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Abstract

This thesis is concerned with the development of a culturally-agnostic version of the
UK hazard perception (HP) test, with the ultimate hope of providing a road safety
assessment tool that can be exported to different countries whilst retaining its diagnostic
validity. This aim was inspired by the United Nations Decade of Action on Road Safety
(2010-2020), which was instigated to reduce the global burden of road deaths.

The first three experiments explored the various design elements of a future global
blueprint for hazard perception testing. Unfortunately, none of these studies revealed a
difference between UK experienced and novice drivers, considered important for test
validity. When the test was compared across three countries (using clips and
participants from China, Spain and the UK; experiment 4), the experience difference
was still elusive, though cultural differences were evident.

To address the lack of validity, a new HP test-variant was developed: a hazard
prediction test. This test presents the same driving clips to viewers, but the screen is
occluded at the point of hazard onset and participants are asked “What happens next?”.
In a UK sample, experiment 5 finally showed an experiential difference. When taken
back to China and Spain (experiment 6), the overall experiential difference remained,
while cultural differences were ameliorated.

Following further development of the hazard prediction protocol (experiment 7), the
test was applied to a brand new cultural context in Israel. Once again, the hazard
prediction test was successful in differentiating between safe and less-safe drivers on
the basis of experience.

In conclusion, the hazard prediction test appears to be a more robust methodology for
international export, ostensibly reducing problems of criterion bias, subjective
judgements on scoring windows, and language difficulties in explaining what a hazard
is. The final chapter summarises this blueprint for a culturally-agnostic hazard test, and

recommends the protocol be adopted globally.
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Chapter 1

GENERAL INTRODUCTUION

1.1 Chapter overview

This thesis is concerned with the development of a culturally-agnostic version of the
UK hazard perception test, with the ultimate hope of providing a road safety tool that
can be exported to different countries whilst retaining its diagnostic validity. This
chapter will begin by summarising the urgent need for global road safety initiatives, and
will accept the United Nations’ suggestion that countries with poor safety records
should look to adapt and adopt initiatives from safer countries. However, it will be
argued that the safest countries cannot be passive partners in this transference of safety
interventions across geographical borders, but should be active in assessing the fitness
for export of their initiatives. The chapter will detail one of the most successful
initiatives in the UK over the last 15 years: hazard perception testing. Evidence for and
against the diagnostic validity of this test will be reviewed, before discussing whether

the test is likely to work equally well in all countries.

1.2 Road traffic injuries are a global health problem

Road traffic injuries are responsible for nearly 1.3 million deaths per year worldwide
and are the primary cause of death for young people (and in the top three causes of
death for people between five and 44 years; WHO, 2015). This is equivalent to one
person being killed as the result of a traffic collision every 25 seconds. Beyond the
tragedy of lives lost, the consequences of road collisions can be economically
devastating. With 50 million people injured per year and potentially disabled for life,
taxable income is replaced with health costs. Specifically, for low- and middle- income

countries, costs reach around $100 billion per year (WHO, 2013). In order to address

23



this health problem, the UN General Assembly proclaimed the Decade of Action for
Road Safety 2011-2020. The Plan of Action proposed by the UN was directed at a broad
audience and aimed to support the development of national and local plans of action.
The Global Plan includes various initiatives, such as designing safer roads, improving
the safety features of vehicles and enforcing internationally-harmonised laws in order
to prevent road traffic injuries. The plan also recommended extracting best practice
from countries with the best road-safety statistics, such as the UK, where evidence-
based policies have contributed to a 45% reduction in fatalities between 2006 and 2015
(UK Department for Transport, 2016). Disparities across countries in terms of collision
statistics are apparent even within Europe. A closer look into the European data shows
that South East Europe recorded higher-than-average fatality rates in comparison with
North West Europe. The European Transport Safety Council estimated that the road
deaths per million inhabitants for 2016 differed considerably between the South East
and North West of Europe. The countries placed at the top of the table are Sweden,
Norway and the UK with less than 30 deaths per million inhabitants, while Bulgaria
and Romania still remain at the opposite end of the continuum with more than 80 deaths
per million inhabitants.

Some of the South Eastern European countries face significant challenges in
implementing the proposed strategies and targets of the UN. Even greater hurdles face
the developing countries, especially those with low income (typically countries in Asia,
Africa and South America), where there are no measurable safety targets or established
national Road Safety Strategy (WHO, 2010). Low-income countries represent the
highest accident rates globally (24.1%), followed by the middle-income (18.4%) and
high-income countries (9.2%) (see Figure 1.1). Even though low- and middle-income
countries have only half of the world's vehicles, they account 90% for the world's road
traffic deaths. Lamentably, this suggests that the chance of dying in a road traffic crash

depends on where you live (see Figure 1.2).
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Figure 1.1: Percentage of road traffic fatality per 100000 population within the
main continental areas !

This image has been removed for copyright reasons

Figure 1.2: World map illustrating the zones that are most and least affected by
road deaths per 100000 population. The areas coloured in grey represent countries
with the lowest death rate and those coloured in red are the countries with the
highest death rate 2

1 World Health Organisation (2015). Global Status Report on Road Safety 2015. Retrieved from:
https://www.who.int/violence_injury_prevention/road_safety status/2015/GSRRS2015_Summary_EN_final2.pdf
2 Retrieved from: http://www.worldlifeexpectancy.com/
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Most of the low and middle-income countries are fighting against political,
economic and social issues that affect development and challenge the implementation
of the proposed initiatives. It is not an easy task to attempt changes and encourage
awareness when there is a lack of adequate infrastructure or access to safe vehicles. The
WHO Global status report for road safety (2015) showed that 68 countries, of which
84% are low -or middle-income countries, have reported an increase in the number of
road traffic deaths since 2010. There is an evident link between successful initiatives to
reduce road deaths and the economic situation of a particular country. Europe is clearly
the leader in lowering deaths while Africa has the highest road traffic fatality rate. Only
17 countries have made changes to their laws meeting best practices. In all probability,
codes of traffic conduct and policy enforcement are one of the most reliable actions for
achieving the reduction of road traffic injuries, and this should be the focus of the
countries at the bottom of the table. The UN has set an ambitious goal of halving the
deaths caused by road traffic accidents by 2020, however it was also predicted that
without an immediate action, road traffic crashes will become the seventh leading cause
of death by 2030 (WHO, 2018). The expected trend for the high-income countries is
more positive (with mortality rate less than nine fatalities per 100,000 population),
while the trend for the low- and middle- income countries is not that low (with mortality
rate around 20) (Wegman, 2017). Unfortunately, there is only one year left until the
deadline set by the UN and many countries have not met the target. Developing
countries cannot be expected to simply adopt the safety initiatives of the developed
countries, as their circumstances differ and these borrowed initiatives may not be
appropriate.

Nonetheless, the UN acknowledges that road safety is a multi-dimensional task
that involves all levels of Government and all sectors of society. Given the extent of the
problem, small changes in any safety-relevant area can have significant impact even in
the safest countries. For this reason, it is important to examine all aspects of the driving
task to identify potential gains. Following UN advice, we will now look at what
innovations have been successful in the UK, which may offer the potential for export

to less-safe countries.
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1.3 The United Kingdom

The UK has managed to reach a considerable reduction in its fatality numbers and
reported a relatively stable fatality rate in 2016, despite a small increase in fatalities in
the last two years (Annual report, DfT, 2017; see Figure 1.3).

This image has been removed for copyright reasons

Figure 1.3: Fatalities in reported road accidents in the United Kingdom between
2006 and 2016 (taken from DfT Annual Report, 2017)

According to the reported road casualties by the Department of Transport (2016) the
accident rate went down by 8% and 5% since 2010 and 2014, respectively. During the
period between 2010-2015, the British Government employed several actions aiming
to improve the safety and prevent death and serious injuries. Since December 2003 a
new regulation was implemented prohibiting the use of a held-hand mobile telephone
or a hand-held device. The regulation has become even stricter in 2017 (£200 fine and
6 points) as drivers were still being observed to use their mobile phones behind the
wheel, and around 35 deaths were recorded in accidents where the mobile phone was a
contributory factor in 2016 (DfT, 2017). New speeding fine laws were also introduced
in April 2017, motivated by the fact that in 2013 around 3,064 people were Killed or
seriously injured in crashes where speed was a factor.

In terms of infrastructure there has been an update of the Road Design manual

with the first set being released in 2018 and the full update finished by the end of March
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2020 (Design Manual for Roads and Bridges, UK Government, 2018). The creation of
shared spaces has also provided benefits, including a reduction in the overall traffic
flow, and a decrease in both mean speed and the 85th percentile speed of vehicles
(Karndacharuk, Wilson & Dunn, 2014; Rudloff, Schoenauernauer & Fellendorf 2013;
DfT, 2011). Findings also suggest that more pedestrians make use of the spaces, though
collisions typically remain stable or even decrease (e.g. DfT, 2011; Kaparias, et al.,
2013). For instance, shared space design in Elwick Square, London, lowered mean
speeds of traffic to below 20 mph, though, despite this decrease in speed, 72% of
pedestrians expressed concerns over sharing space with vehicles (DfT, 2011).

Although the UK has a good overall road-safety record, young motorcyclists
and drivers are still over-represented in the collision statistics. More than 3,800 young
people (aged 18-24) were killed on EU roads in 2013 (ETSC, 2016) while in the UK,
drivers under 25 account for a third of people who died on British roads. Youngest
drivers aged 17-19 only make up 1.5% of UK licence holders, but are involved in 9%
of fatal and serious crashes where they are the driver (and more than 200 teenage car
passengers were Killed or seriously injured when travelling with a young driver; RAC,
2017). Wells, Tong, Sexton, Grayson and Jones (2008) reported that one in five young
drivers were involved in a collision in the first six months after passing their practical
test. This pattern of results has been replicated in many studies, with novice drivers
being overrepresented in crashes in the first 12 months after licensure in countries
around the world (Deery, 1999; Foss, Martell, Goodwin, O'Brien & Center, 2011,
McCartt Shabanova, & Leaf, 2003; McKnight & McKnight, 2003; Williams & Tefft,
2014).

In order to help young drivers gain the necessary driving experience, the UK
government has implemented changes to the driving test and training. The official UK
driving test is composed of several parts: a theory test, a computerized hazard
perception test, an eye sight test, a vehicle safety test, and a 40-minute driving test with
an examiner. A learner is expected to successfully pass all of them. This test is
continuously evolving, with new evidence-based innovations included on a regular
basis.

For example, a training course called the Pass Plus Scheme was developed in

1999 which after completion allowed novice drivers to apply for an insurance
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discount. However after examining the results of the scheme in terms of novices’ self-
report driving behaviour and accidents rates, no differences were found between
takers and non-takers (Elliott, 2006).

Another initiative developed for young drivers is the new independent driving
section of the on-road test. The learner driver is asked to drive independently for 20
minutes, following road-signs or sat-nav instruction to reach a goal (Department for
Transport, 2017).

It was also suggested that Graduated Driver Licensing (ETSC, 2016) would be
useful to gradually expose young drivers to increasing risk, better preparing them for
independent driving. However, the UK Government declined the program as it
considered it highly restrictive (e. g. night driving would not be permitted during the
first months, which could be problematic for young shift workers). Other recent
innovations include the addition of “Show me, tell me” questions to the driving test in
2017 (where drivers are asked how they would carry out a particular task) and the
“Expanded theory test”, which is a longer version of the test for those who have had
their licence revoked, and are required to undertake the driving test again.

One of the most innovative features of the UK driving test is the Hazard
Perception Test (HP test). Since its introduction in 2002, road collisions have ostensibly
decreased. Wells et al., (2008) reported a 3% reduction in non-low speed collisions
(where blame could be attached) linked to the introduction of the test after surveying
over 40,000 learner and novice drivers about learning to drive, and their post-test
driving. Scores obtained on the HP test also provided some information, showing that
learners who performed better appeared to be 4.5% less responsible for traffic accidents.
Due to its role in reducing road collisions, the hazard perception test was awarded with

the Prince Michael award for its impact on novice driver collisions.

1.4 The hazard perception test
1.4.1 What is hazard perception?

Hazard perception has been defined as the ability to “read the road” (Mills, Hall,
McDonald & Rolls, 1998) or “the process of identifying hazards and quantifying their
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potential for danger” (Brown & Groeger, 1998). It is often considered as a skill that can
be developed with training and experience (Horswill & McKenna, 2004), and is closely
linked to where we look, and how we process and understand the visual scene. Any
definition of hazard perception skill is, of course, dependent on what we understand to
be a hazard. The classical definition proposed by McKenna and Crick (1991) stated that
“Hazard perception refers to the ability to detect potentially threatening events by the
deployment of a mental model of the road network and how its various elements work.
The mental model allows the driver to accumulate information and then run a
simulation of what might happen” (McKenna & Crick, 1991).

Although the concept of hazard perception has evolved during the past few
years, the above definition contains the main essence of this process, namely the
identification of hazards and estimating whether the hazardous situation would pose a
danger. Though this definition will be challenged later in this chapter, it encapsulates
the early position of many researchers who assisted in the development of the official

UK hazard perception test.

1.4.2 What is the official UK hazard perception test?

The Hazard Perception test typically involves 14 short video clips filmed from the
driver’s perspective, which contain at least one hazardous traffic situation (one clip
contains two hazards). Learners are asked to press a button every time they consider
they have seen a hazard that would require an evasive manoeuvre in order to avoid a
potential collision. The specific definition of a hazard in the UK test is “something that
would cause you to take action, such as changing speed or direction”.

At the moment a response is produced, a little red flag appears at the bottom of
the screen, demonstrating that their button press has been recorded. If one of these
responses falls within a pre-specified time window around the appearance of the hazard,
then drivers receive a mark out of 5. Each scoring window is divided into five equal
segments, with responses in the earliest segment gaining five points, while responses in
later segments score fewer marks (see Figure 1.4). The last segment scores one point,
and any responses after this (i.e. after the hazard scoring window has closed) score zero

points. Equally, any presses before the window score zero points. If multiple presses
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within the scoring window are recorded, only the earliest receives a mark. Performance
on the test is judged on the speed of learner’s responses. Faster drivers are typically
better at identifying hazards and less likely to be involved in a crash.

This image has been removed for copyright reasons

Figure 1.4: Graphic representation of a typical time frame of hazard onset and
offset. The two top images represent the start of the time window (onset) and

bottom right image-the end (offset)

Over 100,000 learner drivers take the test every month (with 1.5 million tests
taken each year). Since 2015, the old video-based hazard perception clips were replaced
with Computer-Generated Imagery (CGI) clips which upgraded the quality of the image
(see Figure 1.5). It is possible to access a sample of the official hazard perception clips

online, and independently designed tests are also available (though, typically,
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independent tests are found on commercial sites that require payment for access to the

full set of clips. These commercial training aids tend to use video-based clips).

This image has been removed for copyright reasons

Figure 1.5: A Computer-Generated Imagery (CGI) clip representing typical
hazardous situation where a van is approaching from the left, intending to join the
lane of the driving car. The yellow circle identifies the hazard for the reader and

does not appear in the actual video

Academic reports from around the world have supported the success of the typical
hazard perception test as a diagnostic tool. A relationship between faster responses on
the test and both prospective and retrospective crash risk has been found in several
studies (Congdon, 1999; Boufous, Ivers, Senserrick, & Stevenson, 2011; Darby Murray
& Raeside 2009; Horswill, Anstey, Hatherly, & Wood 2010; Rosenbloom, Perlman &
Pereg, 2011; Horswill, Hill & Wetton, 2015) and hazard perception scores have even
been able to predict active crashes in the year following one’s driving test (Horswill et
al., 2015).

This evidence has also convinced some Australian states to include hazard -
licenced drivers in New South Wales and compared the HP results to their crash rate
one year after their licencing. It was found that failing the hazard perception test (at

least twice) was associated with a significantly higher crash rate one year after the test
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(Boufous et al, 2011). Drummond (2000) supported these results by reporting that
drivers who obtained higher scores on their HP test had less probability of being
involved in a fatal collision one year after sitting the test.

How might it achieve such benefits? McKenna and Horswill (1998) suggested
that hazard perception tests provide greater and controlled exposure to diverse driving
environments, without placing drivers in any real danger. Second, the need to achieve
a pass score in a test encourages drivers to actively seek training, by exposing
themselves to hazards in a safe environment, thus reaching a standard of hazard
perception skill. Following the success of the hazard perception test in Australia and
the UK, the European Transport Safety Council (ETSC, 2016) recommended the
implementation of such tests in other European countries. However, within Europe,
only the UK and the Netherlands currently employ specific hazard perception testing,

and the latter is only a static image test.

