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Abstract

The purpose of this report is to identify the characteristics of effective
Hazard Perception Tests (HPTs) for novice drivers. Evidence
suggests that strong performance on HPTs positively correlates with
safe driving, indicating HPTs have an important role to play in
ensuring drivers have the skills necessary to safely respond to
hazards on the road.

This literature review provides an analysis of current literature to
identify the characteristics of HPTs, offering an overview of the
strengths and limitations of different testing paradigms including the
different approaches to hazard perception testing and how hazard
perception is measured. The review also considers evidence
regarding links between hazard perception testing and safety
outcomes (e.g. crashes), procedural aspects of hazard perception
(e.g. instructions, number of times the test can be taken and the
inter-test interval), interventions for improving hazard perception, and
the potential use of HPTSs to identify individuals who may have an
increased risk of crashing.

Representing a significant contribution to research in Hazard
Perception Tests for novice drivers, this report provides key insights
into the characteristics of HPTs and suggests further research into
this technology will be an important component in the move to reduce
road trauma across Australia and New Zealand.
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Literature Review on Hazard Perception Tests

Summary

The purpose of this report is to identify the characteristics of effective Hazard Perception Tests (HPTs) for
novice drivers through a review of literature.

The introduction of HPTs into licensing systems in recent years reflects a recognition that higher order skills
such as visual search and hazard perception are more critical to safe driving than the vehicle handling skills
that were traditionally emphasised in driver education and training (Isler and Starkey 2012). The rationale
behind the tests is that novices who do not respond appropriately to video hazards may not respond
appropriately to real on-road hazards and therefore may have a higher risk of crashing. Furthermore, it was
anticipated that including hazard perception testing in the licensing process would encourage learners and
instructors to focus more on scanning for and detecting hazards during training.

Hazard perception can be defined simply as the ‘ability to read the road and anticipate forthcoming events’
(McKenna et al. 2006, p2). This encompasses the detection of hazards, the appraisal of the threat posed by
the hazard, and the selection of an appropriate response (Grayson et al. 2003). The ability to perceive
threats and respond appropriately is perhaps one of the most important skills a driver can develop and
deficiencies in this ability have been identified as a risk factor for crashes (Boufous et al. 2011). Differences
in hazard perception have been observed across different driver demographics with inexperienced drivers
and crash-involved drivers demonstrating poorer hazard perception than experienced and crash-free drivers
(Horswill et al. 2020; Scialfa et al. 2011).

A comprehensive literature review was undertaken to identify the characteristics of HPTs as they relate to
measurement and response styles, test instructions, format (e.g. video, CGlI, still image), and test item
selection. The review also examined the links between HPT performance and safety, and procedural aspects
of testing, such as implications of failure, repeat testing intervals, and the utility of HPTs for identifying drivers
requiring intervention.

Literature regarding the development or evaluation of HPTs, or which was otherwise relevant to other
aspects of the review were obtained from the Scopus, Web of Science, PsycINFO, and Transportation
Research Information Database (TRID) academic databases, with preference given to literature published in
2013 or later. Older research was included where appropriate. Only research published in English with full-
text available was included.

Several methods have been used to measure hazard perception, with the primary methods being the
presentation of hazardous scenarios via a video clip and recording either reaction time or ability to predict
what happens next. While there are some exceptions, the preponderance of evidence suggests both
approaches are valid methods for assessing an individual’'s ability to detect hazards in the road environment.
A common criticism of the standard HPT based on reaction time measures is that it is insufficient to
determine the stimulus (hazard) to which the person has responded, while other factors such as sensitivity to
risk can influence results. The hazard prediction test overcomes these issues by requiring the subject to
predict how the scenario unfolds and may yield a more robust measure of hazard perception skill.

Modern HPTs use video clips to assess hazard perception skill, with both real-world footage and CGI clips
proving suitable to assess hazard perception, though some argue that test items should be based on real
examples of hazards. While real-world videos may be more valid representations of hazards, they can be
limited in the types of hazards they can show (e.g. only daylight driving, high quality clips, and only those
hazards encountered while recording footage). The hazards which are not captured cannot be evaluated in
the test. While CGI clips may be staged, the major benefit is that the types of hazards that can be portrayed
is virtually limitless and the ability to produce a wide variety of examples offers greater opportunity to
evaluate a range of hazard scenarios.
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Performance on HPTs has been associated with crash involvement, where drivers who pass the HPT on the
first attempt have a lower risk of crashing than drivers who require at least 3 attempts to pass, particularly
males and drivers from remote areas. The limitations of this literature review relate to HPT research as an
emerging field of inquiry. While, as noted, some research exists to suggest HPT is a useful tool in addressing
road safety issues, there is limited evidence in the field. Thus, there is significant scope for further
investigation in this area, especially to better understand how HPT may be a useful tool in assessing fitness
to drive and age-related deficits in driving ability, as well as the complex factors impacting drivers who
repeatedly offend or who are living with medical conditions affecting capacity.

Hazard perception testing contributes to improved road safety outcomes by ensuring a minimum level of
performance deemed necessary to drive safely. Understanding the characteristics of effective Hazard
Perception Tests (HPTs) for novice drivers is critical to ensure drivers are well-equipped to prepare for and
respond to driving hazards, particularly with respect to higher order skills such as visual search and hazard
perception. This report offers a comprehensive analysis of current literature relating to HPTs and represents
an important step along the path to reducing road trauma across transport networks in Australia and

New Zealand.
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1. Introduction

1.1 Purpose

The purpose of this report is to provide a comprehensive review of Australian and international literature
identifying the characteristics of effective Hazard Perception Tests (HPTs).

This report is useful for practitioners considering the possibilities of HPTs to improve road safety outcomes.

Representing a significant contribution to research in Hazard Perception Tests for novice drivers, this report
offers important insights into the characteristics of HPTs and suggests further research into this technology
will be an important component in reducing road trauma across Australia and New Zealand.

1.2 Scope

This report provides a comprehensive literature review addressing the use and effectiveness of HPTs for
novice drivers, providing a comprehensive summary of the characteristics of HPTs, including:

e testinstructions

o test type (hazard perception vs. hazard prediction)

e hazard perception measurement and response style/format (e.g. reaction time)

e test format/style (e.g. video, computer generated imagery, virtual reality, and augmented reality)
e hazard scenario selection

e timing of HPT in the licensing scheme

e repeat testing after failure and measures for managing people who fail the HPT

e HPT validity

e the safety benefits of hazard perception testing.

The review also discusses evidence of the relationship between the development and implementation of
HPTs and road safety outcomes, including crashes and association with other safety-relevant issues such as
unsafe driving behaviours (e.g. driving styles and traffic offences), with consideration given to the utility of
HPT scores to identify unsafe drivers.

Additionally, the review considers the implications of failing an HPT, including re-testing, procedural aspects
of hazard perception (e.g. instructions, number of times the test can be taken and the inter-test interval),
interventions for improving hazard perception, and the potential use of HPTs to identify individuals who may
have an increased risk of crashing.
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1.3 Background

The traffic environment is complex and dynamic, comprising interactions between a diverse range of road
users and vehicles of different sizes, often travelling at different speeds. To safely navigate this environment,
road users must constantly monitor and evaluate their own behaviour, as well as the movements of other
road users. While improvements in road infrastructure and vehicle safety have produced substantial safety
benefits, human behaviour and decision making are a critical factor in most crashes (Dingus et al. 2016).
Literature indicates that hazard perception — the ability to anticipate, identify, and react to dangerous
situations in the driving environment — can predict crash involvement (Boufous et al. 2011; Horswill et al.
2015; Horswill et al. 2020; Wells et al. 2008).

The introduction of Hazard Perception Tests (HPTs) into licensing systems in recent years reflects a
recognition that higher order skills such as visual search and hazard perception are more critical to safe
driving than the vehicle handling skills that were traditionally emphasised in driver education and training
(Isler and Starkey 2012). The rationale behind the use of hazard perception tests is that novices who do not
respond appropriately to video hazards may not respond appropriately to actual road hazards and therefore
may have a higher risk of crashing. Furthermore, including HPTs in the licensing system encourages drivers
and instructors to prioritise hazard perception as a core component of safe driving practice, and to explore
driving skills and strategies during the learning process to help learner drivers respond as safely as possible
to unpredictable scenarios.

Hazard perception testing contributes to safety by ensuring a minimum hazard perception skill level deemed
necessary to drive safely. Methods for improving hazard perception performance include the gaining of more
driving experience, though this will be dependent on the quality of the experience gained. Hazard perception
training has been shown to improve hazard perception skill and performance on HPTs and may lead to
improvement in driving behaviour, though the effects on crashes are limited. There is a risk that hazard
perception training may increase the likelihood of people passing the hazard perception test without a
concomitant reduction in crash risk, though this requires further investigation.
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2. Methodology

This methodology describes the steps to identify and compile literature on the development, evaluation, and
implementation of HPTSs. Literature published during and after 2013 was prioritised, though relevant older
research was included where appropriate, particularly relating to literature that addressed issues not covered
in more recent studies. This review included only research published in English, and with full-text available.

The methodology included a comprehensive search of the following academic databases for peer-reviewed
journal articles, conference papers, books/book chapters, and technical or research reports:

e  Scopus

e Web of Science

e  PsycINFO

e Transportation Research Information Database (TRID).

