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ARTICLE INFO ABSTRACT

Keywords: Background: Poor hazard perception, or the ability to anticipate potentially dangerous road and traffic situa-
Hazard perception test tions, has been linked to an increased crash risk. Novice and younger road users are typically poorer at hazard
Methodology perception than experienced and older road users. Road traffic authorities have recognised the importance of
Road user hazard perception skills, with the inclusion of a hazard perception test in most Graduated Driver Licensing (GDL)
Graduated Driver Licensing (GDL) young

drivers systems.

Objectives: This review synthesises studies of hazard perception tests in order to determine best practice
methodologies that discriminate between novice/younger and experienced/older road users.

Data sources: Published studies available on PsychInfo, Scopus and Medline as at April 2018 were included in the
review. Studies included a hazard perception test methodology and compared non-clinical populations of road
users (car drivers, motorcyclists, bicyclists and pedestrians), based on age and experience, or compared meth-
odologies.

Results: 49 studies met the inclusion criteria. There was a high degree of heterogeneity in the studies. However
all methodologies — video, static image, simulator and real-world test-drive were able to discriminate road user
groups categorised by age and/or experience, on at least one measure of hazard perception.

Conclusions: Whilst there was a high level of heterogeneity of studies, video methodology utilising temporal
responses (e.g. press a button when detecting the potential hazard) are a consistent measure of hazard perception
across road user groups, whereas spatial measures (e.g. locate potential hazard in the scenario) were incon-
sistent. Staged footage was found to discriminate as well as unstaged footage, with static images also adding
valuable information on hazard perception. There were considerable inconsistencies in the categorising of
participants based on age and experience, limited application of theoretical frameworks, and a considerable lack
of detail regarding post hoc amendments of hazardous scenarios. This research can guide further developments
in hazard perception testing that may improve driver licensing and outcomes for road users.

Novice drivers
Older drivers

1. Introduction novice to more experienced driver through practice on the roads (Foy
et al., 2016). There is difficulty in disentangling the impact of brain
maturation and experience on the roads due to their confounding effect,

however time facilitates both in younger novice drivers.

Road traffic crashes result in an annual global fatality rate of 1.35
million people, of which 54% are vulnerable road users such as mo-

torcyclists, bicyclists and pedestrians (World Health Organisation,
2018). Younger road users are over-represented in crash statistics, with
traffic crashes the leading cause of death for 15-24 year olds
(International Traffic Forum, 2018). For younger drivers, the risk of
injury or death rapidly declines in the months after licensing, sug-
gesting that both age and experience are contributing factors to crash
risk (Mayhew et al.,, 2003). Younger drivers experience cognitive
changes associated with brain maturation as they develop from late
adolescence to adulthood, at the same time as they transition from a
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One of the driving skills that is consistently linked to crash risk, is
the ability to anticipate potentially dangerous road and traffic situa-
tions, a skill known as hazard perception (Horswill and McKenna,
2004). Hazard perception improves with both age and experience, and
while brain maturation cannot be accelerated, experience can be ad-
vanced through hazard perception training (Horswill, 2016a). One way
of encouraging training in hazard perception is to implement a test that
sets a standard for hazard perception that is above the normal skill level
of young and/or novice drivers (Horswill, 2016b). This has been
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recognised by road traffic authorities, such that hazard perception
testing has become part of the Graduated Driver Licensing (GDL) sys-
tems in countries such as Australia, the UK and the Netherlands
(Australian Government, 2018; Bates et al.,, 2014; Drive Right
Netherlands, 2019). Studies have shown that those who fail the hazard
perception test twice are more likely to be involved in traffic crashes;
and for those that pass on the first attempt there is a 17% reduction in
at-fault injury crashes when tested during the provisional licensing
period (Boufous et al., 2011; Horswill et al., 2015; Senserrick and
Williams, 2015; Thomas et al., 2016). This suggests a degree of pre-
dictive validity of the hazard perception test. Given the importance of
hazard perception to driver safety, a range of hazard perception test
methodologies have been developed to assess a driver's competence in
this domain. This has driven a large body of research into which
methodologies best capture hazard perception ability in drivers, as well
as other road users groups.

1.1. Development of hazard perception testing

An early hazard perception test used a driving simulator with films
of traffic incidences, and found novice drivers were slower at detecting
hazards than more experienced drivers (Quimby and Watts, 1981). The
importance of this early work was the within-subject design that in-
cluded a simulator and real-world test-drive, with findings suggesting
slower response times on the simulator were correlated with errors
made on the test-drive. However, the use of on-road drives are not al-
ways feasible due to the expense and time involved, as well as being
unpredictable in terms of encountering hazardous events. McKenna and
Crick (1994) therefore sought an alternative by creating a computer-
based laboratory test, and were able to discriminate between novice
and experienced drivers based on response times measured by a button
press. This finding, coupled with advances in computer technology,
created the impetus for developing a range of computer- and simulator-
based hazard perception test methodologies for which validity was
based on the ability to discrimminate between novice and experienced
drivers. Numerous theories and models underpinned these develop-
ments, in an effort to link the methodology to cognitive and beha-
vioural processes involved in hazard perception.

1.2. Theoretical framework

One theory that has been applied to hazard perception is signal
detection theory (SDT; Green and Swets, 2000). SDT suggests that the
ability to discriminate between hazardous and non-hazardous events is
an important aspect of hazard perception (Ventsislavova et al., 2016).
However, it has been suggested that traffic scenarios may not be defi-
nitively hazardous or non-hazardous, but potentially hazardous. Given
this, fuzzy signal detection theory was applied, which suggests hazard
responses are continuous rather than dichotomous variables based on
hits, misses, correct rejections and false alarms, thereby capturing a
wider range of responses (Parasuraman et al., 2000; Wallis and
Horswill, 2007).

Endsley's model of situation awareness (1995) in which perception,
comprehension, and projection of future status are believed to be
antecedents to decision making, has also been applied to hazard per-
ception testing (Endsley, 1995; Jackson et al., 2009). Likewise the
model of responding to risk, which is a driver-specific model, proposes
that variances in crash liability are due to individual differences in
hazard detection ability, critical appraisal of the situation, action plan
development and implementation (Grayson et al., 2003; Bellet and
Banet, 2012). The multifactorial model of driver safety has also un-
derpinned hazard perception test development, and suggests that the
capacity to drive safely, self-monitoring ability, and beliefs about
driving capacity are important factors in driver behaviour (Anstey
et al., 2005; Horswill et al., 2008).

As at the search date, there was no consensus on which of these
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frameworks is the best fit for explaining hazard perception. This being
noted, the use of these frameworks has influenced hazard perception
test development, by linking methodology to an understanding of
cognitive and perceptual processes.

1.3. Hazard perception test methodologies

There have been a number of advances in hazard perception test
methodologies since the work of McKenna and Crick (1994). Videos
that contain live, staged or unstaged traffic footage continue to be
widely used due to their greater ecological validity. However, genuine
hazardous incidences occur infrequently when driving. To capture these
events requires hours of footage which is both costly and time-con-
suming. There can also be issues with the ethics of deliberately aiming
events that could lead to a crash. With improvements in computer
graphics, animated videos were developed that allowed greater ma-
nipulation of driving scenarios, and also static image tests, using live
photos or animated images (Vlakveld, 2014; Huestegge et al., 2010).