1.4.3 The history of the hazard perception test

The first reference to a hazard perception test is found in Pelz and Krupat (1974) who
cited a study by Spicer (1964). The study found that drivers, previously involved in
road collision, were less able to identify hazardous features when compared to crash-
free drivers. According to these results, it was possible to differentiate between safe and
unsafe drivers®. Pelz and Krupat replicated Spicer’s study by showing the participants
video clips that contained different traffic situations. While watching the clips,
participants were asked to indicate whether the situation was safe or unsafe. Those
participants that had not been involved in traffic collisions reacted faster to hazards than
those who had been involved. Following a brief lull in hazard perception research,
McKenna and Crick (1991) compared hazard perception performance of novice,
experienced and expert drivers. The hazard perception test used in their study
successfully discriminated between all driving groups, which demonstrated its ability

to measure a safety-related skill. Some years later in another study, McKenna and Crick

3 An equation between safe and experienced drivers has been made in several occasions throughout this thesis.
Please, note that being an experienced driver does not necessarily mean being a safe driver but it can still be related
and has become an accepted surrogate in the literature.
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(1997) compared performance of novices who received training on the hazard
perception test to a control group. Young drivers were asked to watch driving clips and
generate predictions about the outcomes of different hazardous situations. Response
latencies of the training group were significantly faster than those of the control group
over time. As a result, researchers quickly raised the possibility that there could be a
negative correlation between hazard perception (HP) skill and crash risk, and that a
hazard perception test could be feasibly included as part of the official UK driving test
(McKenna & Horswill, 1999). In a further study, Horswill and McKenna (2004) defined
HP skill as the only higher-order driving ability that correlates with lower crash risk,
and Wetton, Hill and Horswill (2011) found the test to be reliable as a part of the official
driving test, demonstrating its ability to discriminate between experienced and
inexperienced drivers.

In order to further demonstrate the test’s ability to discriminate between safe
and unsafe drivers, its applicability to a variety of settings and target populations has
been investigated. Horswill et al. (2008; 2010) examined the hazard perception ability
of older drivers and they found that HP skill declines with age, though this is likely to
be due to age-related slowing rather than a loss of skill per se. Hazard perception ability
has also been linked to fatigue in novice and experienced drivers, and research suggests
that sleepiness in inexperienced drivers significantly slows their responses (Smith,
Horswill, Wetton & Chambers, 2009). Increased reaction time to hazards was also
related to alcohol consumption (West, Wilding, French, Kemp, & Irving, 1993) and
speed choice (Grayson, Groeger, Maycock, Hammond & Field, 2003; McKenna,
Horswill & Alexander, 2006).

Diverse methodologies have been used to assess HP skill. Risk appraisal has
been measured, asking participants to rate the hazardous situations (Groeger &
Chapman, 1996; Pelz & Krupat, 1974; Wallis & Horswill, 2007); scanning behaviour
has been measured via eye-movement recording (Chapman & Underwood, 1998;
Crundall, Chapman, Phelps & Underwood 2003); drivers have been asked to predict
hazards following occlusion (Crundall, 2016; Jackson, Chapman & Crundall, 2009);
and location-based responses have been introduced using touch screens (Horswill,
Anstey, Hatherly, & Wood, 2010; Scialfa et al., 2011; Wetton et al., 2010). Hazard skill

has also been assessed in fully interactive driving simulators where participants are able
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to drive along a simulated route containing hazards (Garay, Fisher & Hancock 1994;
Crundall et al., 2012; Pradhan et al., 2005), or via instrumented cars equipped with
control access (Lee, Young & Regan, 2008).

Examining HP skill was even attempted during the practical driving test in New
Zealand (NZ Transport Agency, 2012), however it was deemed too unreliable due to
variations between tests in terms of traffic and location, and the possibility that a
candidate may train on a specific route or area. Furthermore, results were based on the
examiner’s personal interpretation of the candidate’s response of why they carried out
a particular manoeuvre. The New South Wales test has also introduced a second level
of response, where a judgment of action is required (though it has been criticized for
not focusing solely on the hazard perception skill) (Horswill et al., 2015; Wetton et al.,
2011).

Although the considerable body of literature provides ostensibly clear evidence
of the diagnostic validity of the Hazard Perception test, results have not always been
consistent, and several research groups in different countries have failed to replicate the
basic experiential effect (Chapman & Underwood, 1998; Crundall, Underwood, &
Chapman, 2002; Sagberg & Bjgrnskau, 2006; Borowsky, Shinar & Oron-Gilad, 2010;
Underwood, Ngai, & Underwood, 2013) and crash-liability effect (e.g., Groeger, Field,
Hammond, 1998). Chapman and Underwood (1998) presented their participants with
hazardous videos filmed on UK roads and recorded both their eye movements and
response latencies to hazards. Surprisingly, they failed to find differences between
experienced and novices’ response times. However, they found that novices’ fixation
durations increased during the hazard window more so than those of experienced
drivers and their visual spread of search decreased, suggesting that inexperienced
drivers were more prone to attentional capture by the hazard. This showed that
underlying behavioural differences were present, but that the simple button press was
too insensitive to detect them. Crundall, Underwood and Chapman (2002) tested three
different driving groups (novices, police drivers and experienced drivers) and failed to
find differences in the number of hazards detected. Responses were measured by
adjusting a slider to a sliding scale rating how hazardous the situation shown in the clip
was, with sudden increases in the slider position reflecting the detection of a specific

hazard. Crundall et al. (2003) also recorded eye movements and electrodermal
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responses (EDRS). They replicated Underwood and Chapman’s results in relation to the
eye movements with novices reporting longer fixation duration and narrower horizontal
spread of search. They also found both police drivers and control group to produce a
higher number of discrete EDRs. Again, it appears that there were underlying
behavioural differences between the groups but these were not identified in the slider
responses.

In Norway, Sagberg and Bjernskau (2006) examined reaction times to
hazardous situation of four different driving groups (holding a driving licence for 1, 5,
9 months and 27.1 years). They also failed to find differences in response latency
between the groups, concluding that while some of their hazards might have been
useful, the variation in discriminative validity across their clip set rendered their overall
score to be non-significant between driver groups.

In Malaysia, Lim, Sheppard and Crundall (2013) compared response latencies
and eye movement behaviour of Malaysian and UK drivers. They showed participants
both UK and Malaysian footage and asked them to press the mouse every time they
thought they had seen a hazard. Participants were also asked to verbally describe the
hazard after each video. Lim et al. found that UK participants identified significantly
more hazards than Malaysian participants and responded correctly to more hazards
from their own country. However, no differences between experience groups were
found.

Finally, in Israel, Borowsky, Oron-Gilad and Parmet (2010) also failed to find
significant differences between novices and experienced drivers. These studies reflect
the difficulty that some research groups have had replicating the basic experiential
effect.

The above studies have all applied a variety of methodologies to measure hazard
perception performance. It could be argued that the reason behind the mixed evidence
is specifically these differences in response mode. It cannot be claimed that some
methodologies are better than others, although these inconsistencies could be
contributing to the mixed results. Pradhan and Crundall (2017) argued that the hazard
perception skill is a complex variable composed of several sub-components (see section
1.5 in this chapter for detailed explanation) and each sub-component should be

measured independently. For example, asking participants to rate a hazardous situation
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measures their subjective risk estimation (which proves very useful in terms of
participant’s subjective experience but often these measures need to be correlated with
other more objective ones), while reacting to hazards or looking at fixations to different
parts of the hazardous scene reports a more objective information about where
participants direct their attention. Typically, the hazard perception skill is measured by
pressing a button every time a participant sees a hazard while watching a short video
clip. However, due to its complexity simple reaction times seem to not be able to catch
the underlying sub-processes.

For this reason, hazard perception has also been measured by looking at eye
movements and RTs have been correlated to fixations. Eye-movement measures have
demonstrated their ability to discriminate between experienced and novice drivers, and
according to some studies eye movements are more reliable than simple RTs in
identifying experiential differences (Crundall et al., 2012). The benefit of measuring
fixations to hazards is that it shows whether the participant have spotted the hazard
independently of their threshold bias and their reaction/action after spotting it.
Although, it cannot be assured that fixation at a certain place reflects adequate
processing of information, there are important indicators such as length of fixation and
meaningful gaze patterns that show attention was not randomly allocated. The only
disadvantage is the need of specific equipment and training which can be costly,
although nowadays technology has advanced and it is possible to acquire such
equipment for more reasonable prices (including portable devices).

Similar disadvantages are found with driving simulators, and they are much
more expensive and the most accurate ones are not easily portable. However, the main
advantage of the driving simulators is that wide range of driving behaviour can be
recorded in real time under extremely demanding conditions without putting drivers
and other road users at risk. A variety of traffic scenarios can be displayed virtually for
research and training purposes, although the process requires a large amount of time for
data analyses (and trained staff).

Therefore, many studies use video-based stimuli. Not only because of the
pragmatics but this methodology is much more cost-effective and, following McKenna
and Crick’s (1991) argument, simulation and immersion are not required to assess the

part-skill of HP. Historically, the hazard perception skill has been assessed using short
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video clips filmed from the driver’s perspective and there is a large body of literature
that has successfully applied this methodology. Furthermore, there are debates whether
staged or real hazards should be used, as real hazards do not allow full control over the
scenario. While filming hazards might also require a certain amount of driving hours,
it allows testing of HP skill without putting drivers at risk and it also permits multiple

assessments simultaneously.

1.4.4 Why is the evidence mixed?

Why do some studies fail to find clear evidence of differences between experienced and
novice drivers, or crash-involved and crash-free drivers? This section will consider

possible reasons.

1.4.4.1 Problems with using simple response times

There are a number of potential confounds associated with the traditional method of
simply calculating response times within a scoring window. First, a simple button push
does not necessarily reflect that the driver was pressing for the actual hazard. The
response is considered correct based on when it is made, rather than what it is made for.
If there are other potential hazards in the scene, then it is possible that the participant
has responded for a different reason than that of the a priori hazard.

Secondly, the need for scoring windows requires hazard onsets to be defined.
This is often an arbitrary decision that leads to potentially valid button presses — made
just before the window opens — to be given a score of zero. The definition of the hazard
onset in the traditional methodology is essentially a balancing of the likelihood of type
1 and type 2 errors (see Figure 1.6). Some researchers may have been more successful

in this balancing act than others.
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Scoring window opens

Figure 1.6: The images represent stills from a video along a timeline (the black
arrow). The red arrow represents a response that was made to subtle cues that a
participant noticed, suggesting that a pedestrian might step out. This falls before
the scoring window opens and therefore is counted, unfairly, as a ‘miss’. The first
green arrow reflects a different participant’s concern about the car ahead. This is
not the true hazard, yet due to the response occurring in the scoring window, it is
counted as a very quick ‘hit’. The later green arrow represents a true response to
the hazard. Unfortunately there is no way to distinguish between the validity of
these two responses, and the participant receives the score associated with the first

green arrow rather than the second*

1.4.4.2 Differences in response mode

Different research groups design their own tests, and often modify the traditional
methodology used in the DVSA test (Pradhan & Crundall, 2017). For instance, other
researchers have noted the problems with simple response times and have therefore
employed a variety of different response modes. Wetton et al. (2010) replaced the
traditional button response with location-based responses via touch screen devices,
while Wetton, Hill, & Horswill, (2011, 2013) used a localised mouse click. Both
methods provide a measure of accuracy, lacking in the traditional methodology, though
they do not get around the need to define scoring windows. Unfortunately, this method
may entail other confounds such as individual differences in pointing tasks (e.g. Zhali,

Kong & Ren, 2004) and age differences in mouse and touch screen use (e.g. Hertzum

4 Source: Crundall, D. (2018, June). Understanding hazard perception. Presented at the International Congress of
Applied Psychology, Montreal, CA.
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& Hornbaek, 2010; Wabhlstrom, Svensson, Hagberg & Wallace-Johnson, 2000;
Yamauchi, Seo, Jett, Parks & Bowman, 2015). Also, if experienced drivers spot hazards
earlier than inexperienced drivers (e.g. Crundall et al. 2012), then the hazard is likely
to be smaller (i.e. further away) than when spotted by inexperienced drivers. According
to Fitts” Law (Fitts, 1954), a smaller target will increase demands on accuracy and
therefore slow pointing speed, potentially negating the experiential benefit of
perceiving the hazard sooner.

Other response modes include sliding levers (Crundall et al., 2003; Pelz &
Krupat, 1974), hazardous ratings (Groeger & Chapman, 1996), eye movement
measures (Crundall & Underwood, 1998; Crundall et al., 2003; Garay, Fisher &
Hancock, 2004) and behavioural responses in simulators (Crundall, Andrews, van
Loon & Chapman, 2010). These variations in response mode make it difficult to
compare studies that have or have not found hazard perception tests to successfully

discriminate between safe and less-safe drivers.

1.4.4.3 Differences in analysis

Response times have also been analysed using different statistical methods. Very few
research papers opt for using the five point scoring window, but instead work with the
raw response times. McKenna et al. (2006) and Wetton et al. (2010) calculated the
average response times across all hazards by standardising raw scores into Z scores thus
addressing the differences in duration of each hazard window. However, Parmet Meir
& Borrowski (2014) argued that this method of analysis failed to address missing
responses and proposed a survival analysis as a more suitable methodology for
analysing response times (though this has yet to receive wide-support from the field).
Wallis and Horswill (2007) used a fuzzy signal detection theory arguing that the
traditional SDT is not suitable for tasks such as hazard perception as it classifies stimuli
into binary categories. They argued that this binary approach (measuring whether a
scene is hazardous or not) is not suitable as every scenario is potentially hazardous to
some extent. The fuzzy signal detection method calculates a percentage of hit response
and assigns a proportion of false alarms and correct rejections, and replacing missing

values by mean reaction times.
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1.4.4.4 Differences in stimuli

Differences in methodology also exist in relation to the filming of hazardous videos. At
the initial stages of HP research, staged hazards used to be the most common method
of creating hazardous driving clips (McKenna and Crick, 1991; Catchpole &
Leadbeatter, 2000). Sexton (2000) argued that staged events were more efficient for
hazard discrimination, however Crundall et al. (2003) argued that this efficiency could
have been as a result of biased selection that benefitted experienced drivers (as staged
hazards are likely to be set by expert drivers on the basis of their experience). Staged
dangerous situations may therefore reduce test validity, as a result of containing
potentially unrealistic hazardous situations that may not reflect the subtlety of cues that
occur in real world. Despite the staged-vs.-naturalistic hazard debate being
acknowledged as an important one, no research has directly addressed this issue (to the
knowledge of the author).

Many other differences in stimuli are apparent across research studies. Some
researchers use ‘latent’ hazards (i.e. potential hazards that never occur, Vlakveld, 2014),
while other researchers have used abrupt hazards (e.g. Underwood et al., 2013) which
are very difficult to anticipate. Some researchers even use still images rather than videos
(Taske, Seibokaité, Endriulaitiené & Lehtonen, 2018).

1.4.4.5 Criterion bias

Lim et al. (2013) raised the possibility of criterion bias influencing the simple push-
button response required in the traditional hazard perception methodology. The
criterion bias is participant’s internal threshold of what is hazardous. Individual
thresholds can be influenced by cultural differences in acceptable driving norms (e.g.
Lim et al., 2013, 2014), and by driving experience and expertise, with more advanced
drivers discounting hazards if they fall within their self-perceived range of skill (e.g.
Crundall et al., 2003).

Lim et al. (2013) suggested that perhaps the traditional hazard perception
methodology would not be suitable for use in different countries, where

environmentally evoked high criterion bias may render the test insensitive to the skills

41



of the safest drivers in those environments. The Malaysian drivers tested in their study
reported a higher threshold bias in appraising hazardous situations. They made
significantly fewer responses compared to the UK drivers, very likely due to the more
hazardous Malaysian driving environment desensitising them to events that would be
termed hazardous in the UK.

Such criterion bias is likely to influence response times in a traditional hazard
perception test. Highly experienced drivers may spot, and even physiologically react to
the presence of hazards sooner than novice drivers, but may withhold a response until
the event reaches their threshold for a hazard (e.g. Crundall et al., 2003).