Databases covering relevant areas to the development or use of hazard perception tests are prioritise by the
methodology. The first 3 databases capture peer-reviewed academic literature (e.g. journal articles) related
to engineering, computer science, education and medicine. TRID captures a wider range of transport related
research, including unpublished or ‘grey’ literature such as government and consultant technical reports,
which are not always indexed by other databases. It is important to capture ‘grey’ literature as it is a common
method of publishing driver training and hazard perception test literature. These databases are among those

recommended as preferred databases for conducting literature searches in a systematic review of such
research databases (Gusenbauer and Haddaway 2020).

Relevant literature is identified by a search query using relevant key words and Boolean operators. As an
example, the initial search may use the following queries:

Traffic AND (‘Hazard perception test’ OR ‘Hazard detection test’ OR ‘hazard prediction’ OR
‘hazard identification’) AND ‘road safety’ AND (‘benefit’ OR ‘evaluation’ OR ‘evidence’ OR
‘design’).

(‘Hazard perception test’ OR ‘Hazard detection test’ OR ‘hazard prediction’ OR ‘hazard
identification’) AND ‘driver’ AND (‘benefit’ OR ‘evaluation’ OR ‘evidence’ OR ‘design’).

Additional terms or queries were used to focus on specific aspects of HPT and to address all areas within the

scope of the literature review, including:

e testinstructions

e hazard perception measurement and response style/format (e.g. reaction time)

e test format/style (e.g. video, computer generated imagery, virtual reality, and augmented reality)

e hazard scenario selection

e repeat testing after failure.

Titles and abstracts were scanned to identify relevant papers for the review. Additionally, an ancestry
approach was used to identify other relevant research from the reference lists of included studies.
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3. Characteristics of HPTs

This section provides a comprehensive literature review on use and effectiveness of HPTs for novice
drivers. It covers characteristics of HPTs and discusses evidence of the relationship between the
development and implementation of HPTs and road safety outcomes. Additionally, the review considers
the implications of failing an HPT as well as interventions to improve Hazard Perception skills.

This section discusses the various aspects and characteristics of hazard perception testing. Each
characteristic is addressed explaining the methods and approaches to operationalisation in research and
practice.

As a starting point it is helpful to have some guidance on the effective design for an HPT. Wetton et al.
(2011) identified 5 principles for the development of a hazard perception test. These principles offer a useful
guide when considering the characteristics of the different hazard perception tests that have been used in
both research and the licensing process. These principles are:

e HPTs should only measure hazard perception skills.

e HPTs should be able to discriminate between individuals on the basis of differences in hazard
perception skill, not response time. There should be sufficient anticipatory cues such that those with
good hazard perception are able to determine if a hazard is unfolding.

e Hazard scenarios should present genuine driving situations. Staged situations, either in the real world or
CGl, may not represent true or real-life hazards as they may lack important precursors or cues to enable
someone to determine if a hazard is unfolding, which may negatively impact the measure of hazard
perception. Also, tests based on staged scenarios may be biased more towards drivers who are similar
to those creating the test (e.g. same level of driving experience).

e Instructions should be unambiguous and define what a hazard is and the situations for which a response
is required.

e HPTs should be able to identify and classify inappropriate responses and be able to identify people who
are trying to cheat.

3.1 Hazard perception

Hazard perception refers to a motorist’s (driver or rider) ability to anticipate, identify, and react to dangerous
situations in the driving environment. This encompasses the detection of hazards, the appraisal of the threat
posed by the hazard, and the selection of an appropriate response (Grayson et al. 2003). The ability to
perceive threats and respond appropriately is perhaps one of the most important skills a motorist can
develop and deficiencies in this ability have been identified as a risk factor for crashes (Boufous et al. 2011).
Differences in hazard perception have been observed across different driver demographics, with
inexperienced drivers and crash-involved drivers demonstrating poorer hazard perception than experienced
drivers and crash-free drivers (Horswill et al. 2020; Scialfa et al. 2011).
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The successful detection and avoidance of hazards is dependent upon a range of sub-skills. Based on
analysis of different models of hazard perception Drel3ler et al. (2017) identified the following components of
hazard perception skill:

1. Observation — scanning the road and surrounds for hazards.

2. Localisation — identifying relevant objects in the environment, including attending to places where
hazards may appear.

3. Identification — the visual processing of objects and drawing on mental models to understand what they
are and how they may behave.

4. Assessment of hazard — relating to urgency (how likely) and intensity (how serious).

Self-assessment of abilities — the greater an individual perceives their ability to cope with a hazard the
less dangerous a situation is perceived.

6. Assessment of risk — appraisal of risk in relation to the individual’s own level of risk acceptance.

7. Decision making — describes cognitive processes encompassing many of the previous components
(assessment of hazard, self-assessment of abilities, and assessment of risk) and the driver’s repertoire
of behaviour and anticipated consequences of behaviour. The activation of automatic and routine
behaviours is essential for coping with hazards.

8. Action — encompasses the execution of the behaviour and the competence of vehicle operation and
manoeuvring.

With the exception of the action component, each of these is relevant to hazard perception and will likely
shape the outcomes of HPTs regardless of the manner in which they are measured. For example, the first 3
skills relate to hazard detection, looking in the right direction and identifying to objects to assess if they are
hazards. The next 4 skills relate to hazard appraisal and are influenced by factors such as the individual’s
sensitivity to risk and the perceived ability to manage the situation. Together, these skills may impact HPT
outcomes based on the speed at which hazards are identified (skills 1-3), while during the appraisal and
decision-making stages (skills 4-7) those with a greater sensitivity to risk may respond earlier than those who
wait longer for the hazard to unfold before they respond. In this study, DreRler et al. (2017) suggests that
those with more acute risk perception (skills 1-3) are able to make decisions about how to respond to
hazards more quickly (skills 4-7) and decrease crash risk, whereas those with a delayed response to an
unfolding hazard are at greater risk of an adverse event.

3.2 Measurement of Hazard Perception

Hazard perception is measured using tests designed to determine a person’s ability to identify hazards in a
traffic scene and can be measured as the amount of time it takes for the person to identify the hazard
(reaction time), the accuracy of hazard detection (based on identifying the hazard or not), or the ability to
accurately predict how the traffic scene will unfold. The method used to measure hazard perception is
dependent on the type of test employed.

Test types

The 2 main types of tests are the classic HPT which is primarily based on reaction time and accuracy, and
the hazard prediction test, which draws on the individual’s ability to predict how the scenario will unfold.
Tests usually consist of several items based on scenarios and hazard types, with a final hazard perception or
prediction score determined based on the individual’s performance for the whole test. This section provides a
discussion of the different testing methods, response formats, and the process of how items are selected or
created for inclusion in the test.
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3.2.1 Hazard Perception Test

Hazard Perception Tests present individuals with a traffic scene and require the respondent to indicate when
they have detected a hazard. Methods of indicating detection in HPTs usually involve clicking a mouse,
pressing a button, or tapping a touch screen at a point when either a crash is likely or when the camera car
(i.e. the car which the candidate is 'driving‘) may be required to perform some action (slow down, brake, turn)
to avoid a collision with another road user (Crundall et al. 2016; Crundall et al. 2021; Malone and Briinken
2016; Wetton et al. 2010; Wetton et al. 2011). Reaction time is considered a reasonable measure of hazard
perception as those with good hazard perception should identify potential hazards sooner and respond
earlier than those with poorer hazard perception skills. Reaction time is usually measured from the point at
which the hazard is first identifiable, and the average time taken to respond to all hazards across all test
items is used as the measure of hazard perception skill (see, inter alia, Molone and Briinken 2015; Manley
et al. 2020; Moran et al. 2019; Wetton et al. 2010).

Another approach to response time is the use of a ‘response window’ which provides a defined period during
which input from the test taker is recorded as a response to the hazard (Crundall 2016). As with standard
reaction time, the response window is specified based on advice from experts (but may be refined based on
the results of pilot testing) and commences with the first onset of the hazard and concludes at a point when
either a collision would have occurred or a response is considered too late to have avoided a collision
(Crundall et al. 2021). In some cases, the response window is divided into segments, with responses
awarded a score based on the segment in which it was recorded (Crundall 2016). For example, Crundall
(2016) divided the response window into 5 segments with a score ranging from one to 5 such that 5 points is
awarded for earlier responses and lower scores awarded in descending order. A score of zero is given where
a response is not made during the response window. These points can then be used to provide a hazard
perception score based on performance on all items within a hazard perception test. This approach has been
adopted in the official HPT in the United Kingdom (Crundall 2016).

Reaction time appears to be a valid measure of hazard perception because during real-world driving, the
speed at which someone identifies and reacts to a hazard may be the difference between either crashing or
avoiding a crash (Malone and Briinken 2016). However, within the realm of hazard perception testing, using
reaction time as a measure of hazard perception is not without issue. First, perhaps one of the largest
limitations of the reaction time measure is that it is not possible to determine the stimulus to which the person
is responding and, while the reaction may be fast, the accuracy of the response may be low. Also, responses
could be made for an entirely different element than that expected by the test (Crundall 2016; Wetton et al.
2010). Second, differential thresholds for risk may influence reaction time such that those with a low
threshold for risk may respond to stimuli with a small potential for a crash, while those with a higher risk
threshold may delay responding until they perceive the risk to be more certain (DreBler et al. 2017; Egea-
Caparros et al. 2016; Ventsislavova et al. 2022). Several studies have demonstrated that those who rate a
hazard perception item as having lower risk also have slower response times and experienced drivers tend
to rate clips as more hazardous than novice drivers (Castro et al. 2021; Ehsani et al. 2020; Ventsislavova

et al. 2019).