Further advances in technology have seen the creation of simulated
environments that better reproduce the road user's experience, such as
driving simulators. Use of these simulators are considered more realistic
as the participant must respond to events in a similar way as they would
whilst normally driving (Crundall et al., 2012). While a test-drive is the
most realistic way of assessing hazard perception, customising vehicles
with in-built data recorders is costly, and there could be a confounding
effect of having researchers in the car to record driver behaviour (Lee
et al., 2008).

The four methodologies — video, static image, simulator and test-
drive — have evolved over time, and are now used singularly or in
combination to assess hazard perception for research purposes or li-
censing. They all present scenarios from the point of view of the road
user, and methodologies have been applied to car drivers, motorcy-
clists, bicyclists and pedestrians across a wide age span. The challenge
for researchers has been to define and then measure the important skills
needed for hazard perception.

1.4. Measuring hazard perception skills

Early studies into hazard perception focused on temporal measures,
often referred to as response time, which captured the time from hazard
onset until detection by pressing a button (McKenna and Crick, 1994).
The term ‘response time’ as opposed to ‘reaction time’ is an important
distinction as simple reaction times have been shown to decline with
age, however response times to hazards have been shown to improve
with age and experience (Grayson and Sexton, 2002). Critically, tem-
poral responses recorded by button press indicate hazard detection but
fail to provide a measure of accuracy.

Spatial measures, such as verbal identification or touch screen, as-
sess accuracy based on the hazard's location, and are particularly re-
levant for ambiguous traffic scenes or multiple hazard scenarios. Mouse
click and touch screen methods allow for both temporal and spatial
responses to be captured (Isler et al., 2009; Wetton et al., 2010). While
individual differences in simple reaction times could potentially have a
confounding effect, studies have found that when including simple re-
action time as a covariate it fails to account for differences between
novice and experienced drivers (Smith et al., 2009; Wetton et al., 2011).
The introduction of eye tracking technology as an adjunct to all four
methodologies provided both a temporal and spatial measure based on
first fixation times, location of eye fixation as well as visual search
strategies (Chapman and Underwood, 1998; Crundall et al., 2012).

Questionnaires have also been used to measure hazard perception
and probe decision-making without providing a traditional response
time measure. Many studies are based on the model of situation
awareness and provide a total score based on correct answers to What?
(identification), Where? (accuracy) and What happens next? (predic-
tion) questions, referred to as the WWW format (Endsley, 1995;
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Jackson et al., 2009). This has been further enhanced with questions
regarding “What would you do next?” to explore risk acceptance and
decision-making regarding evasive action (Gugliotta et al., 2017).
These studies are largely based on the Situational Awareness Global
Assessment Technique (SAGAT), where the clip is occluded at the point
where the hazard appears and participants are probed for their un-
derstanding about the hazard and prediction of consequences (Endsley,
1988).

The type of hazard scenario also influences hazard perception
ability as there can be single or multiple hazards, with varying levels of
ambiguity or complexity, and they can be abruptly presented or contain
anticipatory cues. Hazards can be part of the environment such as a
parked car that may obscure ones view, or involve the behaviour of
others such as a pedestrian looking to cross the road. Hazards can be
classified as requiring evasive action or no action required, and there
can be control scenarios that depict normal driving.

The measurement of hazard perception skills has largely been in
cross-sectional studies, primarily using between-group designs com-
paring road user groups based on age and/or experience. Within-group
designs have also been used to compare methodologies or types of
hazardous scenarios. As evident, there are a variety of methodologies
that include a range of stimulus and response types. However at the
search date there was no consensus on which is best practice for as-
sessing hazard perception skills.

1.5. Rationale

Few studies have shown an association between hazard perception,
or the ability to anticipate potentially dangerous road and traffic si-
tuations, and crash risk. Given its importance to safe driving, hazard
perception has been widely researched using a range of test meth-
odologies, stimuli and response types. Studies have been extended from
drivers to other road user groups of varying ages and levels of experi-
ence. Despite its recognised importance, to date there has been no
synthesis of the available literature on hazard perception test meth-
odologies in order to identify best practices. This review intends to
provide direction for future developments in hazard perception testing
that could improve outcomes for younger and novice drivers and other
vulnerable road users.

1.6. Objectives

This systematic review aims to synthesise the available literature on
hazard perception test methodologies. Specifically, the primary aim is
to examine the methodologies for testing hazard perception, and de-
termine best practice based on their ability to discriminate between
road users that have been grouped by age and/or experience. A sec-
ondary aim is to evaluate the studies that directly compare methodol-
ogies to determine if one test is superior to another at hazard perception
ability, and under what conditions this applies.

2. Method
2.1. Literature search

A systematic review of hazard perception methodologies was con-
ducted in accordance with the PRISMA protocol (Moher et al., 2009). A
comprehensive search of peer-reviewed literature within Medline,
Scopus and PsycInfo databases was completed in April 2018 with no
date restrictions. In order to target the search to specific hazard per-
ception methodologies, phrase searching specific to road users was
utilised with the full list of search terms in Fig. 1. A manual search of
the reference lists of relevant articles was also conducted.

Accident Analysis and Prevention 129 (2019) 309-333

2.2. Inclusion and exclusion criteria

The lead researcher initially screened abstracts followed by the full
text articles for eligibility, with any uncertainty resolved by screening
by a second researcher until consensus was reached. Eligibility was
based on the following criteria: included a methodology for assessing
hazard perception skills in road users (car drivers, motorcyclists, bicy-
clists and pedestrians) with a quantitative measure of hazard perception
as the dependent variable. Studies that also included either a between-
group comparison of road user groups based on age and/or experience,
or within-group comparison of hazard perception test methodologies
were deemed eligible. Excluded articles were in the form of case stu-
dies, case reports, letters, editorials, guidelines, books, reviews, ab-
stracts only, dissertations, conference and congress papers, or were not
in English. Furthermore, articles were excluded if the focus was work-
place, medical or environmental hazards, and if participants were from
clinical populations with physical or cognitive impairment, including
without normal or corrected-to-normal vision.

2.3. Data extraction

Details of selected studies were coded into a worksheet, which was
piloted prior to data collection amongst two authors and refined ac-
cordingly. Data on methodology, year of publication, road user group
(s), study design, participant characteristics and sample sizes, key
findings and theoretical framework were extracted from each study. For
each road user group, data extraction included the key measure of
hazard perception ability (dependent variable), hazard response and
stimulus type, quantity of a priori hazardous events, post hoc amend-
ments to the number or type of hazardous events, and differences in
hazard perception between participant groups or methodologies:

3. Results
3.1. Study search

The study search is summarised in Fig. 1. After combining and then
de-duplicating the results from the three databases, an initial screening
of titles was conducted, followed by abstract screening resulting in 211
titles for review. Full text screening resulted in 43 articles that met the
inclusion criteria, with a further six articles added after a manual search
and expert recommendation resulting in 49 studies for review.

3.2. Study characteristics

Table 1 displays the characteristics of studies selected for review,
with a superscript numbering system from 1-49 used throughout to
assist in the interpretation of results. Given some studies contained
multiple hazard perception measures, some numbers appear more than
once.