1.4.4.6 Common vocabulary and the lack of theory underlying HP

No consensus of a definition of hazard perception has been reached so far. Different
terms such as hazard anticipation (McDonald, Goodwin, Pradhan, Romoser & Williams
2015) and hazard avoidance (Pradhan & Crundall, 2017) have been proposed in order
to encapsulate the complexity of the process, however the lack of agreement has created
confusion. Authors have made use of different terms to refer to the same concept, most
of the time defining other sub-processes of hazard perception that overlap with each
other. For example, Vlakveld (2014) refers to hazards as overt and covert latent hazards,
while Crundall et al. (2012) refers to the same type of hazards as behavioural prediction
(BP) and environmental prediction (EP) hazards. There is even confusion between the
concepts of hazard perception and risk perception, referring to the appraisal of a
particular situation as “risk perception”, when the correct term would be risk estimation
(Egea-Capparos, 2012) or hazard appraisal. One relevant theory in the field that looks
specifically at risk appraisal and anticipation has been proposed by Kinnear (2009).
Kinnear applied the Interface Model (Fuller, 2005) in conjunction with the Somatic
Marker Hypothesis (Damasio, 1994) to assess drivers’ risk appraisal and how this
shapes a decision and behavioural response. This theory supports that risk is appraised
both emotionally and analytically, where emotions automatically influence decision
making and hazard judgement. Kinnear found that novice drivers show less emotional
appraisal and lower anticipatory scores to developing hazards in comparison to

experienced drivers which suggests that novices might not appreciate the inherent
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danger and the realistic risk involved. This finding further demonstrated the importance
of separating risk appraisal of hazard perception as novices might be able to spot a
hazard but not to appraise correctly the danger it poses. This sub-estimation of the risk
(most of the time due to lack of experience) leads novices to erroneously think they can
cope with the hazardous situation, overestimating their driving skills, adopting a risky
driving style, which untimely leads to higher crash rates for this group.

Agreeing on universal definitions and terminology would seem like a logical
step to unify research methodologies and remove the mixed evidence from the research
record. The theory most often linked to hazard perception test has been the Situation
Awareness (SA) theory (Endsley, 1995). The model of SA distinguishes three main
levels of global projection or in other words comprehension of other drivers’ behaviour
on the road (Endsley 1995a). The first level (Level 1) refers to the perception of the
elements in the environment; the second level (Level 2) to the comprehension of the
situation, meaning that it is not sufficient only to perceive the elements, but to extract
the meaning of it; and finally the third level (Level 3) is the projection of all these
elements into the near future. These three levels create a mental model which is
constantly updating according to the goals of the drivers. However, according to Durso
and Gronlund (1999), SA is not based on empirical findings, meaning that it does not
meet the basic criteria for a coherent theory. Neither does the model provide a specific
explanation of how drivers engage in hazard perception, though its high level
descriptive qualities have provided a general framework within which to understand the
skill (Horswill & McKenna, 2004; Wetton, Hill & Horswill, 2013). Crundall (2016)
argued that the reason behind the specific theoretical lacuna was the motivation to
generate a diagnostic test rather than developing a theoretical basis. In their chapter,
Pradhan and Crundall (2017) addressed the theoretical understanding of the HP skill
and proposed a new framework of hazard avoidance for better understanding the

concept.

1.5 A new framework

As noted previously, hazard perception has been defined as the ability to “read the road”

(Mills et al. 1998) or “the process of identifying hazards and quantifying their potential
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for danger” (Brown & Groeger 1998). This definition is too simplistic however and
does not unpack the sub-processes that are likely involved. Even the terminology used
lacks specificity. For instance, a response time to a hazard does not just reflect
perceptual processes, but also involves post-perceptual processes such as appraisal.

Pradhan and Crundall (2017) noted the problems in terminology when they
joined together to write a book chapter on hazard perception. In an attempt to simplify
the terminology, and bring together US and UK definitions, they started with the
concept of hazard avoidance to describe the whole process from searching for
hazardous precursors to selecting the most appropriate response.

According to Pradhan and Crundall, hazard perception is a broad process which
includes a combination of various sub-processes and post perceptive processes, such as
hazard searching, precursor prioritisation, hazard prediction, hazard fixation, hazard
processing, hazard appraisal and hazard reaction or response (Pradhan and Crundall,
2017). Drivers’ attention could be attracted by the salience of the hazard (e.g. police
lights, sudden movement etc.), whereas at other times, the hazard might be less salient
and therefore the driver must search for it (hazard searching). General visual search
patterns of drivers have been widely studied and results have shown that inexperienced
drivers have a very narrow spread of visual search focusing on the immediate road
ahead. Conversely, experienced drivers are more likely to have a wider spread of search,
often fixating to the left and the right of the road ahead (e.g. focusing on parked
vehicles, pedestrians, side roads etc.; Chapman & Underwood, 1998; Crundall &
Underwood, 1998; Konstantopoulos, Chapman & Crundall, 2010; Lehtonen, Lappi,
Koirikivi & Summala 2014). Experienced drivers are also better at identifying hazard
precursors which provide clues that help anticipate the upcoming hazard. Two types of
precursors linked to hazards have been identified so far: behavioural prediction hazard
(BP) and environmental prediction hazards (EP) (Crundall et al., 2012). The first type
are those hazards and precursors that are directly linked to each other (e.g. a cyclist who
is cycling in front of your car suddenly cuts into your path). The second type refers to
precursors as parts of the environment from where obscured hazards might occur (e.g.
a parked car may obscure a pedestrian who then steps into the road). Whereas the former
hazards can be predicted from the behaviour of targets that subsequently become the

hazards, the latter hazards can only be inferred from their statistical co-occurrence with

44



specific environment features. Precursors might seem similar to latent hazards
(Pollatsek et al., 2006), however latent hazards are those that could potentially
materialize (could be hidden)-e.g., a pedestrian behind a van that suddenly emerges into
the path of the driver, while precursors are clues from the environment that helps the
driver predict a potential future hazardous situation - e.g. a van that could be occluding
a pedestrian.

Crundall et al. examined three groups of drivers (learner drivers, experienced
drivers and driving instructors), asking them to drive in a simulator through nine
hazardous scenarios while their eye movements were recorded. They found that learner
drivers had difficulties in spotting BP precursors and EP hazards, with fewer fixations
to these elements in comparison to the experienced drivers. It has been suggested that
EP hazards are more apparent to drivers that have been exposed to situations featuring
similar precursors. Also, less experienced drivers typically find difficulties in
identifying the sources of possible hazards in the driving environment due to the
insufficient exposure to these types of situations (which one gains with years of driving)
(McKenna et al. 2006). Another study conducted by Underwood et al. (2013) proposed
similar classification to those of Crundall et al. (2012) defining hazards according to
their appearance. An abrupt hazard would appear suddenly in the traffic scene requiring
an immediate attention and action, while a gradual hazard unfolds in a way that a
precursor would announce its appearance. For example, a motorbike appearing
suddenly from an obscured side street would be classified as an abrupt hazard, while a
pedestrian approaching slowly towards a zebra crossing would be classified as a gradual
hazard. Underwood et al. divided the sample into three groups: motorcycle riders,
experienced drivers and inexperienced drivers. They found that gradual hazards were
detected significantly more often although these findings were significant only for the
motorcycle riders. No differences were found for the number of hazards between
experienced and novice drivers regardless of the type of hazard.

Once the driver has identified a precursor they must try to predict what would happen
next in the driving scene in order to be better prepared to respond (rather than simply
react). Hazard prediction refers to the ability of drivers to anticipate possible hazardous
situations. This process has been studied in a similar way to hazard perception, showing

short video clips filmed from the driver’s perspective, however in this case clips are
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occluded immediately prior to a hazardous event where participants are asked to try and
predict how the driving situation is going to develop (making use of precursors). A
hazard prediction test also called the “What happens next” task, was developed in 2009
by Jackson, Chapman and Crundall, and has since been validated in different countries
by several research groups such as the UK (Crundall, 2016), Malaysia (Lim et al., 2014)
and Spain (Castro et al., 2014, 2016). These studies consistently find experienced
drivers to outperform novices in predicting hazards.

Once the driver suspects that a hazard will appear, how do they know exactly
when the hazard becomes hazardous? Hazard perception is typically measured by
recording reaction time of participants which requires the setting of a time window or
scoring window. Only the earliest response within each scoring window is considered
as correct. For example, when driving on an urban road with parked cars on both sides
of the street, suddenly one of the parked cars indicates, and then makes a move to join
the road- the car is already a hazard once trying to join the street, while the action of
indicating is a precursor to the hazard. Each hazard should be considered individually,
as some hazards onsets are easy to define while others could be more difficult (Pradhan
and Crundall, 2017).

Many factors, both objective and subjective are likely to influence the hazard
response. Individual differences in judging the hazardousness of an event (response
criterion) or the time required to process the actual hazard (e.g. Deery, 1999) also play
an important role during hazard avoidance. Differences in fixations related to hazard
processing have also been found, although with mixed results. On some occasions
novices devoted more time fixating the critical hazard (Chapman and Underwood,
1998) and in others less time fixating the critical stimuli in comparison to more
experienced groups (Crundall et al., 2012). This last finding may actually reflect the
failure to process the critical information as either they are not conscious of the
importance of the stimuli they are fixating or are misappraising how hazardous it is.
Hazard processing has been assessed by Borowsky and Oron-Gilad (2013) who divided
it into different components (hazard perception, hazard categorisation and
hazardousness ratings) and they found that risk perception affects both real-time
responses of hazard perception and subjective responses such as ratings and

categorisations. Risk perception influences participant’s reaction time when is related
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to the possibility of a collision, while when related to the severity of a possible collision
it affects the subjective responses such as hazard categorisation. It is well known that
young drivers tend to overestimate their driving skills (De Craen, Twisk, Hagenzieker,
Elffers & Brookhuis 2011) and underestimate accident risk perceptions (White,
Cunningham & Titchener, 2011).

There is also confusion between the concepts of hazard perception and risk
perception, referring to the appraisal of a particular situation as “risk perception”, when
the correct term would be risk estimation (Egea-Capparos, 2012) or hazard appraisal.
When hazard perception is measured using behavioural measures we refer to the
objective perception of a danger (e.g. eye tracking), while hazard appraisal is the
subjective estimation of the potential danger and is often measured using self-report
data. Deery (1999) in his “Model of processes underlying driving behaviour in response
to potential hazards” referred to the importance of the relation between hazard
estimation and self-assessment of one’s own driving skills. Typically, novice drivers
tend to overestimate their driving skills due to lack of experience and overconfidence
that they can deal with the hazardous situation. They even may successfully process the
hazardous event, yet unsuccessfully calibrate and appraise the levels of risk (De Craen
et al., 2011; Horrey, Lesch, Mitsopoulos-Rubens & Lee 2015). One’s own criteria of
hazardousness play a powerful role in the hazard perception process and participants
would remain consistent in their criteria even when they have been provided with a
definition of a traffic conflict (Shinar, 1984; Kruysse, 1991).

Finally, when a materialised hazard does occur, the driver is expected to make
a response. The type of action will depend on whether the driver has predicted a hazard
and planned a potential response, or whether the driver simply reacts to a hazard as it
occurs. When a conscious search for a hazard takes place, all the described sub-
processes are present and the driver makes a response, however when the hazard is just
noticed without any previous deliberating, then the driver reacts almost automatically
to the hazard (Pradhan & Crundall, 2017). All the aforementioned processes involved

in hazard avoidance, and some additional ones, have been defined in Table 1.1.
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Table 1.1: Definitions suggested by Pradhan and Crundall (2017) for the processes

involved in hazard avoidance (taken from Pradhan and Crundall, 2017).

Term Definition
A collection of hazard avoidance sub-processes which variably include hazard
Hazard . S o o
. searching, hazard prediction, precursor prioritisation, hazard fixation, hazard
Perception . - .
processing, hazard appraisal, and hazard reaction.
The over-arching term to describe the process of avoiding a collision with a hazard
Hazard o . . .
. from initial searching for hazards, through to the successful selection of appropriate
Avoidance
response
Hazard The ability of a hazard to draw attention to itself through bottom-up features
Salience including sudden movement, looming, colour, luminance, etc.
Hazard The direction of overt attention (i.e. eye movements) to areas of the visual scene that
Searching are most likely to produce hazards
Hazard The clues to an upcoming hazard (e.g. a pedestrian on the pavement is a precursor
Precursor prior to stepping into the road and becoming a hazard)
Hazard The visual evidence contained within an object or location that the driver uses to
Evidence judge immediate danger (a hazard) or a strong potential for danger (a precursor).
Abrupt Hazard | A hazard that appears without (or ostensibly without) any precursor.
Precursor Prioritising and labelling precursors most likely to produce hazards for continued

Prioritisation
Hazard
Prediction

Hazard Onset

Hazard
Fixation
Latency

Hazard
Processing

Hazard
Appraisal

Hazard
Mitigation

Hazard
Reaction

monitoring through overt and covert attention.

Predicting a hazard before it appears on the basis of the hazard evidence present in
precursors

When a precursor turns into a hazard, e.g., a pedestrian steps off the sidewalk into
the road, or from behind a parked vehicle; the oncoming car begins to turn across
your path, etc.

The time taken to first fixate the hazard. This can be zero if the driver is fixating the
precursor at the time it becomes a hazard.

The time taken to identify the object as a hazard, primarily reflected in fixation
durations and dwell time upon the hazard

Assessing the level of risk posed by the hazard both in absolute terms and in relation
to one’s own self-perceived skills

The act of reducing the probability of a collision with a future hazard by changing
one’s driving behaviour (e.g. changing lane position, headway) on the basis of
prioritised precursors.

Any behavioural outcome from identifying a hazard. This could be positive
(braking) or negative (freezing)
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A subsection of hazard reactions composed of deliberate actions (e.g. intentional

Hazard braking). While more likely to be positive, a poorly chosen intentional response can
Response still be negative (e.g. trying to overtake a braking car when oncoming traffic is too
close)

1.6 Conclusion

There is considerable amount of literature that has provided solid evidence that HP tests
can reduce fatalities in both UK and Australia, and keep unsafe drivers off the road
(Boufous, 2011; Drummond, 2000; Horswill & McKenna, 1999; Wells et al., 2008;
Wetton et al., 2011). However, there is also an important amount of research that has
failed to replicate these results (Borowsky, Shinar & Oron-Gilad, 2010; Groeger, 2000;
Crundall & Underwood, 1998; Underwood et al., 2013; Sagberg & Bjarnskau, 2006).
This mixed evidence is especially noticeable when examining research from different
countries where each research group has developed their own HP test using different
methodologies (e.g. Norwegian HP test, Sagberg & Bjgrnskau, 2006-they used a
continuous hazardous footage and a secondary task; Israeli HP test, Parmet, Meir &
Borowsky, 2014-who discussed that different analysis approach, survival analysis,
would be more suitable to deal with missing responses; Singaporean HP test, Yeung &
Wong, 2015-they used staged and abrupt hazards; German HP test, Malone & Briinken,
2015-they used CGI footage and included non-hazardous situations). These
methodological inconsistencies could have contributed to the lack of replication, which
highlights the necessity of a consistent protocol that would contain clear
methodological guidelines on how to build a hazard perception test that would be able
to provide effects that extend beyond the boundaries of a single country.

The first ever cross-cultural comparison that applied identical HP methodology
in two different countries was conducted by Lim et al. (2013). Lim et al. developed a
Malaysian-UK HP test that contained video clips filmed in both Malaysia and UK and
classified to matched (representing similar hazardous scenarios that could be
encountered in both countries) and unmatched (hazards representative only in one of
the countries). Malaysian and UK drivers were asked to press the mouse every time

they thought they have seen a hazard (a hazard was defined as any object or situation
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that would make the driver perform an evasive manoeuvre). Lim et al. found that UK
participants identified significantly more hazards than Malaysians. Furthermore, UK
drivers made many more responses to the Malaysian clips. Interestingly, no differences
between the driver groups were found based on experience, with even UK experienced
drivers failing to outperform UK novices when viewing UK clips. Lim et al argued that
Malaysian drivers might have a higher threshold for deciding that a situation is
hazardous, perhaps as a result of desensitisation to hazards through exposure to the
more dangerous Malaysian roads, hence their reluctance to respond.