A limitation of response measures based on scoring windows is that the responses that occur outside of the
window are not counted, which may lead to discounting early responding and potentially punish safe drivers
who detect and respond to a hazard sooner. When responses are recorded in milliseconds, having made a
response that is not recorded the respondent may attempt another response (if they are aware that their first
response was not recorded which is unlikely) which could result in a lower hazard perception score. There is
also the possibility that response windows are too small and do not afford drivers sufficient time to make a
response. The careful determination of the response window should reduce the likelihood of such an issue.
Furthermore, investigations of the potential for this issue to impact hazard perception scores have found that
it has not affected the results of the tests being used (Crundall 2016; Crundall et al. 2021).
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Finally, another limitation of reaction time measures is the potential for respondents to make multiple
responses to game the system (i.e. cheat), while in other cases repeated responses may reflect a genuine
response to different, perhaps incorrect (i.e. hazard may not eventuate), hazardous stimuli. In the case of
cheating, hazard perception testing should have the ability to identify those making repeated responses.
Such indicators may be an excessive number of responses to an item as compared to the average
responses for an item or a genuine baseline established during pilot testing. Handling cases where genuine
attempts result in multiple responses present a different problem. In other words, should the first response be
accepted, which may be outside of the response window or the first correct response? Crundall et al. (2021)
opted to use the first response within the response window (which would also result in the highest hazard
perception score). A more simplified approach to resolving both problems would be to limit the number of
recorded responses per item to one.

In order to overcome the limitations of standard reaction time tests regarding hazard perception accuracy,
some HPTs incorporate a spatial element requiring respondents to indicate the hazard to which they are
responding. There are several methods for achieving this. One approach is to use a standard reaction time
response with the clip stopping at the time the input is made and the respondent then indicating the location
of the hazard that they are responding to using a touch screen or mouse pointer (Vlakveld 2014). Another
approach is to have respondents make one input, such as touching or clicking on the hazard, and recording
the response time and accuracy simultaneously (Hill et al. 2019; Scialfa et al. 2011; Wetton et al. 2011). A
less common approach to measure both reaction time and accuracy involves the use of eye tracking
devices. Eye tracking monitors visual scanning behaviour and also determines how fast the respondent
identifies the hazard (time to first fixation), as well as how long they fixate on that hazard. Eye tracking has
been employed in several studies of hazard perception and has demonstrated the ability to differentiate
groups based on reaction measures, for example time to first fixation (Moran et al. 2019; Sun et al. 2023;
Yang et al. 2021). While the inclusion of spatial/accuracy measures have been found to increase the
accuracy of hazard perception measures, it has been suggested that the inability of these measures to
distinguish between groups (i.e. both novice drivers and experienced drivers can accurately identify hazards,
the primary difference is in how fast they do so) adds little additional benefit over simple reaction time
measures (Moran et al. 2019).

3.2.2 Hazard prediction test

A second method is the hazard prediction test which has been developed based on theories of situational
awareness (Jackson et al. 2009). Hazard prediction tests are thought to overcome the limitations of reaction-
based hazard perception tests by removing the need to respond to the hazard. Hazard prediction tests,
therefore, are not influenced by individual differences in risk sensitivity and they also measure the accuracy
of the hazard response (Crundall 2016).
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Hazard prediction tests adopt a largely similar methodology to HPTs, presenting the individual with video
clips of traffic scenarios. Rather than rely on reaction times to measure perception, hazard prediction tests
stop and occlude the clip at around the time a hazard can first be identified. The person undertaking the test
then responds to questions designed to gauge their level of perception, asking them to identify the hazard
and its location, and predict what happens next (i.e. explain how the scene unfolds). Using this method to
gauge hazard perception is less susceptible to differences in risk sensitivity as, rather than reacting to the
presence of a hazard (which may be delayed due to a high threshold for risk), respondents are required to
describe how they believe the scene will unfold, including the expected movements of other road users, and
thus identify potential hazards in a more descriptive manner rather than a potentially ambiguous reaction
time response. Answer formats have included written or typed responses (Gugliotta et al. 2017;
Ventisislavova et al. 2018) and verbal responses (Crundall 2016; Horswill et al. 2020), though more recent
hazard perception tests have used multiple choice response options (Castro et al. 2021; Goodge et al. 2024;
Ventsislavova and Crundall 2018). The tests have variously been scored giving 2 points for a completely
correct answer, one point for a partially correct answer or answer with less detail, and zero points for a wrong
answer (Castro et al. 2014; Gugliotta et al. 2017; Wu et al. 2021). Others have scored one point for a correct
answer and zero points for a wrong answer (Muela et al. 2021; Ventislavova et al. 2018; Ventsislavova et al.
2022). A hazard prediction score is then calculated based on performance across all items. Ehsani et al.
(2020) used a different method and asked how likely the driver was to be in a crash with answers scored on
a Likert scale ranging from 1 (not likely) to 5 (very likely). Alternatively, hazard prediction scores can be
simply based on the number or proportion of hazards correctly identified (Crundall et al. 2021). Studies using
the hazard prediction paradigm have demonstrated the ability to discriminate between novice and
experienced drivers, with experienced drivers found to have better hazard prediction and accuracy compared
to novices (Castro et al. 2021; Crundall et al. 2021; Ehsani et al. 2020; Gugliotta et al. 2017; Horswill et al.
2020; Muela et al. 2021; Ventsislavova et al. 2022; Wu et al. 2021).

A key element of the hazard prediction test is stopping the clip at a point where there is sufficient evidence
for those with good hazard perception skills, who have been attending to the correct areas of the scene, to
be able to predict the onset of the hazard. At this point the clip is either paused with an image remaining
visible to respondents, or occluded (i.e. replaced with a black screen) such that no image is available. Of
these methods, occlusion has been found to have the ability to discriminate between novices and experts
(Castro et al. 2014; Crundall 2016; Jackson et al. 2009; Wu et al. 2021), while paused images have not
(Jackson et al. 2009; Vogel et al. 2003). The occlusion method is likely more effective, as drivers are
required to attend the scene and use cues to identify hazards to develop an accurate prediction of how the
scene will unfold before the scene is occluded. Experienced drivers with better hazard prediction can be
expected to outperform novices as they are more likely to identify relevant cues and have a better
understanding of how the traffic scene will unfold. A paused image on the screen is likely less effective
because the act of pausing alerts the respondent that something important is about to unfold and, with the
image still available to view, they have more time to examine the scene and identify relevant cues. Thus, all
drivers, regardless of experience, should be able to predict hazards when a paused image remains visible.
Additionally, the point at which the clip is occluded can influence test results. If the occlusion occurs too soon
and before relevant cues are present, there is insufficient information for drivers to accurately predict
hazards, while stopping the clip at a point after the hazard has become apparent is insufficient to differentiate
between drivers of varying experience (Ventsislavova and Crundall 2018).
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The second aspect of the hazard prediction test is the subject’s response used to measure hazard
prediction. Various versions of hazard prediction tests have included several questions to measure the
subject’s ability to identify the hazard (e.g. What is the hazard? Where is it located?) and all ask the question:
What happens next? (Castro et al. 2014; Castro et al. 2019; Ventisilavova et al. 2016). However, it appears
that simply asking subjects to identify what happens next is sufficient to measure hazard prediction (Castro
et al. 2021; Goodge et al. 2024; Muela et al. 2021; Ventsislavova et al. 2018). The nature of these questions
is such that answers are often recorded as a free response, with subjects either writing down or verbalising
their answers. This answer modality requires each answer to be coded for accuracy and correctness, a time-
consuming approach, which limits the utility of the hazard prediction test using these response modalities for
official hazard perception testing purposes. More recently, studies adopting the hazard prediction test have
used multiple choice answers to measure hazard prediction, which would simplify the computation of hazard
prediction scores and make the testing more suitable for mass testing for official purposes (Ventsislavova
and Crundall 2018). A potential drawback for adopting multiple choice responses is that they introduce the
potential for subjects to guess the correct response. While this has not been examined, it does not appear
that this has negatively impacted hazard prediction tests, as those adopting multiple choice answers have
retained the ability to distinguish between novice and experienced drivers (Ventislavova et al. 2018).

3.2.3 Hazard Perception Test versus hazard prediction test, which is best?

The evidence suggests that each type of test provide a valid assessment of hazard perception skill though
there are benefits and limitations to both approaches.