The majority of studies, 84% (n = 41), have been published since
2008, with the earliest study being published in 1981. Four key
methodologies were used for hazard perception testing either singularly
or in conjunction with other methods: videos were employed in 37
studies (7606)>>6-911-1315,16,18,19,21-26,29-37,394148  fiue yiced static
ten  studies used  simulators
, and two involved a real-world test-drive
(4%)"-°. Single methodologies were used in 44 studies (90%) with five
studies comparing two methodologies—test-drive and simulator?, video
and driving simulator 2*¢ and video and static Image 2. The addi-
tion of eye tracking as an adjunct to video, static image and simulator

methodologies was featured in 14 studies
(290/0)3,5,6,16,17,20,25,27,31,36,38,40,45,48

images (10%)17:19:28:32:49.

(210/0)1,4,5,14,1 5,26,27,36,38,40

Participants (N = 4,322) across the 49 studies were largely re-

cruited through convenience sampling, with 40 studies
(820/0)1—13,15—19,21—23,25—28,30—33,35—37,40—44,46,47,49 in car driving
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Three databases searched
Medline, PsycInfo, Scopus

Terms searched: "hazard perception test" OR "hazard perception task" OR "hazard perception
assessment" OR "hazard prediction test" OR "hazard prediction task" OR "hazard prediction
assessment" OR "hazard anticipation test" OR "hazard anticipation task" OR "hazard
anticipation assessment" OR "hazard detection test" OR "hazard detection task" OR "hazard
detection assessment" OR "traffic conflict test" OR "traffic conflict task" OR "traffic conflict
assessment" AND driv* OR vehicle OR automobile OR car OR motor OR road OR motorway
OR bicyclist OR cyclist OR pedestrian OR motorbike OR motorcyclist

Initial search, 665

Title search, 531

Abstract search, 211

De-duplication, 134

Inclusion and exclusion criteria, 43

Manually searched
reference lists, 5

Expert Reviewer
Feedback, 1

Total included articles, 49

Inclusion criteria:

a. Hazard
perception/prediction/detection/
anticipation/traffic conflict test,
assessment or task, with a
quantitative measure of hazard
perception as the dependent
variable (78)

b. Between-group comparison of
hazard perception skills in
different road users based on age
or experience OR within group
comparison of hazard perception
test methodologies (44)

c. Road users - Vehicle/pedestrian/
bicyclist/motorcyclist (1)

Exclusion criteria:

a. Case studies, case reports, letters,
editorials, guidelines, books,
reviews, abstracts only,
dissertations, conference and
congress papers (11)

b. Not in English (2)

c. Workplace/medical or
environmental hazard (0)

d. Physical or cognitive impairment
including non-normal or not
corrected to normal vision (32)

Fig. 1. Study selection procedure.

populations, followed by motorcyclists (n = 6; 12%)*1420:21.24.29 e
destrians (n = 3; 6%)%*%%3° and bicyclists (n = 2; 4%)*>*%. The ma-
jority of studies (n = 27; 55%) compared road user groups based on
experience (novice and experienced), with 11 studies (22%) categor-
ising participants based on age (younger and older). The remaining 11
studies (23%) compared road user groups based on both age and

experience (young/novice and old/experienced). Two studies com-
pared road user populations—car drivers and motorcyclists*2.

All 49 studies were cross-sectional, and those with a between-group
design based on driving experience, had broad and varied categorisa-
tion of participants based on mean years since licensing. The range of
driving experience for novice drivers (M = 0.1-4.5 years since

312
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o .-
% E licensing) overlapped with experienced drivers (M = 2.0-29.9 years).
M 5 A Likewise for studies with a between-group design based on driver's age,
§ 5 o there was an inconsistent categorisation of younger drivers
g o0 *g" (M = 16.5-48.7 years), and older drivers (M = 47.2-68.7 years), albeit
g 28 .
= =) with less overlap.
— < o . . .
g l; S The use of a theoretical framework or model of driver behaviour
% < s @‘ was only observed in 14 studies (29%). Twelve studies were framed
£ = f E around the model of situation awareness!>?#27:28,33,35,:41,42,45-48 ;o
ET study used signal detection theory*® and one study used fuzzy signal
& & 22 § detection theory®. Only two studies used models specific to driver be-
. & E T haviour - the model of responding to risk®* and multifactorial model of
L i g5 §§ o driver safety®.
> =) —_
2 E 5 - g '?3 The four methodologies — video, static image, simulator and real-
s @ o .8 .
885 ¢ é _-“-; 3, world test-drive, were used to capture 18 measures of hazard percep-
55 i g = 8 < tion ability or dependent variables, with 12 hazard response types used
“© = (9] = . . . . . .
© § g 52 & 5 S singularly or in conjunction with other types. Across the 48 studies, the
522
e § }é’ % P different combinations of methodologies, dependent variables and ha-
g g E Eo 2 s > zard response types resulted in 117 measures of hazard perception (see
KRR 'E 5 g Table 2 for a summary of all recorded classes).
E ] :E: =g T | 8 % g Data tables are organised by methodology and then by the depen-
R EE: = . :
clesEs e f : § dent variable followed by hazard response type and stimulus type.
8.2 2 Differences in response types were dependent on the research question
N s § 3 regarding the temporal, spatial and/or decision-making differences in
— oo - . T} .
5 ¥ £ g > hazard perception ability. In order to better understand the differences
Ha I mp S in hazard perception ability of specific road user groups, the decision
o b . . .
s E% E § ° was made a priori to analyse road user groups independently. Results
:f S £ i o0 are presented for car drivers (see Table 3), motorcyclists (see Table 4),
3 s s g . . .
R s 85 bicyclists (see Table 5) and pedestrians (see Table 6).
L 2 . . . s
W | & " ﬁ g E Differences in hazard perception ability between road users groups
g iE %l: © reflect the expected direction that novice/younger road users have
Eo RS = % s poorer hazard perception skills than experienced/older road users,
g§lel BS § unless stated otherwise. Results with no statistically significant differ-
B3] ~ =} . . . . .
£ §° 5 S5 - ence between groups were in the minority and are therefore highlighted
5| 0= - .
& | = 278 o in bold.
0 B =
= EZT
g < . . .
3 = 5 .2 3.3. Hazard perception testing of car drivers
o« o = =}
> %) Q
o X Qo o
~ 3 : 17)
% \2 go 5 g The results for studies of car driving populations (n = 40) indicate
g8 g <% that all four methodologies i.e. video, static image, simulator and real-
rrE & ‘g =Y world test-drive, discriminated between driver groups based on age
o =3 o I . . 0.
£ g & 2 o go and/or experience, on at least one measure of hazard perception ability
= < < . . . .
] 5 &2 5 (see Table 3). Videos were employed in 30 studies (75% of car driver
8¢ g @ g studies)>>6-911-13,15,16,18,19,22,23,75,26,30-33,35-37,41-44,46,47  iv crudies
g2 g v g >
g9 8 g2 8 used driving simulators (15%)%>2%%73%0 five used static images
g f § g E g E (13%)17:19:28:32:49 3nd two involved a test-drive (5%)%1°.
R 2 SRR Temporal measures (i.e. response times) were captured in 27 studies
I A (68% of car driver studies)!-36-%11,1215-19,22,23,26-28,30,31,36,37,40,43,44:49 (3¢
a & E g theSe 21 Studiesl,Z,B,Q,l1,12,15—19,22,23,26—28,30,31,36,37,40,41,44,49 found a re-
= 5} s 4
g g gy sponse time difference in the expected direction with novice/younger
g ¢ &E g E drivers significantly slower than experienced/older drivers at hazard per-
-;“ 5 5 E E ception. Six studies (15% of car driving studies)>>”-**"*® found no dif-
- = e - . .
2|38 g i 2 ferences between driver groups. There were four studies that compared
9 s . . . .
% " IE response times across methodologies. Novice drivers were slower than
2 :’cg° % experienced drivers at hazard perception for video tests, but had faster
B 8 o= < i fi ic i hazard ch d i Scialf:
@ g ; response times for a static image hazard change detection test (Scialfa
% S g E o
s g 3 ) [1"3 et al.*%, 2013), and these two methodologies were not correlated (Wetton
—E g &= g et al.'?, 2010). Drivers were slower to respond to hazards in a simulator
1 < o = = . . . . .
=& ETE compared to a video test (Mackenzie and Harris*®, 2015) and the majority
=g 5 of elderly drivers who failed to respond to a video hazard, did initiate
_ G) = f g braking action in a simulator albeit later than the average brake time
b g v oo B (Bromberg et al.%®, 2012).
g 8 2 2R
g e B é’ = Spatial measures that provide an accuracy score were found in 27 studies
3 b= & 5 2 (68% of car driver studies) L5-%121315-17,25,27,28,30,31,33,35-38,41,42,44,46,47,49
= N > S . : 6-9,16,25,31,35-37 . S .
= =2, g ez with 10 of these studies” "> showing no significant differences
% E 5 g8 § between driver groups or between methodologies. Accuracy measures were
& 228 primarily obtained using response types that also provided a temporal
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Table 2
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Summary of hazard perception test methodologies, dependent variables, hazard response types and stimulus types.