These results raised some questions related to the transferability of the HP,
considering that the classical reaction time paradigm may not be suitable for
international export due to the confound that the threshold bias creates. In a study
previous to this of Lim et al., Wetton et al. (2010) argued that the hazard perception
skill is generalised even in unfamiliar locations and that the HP does not need
validation, however they used driving footage from the UK (the official UK hazard
perception test) and Australia (Brisbane). These two settings are very similar in terms
of road structure, architecture and driving behaviour and are not representative for the
rest of low- and middle- income countries and their driving environments. Participants
from different cultural contexts do not appraise and react to hazards identically. This
fact might not be essential for hazard perception purposes in Australia or the UK,
however in terms of international export HP methodology should be adapted to the
driving context where it is intended to be applied. Is the HP test suitable to be exported
as a diagnostic tool in other countries, especially those with more hazardous driving
environment? Wallis and Horswill (2007) argued that the criterion bias could also be
present in developed countries. As the evidence is inconclusive, further research should
focus on examining whether the results of the HP are transferable and generalizable to
different driving contexts. In order to be able to address the recommendation of the
European Transport Safety Council (ETSC, 2016) and implement the Hazard
Perception test in other European countries, an empirical evidence is needed to
demonstrate effects that are generalizable beyond borders. Otherwise, it will be difficult

to promote this test to international Governments without clear evidence.
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1.7 Outline of this thesis

In this thesis, an attempt will be made to test the cross-cultural transferability of
the HP test. In Chapter 2, the method of filming driving footage and general methods
applied to all studies will be described. In Chapters 3 and 4, different stimuli designs
will be compared in order to select the most appropriate for future studies. This new
design includes mirror information and different type of car layout. Chapter 5 reports
attempts to apply the HP methodology across different countries. Three different
driving environments will be compared: China (high accident rate), the UK (low
accident rate), and in the middle position is Spain (with an intermediate accident rate,
albeit closer to that of the UK). These three countries differ considerably in driving
environment, cultural and social driving rules and provide a greater challenge than
comparing Australia to the UK (Wetton et al, 2010). Chapter 6 reports the development
of a hazard prediction test in an attempt to improve validity (““What happens next”) and
in Chapter 7, the hazard prediction test is applied across China, Spain and the UK. In
Chapter 8, the hazard prediction test is further refined, before being deployed in a
completely different cultural context in Chapter 9 (Israel). The final result is a blue print
for a culturally-agnostic hazard perception (actually, prediction) test that can be
promoted to the governments of countries who are in need of successful road safety
initiatives. Finally, Chapter 10 will summarise all the major findings of this thesis,
offering a discussion of the results and practical implications.

The overall aim of this thesis is to create a methodology which could be
followed by other researchers in their attempts to create a hazard perception test. The
intention is to develop a test format that will be able to differentiate between
experienced groups regardless of their cultural background. As the prediction
methodology proved to be more successful in discriminating between driving groups
overseas, it is expected that it will be more suitable for international export than the
traditional hazard perception methodology. Nonetheless, both methodologies will be
assessed and clip design for both has been refined featuring mirror information thus

allowing the inclusion of wider range of hazardous scenarios.
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Lastly, it is expected that the new test format will be suitable for promotion to
international governments who can follow it in their attempts to create an HP test as a
part of their official driving tests.
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Chapter 2

METHODOLOGY

This chapter will begin by briefly reviewing some of the primary methods used in traffic
and transport psychology, before detailing the choices made for this thesis. While each
subsequent study will contain its own method section, there are some overall
considerations and commonalities across the methods that will be detailed in this

chapter for reference.

2.1 Driving research

The methodology used in traffic psychology has evolved considerably during the last
two decades. Modern equipment has made it both technologically possible and
economically feasible to study driving behaviour in ever-more realistic environments.
Driving behaviour is often observed within two main settings: ecological and laboratory
settings. Particularly, research in traffic psychology has been conducted mostly within
laboratory settings under strict control, yet the aim was the understanding of the basic
mechanisms behind the processes involved in driving. The most common methods
employed within laboratory settings feature driving simulators or video clips filmed
from the driver’s perspective. Instrumented vehicles have also been employed to test
normal everyday driving. It should be noted however that the earliest method used in
traffic research was naturalistic observation (Brown, 1967; Dodge 1923, Mourant &
Rockwell, 1970) and within the past few years, the laboratory trend has given way to a
resurgence in field research utilising the latest sensors to capture real world driving.
However, in this thesis only video-based methodology has been applied as the aim was
to design a time and cost-effective test affordable for the developing countries (and

alternatives such as CGlI clips could be too costly).
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2.1.1 Methods used in this thesis

For the purposes of this thesis, video-based stimuli will be recorded, edited and used.
Some studies will also employ eye movement recording where necessary in order to
inform the design of the hazard perception test, and examine the impact of any test
modifications on visual search.

Hazard perception (and prediction) skill will be examined using short hazardous
video clips created and edited to build hazard perception and hazard prediction tests.
Since the aim of this thesis is to create a time and cost-effective tool, which could be
applied world-wide, the use of equipment such as driving simulators falls outside the
scope of this work.

2.2 Video-based studies

Due to the unceasing debate between ecological validity and experimental control,
techniques have been developed to address this problem. Video-based tests were
developed in attempt to meet both, providing an ecologically valid context which will
require real decisions in real time, and experimental control that ensures all participants
see the same scenarios without exposure to real risk. Indeed, drivers cannot interact
with video-based stimuli in the same way they can when participating in a driving
simulator study, but it is also true that some driving scenarios are difficult to be
recreated in a simulator (another reason is the comparison between a real life image vs.
images generated by a software). Video-based tests offer the closest to real life
hazardous traffic situations, typically using non-staged hazards, although studies have
also used deliberately arranged hazards. This type of test appears to be a good
alternative in terms of cost and time.

Although some authors argued that video-based tests do not reflect real driving
performance (Groeger, 2000), numerous other studies suggest that performance in
video-based tests was similar to the actual driving behaviours (Mills et al., 1998; Watts
& Quimby, 1979). One might ask why such simple responses are used to measure
driving performance? There are several reasons. First, the validity of such tests have
been demonstrated (e. g. Crundall et al, 2012; Horwsill & McKenna, 1999; Wetton et
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al., 2011) and results showed that there is link between good hazard perception skills
and accidents rates (Drummond, 2000; Wells et al., 2008). Second, video-based test are
not only able to discriminate between safe and unsafe drivers, but are also a cost and
time-effective tool. Third, it provides both ecological and experimental validity and
permits the measurement of specific elements of the driving task within control settings

while exposed to real world hazardous situations.

2.1.1 Hazard perception clips

Hazard perception stimuli have improved in quality over the last 50 years from 50

mm cine film (e.g. Spicer 1964, cited in Pelz & Krupat, 1974) to photo-realistic
computer-generated imagery (CGI) used in the current DVSA test (see Figure 2.1).
They tend to be clips of variable duration (often no more than 60 seconds) filmed
from the driver’s perspective as if through the windscreen of a moving vehicle.
Research groups tend to record their own footage and create their own tests. Some
research-based hazard tests have been filmed with cameras attached to the roof or
bonnet of a car (e.g. Shahar, Alberti, Clarke & Crundall, 2010) while others have had
cameras attached to the inside of the windscreen. There is no accepted position for
placing cameras, though test developers tend to approximate the eye-line of the driver
as much as possible.

Hazard tests vary in their presentation. The traditional test is a single-screen
video (e.g. McKenna & Crick, 1991). Other variations have extended the field of view
across multiple-screens (Shahar et al., 2010), changed the vehicle from which they have
been filmed (Crundall & Kroll, 2018; Horswill & Helman, 2003), or added mirror
information (Engstrém, Johansson, & Ostlund, 2005; Mackenzie & Harris, 2016;
Recarte & Nunes, 2003; Savage, Potter, & Tatler, 2013). For this thesis, the examples
of Crundall & Kroll (2018) and Shahar et al., (2010; 2012) will be followed in providing
mirror information to supplement the forward view. This new design permits the early
prediction of overtaking hazards which was not possible with the traditional hazard

perception test.
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This image has been removed for copyright reasons

Benda & Hoyos, 1982: Estimating hazards in traffic situations (a)

This image has been removed for copyright reasons

Wetton et al., 2010: The development and validation of two complementary

measures of drivers’ hazard perception ability (b)
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This image has been removed for copyright reasons

Shahar, Alberti, Clark and Crundall, 2010: Hazard perception as a

Function of target location and the field of view (c)

This image has been removed for copyright reasons

Underwood, Ngai, Underwood, 2013: Driving experience and situation

awareness in hazard detection (d)
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Ventsislavova et al., 2018: A cross-cultural comparison of Hazard Perception

and Hazard Prediction tests (e)

This image has been removed for copyright reasons

Computer Generated Imagery part of the Official UK Hazard Perception test, 2018 (f)

Figure 2.1: Example images of different hazardous video clips developed by
several research groups during the last two decades ((a) to (e)) and the DVSA

driving test (f).
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2.3 Filming of hazard perception clips

Hazard perception clips were recorded from a moving car in four different countries for
various studies in this thesis. This section will provide details on how these clips were

filmed, and what their content is.

2.3.1 Camera placement

The footage used for creating the hazardous videos was filmed following the Health
and Safety guidelines approved by the Ethics Committee of Nottingham Trent
University (see Appendix A). Four cameras were mounted on the car, capturing
information coming from the forward view and footage that would normally be seen in
the side mirrors, and rear-view mirror (see Figure 2.2). The forward-view camera was
mounted via suction mounts to the windshield on the inside of the car in a way that it
would not obstruct the view of the driver. The camera used for recording the rear-view
mirror footage was placed inside the car on the rear window also via suction mount.
Finally, the right and left mirror information was captured by cameras placed on both
right and left side windows, on the outside, immediately below the side mirrors. These
cameras were positioned to film what would be visible on the side mirrors. These
externally mounted cameras were also tethered to the car to prevent loss in the event of
a suction mount failing.

For the forward view, a GoPro HERO4 Silver Edition camcorder was used,
recording in Full High Definition format (1080p, 16:9 ratio, medium-angle setting). The
cameras used to capture the side-mirror and rear-view mirror information were JVC
Action Cameras (Model Number: GC-XA1BU; 1080p, 16:9 ratio), (see Figure 2.3).

2.3.2 Filming UK clips

Twenty UK video clips were designed specifically for the purposes of this thesis. The
driving footage was filmed in Nottingham and hazards were selected by two experts in

the field. Footage was filmed during normal driving, in clear weather conditions and
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only during day time. Driving and filming was carried out by a native UK experienced
driver with a full driving licence.

In order to capture a wide range of hazards, filming took place during several
hours per day. Within the UK driving context an average of three valid hazards were
captured in 60 to 90 minutes of driving. The available footage was carefully examined
by two experts in the field and clips were selected, each containing a hazard defined as
an object or event that would require an evasive manoeuvre, including sudden braking
or swerving to avoid a potential collision (this definition has been followed to select the
rest of the videos in this thesis). All selected hazards represented typical events that a
driver could encounter on UK roads in every day driving. The most common scenarios
were characterised by pedestrians crossing the road (see Table 2.1 for description of
each of the 20 UK hazards, please refer to page 74). None of the scenarios selected for

the UK clips were staged.

Figure 2.2: The graphic represents the positions of the four cameras. The green

arrows show the placements of the front and rear-view camera and the blue
arrows the positions of the left and right cameras. The side mirror graphs the

amount of sky, road and car side captured by the cameras.
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2.3.3 Filming Chinese clips

The Chinese clips were filmed specifically for a cross-cultural study that forms part of
this thesis. The recording of the scenarios took place in and around Beijing. The amount
of hours of filming necessary for capturing valid hazardous scenarios was considerably
lower in comparison with the UK. An average of nine hazards were captured during
one hour of driving. All hazards represented typical events that one could encounter
within the Chinese driving environment. The most common event was caused by
overtaking and undertaking cars, which seemed to not surprise Chinese drivers (as this
behaviour was part of the social driving rules in Beijing). The continuous flow of
pedestrians crossing the streets, independently of whether they have been given priority
or not, was another common situation in Beijing (for a complete description of the
Chinese hazardous scenarios, see Table 2.2, page 76). The driver who participated
during the recording was a native Chinese experienced driver from Tsinghua
University, and hazards were selected by two expert drivers in the field according to
the definition used for the UK clips. Clips were selected by the same experts that have

selected the UK videos. None of the hazards were staged.

2.3.4 Filming Spanish clips

The footage that constitutes the hazards for the Spanish hazard perception test was
filmed in Granada, also specifically for a cross-cultural study that forms part of this
thesis. Filming was carried out during normal driving in daytime with clear weather
conditions. This footage was recorded in collaboration with the University of Granada
and driving was carried out by a native Spanish expert driver.

The Spanish hazards were selected by the same two experts in the field,
according to the definition of a hazardous situation used for the UK and Chinese clips.
The selected hazardous scenarios were typical traffic events that any driver would find
within the Spanish driving setting (for a full description of the Spanish hazards, see
Table 2.3, page 78). In the case of the Spanish videos one hour of footage provided an
average of 5-6 hazards, double the amount of hazards filmed in the UK within this

amount of time. A common Spanish hazardous event was the weaving behaviour of
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mopeds, which were observed more often than in the UK clips. None of the Spanish

hazards were staged.

Figure 2.3: HD cameras employed for filming of the driving footage. On figure
2.3a is represented the GO PRO Hero (front footage) and figure 2.3b represents

JVC action camera (left, right and rear view footage)

2.3.5 Filming Israeli clips

The Israeli footage was specifically recorded for the purposes of this thesis, in
collaboration with Bar Ilan University. The recording took place during day time, with
clear weather conditions. All videos were filmed within the radius of Tel-Aviv and
Ramat-Gan (which is part of Tel Aviv and is only within 4.3 miles distance of the centre
of Tel Aviv). Hazards selected for the Israeli HP test were typical hazards occurring
during normal every day driving. The most common hazardous scenario were drivers
cutting the path of other drivers while changing lanes.

The average amount of hazards captured within an hour was of 6-7 hazardous
scenarios. The footage was filmed by a native Israeli expert driver. Clips were selected
by the same experts in the field that have selected the videos for all of the above
countries. None of the hazards for the Israeli test were staged (for a full description of

the Israeli Hazards, see Table 2.4, page 79).
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2.3.6 Which clips were used in which studies

The UK clips were employed for all the experiments in this thesis, except Experiment
8. The Chinese, Spanish and UK hazardous clips were compared together in
Experiments 4 and 6 (with ten clips selected from each country). The Israeli hazardous
clips were used for Experiment 8. In total, there were 26 Israeli clips: 13 hazardous and
13 quasi-hazardous scenarios. For Experiments 1 and 3, 20 UK clips were employed
(ten of the clips were those used for studies 4 and 6). For Experiment 2, ten UK clips
were used. Finally, for Experiments 5 and 7, 15 clips (part of the 20 UK clips) were
edited into a hazard prediction test.

2.3.7 Editing, synchronisation and clip selection

Driving footage was edited and synchronised using Adobe Premiere Pro. The footage
available from the cameras that captured the mirror information was imported into
Adobe and synchronised with the forward view footage. A graphic overlay of the
interior of a Ford Focus containing mirror placeholders was created in Adobe
Photoshop and the synchronised footage was placed within this overlay (see Figure
2.4). The overlay was generated from internal photographs of the Ford Focus which
were stitched together in Photoshop. The A-pillars and roof were designed to be
transparent. It should be noted that the decision for transparent A-pillars and roof was
submitted to examination (Experiments 2 and 3), as the design can be potentially
criticised for not being realistic (i.e. real A-pillars are not transparent). However, this
design was chosen to mimic the effects of stereopsis and small head movements that
allow the driver to access otherwise occluded information (e.g. if one is first in a queue
of vehicles at a red traffic signal, the nearest set of signals can easily be hidden by the
roof, necessitating the driver to lean forward slightly to be able to look up at the red
light). In order to address this design issue, two studies were conducted examining the
influence that the transparent car interior has on driver’s hazard perception compared
to an opaque overlay (see Chapter 4) (see Figure 2.4 ¢ and d for a reference).

During editing, image quality of some clips was slightly improved, with

brightness being adjusted for the UK clips due to the cloudy weather which creates

63



darker images when captured by the camera than the real-world. The forward view was
captured on a medium width lens which required some anti-fish eye correction to be
undertaken. The resolution of all clips was 1920x1080 with 30 frames per second,
except for the Israeli videos, which were recorded at 50 frames per second.

Hazards were selected by two experts in Traffic Psychology. The average length of the

videos was the following:
20 UK videos: 43750 ms
10 Spanish videos: 42000 ms
10 Chinese videos: 49400 ms

13 Israeli videos: Hazardous clips 20425 ms, Non-hazardous clips: 21648

(a) Chinese clip
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(c) UK clip with transparent car overlay
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(e) lIsraeli clip

Figure 2.4: Screenshots of the Chinese (a), Spanish (b), UK (c and d) and Israeli
(e) hazardous videos. Image (d) contains an example of opaque graphic overlay

applied for experiments 2 and 3

2.4 Apparatus

The equipment used for the experiments of this thesis was primarily either E-Prime 2.0
Software (Psychology Software Tools, 2012) or SMI 500Hz Remote Eye tracking

Device. For Experiment 8, responses were collected via Qualtrics Software.
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2.4.1 E-Prime 2.0

E-Prime 2.0 Software was employed for Experiments 4, 5, 6 and 7. E-Prime is a
software package created for the design of experiments within the field of Psychology
and Cognitive Sciences. The software offers different functions which allow the design
of an experiment (E-Studio), extraction of data for analysis (E-DataAid), file merge (E-
Merge) and experimental running (E-Run). All experiments were programmed
specifically for this thesis. Stimuli were loaded into the software and the tool was
programmed to record reaction time, ratings and written responses of participants,
depending on the nature of the particular experiment. Participants responded either
using the keyboard or the mouse. The E-Prime software was installed on a Lenovo
computer with resolution of 1920x1080 and size of 34.37cm x 56.71 cm. The typical
experiment was programmed in the following way: participants were asked to input
demographic data (age, sex, years of driving, miles driven in the previous two years,
accidents in the previous two years) and then instructions were displayed. Participants
were presented with a practice trial where they could practice the task and ask any
additional questions. Then the experiment took place where drivers were asked to watch
the video clips and either respond to, or predict the hazardous situations. The software

was programmed to record all responses automatically.

