presents
a distinct set of hazardous driving scenarios, shaped by its own legal
frameworks and social norms. Therefore, in order to implement a
standardised HP assessment globally, it is necessary to develop cultur-
ally and contextually specific sets of hazard clips that reflect both
common and critical hazardous situations within each country. Simul-
taneously, the methodology including test design, instructions, and
format must be adapted and validated to ensure that it reliably dis-
criminates between novice and experienced drivers. Previous studies
have provided detailed guidelines to facilitate the development of such a
standardised methodology (e.g., (Ventsislavova et al., 2019; Ven-
tsislavova and Crundall, 2018; Ventsislavova et al., 2022). In line with
previous research, the current study employed established protocols to
maintain methodological consistency and to validate the measures for
implementation in the Czech licensing system, thereby confirming the
tests’ robustness and suitability for this purpose.

5. Conclusion

This research adds to the substantial body of evidence that hazard
perception testing can effectively differentiate between drivers of
varying experience levels, supporting its potential inclusion in the offi-
cial licensing system of the Czech Republic. In the present study, both
tests once again demonstrated their capacity to distinguish between
experienced and novice drivers, showing robustness and sensitivity in
detecting differences in situational awareness across experiential
groups. However, only the hazard perception test was able to distinguish
between drivers with and without prior collision involvement. These
findings highlight the critical role of hazard perception in driving, as it
involves the cognitive integration of sensory information, prior knowl-
edge, and contextual cues to build an accurate mental representation of
the driving environment. Accordingly, the integration of a robust hazard
perception component into the Czech national licensing system is
essential for enhancing situational awareness and enabling timely,
effective responses to potential hazards, ultimately supporting a
reduction in collision risk.
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