Methodology Dependent variable Hazard response type Stimulus type

*Video *Response time +Press button «Live video - staged

+Static images *Accuracy *Mouse click «Live video — unstaged
Simulator +Total responses *Touch screen «Animated video

Test-Drive +Sensitivity Track-ball marker *Image - taken from live footage
+Video and static image *Hazard perception score *Lever «Animated image

+Video and simulator +Cautiousness +*Verbal or written identification *Hazard on real-world test drive

Time to first fixation
-Fixation duration

*Simulator and test-drive

*Number of fixations
*Horizontal variance of fixation
+Vertical variance of fixation
-Fixation until hazard response
+Safety index

«Situation criticality

«Locus of control

+Crashes

Rider performance

*Speed

*Questionnaire — What? Where? What next? (WWW) format
*Questionnaire-multiple choice format

*Questionnaire-locus of control

Eye tracking
Braking response
+Acceleration/deceleration

measure such as mouse click, button press or eye fixation. Nine studies (33%
of car driver studies)>%728333541,42:46:47 aytended the measure of accuracy
based on identification, to include a deeper understanding of decision-
making about the hazard. This was largely based on SAGAT, with the ma-
jority used the WWW questionnaire format!>3>%1:424647 (Endsley, 1995,
1988) . The remaining studies used a combination of touch screen, eye
movement data, and questionnaire. All studies found a difference between
driver groups based on age and experience. While a further two studies®**
used verbal and written identification to provide accuracy scores, these were
not based on a theoretical framework and were able to show a difference in
the expected direction. Of the 10 studies that failed to find a difference in
accuracy scores between driver groups, five studies also failed to find a
difference in response times using button press ®”#%1¢ and one using mouse
click®. Furthermore, two studies®** directly compared accuracy across
different hazard perception response types—-a multiple choice questionnaire
and response time task. There were no significant difference in scores but
both response types were individually able to detect differences between
novice and experienced drivers in the expected direction. This suggests that
both response types are equally able to capture hazard identification. There
was only one study that included simulator and test-drive methodologies,
with driver errors on a real-world test drive associated with the number of
hazards identified in both the simulator and on the test-drive (Quimby and
Watts!, 1981).

Eye tracking provided both temporal and spatial measures based on
hazard response types such as time to first fixation and number of
fixations on the critical stimuli, respectively (n = 10, 25% of car driver
studies)®>6:16:17:25,27,31,36,40 ' Ty studies'”3! found no difference in
time to first fixation between driver groups, and five studies>®17-2>40
found no difference in fixation duration. Eye tracking was able to
provide additional information beyond traditional button press re-
sponses such as visual scanning patterns, with novice drivers having a
smaller variance in horizontal and vertical fixations than experienced
drivers'®25,

There were three main stimulus types used in the car driver studies;
live video either staged or unstaged, and animated video. All stimulus
types were able to discriminate between novice and experienced dri-
vers. There was a post hoc amendment of clips or hazardous events,
based on their ability to discriminate between driver groups or unin-
terpretable data, in 16 studies (40% of car driver stu-
dies)>®16:17:22,23,26,28,32,33,35,36,41,43,46.47  The criteria for inclusion/
exclusion varied from quantitative measures such as an 85% response
rate, to undefined criteria such as low detection rates. Only two studies
reported pre- and post-amendment results?>2,

319

3.4. Hazard perception testing of motorcyclists

There were six studies of motorcycling populations (see Table 4)
with three using video®*?° and three using a simulator*'*2°, Results
were in line with those for car drivers, with both methodologies able to
discriminate between rider groups. Of the studies using the video
methodology, only one study used footage filmed from the motorcy-
clist's perspective®® with the remaining studies presenting a car driver's
view?1:24,

Temporal measures were captured in four studies , with only
one study by Crundall et al.>® (2013) failing to find a difference be-
tween novice and experienced riders. However by performing a post
hoc amendment of clips to widen the hazard window allowing earlier
responses, this then produced a statistically significant difference in the
expected direction. This study was also the only one to capture a spatial
measure based on accuracy, with no difference between novice and
experienced riders. Furthermore this study was unique in that it also
captured locus of control, which is the degree to which people attribute
events to external or internal factors. It was measured on a continuum
based on answers to the question ‘Why did the hazard occur?’ with
novice riders making more external than internal attributions, and this
pattern was reversed in experienced riders (Crundall et al.??, 2013). The
study by Bellet and Banet (2012)%*, was the only study based on the
model of situation awareness, where both the temporal response and
measure of the criticality of the hazard, were able to differentiate be-
tween riders based on experience.

The simulator study by Liu et al.'* (2009) examined additional rider
behaviours beyond response times including crashes, rider performance
(score calculated by the simulator) and speed measures. Results were
inconsistent and depended on the scenario type (rural traffic, medium
density or high density city traffic). There were no studies that com-
pared methodologies.

4,20,24,29

3.5. Hazard perception testing of bicyclists
There were only two studies®>*® of bicyclist populations (see
Table 5), and both used video methodology with eye-tracking variables
as the hazard response type. There were a number of inconsistencies in
results for response times, and visual scanning behaviour.

A temporal measure was captured in both studies, with
Vansteenkiste et al.*> (2016) finding no difference in response times
between younger and older cyclists for 8 out of 13 clips. Differences
were found for clips that involved interactions with other cyclists or
pedestrians. Likewise, Zeuwts et al.*® (2017) found significant differ-
ences in response times for clips that depicted covert hazards involving
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Table 5

Results for studies that include hazard perception test methodologies for bicyclists.