2.4.2 SMI 500Hz, Eye-tracking equipment

In order to record eye-tracking data, an SMI RED 500 was used. This included a suite
of programs to control the eye tracked (I-View X), program and run the studies
(Experiment Centre), and analyse the data (BeGaze). Eye-tracking data was recorded
for Experiments 1 and 3. The sample frequency was of 500 Hz. The accuracy of SMI
RED 500 is 0.4 degrees and the size of its headbox is 39.9cm x 20.1cm. The program
additionally collected behavioural responses (e.g. response times to hazards, or
selection of a multiple-choice answer).

Participants were typically positioned at a distance of 60 cm of the screen. A
four-point calibration was used, where participants were asked to follow a dot until the

infrared light captured their pupils and was able to calculate gaze location. On occasion,
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calibration needed to be undertaken more than once, as the system could not capture
the pupil, or participants were not able to follow the point with their gaze in the correct
way. If that was the case, they were given an example of how to easily follow the point
and calibration was repeated until success. The size of the monitor on which the
experiment was displayed was 49 cm x 29.5 cm, with resolution of 1600x900.
Analysis was conducted using the BeGaze software. For each hazard, an onset and
offset were defined. In order to capture fixations, areas of interest (AOIs) were created
for both precursors and hazards, mirrors and frames (see Figure 2.5). On occasion, the
equipment was not able to capture some of the fixations, as they appeared as smooth
pursuits. A smooth pursuit would occur when participants move gradually their gaze
across the screen, while fixated on a moving object. If this movement occurs during an
area of interest (AOI), the equipment does not recognise the fixation as such. In order
to avoid losing valid participants, these fixations were identified and calculated
manually, by subtracting the hazard onset from the entry of the fixation (the
milliseconds in which this fixation started) and dividing the result by the duration of
the hazard.
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Figure 2.5: The two screen-shots depict the areas of interest for a typical hazard

(top image), and left, right and rear-view mirrors and car frame (bottom image).

2.4.3 Qualtrics

Qualtrics is an online survey tool, created for research and data collection purposes.
The tool is user friendly and offers more than 85 question types, including the uploading
of multimedia footage. As Qualtrics typically collects data from participants who
engage with the test outside laboratory control, there are a number of tools that allow
one to check the validity of the data (e.g. how much time participants dedicate to a
particular question; whether they clicked on a question page; whether questions were
displayed to them etc).

Even with the superior design tools of Qualtrics, playing video and collecting
meaningful behavioural responses is a challenge. For instance, simply embedding video
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in Qualtrics results in a progress bar appearing at the bottom of the video. On this basis,
participants could then estimate when the clip was going to end (and thus temporally
predict the hazard). Bespoke programming was required to overcome this limitation.

Also, videos were set to autoplay at the beginning of each question to avoid
participants clicking on the multimedia and stopping it. The duration of videos was
timed, which permitted control over the amount of time participants spent watching
each video. Access to the settings of the survey and the data was only permitted to the
researcher.

Although the data was collected online, prior to the actual experiment

participants were shown instructions and were asked for their consent to participate.

2.5 Forward-Backward translation

As this thesis contains a number of studies conducted in other countries, it is important
to ensure that the instructions provided to all participants are identical in meaning,
despite being written in different languages. To ensure this, the instructions for all
cross-cultural studies were subjected to forward-backward translation. The process of
forward-backward translation contained several levels of building a conceptual
understanding of the tool within each of the target cultures (China, Spain and Israel). It
consisted of (1) forward translation, (2) expert panel (3) backward translation (4) final
version (International Test Commission, 2010). The first step of the process was
conducted by a native speaker of the target language, who was also a transport
researcher (familiar with the terminology used) and highly proficient in the English
language. The aim of the translation process was to emphasise the conceptual rather
than literal translation. Particular English words and phrases do not have a direct
equivalent in another language. For instance, to “undertake” does not have a direct
translation in Spanish or Hebrew. This fact required a careful examination of the
construction of expression in order to define the word in the best possible way.

Furthermore, some definitions also required consideration, as it was necessary to focus
on the role a particular concept has within the target culture. The translated text had to

be simple and clear, with the language adapted to a non-academic audience, avoiding
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jargon and terminology which are not familiar to the population outside academia. For
instance, one of the key aspects of the hazard perception test is the definition of a hazard
or a hazardous situation. It has been challenging to define the concept even within the
original cultural context (Pradhan and Crundall, 2017).

Once the first step was completed, an expert panel was convened with bilingual
members (English and target language). The aim was to discuss and resolve gaps in the
translated version by identifying discrepancies between the new and original version of
the tool. When consensus was reached, the test was translated back into English by an
independent member not related to the field of work. During that part of the process,
the key aspects and terms of the test were highlighted, and attention was given to
concepts sensitive to translation across cultures. Discrepancies and confusions were
discussed until the final version was satisfactory for all the members.

The next step was to conduct a pilot test of non-drivers. The aim of this step was
to find out whether the final version was accessible to all socioeconomic levels. After
the pilot, participants were asked about their impression and whether they were able to
understand the language.

This Forward-Backward translation procedure was applied specifically for
studies, 4, 6 and 8.

2.6 Instructions

Instructions were translated and adapted to each target culture. All participants received
instructions in their native language. Prior to the experiment, participants were provided
with an information sheet and were asked to sign a consent form. They were informed
that participation in each experiment was voluntary and that they had the right to
withdraw even if the study has already begun. They were assured that their data was
completely anonymous and that only the researcher had access to it. They were given
time to ask questions related to their participation before the actual experiment.

All participants received both verbal and written instructions (except for
Experiment 8) prior to the beginning of the test. They all saw a practice trial prior to
each experiment in order to familiarise themselves with the task and assure they have

understood what they are required to do. Each practice trial contained a feedback
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section, where correct answers were provided. Feedback of performance was given only
during the practice trial. If they did not understand the task or answered incorrectly to
the practice trial, the researcher provided an additional explanation and feedback. The
researcher would not start the actual experiment if participants reported doubts about

any of the tasks.

2.7 Ethics

All the studies in this thesis were carried out in accordance with the Declaration of
Helsinki and recommendations of the Health Research Ethics Committees of
Nottingham Trent University, and were approved by the College Research Ethics
Committee of Nottingham Trent University.

In order to develop a video-based test using realistic footage, it was necessary
to carry out video-recording during normal driving using cameras attached to the
windows of the car. To avoid any possibility of an accident, due to the driver not being
familiar to the presence of cameras, driving and recording were performed by a
researcher who is an expert driver and has already been trained in driving with cameras.

A risk assessment for on-road filming can be found in Appendix B. A protocol

for filming was developed following guidelines from the Health and Safety Executive
(see Appendix A) for filming from moving vehicles. Footage was only recorded from
journeys that were required for reasons other than filming (i.e. no driving for the sole
purpose of filming was conducted).
Informed consent to participate in the studies was obtained from all participants. Only
the researcher had access to the data collected within this thesis. In order to anonymise
the collected data every participant was given a Unique ldentifying Code. Data
collected from participants was kept separately from participants’ personal details in
order to ensure anonymity and confidentiality.

Participants were told that they are able to withdraw their data upon until the
point of data analysis. After which any personal data (as defined by the Data Protection
Act, 1998) would be destroyed, and only anonymised raw data and summary data will

be retained.
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This procedure was explained to the participants in the information sheet, prior
to the experiment. The consent form confirmed that participants understood the
procedure. Participants were informed that following analysis, summaries of non-
personal data (demographics, responses in hazard perception test results) may be
retained long-term as part of a larger data set and used for publication (unless they had

asked for their data to be removed). After each experiment, participants were debriefed.
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Table 2.1: Description of the UK clips

N° Content Hazard Duration of the clips (ms)
1 A car ahead overshoots a red traffic signal. As the
cross traffic begins to enter the junction, the Th inf
reversing light of the car turns on and the car ahead e car in front 64000
reverses towards you. The clip occludes following reverses
initial illumination of the reversing light.
2 As you are driving, the car indicates and pulls over
blocking your path. As you try to overtake the car
and continue your path, a car from behind The car on the
overtakes you (passing from the right mirror, into right overtakes 34000
the blind spot, before emerging into your forward g
view). The clip occludes at the point where the
overtaking car enters the blindspot.
3 You are driving along a narrow urban street and A pedestri
the head of a pedestrian is visible above the parked pedestrian
cars on the left. The clip occludes as the pedestrian from the left 34000
moves between the parked cars to step into the crosses the
road. street
4 You are driving in a street with shops and parked
vehlf:les on the left side. There is a ped_estrlan A pedestrian
coming out of one of the shops, approaching the from the left
street. The pedestrian steps out from between two 49000
- crosses the
parked cars on the left just as you accelerate after street
waiting in standing traffic. The clip occludes when
the pedestrian turn his head to look at your car.
5 A distracted pedestrian is walking towards the A distracted
street. The pedestrian crosses the road from the pedestrian
right without looking. The clip occludes when the crosses the 54000
pedestrian approaches the road in order to cross. street from the
right
6 A car behind you is visible in the rear-view mirror
and left side mirror. The car from behind
undertakes you on the left on a multilane road
Once past you, it cuts into your lane and is forced A car from the
to brake suddenly due to a red traffic light. Theclip  left undertakes 43000
occludes when the car is no longer visible at the
left mirror, but a flash of it is visible on the left
window.
7 There are pedestrians on both side of a narrow
street. A pedestrian with a child’s push chair enters A pedestrian
the road from the right without looking. Her with a pram
entrance is partially obscured by pedestrians crosses the 32000
standing on the right. The clip occludes when the  street suddenly
push chair is partially visible among the  from the right
pedestrians.
8 You are driving along a narrow urban road. A A pedestrian
pedestrian approaches from the right with  from the right
shopping bags. They are temporally obscured by a crosses the 46000
large plant pot, before they step out into the road.  street without
The clips occludes just as they begin to step out looking for
from behind the plant pot. upcoming cars
9 A bus in a bus lane signals to pull away from a bus
stop. Due to parked vehicles ahead in the bus lane,  The bus in fornt
it pulls out into your lane forcing you to stop. The cutts into the 31000
clip occludes following one flash of the indicator lane
from the bus.
10 A car ahead emerges from a side road on the left

and crosses your lane (too far away to be
considered a hazard). It then indicates again and
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11

12

13

14

15

16

17

18

19

20

immediately cuts across your lane once more to
park in a layby. This second lane crossing is close
enough to your vehicle to constitute a hazard. The
clip occludes just before the car starts to cross your
lane and following one flash of the indicator of the
car.

A car behind you is visible in the rear-view mirror
and left side mirror. The car from behind overtakes
your vehicle on a blind rural bend. The appearance
of an oncoming vehicle in the opposite lane forces
the overtaking vehicle to pull back into your lane
immediately in front of you. The clip occludes
when the car is no longer visible at the rear-view
mirror and the right mirror.

While travelling at speed along a country road, a
blind bend ahead reveals a queue of standing
traffic, forcing you to slow and stop. The clip
occludes immediately after passing the blind bend,
when the brake lights of the cars ahead are
partially visible

While your car is slowing due to congestion ahead,
a pedestrian looks over his shoulder before
deciding to run in front of your vehicle forcing to
slow more abruptly than otherwise required. The
clip occludes at the moment when the pedestrian is
visible at the left pillar and is looking at your car.
Driving through a school area, two pedestrians are
visible on the right. You can see that the woman is
looking at the car. The clip occludes at the moment
she gesticulates with her arm, thinking that you
have given way for her and her child to cross.
You are driving along a narrow road with parked
cars on both sides, which are obscuring the view
ahead. Suddenly an oncoming van appears ahead.
The clip occludes at the moment the white van is
partially visible.

While driving along a narrow urban road, it
becomes visible a white van parked on the left side
of the road. One of the doors of the cargo is open
and a pedestrian (the owner of the van) is
approaching. This clip was not part of the hazard
prediction test.

You are driving along a narrow urban road and
stop due to red traffic lights. The car in front aims
to turn left, however the upcoming traffic is
obstructing its way. The car in front stops even
though the traffic lights turned green. This clip
was not part of the hazard prediction test.

You are driving along a residential area with
pedestrians on the right side of the road. While
driving along the road, pedestrians step into the
road from the right side. This clip was not part of
the hazard prediction test.

While driving the road narrows as you are
approaching a road works ahead. Suddenly a pipe
becomes visible from the left, hold by one of the
workers. The pipe nearly touches your vehicle.
This clip was not part of the hazard prediction test.
While driving on a single carriageway, one of the
upcoming cars signals with the intermittent and
then makes a turn, crossing your path. This clip
was not part of the hazard prediction test.

The car in front
turns to the left
in the last
moment

The car behind
overtakes at a
blind bend

Queue of cars

A pedestrian
crosses the
street on the left

Pedestrian from
the right crosses
the street

A van appears
suddently
behind parked
cars

Pedestrian
approaching
from the left

The car
preceding you
stops at green

traffic lights

Pedestrians
approaching
from the left

A worker
carrying a large
pipe

A car form the
right crossing
yur path

42000

36000

61000

34000

70000

34000

35000

42000

46000

46000

42000
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Table 2.2: Description of the Chinese clips

NO Content Hazard Duration of the clips (ms)
1 A pedestrian is visible at the right edge of the road,
looking to cross. The pedestrian is obscured by a
turning car at the point of stepping into the road. By .
the time the pedestrian is visible again, he has P?:tegttrrlénrg;edps 55000
already stepped into the road becoming a hazard. form the right
For experiment 2, the clip occludes just as the
pedestrian starts to become visible as the obscuring
car moves past.
2 There are parked cars on both sides of a narrow
street that might occlude pedestrians. A pedestrian Pedestrian
steps into the road in front of you, from between crosses the road 57000
two parked vehicles. The clip occludes as the from the left
pedestrian first becomes visible stepping out from
between the parked cars.
3 A gap in a long line of parked vehicles on the left
side of a one-way street indicates the presence of a A cvelist
side road. A cyclist emerges from the side road, emer )elzs from 26000
obscured by the parked vehicles, and makes a wide the I% ft side
turn in front of your vehicle, before cycling towards street
you. The clip occludes as the front wheel of the
bicycle enters the view.
4 Your car slows on approach to a junction. A cyclist
approaches from the left and is partially obscured A cyclist
by the A-frame of the semi-transparent graphic  crosses the road 63000
overlay. The cyclist cuts directly across your path. from the left
The clip occludes as the cyclist makes a change in side
direction to cut across your path.
5 Your car is driving slowly and there are parked cars
on the right. A parked car on the right side of your A parked car on 57000
lane indicates late before attempting to pull out in  the left joins the
front of you. The clip occludes following one flash road
of the indicator from the manoeuvring car.
6 A car immediately behind you, visible in the rear-
view mirror and left side mirror, decides to overtake A car from the
by entering a slip road to your left. It is forced to left side 31000
immediately pull back into your lane, in-front of attemots to
you, as the slip road ends. The clip occludes when undePtake
the car is no longer visible in the left mirror, but
flash of it is visible in the left window.
7 A car behind you is visible in the rear-view mirror
and right side mirror. The car undertakes you on the
left by entering a bus lane. Once past you, it cuts A car
into your lane and is forced to brake suddenly due undertakes from 50000
to slowing traffic ahead. The clip occludes when the the riaht
car is no longer visible in the right mirror, but it eng
quickly appears next to the right window of your
car.
8 A car behind you is visible in the rear-view mirror A car
and right side mirror. While attempting to exit a undertakes from
multilane road, the car from behind accelerates to the left whil 62000
undertake your vehicle, forcing you to hold off exiteizneth\:evr‘rl;in
moving into the desired lane. The clip occludes mo%orwa
when the car is no longer visible in the right mirror. y
9 A lorry approaches fast from the right-hand side.
The lorry enters the main road from a side road on A truck joins 38000

the right, cutting into your lane. The clip occludes
at the moment in which the lorry is about to enter
into the main road.

the road from
the right
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A car behind you is visible in the rear-view mirror
and left side mirror. The car indicates with the front
lights. Then undertakes via a bus lane at speed,
immediately cutting in front of your vehicle and
braking. The clip occludes when the car is no longer
visible in the right mirror.