Ventsislavova et al. (2019) examined the efficacy of a standard HPT compared to a hazard prediction test,
both using the same items, with drivers in Spain, China, and the UK. The tests utilised 10 hazard clips from
each country (i.e. 30 clips total) recorded during real driving. Each test was used with different samples of
novice and experienced drivers from each country. The Hazard Perception Test was based on reaction time
with participants’ scores based on response made during a response window, while the hazard prediction
test occluded each clip and participants were required to type their answer to the question ‘what happens
next?’, with one point awarded for a correct response. The results of the Hazard Perception Test found no
effect of experience on accuracy (number of hazards identified, measured by correct response) or response
times, whereas the hazard prediction test found experienced drivers were more likely than inexperienced
drivers to predict hazards. Comparisons between the 2 test types demonstrated that participants scored
higher on the Hazard Perception Test than the hazard prediction test, suggesting that driving experience
may only be beneficial for the hazard prediction test.

The findings suggest that the hazard prediction paradigm may be a more robust measure of hazard
perception skill. However, the findings that the standard Hazard Perception Test was unable to distinguish
between groups based on driving experience runs counter to a large body of research demonstrating this
capability for tests based on reaction time (e.g. Horswill et al. 2020; Malone et al. 2016; Moran et al. 2019;
Rosenbloom et al. 2011; Scialfa et al. 2012). The inability of the HPT used by Ventsislavova et al. (2019) to
discriminate between driver groups may be more suggestive that the test itself was not a valid measure; the
validity of the test was not assessed prior to the study.

A more recent study has also addressed this issue. Using a 10-minute CGl video clip containing 10 hazards
Crundall et al. (2021) assessed both hazard perception and hazard prediction for experienced and novice
drivers from the UK, with half the participants assigned to the hazard perception (reaction time) measure and
the other half to the hazard prediction measure. The latter was measured by occluding the clips at the onset
of hazards and asking participants to provide a multiple-choice response to the question ‘what happens
next?’. For both test types, experienced drivers were found to perform better than novice drivers, with no
indication that one test was better at discriminating between groups than the other, although the effect size
was greater for the response time measure used in the Hazard Perception Test. Accuracy for both
experienced and novice drivers was higher in the Hazard Perception Test (i.e. in terms of the number of
hazards to which correct responses were made) than the hazard prediction test. Additionally, based on the
performance of individual items, Crundall et al. (2021) suggest that some hazards are better measured by
response-time measures, while others, perhaps those that are less obvious, are better measured by hazard
prediction.
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These 2 studies directly comparing hazard perception and hazard prediction measures using the same test
items have produced conflicting results, with one indicating hazard prediction is the stronger test
(Ventsislavova et al. 2019) and the other suggests Hazard Perception Tests are better (Crundall et al. 2021).
While both are arguably valid measures of the ability to detect hazards, the hazard prediction paradigm
appears to overcome some of the limitations of reaction-time measures (e.g. confounding effects of risk
sensitivity, limited ability to determine the stimulus to which the response is made, potential for multiple
responses and attempts to cheat), although is not itself without limitations (e.g. selection of occlusion point
can influence test outcomes). Of the 2 methods, it appears that participants found the standard Hazard
Perception Test measuring reaction time the easiest, while the hazard prediction test proved challenging,
even for experienced drivers. However, both have been proven effective measures of hazard perception skill,
the use of either mode for official testing may be a matter of preference or ease with which they can be
scored or graded. Hazard perception testing using reaction time measures are more suitable to this
approach than free-text responses, although the use of multiple-choice responses simplifies scoring of
hazard prediction testing.

Kroll et al. (2020) developed a Hazard Perception Test for emergency service drivers in the UK incorporating
a variety of response types, including both standard reaction time measures and hazard prediction measures
in the same test for different items. The test was found to effectively discriminate between novice and
experienced drivers. There may be benefits for adopting Hazard Perception Tests using different response
types in order to realise the benefits and overcome the limitations of each approach. As noted above,
Crundall et al. (2021) found that some items were better when measured by the hazard perception (reaction
time) format, while others were better when measured using the hazard prediction format. Others have
suggested that hazard perception in general may be enhanced through the inclusion of multiple test formats
and response types (Moran et al. 2019).

3.3 Test format

The 2 main formats for Hazard Perception Tests involve the use of video or still images (i.e. pictures) of
traffic scenes taken from the driver’s perspective. With the advent of better technologies including high-
definition video cameras and faster, more capable computers, videos (real-world and CGl) have become the
predominant mode to measure hazard perception performance.

It has been suggested that HPTs should be based on real driving situations to avoid potential biases and
ensure all hazards unfold with naturally occurring cues (Wetton et al. 2011). While this is a methodologically
sound and valid approach, there are some limitations to the use of such footage. First, as there is a need for
high quality footage, hazards occurring during low-light conditions due to poor weather or at night may be
excluded (Ehsani et al. 2020). Second, many hours (i.e. hundreds) of footage are needed to produce a
sufficient pool of clips for a test (Horswill et al. 2011). As hazards are naturally occurring, it may not be
possible to obtain clips or examples of some types of important hazards as they may not eventuate during
filming. As such, the test is made only from the pool of hazards available.

One of the main concerns over the use of CGl clips is that they are staged and important cues as to the
onset of hazards may be missing (Crundall et al. 2021). However, the benefits of using CGI are that there is
greater control over the type of hazards included (they can be specified), it is not necessary to record
hundreds of hours of footage (although time and money savings from not filming real driving may be
diminished by clip development times and costs), and there is virtually no limit to the number or variety of
scenarios that can be developed, ensuring a diverse pool of clips for testing and repeat testing. Additionally,
the quality of each clip can be controlled by the development team, and clips occurring under conditions that
may be somewhat rare and difficult to capture by real world driving (e.g. night driving on highways with
infrequent traffic) are possible. The visual quality of current CGI hazard perception clips is very high, and
some are almost indistinguishable from real driving footage. For an example, see the UK hazard perception
test used for licensing (https://www.driving-theory-test.com/hazard-perception?qt- hpt_mini_pager_test=1).

While there are benefits and limitations to using both CGI and real-world driving footage, HPTs based on
both formats have demonstrated suitable performance for measuring hazard perception and distinguishing
between groups based on driving experience (Moran et al. 2019).
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The third format that has been used to measure hazard perception is still images (Lyon et al. 2011; Moran et
al. 2019; Scialfa et al. 2012; Sun et al. 2024; Yang et al. 2021). The method involves presenting a series of
images of traffic scenes and recording reaction time to an input indicating the presence of a hazard (Lyon et
al. 2011) or to identify the hazard in the scene by touching or clicking on it (Scialfa et al. 2012; Yang et al.
2021). Sun et al. (2024) employed a different approach and presented static images for 3 seconds and
required respondents to indicate whether the scene contained a hazard by pressing ‘F’ on the keyboard if no
hazard was present or ‘J’ if one was present, measuring hazard perception by reaction time. All studies using
stillimages demonstrated differences between experienced and less-experienced drivers, suggesting they
are suitable to use for hazard perception (Lyon et al. 2011; Moran et al. 2019; Scialfa et al. 2012; Sun et al.
2024; Yang et al. 2021) although there is some evidence that they may be less effective for measuring
hazard perception in some scenarios. Yang et al. (2021) found that reaction time for items involving vehicles
were faster than those involving pedestrians or covert hazards. It is possible that static images do not
provide sufficient cues to rapidly identify these hazards, particularly if they take longer to unfold as may be
the case for covert hazards. It is possible that when using still images respondents focus more on objects on
the road, which are perhaps more immediate hazards, than objects (e.g. pedestrians) that appear at the side
of the road and are not a hazard until they move on to the roadway.

When driving, the road is a dynamic environment and always changing. As such, video-based hazard
perception tests can be considered more ecologically valid than still images. Indeed, the video format is the
most adopted mode for modern HPTs (Moran et al. 2019).