Difference between road
user group or methodology

Post hoc clip or

Inclusion/exclusion criteria for
amending clip or hazardous

Initial clip or Difference between
event quantity

Stimulus Study

type

Hazard response

type

Methodology Dependent

hazardous event
quantity (n)

participant groups or
methodology

hazardous event
quantity (n)

variable

No: p > .05 (7 out of 13

clips)

Vansteenkiste*® 2016 13

Response time Mouse click Live,

Video

unstaged
Live,

Yes: p < .001 (7 out of 11

clips)

11

Zeuwts*® 2017

unstaged
Live,

No:p =.57

Vansteenkiste®® 2016 13

Verbal

Accuracy

unstaged
Live,

identification
Mouse click

No: ps > .05

11

Zeuwts*® 2017

Total response

(for 10 out of 11 clips)

unstaged
Live,

No: p > .05 Yes: p = .049

(car clips only)
No: p = .552

Vansteenkiste®® 2016 13

Eye tracking

Number of
fixations

unstaged
Live,

Zeuwts*® 2017

unstaged
Live,

Yes: p < .001

11

Zeuwts*® 2017

Eye tracking

First fixation

unstaged
Live,

Vansteenkiste®> 2016 13 No:p > .05

Eye tracking

Fixation

unstaged
Live,

duration

Yes: p < .001

11

Zeuwts*® 2017

Eye tracking

unstaged

Note: Differences that were significantly different (p < .05) were in the expected direction with novice/younger cyclists poorer at hazard perception than experienced/older cyclists; Differences that were not statistically

significant (p > .05) are in bold.
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other road users that were hidden from view, with younger cyclists
slower than older cyclists for 7 out of 11 clips.

Spatial measures of accuracy (Vansteenkiste et al.*®, 2016) and total
responses (Zeuwts et al.*®, 2017) suggest there were no differences
between younger and older cyclists with both equally able to correctly
identify the hazards. Eye tracking was used in both studies however no
differences were found in number of fixations, with mixed findings for
fixation duration.

Both studies used video filmed from a bicyclist's perspective, with
similar instructions to press the button when detecting a hazard that
required action such as braking or change of direction to avoid a crash.
There were no comparisons between methodologies or post hoc
amendment of clips.

3.6. Hazard perception testing of pedestrians

There were only three studies®**®3° testing hazard perception of
pedestrian populations (see Table 6) with two using video and one a
simulator, and all using a button press response type. There were
methodological differences between these studies with the use of clips
filmed from a pedestrian's perspective®®> and from a car driver's
perspective®®. The definition of a hazard varied between studies from a
situation that may prevent crossing the street as a pedestrian®® to a
hazard that required an abrupt braking or avoidance manoeuvre as a
car driver®,

Results for temporal measures were largely in the expected direction
with younger pedestrians slower to respond to hazards than older pe-
destrians, however this was dependent on scenario type. Meyer et al.>*
(2014) used a hazard perception test designed for drivers and found
younger children as pedestrians (M,g. = 10.4) took significantly longer
to respond to 6 out of 10 hazard scenarios than older children as pe-
destrians (Mage = 14.2) and adults (Mg = 43.4). This difference was
particularly significant for those scenarios that involved vulnerable
road users such as a pedestrian at a crossing that is hidden by an on-
coming vehicle. Meir et al.*” (2015) also found differences in response
times between age groups for scenarios where parked vehicles limited
the field of view, but found no differences when the scenario included a
visible pedestrian crossing, moving vehicles or where the curvature of
the road limited the field of view.

Spatial responses as measured by sensitivity, or accuracy as part of a
total hazard perception score, were inconsistent and dependent on
scenario type. Meyer et al.>* (2014) found 7 out of 10 scenarios had no
difference in response rate with younger and older pedestrians equally
able to identify the hazard. Younger pedestrians were significantly
poorer at identifying hazards when they involved other vulnerable road
users such as pedestrians and cyclists, including scenarios where a pe-
destrian at a crossing is hidden from view. In contrast, Meir et al.?®
(2015) found younger pedestrians were less likely to report hazards
than older pedestrians for scenarios that included a pedestrian crossing,
where there were moving vehicles, and when the field of view was
limited by parked cars or curvature of the road. Rosenbloom et al.*’
(2015) found hazard detection scores were in the expected direction
with younger pedestrians less accurate at identifying hazards for a
range of road crossing hazard scenarios, for which the majority in-
cluded a pedestrian crossing.

There were no methodological comparisons, or post hoc amend-
ments of clips.

4. Discussion

This systematic review was the first to synthesise the literature on
hazard perception test methodologies across a range of road user groups
— car drivers, motorcyclists, bicyclists and pedestrians. The aim was to
examine the ability of test methodologies — video, static image, simu-
lator and real-world test-drive, to discriminate between participants
based on age and/or experience. The results demonstrated considerable
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heterogeneity in the methodologies reviewed, with inconsistencies
across a range of findings. However there was support for all meth-
odologies, based on their ability to discriminate between participant
groups on at least one measure of hazard perception. The majority of
findings were in the direction of novice/younger road users being sig-
nificantly poorer at hazard perception than experienced/older road
users. Of the remaining studies, the majority found no significant dif-
ferences between road user groups based on age and/or experience.

4.1. Methodological review

The review revealed that the most commonly used methodology
was videos using live footage. The majority were unstaged and filmed
from the road users perspective; and for car drivers, this format matches
that used in driver licensing tests. However, both unstaged and staged
videos were equally able to discriminate between novice/younger and
experienced/older road users. Given the hours of footage required to
capture unstaged traffic hazards, the findings of this review suggest that
there may be benefits to using staged footage to test hazard perception
skills, allowing for a wider range of scenarios to be examined. Static
image tests were less commonly used and only studied in car driving
populations. A comparison of static image and video tests found both
were able to discriminate between drivers based on age and experience.
However, differences in response times for a static image hazard de-
tection test were in the opposite direction to that predicted in that
novice/younger drivers were faster than experienced/older drivers,
while response times for a video test were in the expected direction
(Wetton et al.'®, 2010). Given the increased crash risk for novice/
younger drivers, this lends support for the argument that static image
tests may not be representative of the dynamic nature of real-world
driving, and lack ecological validity to measure hazard perception.
However, both methodologies were correlated with self-reported driver
errors in young adult drivers (Scialfa et al.>2, 2013). Furthermore, there
was no correlation between static image and video tests suggesting
these methodologies may be tapping into different aspects of hazard
perception (Wetton et al.'®, 2010). Static image tests have the benefit of
explicit response times that can be calculated from stimulus onset while
videos contain subjectively pre-determined hazard windows that may
fail to capture early responses. The brevity of responding to a static
image could also reduce testing time and allow a larger variety of ha-
zardous scenarios to be tested. Licensing tests may benefit from using a
combination of video and static images, given both are able to dis-
criminate between road user groups based on age and/or experience,
and this combined approach could provide a more global assessment of
hazard perception skills.

Compared to video and static images, driving simulators and mo-
torcycle simulators can be considered to better emulate the on-road
experience by introducing the physical and cognitive demands of safe
driving. However, the use of simulators is largely restricted to research
and this is likely due to the impracticality of mass testing as well as the
costs associated with set up. However, a comparison of video and si-
mulator methodologies in a younger driver population found hazard
perception was slower in the simulator method compared to the video
method, suggesting the simulator may more accurately reflect the
greater cognitive load experienced while driving (Mackenzie et al.36,
2015). This has implications for hazard perception tests based on the
video methodology that require appropriately timed responses to ha-
zardous scenarios in order to pass the test. Whilst this finding suggests
that video tests may overestimate the temporal response to hazards, it
does not necessarily invalidate the method; which is based on the
ability to discriminate between road user groups of different ages and
experience.