Acar is
approaching on
the emergency

lane from the
right

55000

77



Table 2.3: Description of the Spanish clips

NO Content Hazard Duration of the clips (ms)
1 A gap in a long line of parked vehicles on the left
side of a one-way street indicates the presence of a
side road. A motorcyclist emerges from the side A motorcyclist
road, partially obscured by the parked vehicles,  emerges from 41000
and enters the main carriageway immediately in the right
front of your vehicle. The clip occludes when the
front part of the motor is visible.
2 A pedestrian is stood in the road next to a parked The door of a
car waiting for her friend to exit the car. As your car parked on
car approaches the driver’s door of the parked the right 42000
vehicle opens. The clip occludes when the suddenly opens
pedestrians stops next to the car.
3 On entering a side road, a rider on a scooter is
checking over her shoulder in order to pull out
around a vehicle blocking her lane. She then pulls Aoziof?germﬁgs 34000
out in front of your vehicle, as you finish turning left
into the side road. The clip occludes following one
flash of the indicator of the scooter.
4 While travelling on a dual carriageway, in the
distance a pedestrian enters from the left side of the A pedestrian
road. The pedestrian continues to cross the street, crosses the road 37000
forcing you to slow and stop. The clip occludes at from the left
the moment when the pedestrian enters the road.
5 A car emerges from a side road and stops in front
of you before indicating that it is going to reverse The car in front
into a parking space at the road edge. The clip stons suddenl 53000
occludes following one flash of the indicator from P y
the car.
6 A van is approaching fast from a side road on the
right. The van tries to pull out and it halts abruptly
when already partially out of the road, but /:\b\;ﬁnt?p?gﬁz]s 48000
nevertheless forces you to brake suddenly. The clip thz r)i/ ht
occludes when the van is approaching from the g
right and almost enters your lane.
7 A car ahead stops on a zebra crossing due to
congestion ahead. A pedestrian, unable to cross on
the actually crossing, steps into the road slightly in A pedestrian
advance of the zebra crossing. As she steps out she approaches 42000
is partially obscured by parked vehicles on the from the left
right. The clip occludes just as the pedestrian first
become visible.
8 A double-length (‘bendy’) bus in the right lane
indicates and pulls off from a bus stop immediately A bus from the
in front of you, after you have just exited from a  right lane cuts 50000
roundabout. The clip occludes when the bus turns into the right
to enter the road and following a flash of the lane
indicator of the bus.
9 While driving on a dual carriageway, a motorcycle
undertakes in the right lane and is forced to pull in-
front of your car as traffic in the right lane slows A car from the 26000
due to congestion. The clip occludes when the left undertakes
motorcycle is no longer visible in the right mirror,
but part of it is visible at the right window.
10 A pedestrian is approaching from the left, partially .
obscured by a pillar. The pedestrian crosses the A pedestrian
; approaches 47000
road ahead from the left. The clip occludes when from the left

the pedestrian is approaching the zebra crossing.
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Table 2.4: Description of the Israeli clips

NO

Content

Hazard

Duration of the clips (ms)

10

You are driving along a narrow residential road,
with cars parked on the right side of the street.
One of the parked cars turns on its brake lights and
another car emerges from the left side of the
street. The clip occludes at the moment when the
front part of the emerging car is partially visible.
While driving you are approaching an underpass.
You enter and there is a congestion of cars on both
sides. The car on the right signals and cuts your
path. The clip occludes with the first flash of the
intermittent.

You are driving on an urban dual carriageway
road and there is an additional lane where there
are parked cars. On the right mirror a taxi is
visible and it undertakes your car just immediately
before colliding with one of the parked cars. The
clip occludes at the moment when the taxi is no
longer visible at the right mirror.

You are waiting due to red traffic lights. The road
ahead diverse and there is a congestion of cars on
your left side. On your right mirror is visible a van
that is approaching towards the diversion. It
quickly undertakes your car and squeezes
between into your lane. The clip occludes at the
moment when the van is no longer visible on the
right mirror.

You are driving on a narrow urban road and there
is a truck in front of your car. There are parked
cars on the right side of the road and a pedestrian
is approaching towards the street. The clip
occludes at the moment when the pedestrian looks
at your car.

While you are driving along a congested urban
road the car in front diverse into the left lane and
then suddenly brakes and cuts your path. The clip
occludes after the car’s intermittent emits a couple
of flashes.

You are driving along the middle lane of a
motorway while the right lane is heavily
congested. One of the urban buses from the right
lane cuts yours and other vehicles’ path. The clip
occludes when the bus has slightly started to turn
left and have emitted a couple of flashes.

You are driving along a residential area with
pedestrians  crossing the street. You are
approaching a roundabout where there is a zebra
crossing. Suddenly a cyclist appears from the left
and crosses the street. The clip occludes when the
cyclist is visible on the right window of the car.
While driving along a narrow road, it becomes
visible that the car in front has its emergency
lights on, while still moving. The car then turns
left into a side street and starts reversing back into
the main road. The clip occludes at the moment
when the car starts to reverse.

You are driving along a congested urban road, all
traffic lights are green. On the right-hand side,
there are cars waiting to join the main road. A

A car emerging
from the left

A car on the
left side cuts
your path

A taxi
undertakes
form the right

A van
undertakes and
cuts your path

A pedestrian

steps into the

road from the
right

The car on the
right cuts your
path

A bus from the
right cuts my
path

A cyclist from
the left crosses
the street

A car reversing
back into to the
main street

A motorbike
joins the main
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27866

40666

22300

16166

21166

18333
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11

12

13

10

11

12

13

motorbike appears from the right and approaches
the main road without stopping at the red lights.
The clip occludes at the moment when the
motorbike is about to join your lane.

You are driving on a three-way carriageway. An
urban bus from the right lane intends to join your
lane. The clip occludes when the bus has started
slightly to turn left and have emitted a couple of
flashes.

You are waiting while the traffic lights turn green.
You start driving slowly as the traffic is
congested. On the left mirror is visible a
motorbike which approaches very fast and cuts
your path. The clip occludes when the motorbike
is no longer visible at the mirror and is visible on
your left window.

You are driving on a narrow road with parked cars
on your right side. One of the parked cars is trying
to join your path. The clip occludes at the moment
when the brake lights of the car are visible.

You are driving along a narrow street and the
traffic lights turn red

You are driving along a motorway and the two-
lane road narrows into one lane

You are driving on a busy urban road and a bus
is waiting on your right

You are driving along a narrow dual road and
there is a cyclist in front of you

You are driving along an urban road and the
traffic lights ahead turn red

You are driving along a busy urban road with
pedestrians and cars on both sides

You are driving along a busy road with cars
constantly undertaking you

You are driving along a motorway and there is a
motorcyclist in front of you

While driving the car in front of you brakes but
then continues its way and joins the roundabout
You are driving on a three-lane motorway with a
busy left lane

You are driving in a busy motorway with cars
constantly braking in front of you

You are driving along a three lane road and
traffic circulates around you

You are driving along an urban road and there is
a lorry in front of you

street from the
right

A bus cuts your
path from the
right

A motorbike
cuts your path
from the left

A parked car
from the right
tries to join
your way

No Hazard
No Hazard
No Hazard
No Hazard
No Hazard
No Hazard
No Hazard
No Hazard
No Hazard
No Hazard
No Hazard
No Hazard

No Hazard

14600

19233

16200

31800

19733

22200

21300

17800

23100

21100

17300

21100

25000

16900

23066

21033
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Chapter 3

DESIGN OF THE HAZARD PERCEPTION VIDEO CLIPS
Experiment 1
Does adding mirror information to the traditional hazard

perception clips improve driving performance?

3.1 Introduction

The hazard perception test (HP test) has a long history of (mostly) successful
discrimination between safe and unsafe drivers. It has been designed to measure hazard
perception skill (HP skill) which has been argued to be the most reliable higher
cognitive predictor of collision involvement (Horswill & McKenna, 2004).

The HP skill is a complex one, encompassing different basic processes such as
perception, attention and decision making, however it has not been investigated to what
extent each of these processes are related to the hazard perception skill. Instead HP tests
have ostensibly been designed on the basis of pragmatics (as long as it discriminates
between safe and less-safe drivers why worry about the intricacies of the underlying
sub-processes?) with no consensus on a clear definition of what a hazardous situation
is, which would help for a robust HP test protocol (Pradhan and Crundall, 2017). This
is fine as long as the test works, but when a new HP test is found not to work, it is hard
to understand why without recourse to a theoretical framework underpinning the skill.

Nonetheless, research in hazard perception has grown. Different research
groups have developed their own tests, but without any scientific standardisation in
terms of terminology, methods, metrics etc. While some researchers manage to replicate
the basic experiential effect (Horwsill & McKenna, 2004; Wallis & Horswill, 2007),
others have failed to find such differences (Crundall, Underwood & Chapman, 1999;
Groeger et al., 1998; Sagberg & Bjernskau, 2006).
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More recently, new studies which have been conducted outside the UK and
Australia (where the HP test has been most investigated) also failed to find differences
between the driver groups on the basis of safety (e.g. collision history, driver
experience; Borrowsky et al., 2010; Lim et al., 2013; Yeng & Wong, 2015). Due to
these inconsistencies the validity of the HP test has been queried (Horswill & McKenna,
2004; Lim et el., 2013; Shahar et al., 2010) and the methodology used by the test has
been questioned (particularly, the use of response times as a measure of performance;
Jackson et al., 2009; Crundall, 2016). Unfortunately, it is difficult to identify why some
tests work and others do not, as tests differ in many ways including presentation mode
(e.g. still images, video, simulation), (Crundall et al., 2012; Horswill, et al., 2015;
Pradhan et al., 2005; Scialfa, Pereverseff & Borkenhagen 2014; Wallice & Horswill,
2007), required response (e.g. timed response, localised response, predictive accuracy)
(e.g. McGowan & Banbury, 2004; Crundall, 2016; Jackson et al., 2009; Wetton et al.,
2010, 2011) and what constitutes a hazard (materialised vs. unmaterialised; hidden vs.
unhidden; staged vs. naturalistic) (Catchpole & Leadbeatter, 2000; McKenna & Crick,
1991; Pradhan et al., 2009; Ventsislavova et al., 2016; Vlakveld, 2014)

At the start of this thesis, new hazard stimuli were collected and edited, taking
advantage of recent advancements in digital video recording technology and video-
editing techniques. Given the inconsistent findings, across research groups and
countries, this gives rise to the first question of this thesis, namely whether the basic
hazard perception effect (i.e. safer drivers responding faster than less-safe drivers) can
be replicated with the new stimuli. The definition of safe and less-safe drivers is,
however, a difficult one. Past-behaviour is often considered the best predictor of future
behaviour, thus one might want to categorise participants based on crash history (Bem,
1980). Unfortunately, crashes are relatively few and far between, and those that drivers
can remember may have been caused by factors other than their own skill level or risk-
taking propensity. Near-collisions are more frequent, but memory for these can
deteriorate quickly (Chapman & Underwood, 1998). One alternative that has frequently
been used in the literature is to compare the performance of driver groups who differ
on experience. Drivers within the first six months of passing their test have the highest
probability of being involved in a collision, especially one that results in a fatality

(McCartt et al., 2003; Mayhew et al., 2003). While some argue that poor attitudes to
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driving risk are to blame, there is considerable evidence to suggest that they simply
have not yet developed the relevant skills for safe driving, both in general and
specifically in relation to hazard perception (Foss et al., 2011; Williams & Tefft, 2014).
Driving style is also closely related to traffic accidents and could be a steady predictor
of driving behaviour (reckless and careless drivers are more likely to involve
themselves in dangerous driving behaviour) (Taubman-Ben-Ari, & Skvirsky, 2016).
However, this chapter is going to focus only on driving skill as it more closely
associated to driving performance and information processing (while driving style is
associated to driving behaviour). The primary aim of this study was therefore to assess
whether the basic experiential effect can be evoked with new stimuli filmed and edited
for this thesis.

3.1.1 The impact of mirror information

Typically, the video clips that are used in a traditional HP test only contain visual
information related to what happens in front of the vehicle (filmed from a single
forward-facing camera mounted internally or externally to a car). This makes it difficult
to detect undertaking and overtaking hazards. This fact restricts the type of hazards that
can be selected for the test. Although this approach has been criticised (Alberti et al.,
2014; Shahar et al., 2010), the UK Government has not indicated any desire to improve
the field of view available to HP candidates in the HP test (only the quality of the clips
has improved to computer generated imagery CGI). This may be a particular problem
for hazard tests in developing countries where there may be a greater amount of
overtaking and undertaking hazards (Lim et al., 2013).

There are two easy ways to expand the field of view available in a simple hazard
perception test: widen the available forward view (e.g. adding flanking screens to a
central display or possibly displaying video in a VR headset), or by adding mirror
information to the forward view, allowing the driver to see behind the film-car. Shahar
et al., (2010) adopted (and confounded) both methods. In one condition they presented
participants with either a single forward view (though including rear-view mirror
information), or a three-screen forward view (which also included side mirror

information on the left and right screens). They found that responses to hazards were
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significantly faster when participants saw the three-screen information, though
interestingly this included hazards that solely appeared on the central screen. The
authors suggested that the greater visual field may increase overall arousal leading to
faster responses to hazards that should not ostensibly benefit from a wider field of view.
While it appears that a greater field of view had a positive effect on hazard perception
reactions, it is impossible to know whether this was due to the wider forward view, or
the provision of side-mirror information.

Allen et al., (2005) tested three different types of screen in a simulator study (a
single screen, three-screens and a large three screen display, with the last two including
mirror information) in an instrumented car cabin. They found that novice drivers
behaved differently across the three conditions with more aggressive and “unrealistic”
behaviour during the single screen condition (which possibly encouraged an
underestimation of risk and over-estimation of the HP skills). Unrealistic and less
immersive contexts could evoke less realistic patterns of behaviour, tempting drivers to
engage in less realistic behaviour (and they may be less likely to be looking in the
appropriate location). Again, however, we do not know whether the inclusion of mirrors
or an expanded field of forward view had differential effects on performance.

This field-of-view limitation in the design of the HP test has raised the second question
of this study: will the provision of mirror information improve the efficacy of hazard
tests? It could equally be asked whether expansion of the forward view improves
performance, however this thesis will constrain itself to the technology that is used in
current testing centres. Adding mirror information requires effort in the generalisation
of the stimuli (see Chapter 2) but does not require any additions to the hardware
required to run the test. Conversely, increasing the forward field of view would require
the use of VR headsets or multiple-screen set-ups, which makes testing more difficult.
This thesis has adopted the approach of designing tests for the simplest possible testing
set-up, ideally requiring no more equipment than is currently available in UK driving
test centres for the official hazard perception test. It is predicted that provision of mirror
information may influence the performance gap between safe and less-safe drivers.
Given the paucity of information in the literature, no prediction is made about the
direction of this effect in terms of widening or narrowing the gap between

experienced/safe and novice/less-safe drivers.
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3.1.2 The impact of adding a car interior

While the mirror information could be placed on a forward video view as picture-in-
picture, the decision was made to create a graphic overlay of a car interior, with place
holders to house the mirror information. This provides a context that allows viewers to
understand what the additional video streams reflect (i.e. mirror information), and
where to find it. The addition of a car interior may, however, have an independent effect
on hazard performance. Not only might the inclusion of the overlay increase immersion
(and perhaps make visual behaviour more realistic), the car interior might bring the
hazards perceptually closer: without a graphic overlay, the edge of the screen forms the
‘windscreen’, however, the smaller windscreen area of the graphic overlay means that
hazards take up a greater percentage of the windscreen, and may therefore feel closer,
and thus more hazardous (see Figure 3.1). In order to assess whether the addition of the
car interior itself has any effect on hazard perception, a separate condition included

clips with the overlay but without mirror information.

3.1.3 The role of eye movements in hazard perception

The few studies that have investigated the impact of expanding the visual field of view
on hazard perception performance have not measured eye movement information or, if
they did, the role of experience was not clearly discussed (differences between
experienced drivers have not been reported e.g. Shahar et al., 2010). This is a surprising
omission given the importance of eye movements during driving, and the development
of visual skills as driving experience increases.