3.4 Selection of HPT items

Hazard perception clips for video-based HPTs are generally obtained from video recording of natural driving
in an area largely representative of the typical driving environment for the jurisdiction in which the HPT will be
used (see inter alia Ehsani et al. 2020; Horswill et al. 2011; Scialfa et al. 2011; Muela et al. 2021). Segments
of the video with a potential hazard are then identified by experts such as researchers, traffic psychologists,
and sometimes driving instructors (Castro et al. 2014; Castro et al. 2021; Horswill et al. 2011; Muela et al.
2021; Moran et al. 2019; Sagberg and Bjgrnskau 2006; Ventsislavova et al. 2021). While there is no control
over the types of hazards encountered during the filming of naturalistic driving, some tests endeavour to
include hazards based on prior research and crash frequency (DreBler et al. 2017; Horswill et al. 2011).
Some tests include only actual driving hazards where the camera car was required to slow, brake, or perform
an avoidance manoeuvre (e.g. Ehsani et al. 2020; Horswill et al. 2011; Sawada et al. 2021) while others also
identify quasi-hazardous or non-hazardous situations where there is a potential conflict but the hazard did
not unfold and the camera car was not required to alter speed or direction (e.g. Ventsislavova et al. 2016).
The latter scenario is intended to provide test items that do not require a response from participants. Once
clips are identified they are again reviewed by experts and a pool of items (clips) selected based on specified
criteria and expert assessment and consensus. Criteria can include whether the hazard is present (i.e. the
camera car was forced to take action to avoid a collision) and unambiguous, that only one hazard is present,
and that clips are of good video quality with clear image, good lighting, suitable cues present to detect the
hazard (e.g. Ehsani et al. 2020; Hill et al. 2019; Horswill et al. 2011; Moran et al. 2019). Experts often also
identify the earliest point at which a hazard can be predicted based on the cues present in the clip, which is
used as the start of the scoring window to determine response time or, for hazard prediction tests, the
occlusion point and response options (e.g. Castro et al. 2021; Chou et al. 2014; Crundall et al. 2021; Hill et
al. 2019; Ventsislavova et al. 2021). These clips are then often pilot tested to determine their validity to
measure hazard perception, with the most common method comparing the results of experienced drivers
versus novice drivers (Horswill et al. 2011; Moran et al. 2019; Scialfa et al. 2011; Ventsislavova et al. 2021).
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Following pilot testing, final clip selection and HPT formation may be based on several factors. First,
individual clips that show statistically significant differences in performance between novice and experienced
drivers such that experienced drivers perform better (i.e. faster reaction time, better hazard prediction) than
novices (e.g. Hill et al. 2019; Horswill et al. 2011). Second, based on the hits, misses, and false alarm rates
for each item where hits are accurate detection of hazards, misses are failing to detect a hazard, and false
alarms are responding to an incorrect hazard. For example, if there are items for which a large number of
experienced drivers do not perform correctly the item may be removed. A typical cut point for items may be
hazards that are successfully identified by 85% of the experienced driver cohort (Scialfa et al. 2011; Scialfa
et al. 2012). Another method of selection may be based on a threshold for differences between response
times, for example, selecting clips where the difference in mean response times between experienced or
novice drivers is at least 200ms (Lyon et al. 2011; Scialfa et al. 2012). Where necessary, adjustment of the
scoring window may also occur based on the performance of participants. Once a final set of clips has been
identified it is common to evaluate the psychometric properties of the test using each item’s correlation to the
total HP score and other items in the test (Scialfa et al. 2014) and reliability assessed by Cronbach’s alpha
(see inter alia, Crundall et al. 2021; Wu et al. 2021).

Tests involving the use of CGl clips are typically based on common crash scenarios for novice drivers based
on analysis of relevant crash data. Tests developed for licensing purposes may also specify that particular
types of hazards are also included, such as those involving vulnerable road users (pedestrians, cyclists, or
motorcyclists). Experts may then help develop scripts for the clip, including the inclusion of cues for hazards
(Crundall et al. 2021). Tests and clips may also be validated using pilot tests, again comparing the results of
novice and experienced drivers on performance (DreBler et al. 2017). Clips may be further refined or
amended based on findings of statistical analysis and in some cases based on feedback from participants or
experts (DreRler et al. 2017; Moran et al. 2019).

The length of video clips is another consideration with the HPTs identified in the literature having clip lengths
ranging from 7 seconds to 60 seconds for tests involving the presentation of a series of clips and scenarios
(e.g. Castro et al. 2014; Crundall 2016; Ehsani et al. 2020; Hill et al. 2019; Malone and Briinken 2016;
Manley et al. 2020; Wu et al. 2021). One study employed a 10-minute CGI video clip containing 10 hazards
arguing that a continuous video is more akin to the actual driving experience (Crundall et al. 2021). All have
proven effective at measuring hazard perception based on the differences in performance for experienced
versus novice drivers. The presentation of the hazard within the clip should vary across clips so that
individual's do not always expect or predict the hazard to occur at the same time as this could negatively
impact the measurement of hazard perception.

3.5 Test instructions

An important aspect of the HPT is the instructions provided to candidates, particularly regarding the definition
of a hazard and the circumstances under which a response should be made. As individuals may differ in
what they consider a hazard based on their sensitivity to risk, or their belief in their ability to identify and
negotiate hazards as they arise, it is important to provide unambiguous definitions of what constitutes a
hazard. Many hazard perception tests adopt the term ‘traffic conflict’ often defined as an event that may
result in a collision between the driver’s car and another road user if they do not slow down, stop, or alter
course (e.g. Crundall 2016; Malone and Brinken 2015; Manley et al. 2020; Wetton et al. 2010). It follows
then, that the hazards contained within the test items must conform to the definition provided. Any definition
that refers to ‘traffic conflicts’ or ‘other road users’ rules out the inclusion of hazards that do not involve such
conflicts, such as corners, changes in road surface conditions, and changes in forward visibility due to
weather events (e.g. heavy rain, fog, sun glare), and potentially animals or wildlife.

The instructions should also include information about how to make an appropriate response (e.g. press
button as soon as a hazard is detected) and discourage cheating by describing inappropriate responses (e.g.
repetitive button pressing) and the consequences (e.g. item or test failure). It is also common practice for
HPTs to provide examples or practice scenarios to enable candidates to familiarise themselves with the test
and response interface (see inter alia, Crundall 2016; Castro et al. 2021; Botzer et al. 2019; Horswill et al.
2011; Sagberg and Bjgrnskau 2006; Sawada et al. 2021; Scialfa et al. 2014; Sun et al. 2024; Ventisislavova
et al. 2016, etc.). Tests used as part of the licensing process should be able to be understood by people of
varying English language comprehension abilities (Wetton et al. 2011).
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3.6 Timing of HPT

The introduction of HPTs into the licensing process is intended to improve safety outcomes. One question
that needs to be addressed relates to the time in the Graduate Licensing Scheme (GLS) at which the HPT is
best taken to yield the best effect. Research of HPTs largely focuses on how they are conducted (test type,
style, etc.) and content (e.g. items) and do not tend to consider the HPT within the broader licensing context
and this issue has largely remained unaddressed in the literature. Current practice in Australian jurisdictions
with HPT is that the HPT is required in order to progress to solo driving, such as to obtain a provisional
licence. Two studies (Castro et al. 2021; Muela et al. 2021) included a group of non-drivers with both finding
this group to have poorer performance on hazard prediction tests than both novice and experienced drivers.
This suggests that implementing HPT prior to starting driving, such as in order to obtain a Learner’s permit,
may not yield a safety benefit; measuring a skill before the individual has time to practice and develop that
skill may not accurately reflect future ability. Furthermore, the safest period of driving for young drivers is
when they undertake supervised driving with the risk of being involved in a crash increasing with the
commencement of solo driving (Kloeden 2008). As such, the current approach adopted throughout Australia
of requiring the HPT in order to progress to a provisional licence or solo driving appears to be a sensible
approach.

3.7 Implications of HPT Failure

Hazard perception testing used as part of the licensing process is intended to ensure that those progressing
to unsupervised driving meet a minimum level of expectation regarding the ability to detect hazards and be
safe road users. The nature of the test is such that people with poor hazard perception skills will fail and be
prevented from progressing to unsupervised driving until their hazard perception is at a level deemed
acceptable for safe road use. Within a licensing scheme HPT failure has broader implications, such as how
long someone should be required to wait before re-taking the test and how hazard perception can be
improved in the interim. Furthermore, it is possible that performance on a licensing HPT could be used to
identify drivers who possess characteristics (e.g. risk-taking propensity) and be indicative of a greater risk of
crash involvement or other unsafe behaviours that may require further intervention. These issues are
addressed below.

3.7.1 Time delay to re-test after failed attempt

The primary concern of research regarding hazard perception has focused on the validity of HPTs, the use of
HPTs with special interest groups (e.g. medical populations), and investigating the association between
hazard perception and safety outcomes (e.g. crashes or driving behaviour). As such, the evidence has
supported the use of hazard perception testing in the licensing process, however, the literature has not
addressed procedural aspects such as whether subjects should be required to wait some time before
retaking the test or be allowed to retake it immediately. There is no real guidance in the literature regarding
the length of time before re-taking the hazard perception test. In Australia there is no standard approach. In
the ACT there is a 24-hour lockout period before the test can be retaken and in WA the test may only be
taken once per day. In Queensland and Tasmania there are unlimited attempts and no lock-out period.
South Australia allows unlimited attempts although it is not clear if there is a lockout period, while in Victoria
candidates are allowed 2 attempts per day. There does not appear to be a lockout period in NSW.
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The inter-test interval for someone who has failed a Hazard Perception Test is an important consideration
within licensing schemes. There is the potential for repeat testing to result in a practice effect rather than a
learning effect, such that subsequent tests may measure improvement in the individual’s ability to take the
test (e.g. response time) rather than reflecting improvements in hazard perception. Is it possible for an
individual's hazard perception ability to improve from one test to the next in the absence of more experience
or some other intervention (e.g. training)? It must also be asked: If an individual’s hazard perception skill is
not sufficient to pass the first time, how likely is this skill to have changed in the next test if there has been no
change in experience or other improvement in hazard perception? While there has been no systematic study
of the potential confounding of practice effects and repeat testing, there is some evidence. Horswill et al.
(2021) examined the effects of a brief training intervention on hazard perception (measured using reaction
time) on a sample of Australian University students. This study compared the performance of a treatment
group (those who received the training) before and after training, to a control group (no training) with a
second test undertaken after an interval of one hour. While the treatment group was found to have a larger
improvement in median reaction time compared to the control group, of interest is that the control group also
demonstrated a reduction in reaction time by a median of 0.12 seconds (Horswill et al. 2021). The potential
for a practice effect exists though the effect of this, particularly regarding HPT for licensing, is unknown.