The most naturalistic method of measuring hazard perception skills
is to use real-world test-drives. However as with simulators, test-drives
are costly, time consuming and there is poor control of the hazards and
hazard types that may present themselves. Importantly, the present
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review identified that Quimby and Watts' (1981)’s study, in which poor
results on a hazard perception test correlated with errors on a test drive
and were significantly related to age, has never been replicated. Given
the assumption that the hazard perception tests can discriminate be-
tween novice/younger and experienced/older drivers, it may be timely
to investigate the relationship between video test performance and on-
road driving to ensure this underlying premise remains sound.

Across the four methodologies, there was a range of response types
that captured temporal, spatial and decision-making responses.
Temporal responses alone do not identify the hazard unless it is un-
ambiguous, so the addition of spatial responses provided a measure of
accuracy. However, the majority of studies found no difference in
spatial accuracy between novice/younger and experienced/older par-
ticipants, suggesting an equal ability to identify hazards despite dif-
ferences in response times. The review suggests that measures of spatial
accuracy add little value over and above temporal measure in dis-
criminating between novice/younger and experienced/older road
users. However, the extension of spatial measures to include decision-
making was found to discriminate between novice/younger and ex-
perienced/older drivers, while providing an additional measure of ha-
zard perception.

Based on the theoretical framework of situation awareness (Endsley,
1988; Endsley, 1995), questionnaires that probed the deeper under-
standing of the hazard were able to successfully discriminate between
road user groups, despite not providing the traditional temporal re-
sponse. The What? Where? What next? (WWW) format was used ex-
clusively in car driver studies and had the unique ability to explore
decision-making, a crucial aspect of safe driving once a hazard is per-
ceived. A recent study published after the search date directly com-
pared a traditional hazard perception test that captured accuracy and
response times using a mouse click, and a hazard prediction test based
on the question ‘What happens next?’ (Ventsislavova et al., 2019). In this
hazard prediction test, the SAGAT was implemented where the clips
were occluded prior to the hazard developing (Endsley, 1988). Parti-
cipants provided a short answer that describes the hazard, its location
and how the situation would develop. Results suggest that the WWW
test was better at discriminating between novice and experienced dri-
vers than the hazard perception test (Ventsislavova et al., 2019). While
the use of open-ended questions has limitations for mass testing due to
the time and cost involved in marking responses, studies have demon-
strated that implementing a WWW test through a multiple-choice test
and response time test can equally discriminate between novice/
younger and experienced/older drivers (Malone and Briinken®,
2015Malone and Briinken**, 2016). This was supported by a recent
study published after the search date, in which a multiple-choice and
free-response hazard prediction test based on SAGAT were equally able
to discriminate between drivers based on experience (Ventsislavova and
Crundall, 2018). This suggests that further research is required to better
understand the role of hazard prediction and its association with crash
risk, and how this can best be assessed using questionnaires. There may
be benefits in including questionnaires as part of driver licensing to
extend the testing beyond response times and assess decision-making.

The locus of control questionnaire was used in a single motorcyclist
study and uniquely measured the rider's internal and external attribu-
tions for why the hazard occurred (Crundall et al.?°, 2013). The overall
measure of locus of control questionnaire failed to discriminate be-
tween novice, experienced and advanced riders, however internal at-
tributions were shown to increase with riding experience with a cor-
responding decrease in external attributions. Studies into the
relationship between locus of control and crash risk have been incon-
sistent. Ozkan and Lajunen (2005) found greater internal attributions
were associated with more self-reported crash and violations and may
reflect overconfidence. In contrast, internal attributions were associated
with improved driver behaviour on a real-world test drive following
defensive driver training (Huang and Ford, 2012). These inconsistent
results suggest future research is needed to better understand the
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relationship between locus of control and hazard perception in road
users, and this may improve hazard perception training programmes.

The inclusion of eye tracking was expected to provide an additional
understanding of visual scanning patterns with novice/younger road
users having a narrower field of view and scanning less often than ex-
perienced/older road users. However, results for fixation duration,
number of fixations, and time to first fixation were inconsistent.
Further, from a testing perspective, the use of eye tracking requires
additional time and training in order to calibrate. Huestegge and col-
leagues'” (2010) also highlight the technological issues with eye
tracking, in that 12.75% and 14.94% of novice and experienced driver
trials respectively, were discarded due to poor quality eye movement
data. There may be alternative approaches to measuring the field of
view such as that used by Shahar et al.'® (2010). Specifically, videos of
hazardous scenarios were viewed on a traditional single computer
screen, or on three computer screens, one centrally located and two
laterally positioned, that increased the field of view. The three-screen
condition encouraged wider and more frequent scanning, with the
lateral screens contributing to faster average response times. The use of
multiple screens to increase the field of view and encourage more ef-
ficient visual search strategies may be an alternative to eye tracking
when considering mass testing and improvements to driver licensing
tests.

4.2. Methodology by road user group — drivers

The majority of studies were in car driving populations and the four
methodologies (video, static image, simulator and real-world test drive)
were equally able to discriminate between novice/younger and ex-
perienced/older drivers on at least one measure of hazard perception.
While the video methodology matches the format currently used in
most hazard perception testing for driver licensing, the findings from
this review suggest there may be opportunities to enhance testing of
novice drivers. This could be through the inclusion of static images,
questionnaires that capture a deeper understanding of hazards, and
widening the field of view to assess visual search strategies. While si-
mulators may not be feasible for use in mass testing due to cost, there
may be an argument for increasing the cognitive load while testing e.g.
distractors or dual tasks to better replicate the challenges when per-
ceiving hazards during real-world driving.

4.3. Methodology by vulnerable road users

Studies of motorcyclist populations used video and simulator
methodologies, with a consistent pattern of results to those in car dri-
vers, and were in the expected direction. While the limited number of
studies suggests further research is needed, methodologies that in-
cluded a temporal measure such as video tests were equally dis-
criminative of motorcyclists as car drivers, with novice/younger riders
slower at hazard perception than experienced/older riders.
Furthermore, the assessment of locus of control while limited to a single
study, found a shift from external to internal attributions with in-
creasing age and riding experience. Given the known reduction in crash
risk for novice car drivers that pass a hazard perception test as part of
the licensing process, the studies in this review suggest there is an
opportunity to use a similar video test with temporal responses to assess
hazard perception skills in novice motorcyclists. This could be en-
hanced with questionnaires that explore the role of attributions in rider
behaviour.

Hazard perception testing as part of the motorcyclist licencing
process is not universally implemented, and where used, it is the same
test as that used for driver licensing (United Kingdom Government,
2018; Austroads, 2018a,b). Traffic authorities in Australia have re-
commended that a motorcycle-specific hazard perception test be im-
plemented as part of a GDL system, however to date, Western Australia
is the only state in Australia to implement this recommendation
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(Austroads, 2018a,b). Motorcycling licensing schemes may also benefit
from assessing hazard perception skills using scenarios from the mo-
torcyclist's perspective to increase face validity.