The differences between visual strategies of experienced and novice drivers are
crucial in terms of collision liability. It has been widely demonstrated that when the
roadway becomes more demanding, experienced drivers tend to fixate hazards faster
than novices and that novices show longer fixations to hazards (Chapman &
Underwood, 1998; Chapman, Van Loon, Trawley & Crundall, 2007; Crundall &
Underwood, 1998; Underwood, Crundall & Chapman, 2002). This is due to the less-
experienced drivers requiring more time to find, and then process, the hazard. Pollatsek,

Fisher & Pradhan, (2006) have reported several studies where novice drivers clearly
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fixated crucial risky regions of the driving context less frequently than experienced
drivers. Similar results were found by Crundall et al. (2012) where novices showed less
attention to the critical stimuli. This suggests that novice drivers are not fully aware of
the hazardous situation (Crundall et al., 2012), as their fixation durations should
increase when confronted with a hazard. Less experienced drivers have not yet
developed their hazard perception skill (due to the lack of experience with hazardous
situations) enough to be able to meet the demands of the road environment. Thus,
novices may need more time to process potential hazards, and therefore maintain their
gaze close to the vehicle and central to the view (Alberti, Shahar, & Crundall, 2014;
Crundall & Underwood, 1998; Konstantopoulos et al., 2010; Mourant & Rockwell,
1970). In turn, experienced drivers know where to look and what features to prioritise,
showing flexible strategies and adapting their visual search according to the
requirements of the visual scene (Crundall & Underwood, 1998).

In regards to eye movements specifically to mirrors, research has demonstrated
that glances at mirrors do vary with driving experience. For example, Konstantopoulos
et al., (2010) found that driving instructors fixated side mirrors significantly more than
learners, which is consistent with another previous study by Underwood, Chapman,
Bowden & Crundall (2002) where experienced drivers inspected left and right mirrors
more than novice drivers. It has been argued that this is due to the different (erroneous)
prioritisation strategies that novices use (Konstantopoulos & Crundall, 2008) and even
though Olsen et al., (2007) showed that novice drivers are able to learn to inspect more
near-side and rear-view mirrors in the first six months, they still had fewer glances in
comparison to experienced drivers in some conditions, such as performing secondary
tasks (e.g. in-vehicle tasks).

Given research that suggests (a) inexperienced/less-safe drivers should be worse
at hazard perception, and (b) they are less likely to use mirrors in some instances, it
suggests that any such effects found in this study might be explained, at least partially,
by the eye movements of drivers. Accordingly, participant eye movements were
recorded using a desktop eye tracker to assess whether the inclusion of mirrors evoked

changes in eye movements (perhaps more so in experienced/safer drivers than novices).
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3.1.4 Overtaking and undertaking hazards

The present study is also concerned about overtaking and undertaking hazards, and,
similar to Shahar et al. (2010), examines whether the mirror information will improve
response times to these hazards. There is very little literature that has looked particularly
at these types of hazards, although they are considered one of the most dangerous
scenarios (Rameau et al., 2016).

Shahar et al. (2010) mentioned the importance of including overtaking hazards
in the official HP test given the propensity of such scenarios to contribute to crash
statistics, however in their study they did not measure eye movements and differences
between experience groups were not reported.

The current study included a variety of hazard types across a selection of edited
video clips, though three of these clips included overtaking or undertaking hazards.
Though these hazards reflected only 15% of the total hazards in the study, it was
considered that these hazards might benefit most from the inclusion of mirror
information. Accordingly, this subset of hazards was subjected to additional scrutiny

during the analyses.

3.1.5 Overview of the study

To summarise, the current study was interested in answering a number of questions:

1. Could the basic HP experiential effect be replicated using newly recorded and
edited footage, designed specifically for this thesis? Will experienced drivers
react faster to the pre-defined hazards and will they respond faster to these
hazards once they have fixated them?

2. Does the provision of mirror information impact on the efficacy of the hazard
perception test? Will mirror information enhance performance on the hazard
perception test?

3. Does the mere inclusion of the car interior influence hazard perception
performance?

4. Can eye movements help explain any of the above effects? Will experienced

drivers fixate hazards faster than the novices?
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5. Is perception of undertaking and overtaking hazards influenced by the provision
of mirror information? Are these hazards detected faster in the mirror condition
than in the forward view condition?

6. Do experienced driver show wider spread of search in comparison to the
novices?

The present study compared three types of video clip design: traditional HP forward
view video clips, clips including car overlay (but without mirror information) and clips
including left, right and rear-view mirror information embedded in the car overlay (see
Figure 3.1).

While it was possible to create a fully orthogonal design (including a fourth
condition where mirror information was presented without the car interior) this was
rejected. The reason for this was, the car interior acts as a placeholder for the mirror
information, demarcating it from the background and placing it in context. Providing
mirror information without the car interior acting as a placeholder, would result in odd
patches of embedded video which may confuse participants.

Experienced and novice drivers viewed one of three sets of clips, and pressed a
button as soon as they thought they saw a hazard in the scene (e.g. a car emerging from
a side road, a pedestrian stepping out from behind a parked car). It was predicted that
experienced drivers will fixate and respond faster to the hazards, and will be more
accurate than the novices. It was also predicted that the different conditions (normal
view, car-interior view, mirrors view) will impact performance with the mirror
condition reporting the highest scores. Specifically, it was expected that during the
mirror condition overtaking hazards will be spotted faster than in the other two
conditions. Additionally, while novices were expected to explore less the driving
environment than the experienced drivers, we did not make any predictions about the

amount of extra hazard responses each group will report.

3.2 Method

3.2.1 Participants

Seventy-three participants were originally tested for this experiment, however 16 were

excluded due to poor eye calibration. The final sample was composed of 57 participants,
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with 28 classed as experienced drivers and 29 as novices (19 of these were learner
drivers). Participants were divided into experienced and novice drivers using the
following criteria: experienced drivers were those who passed their driving test at least
two years before the experiment and have driven more than 500 miles the previous year
of testing. Novice drivers were those who were either learners, or participants that had
passed their test in the previous 12 months, and had driven at minimum 30 miles. Mean
mileage for the experienced drivers was calculated considering the miles driven in the
previous two years prior to the experiment. For novices, miles since passing their test
were used (as they had less than one year of driving experience). In the case of learner
drivers, hours of practice were converted into miles and averaged (one hour of practice
was equivalent to 20 miles). This criterion has been followed for all the studies in this
thesis. The mean mileage for the experienced drivers (mean age=27.2) was 6311.8
miles and for the novices (mean age=21.4) 489.7 miles. The average years of driving
for the experienced groups was of eight years and for the novices, four months (post-
licence). All participants had normal or corrected to normal vision. The sample was

composed of university students and staff, and visitors to the university.

3.2.2 Design

A 2 x 3 between groups design was used for this study, where the factors were the level
of experience (experienced vs. novice drivers), type of video design (forward view vs.
car layout vs. mirror view) and type of hazard (overtaking vs non-overtaking). Driver’s
fixations to the hazards, reaction times and extra hazard responses were measured as
dependent variables.

The study had three experimental conditions: the first contained 20 hazardous
video clips filmed from the driver’s perspective where participants could see only the
forward view of the driving situation (see Figure 3.1a). These clips were designed
similarly to the traditional hazard perception test. For this first condition only one
camera was used, attached to the front windscreen of the car. The second condition
contained identical video clips as the first one, however in this case a car layout was

added to the video image (see Figure 3.1b). The third condition included both the car
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interior and mirror information: left, right and rear-view mirror footage was added to
the forward view image (see Figure 3.1c).

In order to calculate response times (RTs) for the hazards, hazard onsets and
offsets were defined for each clip. Onset was defined as the point in which the hazard
starts to develop and could eventually pose a threat. This is the moment when a
precursor turns into a hazard (e.g. a car ahead begins to edge out of a line of standing
traffic in front of the film car; a pedestrian steps off the sidewalk, etc.), and offset was
defined as the moment where any later responses would not avoid a collision (e.g a
pedestrian already crossing the street which would have required a corrective action by
one of the road users to avoid a collision). Each hazard has been considered
individually, as the type of hazard varied across different clips. Both onsets and offsets
were defined by two experts with several years of experience in the field. Hazard onset
times for each clip were subtracted from button-press times to give the RTs. Where
participants failed to make a response during a particular clip, they were assigned a
maximum response time, equivalent to the hazard offset (following McKenna et al.,
2006). To minimize skew in the data a square-root transform was undertaken. The
transformed RTs were then standardised into Z-scores using the overall sample mean
and standard deviation (SD) for each hazard. This process was necessary because the
hazard windows varied in duration, and without standardisation some hazards might
exert a greater influence on the final mean than others (following Wetton et al., 2010).
While the analysis was conducted on these z-scored, square-root transformed RTSs, for
clarity of presentation in graphs these figures were converted back into millisecond
response times using the mean and standard deviation across all hazards and
participants.

Eye movement information was recorded and analysed via SMI Experiment
centre and BeGaze software. Fixations recorded by the software that were less than
80ms were not included in the analyses. A threshold of 80ms was chosen in order to
exclude any brief fixations that are unlikely to have processed anything. Areas of
interest (AOI) were allocated for each of the hazards (starting with the pre-defined
hazard onset and finishing with the pre-defined hazard offset; the difference between
the two is termed the hazard window) and mirrors (for the left, right and rear-view

mirror). A rectangle was drawn on each hazard which allowed the AOI to follow the
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hazard through each frame without missing any of the hazard movements (see Figure

2.5). Following, AOIs for the mirrors were delimitated by a small rectangle.
Participants were randomly allocated to one of the three conditions. Following

data loss, this left 21 (ten novices) participants in the forward-view condition, 19 (nine

novices) in the car-interior condition and 17 (ten novices) in the mirrors condition.

3.2.3 Materials

The hazard perception test created for this study was comprised of twenty video clips.
The video clips were composed of footage filmed in the United Kingdom and were
edited in a hazard perception test using Adobe Premiere (see Chapter 2).

The forward view was recorded with a mini HD video camera attached to the
inside of the front windscreen and the rear-view mirror footage was recorded via camera
attached to the inside of the rear window. The additional side-mirror footage was
recorded using cameras attached to the side windows. The mirror footage was
synchronised with the forward view and edited into mirror placeholders that were
contained in a graphic overlay of the inside of a car. The overlay was designed to be
transparent from half way up the A-pillars, allowing the forward view to be seen
through these sections of the overlay. Full occlusion of the A-pillars was considered to
be too severe, and A-pillar occlusion in the real world can be offset by stereopsis and
small head movements (for more information, see Chapter 2). All video clips included
one pre-defined hazard (see Table 2.1 for description).

Clips were displayed on a monitor with resolution of 1920x1080 and screen size
of 49 cm x 29.5cm. Eye movements were sampled binocularly at 500Hz with an SMI
eye tracker computer, and only fixations higher than 80 ms were considered for the
analyses. Participants were free to move their head and responded using a mouse and

keyboard connected to the laptop.

3.2.4 Procedure

Prior to the experiment, participants received both verbal and written instructions. They

were asked to fill in demographic information about their age and driving history (years

91



of driving, miles driven and accidents during the previous two years). Then they were
allocated randomly to one of the three conditions (all conditions contained the same
hazardous video clips, which appeared in a randomised order). Once allocated, they
were asked to sit on the chair in front of the screen as comfortably as they could in order
to begin calibration and record their eye movements. They were asked to follow a dot
on the screen with their gaze until calibration was completed.

During the study, prior to each video, a small fixation cross appeared on the
screen for a second. Participants saw 20 clips and during each clip they were asked to
click a button every time they thought they saw a hazard (a hazard was defined as an
object or situation where they had to perform an evasive manoeuvre, such as braking
or swerving, in order to avoid a collision). Participants were instructed that there was
only one correct hazard. Correct identification of a hazard was defined as a response
that fell within a temporal scoring window for each hazard. Hazard onset times for each
clip were subtracted from button-press times to give the RTs. The experiment took
approximately 40 minutes. After the experiment, participants were provided with
feedback of their performance (they were given the opportunity to see their own eye

movements).
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Figure 3.1: Three screenshots of the video clips representing the three different
conditions of the experiment. The top panel (3.1a) depicts the video showing only
the forward view of the driving scene, the middle panel (3.1b) represents the
forward view of the same video, however with a graphic overlay and the bottom

panel (3.1c) shows the clip including mirror information
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3.3. Results

3.3.1 Eye movement measures

Data were subjected to a 2 x 3 ANOVA where the independent variables were
the type of video clips and driver experience, and the dependent variable was the
fixations of participants (time to first fixate, and dwell time on hazards).

3.3.1.1 Fixations on hazards

The time taken to first fixate a hazard was calculated by subtracting the time at which
a first fixation fell within the hazard AOI and the time of the hazard AOI onset. To
account for variation in the hazard window length, this measure was recorded as a
percentage of the hazard window at which the hazard was first fixated. For example, a
fixation that landed on the hazard after one second of a three second hazard window
would therefore score 33%. Zero % would represent a fixation at the very start of the
hazard window, while 100% reflects no fixation on the hazard. Smaller percentages
reflect smaller times to first fixate the hazard. The total time spent looking at the hazard
was calculated considering the total proportion of time that drivers spent looking at the
hazard. Then these fixations were converted into percentages by multiplying them by
100. Fixations were measured separately for each of the three conditions and for
experience. Missing values (when participants did not fixate the area) were assigned
the maximum 100% (i.e. they did not look at the hazard during the scoring window at
all).

A 2 x 3 ANOVA was conducted to compare experience vs. the three conditions
(forward view, car interior and mirrors) as independent variables. No main effect was
found for time-to-first-fixate to hazards for both the experienced groups (M=14.7% for
experienced drivers and M=17.3% for novices), (F(1, 51)=2.66, MSe=52.1 p=.10,
np>=.05) and between the conditions (forward view M=15.4%, car interior M=18.8%,
mirrors M=13.7%) (F(2, 51)=2.73, MSe=52.1 p = .07, 7,?>=.09). Experienced drivers
did not fixate the pre-defined hazards faster than the novices. However, there was a
significant interaction between condition vs. experience (F(2, 51)=3.95, MSe=52.1.9

p<.05, ;,%=.13). During the car interior condition novices were considerably slower at
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fixating the pre-defined hazards, compared to the experienced drivers (t(17)=-2.50,
p<.05), (see Figure 3.2).

Finally, there were no differences between the experienced and novice drivers
for the total time spent on fixating the hazards (experienced M = 47.8, novices M=45.5),
(F(1, 51)=.73, MSe=183.9 p=.39, 7,2=.01). No differences were found between the
conditions either (forward view M=48.7, car interior M=42.5, mirrors M=49.3) (F(2,
51)=1.44, MSe=183.4 p=.25, 5,2=.05) with no significant interactions (F(2, 51)=1.75,
MSe=183.4 p=.18, 1,>=.06)
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Figure 3.2: Percentages of time to first fixate the hazard across experience and

experimental conditions (with standard error bars added)

3.3.1.2 Fixations on mirrors

Fixations on mirrors (outside the hazard window) were summed and then divided by
the length of the clip (less the length of the hazard window), before being multiplied by
100 to create percentage dwell on the mirrors. The reason for subtracting the length of
the hazard window was that in some occasions the AOI was defined within one of the
mirrors, thus confounding the reasons that one may look at the mirrors. Only the third

condition of this experiment contained mirror information and the analysis was
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conducted solely on participants who took part in this condition (seven experienced and
ten novice drivers). A 2 x 3 ANOVA was conducted comparing groups across the three
mirrors in terms of dwell. A main effect was found for mirrors (F(2, 30)=18.05,
MSe=175.3 p<.001, #,>=.55) where pairwise comparisons showed that participants
were checking the rear-view mirror significantly more in comparison to the right mirror
(p<.005) and the left mirror (p<.05). Differences were also observed between the right
and left mirror, with participants gazing at the right mirror significantly more (p<.005).
This is due to the fact that in the UK traffic circulates on the left-hand side and hazards
are expected to come from the right. No main effect was found for experience (F(1,

15)=.01, MSe=.06 p=.90, #,>=.00), and the interaction was not significant.

3.3.1.3 Spread of search along the horizontal and vertical meridians

This analysis was conducted in order to find out whether there were differences in
participants’ fixations spread along the horizontal and vertical meridians. For this end,
pixel information was extracted and in order to calculate the differences of fixations co-
ordinates, standard deviation was used. No differences were found for experience group
(F(1, 51)=1.24, MSe=821.89 p=.27, np>=.02) and between any of the conditions for the
horizontal search (F(2, 51)=2.66, MSe=821.89 p=.08, #,>=.09). However, there was a
main effect for the vertical spread of search between the conditions (F(2, 51)=22.7,
MSe=4969.3 p<.001, 7,2=.47), with the forward view showing more vertical spread of
search in comparison to the car interior and mirror condition. This result is probably
due to the fact that the forward view condition did not contain a car overlay, and

therefore more of the visual scene was available to look at.