Another possibility for consideration is that some people may attempt to memorise items or, having
experienced the same item on a number of attempts, may have learned the correct response by trial and
error. While there is some possibility that this could lead to a small improvement in hazard perception —
learning to pass the items may prompt some subconscious learning of hazard perception, such as scanning
for and identifying hazards — it is likely that the HPT, for these people, would potentially be a measure of
memory recall rather than hazard perception skill. This risk can be minimised by randomly generating a
hazard perception test from a larger pool of items or having several versions of the HPT using different
items. Additionally, a lock-out period from failure to next attempt could help minimise this effect by reducing
or removing the ability for repeated attempts in a short period of time, making it less likely that items can be
memorised, and adding a mandatory period between tests during which the individual has the opportunity to
improve their hazard perception by either gaining more driving experience, practice, or undertaking hazard
perception training.

Taken at face value, failure on an HPT indicates a deficit in hazard perception. Ideally, people who fail the
HPT would gain additional driving experience before retaking the test, which should result in improved
hazard perception and increase both safety and likelihood of passing the test. It is not clear from the
literature the amount of experience required to improve hazard perception, although the evidence clearly
indicates that drivers with greater driving experience have better hazard perception (although this would be
dependent on the quality of the experience). Rather than assume hazard perception skill will improve
naturally with time and experience (although experienced drivers perform better on hazard perception than
novice drivers, at the individual level hazard perception skill will be variable), a more reliable means would be
to ensure people develop the necessary skill by undertaking hazard perception training.

3.7.2 Interventions for improving hazard perception performance

Failing an HPT suggests that an individual’s ability to detect hazards requires further development, which
usually comes with increased driving experience. People who fail a licensing HPT should be encouraged to
obtain more experience, though there is some evidence that other factors, such as confidence, risk
sensitivity, the perceived risk of the situation, and belief in own driving ability may also influence hazard
perception scores (e.g. Castro et al. 2021; Egea-Caparros et al. 2016; Ehsani et al. 2020; Farrand et al.
2001). Simply relying on the passage of time may not be sufficient to ensure the adequate development of
hazard perception skills and the amount of time or experience necessary for this to occur is difficult to
determine due to various definitions of experience adopted throughout the literature. An alternative approach
is to accelerate the improvement in hazard perception through training.
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There is a large body of research addressing the effectiveness of hazard perception training covering a
variety of training programs and modalities (e.g. computer based, driving simulators, virtual reality), though
there are common themes and approaches to training, including instruction, feedback, and practice (see inter
alia Fisher et al. 2017; Horswill et al. 2021; Krishnan et al. 2019; Plumert et al. 2021; Prabhakharan et al.
2024; Yamani et al 2016). The general approach to hazard perception training is to expose trainees to
hazardous traffic scenarios requiring them to identify hazards or perform some other action (e.g. braking in a
driving simulator), provide feedback on behaviour and performance, provide additional information and
explanation of the hazardous situation and appropriate responses (including theory or demonstrations of
expert driver behaviour), and allowing trainees to practice hazard perception further in additional hazard
scenarios.

In many cases the hazard scenarios are similar in type and presentation as those used in HPTs for licensing
and have used photos or videos based on either real-world footage or CGI to present hazards from the
driver’s perspective. In general, evidence indicates that hazard perception training appears to improve the
performance of hazard perception tasks for trained drivers, with reported improvements in road scanning
behaviour, increased monitoring of critical areas (i.e. locations where hazards or cues can be found;
Katrahmani et al. 2017; Meir et al. 2014; Petzoldt et al. 2013; Pradhan et al. 2007), improved reaction times
(Horswill et al. 2021; van der Kint et al. 2024; Wetton et al. 2013), and greater likelihood of detecting hazards
(Fisher 2008; Glassman et al. 2022; Horswill et al. 2021; Muttart et al. 2019; Seibokaité et al. 2022; Thomas
et al. 2017; Zafian et al. 2016). The literature has largely focussed on the effects of hazard perception
training for improving hazard perception as measured using HPTs, which are often similar, if not identical, to
the content of the training. The evidence suggests that hazard perception training appears to improve
performance on hazard perception testing, though the evidence is confounded by a number of factors such
as the effects of driving experience and exposure and the inability to determine if improvements in HPT
performance are due to training or a test-related practice effect (i.e. improvements may be due to familiarity
with undertaking the test rather than improved hazard perception per se). A small number of studies have
examined the effect of hazard perception training on real world safety outcomes, including driving behaviour
and crashes (Horswill et al. 2022; Roberts et al. 2021; Thomas et al. 2016).

Horswill et al. (2022) conducted a randomised controlled trial to examine the effect of a 6-week multi-session
online self-paced hazard perception training program based on videos of real-world crashes on the driving
behaviours of trainees. Over the course of the program trainees completed one 30 minute training session
per week consisting of 5 types of exercise, including hazard prediction, crash analysis (e.g. why a crash
occurred and how to avoid it), commentary of driving scenarios (i.e. a voice over commentary of the driving
environment by an experienced driver with examples of crashes to illustrate the expert’'s comments), hazard
perception practice with comparisons to expert drivers (feedback showing trainee vs. expert responses), and
real-world transfer (practising different skills during real-world driving). Real-world driving behaviour was
measured using dashcams with accelerometers installed to the participants’ own vehicles for a one-month
baseline period prior to training and 2 months post training. An untrained control group also had their driving
monitored over the same period. This study found that, compared to the control group, trained drivers had
significant improvements in heavy braking events (i.e. fewer) and speeding behaviour (i.e. amount of time
spent speeding and magnitude of speeding decreased). This effect was observed for post-training measures
taken an average of 8 weeks after the completion of training.

Two other studies examined safety-relevant outcomes of the Risk Awareness and Perception Training
(RAPT) program developed in the USA (Roberts et al. 2021; Thomas et al. 2016). The RAPT program has
undergone numerous refinements since it was first developed and the following studies examined different
versions of the program.
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Roberts et al. (2021) examined the effect of RAPT on the crash involvement of young drivers based on
socio-economic status. The version of RAPT they used consisted of one session during which trainees
completed 3 modules (pre-test, 8-minute training session, and post-test) during which they were shown 9
driving scenarios and asked to indicate where they would look to identify potential hazards. The 5,306
participants who had recently passed their driving test to progress to a provisional or unrestricted licence
were randomly assigned to the training or control group who undertook the pre-test only. During the training
phase they were exposed to scenarios in which they were found to typically make safety-related mistakes.
They were provided feedback and given an explanation on how to mitigate the mistake. A separate control
group completed the pre-test module only. Crashes and moving violations for around one year following the
training were obtained from the California DMV. This study found a protective effect of RAPT for trained
drivers for the first 12 months following training. Analysis indicated a positive association between poverty
rates and crashes such that the number of crashes increased as the level of poverty increased. More
specifically, the number of crashes increased by 3% with every 1% increase in poverty. However, among
trained drivers, for every 1% increase in poverty the number of crashes reduced by 5%. Furthermore, at
higher levels of poverty (greater than 30%, low SES) trained participants had a lower number of crashes
compared to untrained participants but, when poverty was low (i.e. <5%, higher SES), no differences
between trained and untrained drivers were observed. It should be noted, however, that this study failed to
control for the potential confounding of driving exposure such that the results may simply reflect a lack of
driving opportunity for young drivers with low socio-economic status. These findings suggest RAPT training
had a protective effect among drivers of low SES.

In a separate study Thomas et al. (2016) examined the effect of RAPT-3 on crash involvement for trained
drivers. The RAPT-3 training involved one 40-minute session during which trainees were presented with 9
driving scenarios in which there is an inherent risk of a collision with another vehicle or pedestrian; hazards
were either visible or hidden (e.g. obscured by another vehicle). Trainees were shown a plan view (i.e. top-
down) of each scenario accompanied by explanations of the risky elements. They then viewed sequences of
snapshots (i.e. still images) from the driver’s perspective and were required to click on the relevant areas to
detect a hazard. If the trainee correctly identified the critical areas, the training proceeded to the next
scenario — if not the scenario was repeated from the beginning (i.e. top-down view and explanations). Four
trials were allowed for each scenario. Participant crash and violation data were obtained from the California
DMV for the 12-month period following licensure (RAPT was undertaken by young drivers aged 16-18 who
had just passed their on-road driving test to obtain a provisional or unrestricted licence). This study found
that drivers receiving the RAPT-3 training demonstrated significant improvements in their hazard perception
test performance post-training, though the effect of training on crashes was mixed. No main effect of training
was found for crash involvement, but RAPT-3 trained males had a significantly lower crash rate than control
group males; females in the RAPT trained group were observed to have a higher crash rate than control
group females, although this difference was not statistically significant. Additionally, training was found to
have no effect on the time to first crash. No effect of training on traffic violations was detected. While training
appears to have improved hazard perception, with the exception of males, this does not appear to have
translated into reductions in crash involvement. It is possible that young males, who are generally observed
to have a higher crash risk than young females (Austroads and Kloeden 2009; Jones 2016), benefit more
from improved hazard perception than do young females, for whom hazard perception improves but crash
risk remains unchanged. Indeed, statistical analysis undertaken in this study indicates that the crash rates for
female participants were comparable for both groups.
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Using crash involvement as a measure of efficacy for hazard perception training is not without limitations.
While it might be expected that people who have improved their hazard perception through training should
be less likely to be involved in crashes and therefore have fewer crashes, a more accurate operationalisation
would be to determine the number of crashes that are successfully avoided. However, crashes that do not
occur are not recorded in any official database and it would be difficult to objectively record this data,
particularly for very large samples. Another issue with the use of crash involvement relates to the nature of
the crashes that occur. There are a number of scenarios in which study participants may be involved in a
crash which does not reflect their hazard perception ability. First, if the participant is in a vehicle that is struck
by another driver where their (study participant) hazard perception is not relevant (e.g. rear end). Second,
some crash types and causes may not be addressed by training (e.g. single vehicle crashes due to slippery
road conditions), or participants may be involved in crashes due to high speeds or impaired driving (e.g. DUI,
distraction, or fatigue). Third, it is possible that in some circumstances participants correctly identify and react
to a hazard, but a crash may result if there is insufficient time between detecting a hazard and responding or
where the participant fails to select an appropriate response. In some cases, manoeuvring to avoid a
collision may also result in a separate collision (e.g. due to loss of control while swerving to avoid striking an
animal in the road). Finally, many studies examining the association between some intervention and crashes
are limited due to insufficient frequency of crashes occurring (which may or may not be exacerbated by a
successful intervention reducing the number of crashes). A suitable number of crashes will be necessary to
detect a statistically significant effect, which may require substantially larger sample sizes or longer
observation periods than adopted in some studies.