The two studies of hazard perception in bicyclist populations used
the video methodology with eye tracking. Both studies used video
filmed from the cyclist's perspective which was displayed on a computer
screen, and with consistency in instructions to respond to hazards that
require the cyclist to brake or change direction. However, these studies
failed to discriminate between novice/younger and experienced/older
bicyclists on at least one measure of hazard perception. For selected
clips containing covert or latent hazards, results were in the expected
direction with older bicyclists faster at hazard perception and with
more efficient visual search strategies compared to younger bicyclists.
However the inconsistency in results across a range of dependent
variables suggests the current methodologies are limited in their ability
to assess hazard perception skills in bicyclist populations.

The studies of pedestrian populations used the video and simulator
methodology, and as with bicyclist studies there were inconsistencies
across a number of dependent variables. In particular, there were
considerable differences in the type of scenarios and instructions for
responding to a hazard. One study used clips filmed from the driver's
perspective with only two scenarios featuring a pedestrian crossing
(Meyer et al.>®, 2014). This study required participants to press the
space bar when they detected a dangerous situation, to represent
braking or an avoidance manoeuvre. However in contrast, Rosenbloom
et al.* (2015) utilised videos filmed from a pedestrian perspective with
a focus on hazards that may prevent crossing the road. While both
studies found younger participants were generally slower at hazard
perception than older participants, it could be argued the incon-
sistencies in scenario selection and instructions for responding may
limit findings with regard the hazard perception ability of this road user
group. Further inconsistencies were found in the study by Meir et al., *®
(2015), in which there was no difference in response times between
younger and older participants. This study attempted to replicate the
pedestrian experience by viewing animated videos projected onto a
dome while standing upright, and gave a 180° field of view from the
pedestrian's perspective rather than the traditional view on a computer
screen. The lack of response time differences may have been influenced
by the task instructions for younger participants who were asked to
press the button when they identified a hazard that may prevent them
crossing the road. Rapid response times that were similar to older
participants may reflect crossing decision-making and cautious beha-
viour near roads, rather than the detection of a hazard. Instructions to
younger participants have been shown to bias responses in a road risk
task (Underwood et al., 2007). Despite these inconsistencies, younger
participants had difficulty in recognising hazards that were hidden,
those involving pedestrian crossings and hazard scenarios that included
other vulnerable road users. Given 54% of road fatalities worldwide
involve pedestrians, bicyclists and motorcyclist, findings from this re-
view suggests more research is required to develop test methodologies
that better capture hazard perception in these populations (World
Health Organisation, 2018). This may lead to opportunities for training
and assessment that will improve outcomes for these road user groups.

4.4. Methodological limitations and inconsistencies

While this review found support for all methodologies to capture
differences between participant groups based on age and experience, a
number of studies failed to find a difference in the key measure of re-
sponse time. An examination of these studies highlighted key incon-
sistencies, namely with the categorisation of participants by age and
experience, and the range of different hazard types included in the
scenarios. The problems created by varied categorisation of road users
was highlighted in a cross-cultural study by Lim et al.®! (2013), who
found no difference in response times. In this study, experienced drivers
had an average of four years of driving experience, which is much lower
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than the majority of studies for which this level of experience would
have classified the drivers as novices. Across all studies, the mean years
since licensing for novices ranged from 0.1-4.5 years, and 2-29 years
since licensing for experienced drivers. There were also broad and
overlapping ranges for categorising participants based on age, with
young drivers aged from 17-49 years and older drives aged 47-69
years. Given the interrelated effect of age and experience, these in-
consistencies create challenges when comparing methodologies across
studies. More importantly, given that the findings are based on such
broad and overlapping age and experience categorisations, it may be
possible that studies or measures are not capturing true between-group
differences. The fundamental basis of hazard perception testing is to
discriminate between those that have developed appropriate hazard
perception skills and those that have not. It is important to note that
road user experience and cognitive maturation that comes with age
both play a critical role in the development of hazard perception skills.
In order to determine if categorising participants by age or experience is
the best determinant of the effectiveness of hazard perception testing,
studies need to re-examine these definitions in accordance with driving
performance safety levels. Furthermore, given the wealth of knowledge
that exists around the developmental and experiential stages of road
users, it seems feasible to establish a gold standard for age and ex-
perience categorisation that would enable comparisons between studies
to better determine best practice, not only for hazard perception
testing, but for other road user interventions as well as policy decisions.

Across the 49 studies, there was a range of classifications used to
categorise hazardous scenario types. This included materialised hazards
requiring immediate evasive action and potential hazards that included
an anticipatory cue. Potential hazards have been further categorised,
for example, into overt or covert, based on behaviour (i.e. a pedestrian
walking towards the road) or the environment (i.e. parked truck ob-
scuring the pedestrian). The problem of varied scenario type was
highlighted in a study by Sagberg and Bjgrnskau’ (2006), in which
there were no difference in overall response times between novice and
experienced drivers. However, a detailed clip analysis found novice
drivers were significantly slower than experienced drivers for complex
scenarios and hazards that required immediate evasive action, but not
potential hazards. This was supported by Malone and Briinken** (2016)
and suggests that highly ambiguous scenarios, where the hazard may or
may not develop, are equally challenging to identify regardless of age or
experience. Furthermore, Borowsky et al. (2010, 2012) found no dif-
ferences in hazard perception for scenarios that involved detecting
pedestrians and bicyclists, which suggests consistency across driver
groups in the rapid detection of vulnerable road users. These findings
suggest scenario type plays an important role in the discrimination
between road user groups of different age and experience. Further re-
search is needed to determine which types of hazardous scenarios serve
this purpose best, and how these translate to safety on the road. For car
drivers, this could enhance driver-licensing tests and be extended to
hazard perception testing of other road users.

There were also inconsistencies in the selection of scenarios with
one third of studies conducting a post hoc amendment that altered the
final number of scenarios to be tested or analysed. Post hoc amend-
ments saw the removal of clips that failed to discriminate between road
user groups, using various inclusion/exclusion criteria. The majority of
studies failed to report findings for a priori scenario selections.
Furthermore, the study by Crundall et al.>? (2013) found a difference in
response times between novice and experienced motorcyclists only
after a post hoc amendment of the hazard response window to allow for
earlier responses from the more experienced riders. While the use of
cut-off scores is common practice in test development, the lack of
consistency in the criteria used has the potential to bias results by only
including clips that elicit responses in the hypothesised direction. For
the clips that are discarded, there is little understanding of why the
scenario failed to find a difference between road user groups and how
this relates to road safety. For example, the lack of discriminative
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ability of a scenario may be because it is difficult for both novice/
younger and experienced/older road users to perceive the hazard, re-
sulting in comparable response times. This scenario may represent a
crucial skill for road safety regardless of age and experience. Further
research is needed to determine which scenarios are better at dis-
criminating between novice/younger and experienced/older road users
and how these relate to crash risk.

In addition to the inconsistencies in classifying and selecting sce-
narios for hazard perception testing, this review has highlighted the
challenges in accurately capturing hazard perception using a range of
hazard response types. Is the button press, mouse click or eye fixation
for example, accurately assessing the participant's ability to detect ha-
zards in the scenario or other critical elements within their visual field
of view? How well does this response type reliability measure and as-
sess the skills that are necessary to respond to real-world traffic events
in order to avoid a crash? Future research is needed to better under-
stand how response types that measure hazard perception through
temporal, spatial or decision-making information are associated with
accurate real world hazard perception and crash risk. This research
could inform current hazard perception testing for licensing, particu-
larly in assessing decision-making after a hazard is detected.