Hazard perception training appears to have a generally positive effect on hazard perception skills,
particularly on the performance of HPTs. There is some evidence that training can lead to improvements in
real-world driving behaviours (e.g. speed and braking) but limited evidence that it can reduce crash
involvement. As such, the benefit of training appears to be useful for improving performance on Hazard
Perception Tests but the effect on real-world driving and safety outcomes requires further investigation.
These findings have implications for HPT in the licensing process. If training increases the likelihood of
people passing the licensing HPT but is limited in terms of improving safety, then referral to hazard
perception training may be counterproductive. However, given the small number of studies investigating the
effects of hazard perception training on real-world safety, more research in this area is warranted.

3.7.3 Using failed HPT attempts to identify individuals at risk of crashing or other
unsafe behaviour

There is evidence that performance on Hazard Perception Tests can be used to distinguish between drivers
based on level of driving experience. It is also possible that differences in hazard perception performance
may be able to identify other groups with an increased risk of crashing. First, there is some evidence that
HPT performance is associated with crash involvement (see section 5), though the strongest evidence of this
indicates that the ability to distinguish between groups based on safety is only apparent for those who take at
least 3 attempts (fail twice) to pass the HPT and that these people may require assistance or interventions to
improve their safety (Boufous et al. 2011).

Some studies have found evidence that people with driving violations have poorer hazard perception than
drivers with no violations. For example, Wu et al. (2021) found that people with driving violations are worse at
identifying the location of hazards than those with no violations, though this did not impact their performance
on hazard prediction. Similarly, Sun et al. (2021) found that taxi drivers with violations had significantly higher
reaction times on an HPT (i.e. slower to detect hazards) and also scored higher on other behavioural
measures that may indicate an increased risk of crashing, including anxiety, distress reduction, and risky
driving styles. These findings offer some suggestion that it may be possible to identify motorists more likely
to commit driving offences based on their HPT results.
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Other studies provide some indication that HPT results may also be indicative of fithess to drive. In an
examination of drivers’ ability to anticipate hazards following a traumatic brain injury (TBI), Preece et al.
(2011) found that drivers with a TBI were 0.75s slower at anticipating hazards than a control group of drivers
with no TBI and while the severity of TBI was not related to hazard perception performance, lower HPT
scores were associated with increased duration of post-traumatic amnesia. Studies have also demonstrated
declines in hazard perception performance for older drivers (aged 60+) such that older drivers demonstrate
poorer hazard perception than younger drivers (Folli et al. 2023), while reaction time has been found to
reduce with age for drivers over the age of 65 (Horswill et al. 2011), and hazard perception performance has
been found to deteriorate with declining cognitive function and visual ability (Folli et al. 2023). Glen et al.
(2016) also found that people with visual deficits had impaired hazard perception, though this was due to
difficulties identifying hazards that appear in the area affected by the visual deficit. It is unlikely that an HPT
would be needed to identify people with a visual deficit.

While there is evidence of a relationship between HPT performance and risky driving, relying solely on HPT
results to label an individual as unsafe may not be appropriate as other factors could be contributing to the
increased risk (Boufous et al. 2011). Repeated failures on an HPT may be a suitable indicator to refer drivers
to an intervention such as hazard perception training. Rather, HPTs may be best suited as a screening tool
for drivers referred to interventions or assessment based on other reasons or behaviours (e.g. fitness to drive
assessment) and used to identify whether those presenting for intervention have deficits in hazard perception
that should also be addressed.
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4. HPT Validity

There are 2 primary methods for assessing the validity of an HPT to measure hazard perception skill. The
first is to compare the performance on the HPT with another established measure of hazard perception skill
or some other relevant construct (e.g. crash involvement). The second method is to assess differences in
HPT performance between groups who are assumed to differ in hazard perception ability. The most common
method adopted throughout the literature is to investigate the ability of a given HPT to differentiate between
novice and experienced drivers. It is assumed that experienced drivers have more highly developed hazard
perception skills than novices so a test could be considered valid if the scores can be used to discriminate
between the 2 groups or if the experienced drivers are found to outperform novice drivers. It is worth noting
that the development of HPTs adheres to these principles and uses these criteria in the selection of test
items (see discussion above). The validity of HPTs based on establishing differential performance based on
experience is summarised below; the association between HPT scores and real-world safety outcomes,
including crash involvement, are discussed in Section 5.

Throughout the literature studies following either the hazard perception or hazard prediction paradigms using
either video (real or CGlI) or still images have demonstrated the ability to distinguish between novice and
experienced drivers based on measures of reaction time or accuracy (Castro et al. 2014; Crundall 2016;
Crundall et al. 2021; Endriulaitiene et al. 2022, Gugliotta et al. 2017; Hill et al. 2019; Horswill et al. 2020;
Manley et al. 2020; Sun et al. 2019; Tiské et al. 2019; Ventsislavova et al. 2022, Viakveld 2014; Wu et al.
2021). However, some studies have failed to produce this effect (Sagberg and Bjgrnskau 2006; Underwood
et al. 2013; Ventsislavova et al. 2019). There are more studies demonstrating group-based differences in
hazard perception performance than those that do not, which may be due to differences in methodologies or
test characteristics. For example, Sagberg and Bjgrnskau (2006) found no differences based on level of
driving experience, though there was a large discrepancy between group sizes (130 novices vs. 28
experienced drivers) with the majority of participants novices with less than 9 months of driving experience.
The categorisation of novice versus experienced drivers and young versus older drivers was also variable
across studies. Novice drivers could range from either newly licensed drivers or learner drivers waiting to
take a driving test (Sagberg and Bjegrnskau 2006; Sumer et al. 2007; Ventsislavova et al. 2016) to those with
less than 8 years driving experience (Gugliotta et al. 2017). The driving experience of experienced drivers
ranged from a minimum of one year (Ventsislavova et al. 2018) to 15 years (Horswill et al. 2011). Moran

et al. (2019) noted ranges of 0.1 to 4.5 years for novices and 2 to 29 years for experienced drivers.
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5. Safety Effects of HPTs

Evidence for the safety effects of HPTs can be found in 3 studies linking the performance of a licensing HPT
on crash involvement. Wells et al. (2008) undertook a large study of young learner drivers from the UK
examining driver cohorts recruited from November 2001 to August 2005 investigating how they undertake
driver training and testing, and their experiences as new drivers, including crashes, offences, attitudes and
other behaviours. Over this period, an HPT measuring reaction time was incorporated into the licensing
theory test. A random sample of young drivers waiting to take their practical test were selected every 3
months and sent a series of self-report questionnaires addressing their learning and driving experience. Four
driving experience questionnaires were sent at 6 (~10,000 responses), 12 (~3,600 responses), 24 (~1,000
responses), and 36 (~250 responses) months after passing the practical driving test. 20,512 questionnaires
were sent at the 6-month mark with a 49% response rate with some attrition over the course of the study with
around 250 responses received for the questionnaire sent after 36 months. When investigating the effect of
hazard perception testing Wells et al. (2008) were able to compare those who were licenced without taking
the HPT (as it was not implemented at the time) to those who completed the HPT as part of licensing, and
also able to further investigate the effect of differences in HPT for the latter cohort. After controlling for
confounding factors, including age, sex, and driving experience and exposure, they found that compared to
the non-HPT cohort, those who had passed the HPT reported 3% fewer crashes that did not involve
manoeuvring at low speeds (i.e. crashes that might be influenced by hazard perception) and for which they
accepted some liability in their first year of driving. When comparing drivers in the HPT cohort, for those with
higher HPT scores the rate of non-low speed manoeuvre crashes was 4.5% lower than the lowest scoring
HPT group (who still passed the test). These findings demonstrate that the introduction of the HPT appear to
have positive effects on safety as intended, though the actual effect appears somewhat small. Although this
was a large, detailed study with a randomly selected sample, final data was influenced by a potential self-
selection bias and not entirely representative of the broader public (higher proportion of females, younger
people slightly over-represented), and crash experience was self-reported. One of the main limitations for the
use of self-reported crash is the potential bias due to under-reporting of actual crashes. Official records on
the other hand provide a more reliable measure, but only for crashes that are reported to police, crashes of
lower severity (i.e. no injury to road users) may be excluded while other crashes may also not be reported
(Agran et al. 1990; Macpherson et al. 2024). Wells et al. (2008) found respondents reported less serious
crashes that would not appear in official crash records, though the potential for under-reporting of more
serious crashes remains a limitation of this study.