Another area of inconsistency is in the application of theory or
models of driver behaviour in the development of hazard perception
tests. Less than one third of studies cited a theoretical foundation. The
benefit of applying a theoretical framework can be seen in the devel-
opment of questionnaires in the WWW format that changed the direc-
tion of test methodologies away from measuring a response time to
capturing differences in decision making once the hazard has been
detected. Given the inconsistencies outlined previously, future studies
would benefit from incorporating a theoretical framework in test de-
velopment to ensure methodologies can also capture the cognitive
processes involved in hazard perception.

4.5. Limitations at the outcome level

There were a number of shared limitations across the studies re-
viewed. The considerable heterogeneity in the studies limits the com-
parison of methodologies in order to empirically determine the most
effective. For many studies both age and experience of participants
were not reported, making it difficult to compare samples. The incon-
sistent and somewhat arbitrary categorisation of participant groups in a
research context may therefore bias results.

There is also the risk of bias due to the post hoc removal of scenarios
that do not discriminate between participant groups. There is little
understanding of the content of the discarded clips as they are often not
reported, and in particular why they failed to discriminate between
participant groups. Whilst the clips that are retained may have high
face validity, their measurement of hazard perception performance
must relate to on-road behaviour. For drivers, this leads to the question,
if a novice and experienced driver had similar responses, does this in-
dicate they are both safe drivers? That is, hazard perception tests should
assess core hazard perception skills that all drivers should possess as
well as hazard perception skills that only experienced drivers possess.

The lack of a theoretical framework leads to inconsistencies in the
inclusion/exclusion criteria that are used to determine the final clip
selection. These questions could be addressed in future research and
importantly; the categorisation of participants and scenario selection
should be linked to on-road hazard perception performance, guided by
a theoretical framework.

4.6. Limitations at the review level

This review has several limitations in that all the studies were cross-
sectional designs based on the inclusion criteria. A number of long-
itudinal studies were excluded as hazard perception test methodologies
were used to gather pre- and post-intervention scores for training
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programmes. These studies provided a measure of short-term validity
and reliability, however there are a limited number of studies that have
investigated the effect of hazard perception training on future hazard
perception or crash risk (McDonald et al., 2015). A recent study by
Thomas and colleagues (2016) found that while a hazard perception
training programme reduced the crash risk of male novice drivers, it
increased crash risk for female novice drivers following training. There
is an opportunity for a systematic review of hazard perception training
studies to determine the utility of such training, a line of research which
is currently being investigated by this team. Without longitudinal stu-
dies in the area of hazard perception, the link between test metho-
dology and its predictive validity of crash outcomes over the months
and years following licensure cannot be established. There may also be
publication bias in that studies that did not find a significant result may
not have been published, or hazards were defined using alternative
terminology such as ‘risk’ and therefore would not be identified using
the present search strategy.

4.7. Future directions

It is important for future research to resolve the inconsistencies in
the study of hazard perception testing. Specifically, there should be
greater consensus around the categorization of participants by age and
by experience, and this should be driven by the vast literature which
identifies the decline in young novice driver's crash risk over time, and
mechanisms by which this occurs. This will allow a better comparison
of methodologies across studies with the purpose of determining best
practice methods to discriminate those with appropriate hazard per-
ception skills. Second, there should be consensus around the post hoc
amendments of clips using an agreed exclusion and inclusion criteria,
and this may remove the bias that may be present in studies that use a
more stringent criterion. The issue of clip selection is complex given the
number of variables within any hazardous scenario such as location,
level of ambiguity or number of hazards. By discarding clips that fail to
discriminate between road user groups, little is understood about those
scenarios in which novice/younger road users are as skilled at hazard
perception as experienced/older road users. More importantly for dri-
vers, further research is needed to better understand how this translates
to real-world driver behaviour and crash risk. The current hazard per-
ception testing for licensing is usually based on a cut-off score with
binary responses for a range of scenarios (detected hazard or did not
detect hazard). There may be a case for investigating hazard perception
as a continuous variable, using a range of scenarios both ambiguous and
unambiguous that are commonly experienced in real traffic conditions.

The lack of correlation between static and video hazard perception
tests and the ability of questionnaires to explore decision-making sug-
gests different methodologies may be tapping into distinct aspects of
hazard perception. This highlights an opportunity for future research to
investigate expanding the hazard perception licensing tests to in-
corporate measures of different components of hazard perception in
order to better discriminate between novice and experienced drivers.
Furthermore, motorcycle GDLs would benefit from hazard perception
testing that is specific to the motorcycle riders experience on the road.
The current methodologies may not be adequately assessing the ex-
perience of bicyclist and pedestrians, and the development of new ha-
zard perception test methodologies may provide opportunities for
testing and training for these vulnerable road user populations.

4.8. Conclusion

In summary, this systematic review was the first to synthesise the
literature on hazard perception testing methodologies across road users.
There was consensus that all four methodologies — video, static image,
simulator and test-drive, were able to discriminate between novice/
younger and experienced/older road users on at least one measure of
hazard perception. The majority of studies found results were in the
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expected direction; with novice/younger road users poorer at per-
ceiving and responding to hazards than experienced/older road users.

Despite a high degree of heterogeneity in the studies, this review
determined that the video methodology that includes temporal re-
sponses has wide application in testing hazard perception skills across
road user groups. Spatial responses were inconsistent in discriminating
between novice/younger and experienced/older road users however
were necessary inclusions when response types failed to identify the
actual hazard, such as button press, or when scenarios were ambiguous.
The review determined that staged and unstaged video footage has si-
milar discriminability of hazard perception skill. As such, the inclusion
of staged footage would allow testing of a wider range of predefined
scenarios that could be empirically linked to safe driver behaviour. Eye
tracking provided valuable information regarding visual search strate-
gies however results were inconsistent in discriminating between no-
vice and experienced drivers and the use of this technology in mass
testing may be limited. The review suggested that static image tests may
measure a different component of the hazard perception skill and the
inclusion of these enhance current testing by examining a wider range
of scenarios and hazard perception skills. While simulators and real-
world test drives may represent the most naturalistic method for testing
hazard perception with the added cognitive load of steering and
braking, application is largely limited to research due to the time and
cost associated with testing.

It is important for future research to resolve the inconsistencies
around the categorisation of drivers by age and experience with the
view to developing a gold standard that can be applied across studies.
This will ensure true between-group differences are captured and allow
for more accurate comparison of results between studies. In addition,
research is needed to address the varied criteria for selecting types of
hazard scenarios and how these are linked to crash risk. This should
include those scenarios that failed to discriminate between road user
groups but may demonstrate hazard perception skills important for
road user safety. Furthermore, greater application of a theoretical fra-
mework is needed to ensure that test methodologies are effectively
capturing the cognitive processes involved in hazard perception. More
importantly, for driver licensing purposes, future longitudinal research
is needed to better understand the relationship between hazard per-
ception testing and its validity in discriminating between those with
appropriate hazard perception skills in real-world driving and those
without. It is recommended that hazard perception testing including a
temporal measure should be extended to motorcyclists with the de-
velopment of motorcyclist-specific hazard perception tests as part of a
GDL system, that best capture the rider's experience. Finally, future
research is needed to develop methodologies that assess hazard per-
ception skills in pedestrian and bicyclist populations in order to en-
hance education and training that will improve outcomes for these
vulnerable road users.
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