In Australia, Boufous et al. (2011) investigated the impact of hazard perception testing on newly licensed
drivers as part of the DRIVE study undertaken in NSW. A large sample (N=20,822) of young drivers aged

17 to 24 who had held their P1 license for 12 months or less were recruited via mail during June 2003 to
December 2004 and completed a baseline questionnaire (driving experience, risk taking, demographic
characteristics) that was linked with records on the number of HPT attempts and police reported crashes for
the 12 months following completion of the HPT measuring reaction time. After controlling for
sociodemographic characteristics, learning experience, and behavioural factors, the number of failures on
the HPT was found to be associated with the risk of being involved in a crash. Compared to drivers who
passed the HPT on the first attempt, for those who had failed at least twice (i.e. minimum 3 attempts to
pass), the risk of crashing was 1.83 times greater (95%CI 1.27-2.63). More detailed analysis demonstrated
that males who failed at least twice had an increased crash risk of 2.5 times (95%CI 1.5-4.1) but no increase
was observed for females. Young drivers from remote areas showed 5.5 times increase in crash risk

(95%CI 1.63-18.71). These findings suggest performance on the HPT is related to safety outcomes but the
ability to discriminate between safe and unsafe drivers is only apparent after at least the third attempt to pass
the test. Findings also suggest that people who fail repeatedly, particularly young males, may require support
to lower their risk of future crashing. It would appear that those who fail the HPT at least twice possess
certain characteristics that are related to test failure and that investigation and understanding of these
characteristics and how they relate to performance on HPT (e.g. language comprehension) and crash risk
(e.g. risk-taking propensity) will aid the development of appropriate interventions for these drivers.
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More evidence of the association between HPT performance and safety outcomes is provided by Horswill

et al. (2015) who recruited a large sample of young drivers who had completed an HPT as part of the
licensing process in Queensland (Horswill et al. 2015). Using self-reported data regarding HPT score and
crash involvement (number of crashes) at the time of taking the HPT (Time 1) and self-reported crash
involvement in the 12 months following the test (measured T2, 12 months later) Horswill et al. (2015) sought
to determine whether performance on the HPT was related to crash involvement. After adjusting for
confounding factors (age, sex, driving exposure) Horswill et al. (2015) found that for every one second
increase in HP score, the risk of being involved in a retrospective crash (i.e. crashes prior to taking the HPT
measured at T1) increased by 10% and a 21% increase in crashes in the 12 months following completion of
the HPT. To investigate the association between HPT and crashes further, Horswill et al. (2015) calculated a
‘pass mark’ that maximised the sensitivity and specificity of predicting crash involvement and found that
those who failed the test were 17% more likely to have been involved in a crash prior to undertaking the HPT
and had a 25% increase in the likelihood of having a crash in the 12 months following the test. These
findings further support the association between HPT performance and crash risk, though the effect is not
strong due to ‘noise’ in the self-reported crash data (Horswill et al. 2015). Other limitations of this study are
the reliance on self-reported data for HP scores and crashes and while the samples at T1 and T2 were large,
their nature (i.e. self-selected participants) may limit the generalisability of findings. In contrast to these
findings, as part of their evaluation of the benefits of RAPT-3 hazard perception training for novice drivers
(see Section 3.8 for more detail), Thomas et al. (2016) also examined the correlation between pre- and post-
training HPT scores on police-reported crash involvement for the 12 months following completion of training.
They found that HPT scores at either pre- or post-training were not correlated with crash involvement.

Other evidence for the association between hazard perception testing and safety outcomes is provided by
Botzer et al. (2019) who examined the relationship between HPT scores and hard braking events. A small
sample of students (N=33, 26 females, mean age 24.3) completed a brief hazard perception test using
reaction times as a measure of hazard perception and driving behaviour was measured using a smartphone
application to detect harsh braking events as recorded by GPS and accelerometer data for a period of

6 weeks. They found that there was a negative relationship with hazard perception scores and harsh braking,
indicating that worse hazard perception was associated with an increase in the number of harsh braking
events. They also found that males had more harsh braking events than females. Botzer et al. (2019)
suggest that harsh braking may be the result of poor hazard perception skill impacting the ability to identify
hazards such that they are identified and reacted to later. However, while their evidence clearly shows a
relationship, harsh braking may be explained by other factors, including differences in traveling speed or risk
sensitivity. Furthermore, in some cases harsh braking may also be an appropriate response and indicative of
successful hazard detection and avoidance. Four studies have demonstrated a link between HPT
performance and safety outcomes, particularly the risk of being involved in a crash. One study failed to find a
correlation between HPT scores and crash involvement. The studies examining crash outcomes had large
samples but were not without limitations, primarily related to the possibility of self-selection bias in the
sample (all studies) and reliance on self-reported data (Horswill et al. 2015; Wells et al. 2008). The findings
of Boufous et al. (2011) appear to provide the best estimate of the effects as they are based on official
records of both HPT results and crash involvement. Botzer et al. (2019) provide some evidence that
performance on HPTs transfers to real-world reaction time, though more research in this area is required.
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5.1 Mechanisms through which HPTs influence safety

There have been no studies explicitly examining the mechanisms through which the testing of hazard
perception skills influence safety. As a measure of ability, the HPT itself may be indicative of a level of risk,
but it does not modify that risk. As such, there are likely 2 key mechanisms through which HPTs influence
safety.

First, the preceding discussion has highlighted the links between hazard perception skill and a range of
driving-related outcomes. On the surface, measuring hazard perception skill and ensuring a minimum level of
proficiency in order to progress through a graduated licensing scheme, particularly from supervised to
unsupervised driving (i.e. learners to provisional/probationary licence) might be expected to ameliorate the
future risk of crashing to some extent. At some point, however, all drivers meet this minimum threshold to
obtain their provisional/probationary licence though there is some evidence that even after meeting this
criterion, drivers with poor hazard perception skills (as indicated by multiple attempts to pass an HPT)
maintain a higher risk of crashing than those with better performance. Thus, while the HPT is intended to
ensure a minimum level of hazard perception competence, the act of taking or passing the test does not
necessarily improve this skill or reduce risk for some drivers.

The second, and likely main mechanism through which an HPT in the licensing process influences safety is
by delaying the progression to unsupervised driving for drivers with deficits in this skill. The greatest period of
crash risk for newly licenced young drivers is the first 3 to 6 months following the progression to
unsupervised driving (Kloeden 2008; Wells et al. 2008). Thus, depending on the quality of the experience
gained, any measure that prolongs the supervised driving period may be beneficial.
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6. Conclusion

Several methods have been used to measure hazard perception, with the primary methods being the
presentation of hazardous scenarios via a video clip and recording either reaction time or ability to predict
what happens next. While there are some exceptions, the preponderance of evidence suggests both
approaches are valid methods for assessing an individual’'s ability to detect hazards in the road environment.
A common criticism of the standard HPT based on reaction time measures is that it is insufficient to
determine the stimulus (hazard) to which the person has responded, while other factors such as sensitivity to
risk can influence results. The hazard prediction test overcomes these issues by requiring the subject to
predict how the scenario unfolds and may yield a more robust measure of hazard perception skill.

Modern HPTs use video clips to assess hazard perception skill, with both real-world footage and CGl clips
proving suitable to assess hazard perception, though some argue that test items should be based on real
examples of hazards. While real-world videos may be more valid representations of hazards, they can be
limited in the types of hazards they can show (e.g. only daylight driving, high quality clips, and only those
hazards encountered while recording footage) and some hazards may be difficult to capture and then not be
assessed. While CGI clips may be staged, the types of hazards that can be portrayed is virtually limitless and
it is possible to produce a variety of examples.

Performance on HPTs has been associated with crash involvement, suggesting drivers who pass the HPT
on the first attempt have a lower risk of crashing than drivers who require at least 3 attempts to pass,
particularly males and drivers from remote areas, though the evidence is limited. Differences in HPT
performance have also been noted for driving offenders, medical populations, and age-related deficits. HPT
may be a useful tool in assessments of fitness to drive, though this requires further investigation.

Hazard Perception Tests contribute to safety by ensuring a minimum level of performance deemed
necessary to drive safely, while failing the test delays the commencement of unsupervised driving for drivers
who are potentially less safe than others. Methods for improving hazard perception performance include the
gaining of more driving experience, though this will be dependent on the quality of the experience gained.
Hazard perception training can improve hazard perception skill and performance on HPTs and may lead to
improvement in driving behaviour, though the effects on crashes are limited. There is a risk that hazard
perception training may increase the likelihood of people passing the hazard perception test without a
concomitant reduction in crash risk, though this requires further investigation.
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