3.3.1.4 Overtaking hazards and mirrors

Three separate analyses were conducted to look at fixations during the mirror condition
for the three videos that contained overtaking hazards, videos, 2, 6 and 11 (see Table
2.1 for description). Again, only participants assigned to the mirror condition were
considered for this analysis. The aim was to assess whether the mirror information

would benefit the experienced group in terms of faster detection of hazards (as hazards
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could be anticipated looking at the mirrors). Experienced drivers were not faster to
fixate the hazards and no differences were found for any of the videos: video 2 (F(1,
15)=.22, MSe=1.19 p=.64, 5,2=.01), video 6 (F(1, 15)=.59, MSe=4.92 p=.45, 5,>=.03)
and video 11 (F(1, 15)=.52, MSe=7.27 p=.48, 1,°=.03). Finally, no differences were
found between the experienced groups for glances at mirrors in these three clips;

experienced drivers did not appear to rely on mirrors more frequently than the novices.

3.3.2 Behavioural responses to hazards
3.3.2.1 Response time to predefined hazards

Response times to hazards were analysed in order to find out whether experienced
drivers would spot hazards quicker than novices. The data were subjected to 2 x 3
ANOVA where condition and experience were the independent variables and RTs or
accuracy the dependent variables. No main effect was found for response times:
experienced drivers did not react faster to the pre-defined hazards than the novices
(M=2349.4ms for experienced, M=2219.8ms for novices), (F(1, 51)=.06, MSe=.11
p=.42, n,>=.01). Faster responses to hazards did not appear to benefit from the mirror
information either, with no differences between any of the conditions (M= 2255.4ms
for forward view, M= 2249ms for car interior M=2356.6ms for mirrors) (F(2, 51)=.29,
MSe=.05 p=.75, p>=.01).

3.3.2.2 Accuracy

Accuracy (i.e. the percentage of hazards that participants responded to within the hazard
window) was also calculated. A button press response to indicate that there was a hazard
within the frames of the time window was considered a hit. No main effect was found
for either the experience groups (M=64.8% for experienced, M=70.2% for novices),
(F(1, 51)=2.09, MSe=531.5 p=.15, #,?=.03) or conditions (M=68.1% for forward view,
M=70.3% for car interior, M=63.8% for mirrors), (F(2, 51)=1.02, MSe=259.7 p=.36,
17p>=.03).
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3.3.2.3 Extra responses to hazards

Extra responses to hazards were also recorded (i.e. responses to potential hazards above
and beyond the predefined hazard window, or secondary clicks within a hazard window
following an initial response). As clips varied in duration time, the sum of these extra
hazard responses for each participant was divided by the duration of the experiment
creating a ratio measure of extra-hazard responses. No differences were observed for
the experienced groups (M=1.79 for experienced, M=1.84 for novices), (F(1, 51)=.00,
MSe=.00 p=.99, #,2=.00) or across conditions (M=2.09 for forward view, M=1.51 for
car interior, M=1.81 for mirrors), (F(2, 51)=1.19, MSe=1.77 p=.31, 7p>=.04). The

interaction was not significant.

3.3.2.4 Response times after first fixation

The aim of this analysis was to measure whether there were differences between the
experienced groups regarding their response times after first fixating the hazard. This
analysis is different to those looking at reaction times to hazards, as here the aim is to
find out how quick participants are at reacting to hazards once they have first fixated
them. However, no differences were found between the experienced groups (M=17.1
for experienced drivers and M=17.5 for novices) (F(1, 51)=.05, MSe=2.03 p=.82,
1p>=.00) or conditions (forward view M=15.2, car interior M=19.1, mirrors M=17.5)
(F(2, 51)=1.85, MSe=37.8 p=.17, 1,°=.07). No significant interactions were observed
either (F(2, 51)=.17, MSe=37.8 p=.84, 1,°=.00)

3.3.2.5 Response times to overtaking hazards

Videos that contained overtaking hazards were analysed separately to find out whether
the additional mirror information influenced response times. The mirror information
did not appear to influence hazard detection across the different conditions (F(2,
51)=.25, MSe=1.27 p=.77, n,>=.01) or between the groups (F(1, 51)=.81, MSe=1.27
p=.37, 7p?=.02). No significant interaction was found between videos and conditions
either (F(4, 102)=.16, MSe=.90 p=.95, #,%=.00)
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Figures 3.3a, b, c. illustrate the frequency distribution of the clicks across the
different conditions for each of the three overtaking clips during the pre-defined hazard

window. As can be seen from these graphs, there is no clear advantage for the mirror

condition.
Video 2
6
5 oFVv
4
(2]
g3 zcl
Al 1
1
0 (11l
19000 20000 21000

Time window frame (ms)

Figure 3.3a: Frequency of clicks across conditions for video 2 (FV = forward view,

CI = car interior, WM = with mirrors)

Video 6

14

12

10 oFVv
g2 s
° ocCl
O 6

4 I |7 WM
2

0 e 1D Tl n

25000 26000 27000 28000 29000 30000

Time window frame (ms)

Figure 3.3b: Frequency of clicks across conditions for video 6 (FV = forward view,

CIl = car interior, WM = with mirrors)
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Figure 3.3c: Frequency of clicks across conditions for video 11 (FV = forward view,

CI = car interior, WM = with mirrors)

3.4 Discussion

The aim of this study was to examine hazard perception performance using three
different types of video design. It was hypothesised that participants will spot and react
to hazards faster during the mirror condition and that the basic hazard perception
experience effect will be replicated across all conditions with experienced drivers
outperforming novices.

None of these hypotheses were accepted and the present study failed to find
significant differences for both fixations to hazards and RTs across the three conditions
and for the experienced groups. The experienced drivers did not react faster to the pre-
defined hazards, nor fixated them quicker than the novices. Neither, it seems, did mirror
information enhance (or degrade) hazard perception performance in comparison to the
other two conditions. The present results contradict most of the previous literature
which has featured eye movements, as the majority of studies have reported clear
differences in relation to the visual search pattern between experienced and novice
drivers (e.g. Chapman et al., 2007; Crundall & Underwood, 1998; Crundall et al., 2012;
2003). Less experienced drivers are known to detect fewer hazards than their more
experienced counterparts (Fisher et al., 2006; Pradhan et al., 2005) and show longer
fixation durations while looking at dangerous objects (Chapman & Underwood, 1998).

The fact that there were no differences between the experienced groups could suggest
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that both groups are equally good at spotting hazards. In fact, novices had higher
accuracy rates than experienced drivers (although these results were not statistically
significant). Does this mean that novices are as good as experienced drivers in detecting
hazards? Interestingly, there was a significant interaction between experience and
condition, where novices fixated hazards considerably slower during the car interior
condition while experienced drivers showed faster fixations. As novices are more prone
to maintain a narrow central search of pattern (Crundall & Underwood, 1998), it is not
surprising that they were slower at this condition which possibly confused them, while
experienced drivers might have been expecting hazards from other possible locations
(being more vigilant due to the missing mirror information). This suggests that the car
interior addition to the design of the video may make novice’s performance somewhat
worse. The mere inclusion of a car interior appeared to negatively influence novices’
performance by slowing their responses, but it does not seem to affect experienced
drivers. It is possible that the inclusion of an interior overlay without mirrors created
confusion for the novices. This finding supports the idea that video design should be as
realistic as possible, as it otherwise could impact negatively participant’s responses.
The fact that no differences in performance (for RTs) were found between the
mirror vs. no mirror conditions did not suggest though that mirror scenarios restricted
or hindered hazard detection. RT means for both mirror and forward view condition
were very similar, although means for accuracy were slightly higher for the forward
view conditions (but none of these results were significant). Furthermore, the results
showed that participants did make use of the mirrors during the experiment. Both rear-
view and right mirrors were consulted the most with the rear-view mirror receiving the
highest amount of fixations, while the left mirror received the least attention. This
pattern reflects previous studies where participants have favoured the offside and rear-
view mirrors to the near-side mirror (e.g. Olsen et al., 2007). This result suggests that
the mirrors were not used randomly but the information they provided was taken into
account, as most of the hazards were coming from the right-hand side (UK driving
circulates on the left).
The basic hazard perception effect was not replicated in this study, however this is not
the first study that failed to find this effect (Crundall et al., 1999; Groeger et al., 1998;
Sagberg & Bjgrnskau, 2006; Yeng & Wong, 2015). The traditional hazard perception
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test has been criticised in terms of validity and whether the scores of the test actually
reflect the hazard perception ability. It has been argued that the simple behavioural
measure (response within a limited temporal scoring window) could confound the
results as there are no clear guidelines on how to define hazard onsets and offsets
(Pradhan & Crundall, 2017).

However, it should be noted that the present results could also be due to the

sample size which may explain the failure to find an effect by producing false negatives.
Doubling the sample size might have yielded this basic experiential effect.
The sample of the present study was not based on self-reported crash data as the studies
that have found differences between drivers that are more or less prone to be involved
in traffic accidents (Drummond, 2000; Horswill et al., 2010; Wells et al., 2008). The
sample in the present study was divided using the number of years since passing the
driving test and controlling for miles driven in the previous two years of the experiment.
As it is not always possible to use objective collision data (as most of the data is based
on self-report crash rates which are subject to memory distortion and self-presentation
bias), numerous studies have relied on the years of driving experience. When this
strategy has been used, some authors failed to find differences (Crundall et al., 1999;
Yeng & Wong, 2015). Other studies have divided their drivers into high risk (young
novice drivers) and low risk (mid-age experienced drivers) reporting differences
between the groups (Wetton et al., 2010; 2011), while, yet again, others have failed to
find a difference between such groups. For instance, a recent study failed to find a
response time difference between high-risk and low-risk fire appliance drivers in a
study of hazard perception skills in the emergency services (Crundall & Kroll, 2018).

Perhaps, the present results argue for an alternative way of measuring/analysing
the results of the HP test. The fact that novices spotted the overtaking hazards as fast as
the experienced drivers does not prove however that they have developed their situation
awareness and are able to identify such hazards prior to its materialisation (prior to the
onset). A recent study by Abelea, Haustein, Mgllera and Martinussen (2018) found that
young drivers are poor at detecting hidden hazards and they have suggested specific
hazard perception training to overcome this. Their results were previously supported by
Crundall et al. (2012) who found that fixating precursors to subsequent hazards was

particularly difficult for novices. Specifically, driving instructors and experienced
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drivers were faster at fixating both behavioural precursors and abrupt hazards when
compared to learners. Possibly, this was the case during the present study. Novices
noticed the hazards once they had materialised (e.g. an overtaking car), but may have
not noticed the precursor to this hazard. Therefore, it might be worth looking at a more
sensitive measure, as suggested by Crundall and Kroll (2018), focusing on precursors
to hazards. Crundall and Kroll (2018) found that their low-risk, experienced fire-
appliance drivers did indeed fixate the precursors more than the high-risk drivers and
the control group. Therefore, further research would be necessary in order to examine
hazard perception performance considering fixations on precursors while making use
of mirror information. This measure might work as a better discriminator between
experienced and novice drivers.

In summary, no significant results were found neither between the experienced
groups or between the traditional design of the HP test and the mirror condition. Several
possibilities have been discussed to address this lack of significance. Increasing the
sample size might contribute for differences between the experienced groups or perhaps
focusing on more sensitive measure such as examining responses to precursors might
yield more reliable results in terms of differentiating between safe and unsafe drivers.
Finally, there is also the possibility that learner and novice drivers were better trained
on the hazard perception test, due to learners actively practicing the HP test before their
driving test and novices still keeping fresh memory of their past practice (which was
more recent in comparison to the experienced drivers). If this is the case however, this
training only improved their performance on the test and this has not eradicated the
danger that novices face in the first six months of driving as indicated by the collision

statistics. Future research could look at this possibility.
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Chapter 4

DESIGN OF THE HAZARD PERCEPTION CLIPS
Experiments 2 and 3
Does the design of the car overlay impact hazard perception

performance? Comparing transparent vs. opaque overlay

4.1 Summary of previous findings

In Chapter 3, the aim was to study three different types of video clip design (forward
view, car interior and mirror condition) and find out whether providing a more realistic
design, including mirror information, will enhance discrimination between novice and
experienced drivers in terms of reaction times and eye movements. It was predicted that
experienced drivers would respond faster than novices across all conditions, though
especially during the mirror condition where the gap between the experienced groups
should be more apparent. There was, however, insufficient evidence to reject the null
hypotheses, with no differences for driving experience regarding the performance on
the hazard perception test. Experienced drivers did not react or fixate the hazards faster
when compared to novices.

This result was surprising given the wealth of evidence that suggests hazard
perception skill to be related to driver safety (Boufous et al., 2011; Drummond, 2000;
Horswill & McKenna, 2004; Wetton, Hill & Horswill, 2013). Assuming that previous
studies have demonstrated a genuine link between hazard perception response times
and crash liability, why might the current study have failed to do so?

One possible explanation for these results could be the sample size. A larger
sample might have yielded the basic experience effect between the driving groups,

though previous studies in the field have demonstrated experiential differences with
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similar sample sizes (e. g. Borowsky, Shinar & Oron-Gilad, 2010; Smith, Horswill,
Chambers & Wetton, 2009; Wetton et al., 2010).

Alternatively, we may question the assumption that our novice drivers had a
higher crash liability than the experienced drivers (e.g. Underwood, 2007). However,
current crash statistics still show a preponderance of fatalities and collisions in the
youngest age bracket (DfT, 2015, 2016; RAC, 2017), and there is no reason to suspect
the current sample of novices differs from the crash profile of novice drivers in general.

A third possibility is that learners who took part in the experiment were actively
practicing the HP test (by the time the experiment took place), which improved their
test performance. The UK hazard perception test was designed to encourage training
and raise skill levels in our youngest drivers. However, this possibility needs further
investigation as while evidence suggests that certain types of novice driver collision
(non-low speed crashes on public roads where the driver has some blame) have reduced
as a direct result of the introduction of the official HP test (Wells et al., 2007), there are
several studies that have identified skill differences between novice and experienced
drivers in the UK since this period (Helman, Grayson & Parkes 2010; McKenna et al.,
2006).

Finally, there is the possibility that the current clips lack certain qualities that
clips in other successful tests may have. As there is no agreed standard method of
developing HP stimuli, and little definition regarding what makes a successful HP clip,
it is quite possible that the current stimuli lack undefined elements that are crucial to
test success.

The failure to find basic discrimination between novice and experienced drivers
hindered the ability of the experiment to identify any potential benefits from adding the
car interior and the mirror information to the clips, despite previous studies identifying
benefits from adding additional visual and mirror information (Alberti et al., 2014;
Shahar et al., 2010). Since no differences were found between the forward view clips
and those that contained mirror information it cannot be concluded that this newly
developed design is encouraging better performance on the HP test. However, one of
the aims of this thesis is to create a more realistic and immersive clip design therefore,
in the next two experiments the mirror design will be tested again. This type of design

permits the inclusion of a wider range of hazardous situations, including both
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overtaking and undertaking hazards present in everyday driving, which is potentially
important when considering hazards in other countries. Experiment 1 demonstrated that
both driver groups made use of the information in the mirrors, suggesting that the
information was not superfluous and did influence visual search.

The current chapter will focus on two things. First, the basic hazard perception
effect — i.e. a performance difference between driver groups that are categorised on the
basis of experience — will be sought once more. To increase the possibility of finding
this effect, the sample size will be increased, and the study will focus solely on using
clips with mirror information. As the mirrors proved to attract attention in the previous
study, they are retained in the hope that they will contribute to an experiential
difference.

Eye data and reaction times will be measured again and another design point
will be assessed. One of the questions regarding the design of the HP clips used in
Experiment 1 that remains unanswered is whether the car overlay should be opaque or
transparent. The initial design choice was to make the A-pillars and roof or the car
interior transparent in the HP clips. This was chosen as real A-pillars do not completely
obscure part of the world: stereopsis and small head movements allow areas of the
world otherwise masked by A-pillars to still be visually inspected. Likewise, when
stopped at traffic lights that would be otherwise obscured by the roof of the car, the
driver may lean forward to bring the traffic lights into view. A completely opaque
overlay does not allow behavioural modifications to overcome the obscuration of
relevant stimuli, and, while a transparent car interior may not look realistic, it may
evoke more realistic scanning behaviour. This assumption will be tested in the current
experiment, comparing the hazard performance and scanning behaviour of drivers

viewing clips with both opaque and transparent overlays.

4.2 Introduction
4.2.1 The importance of “see-through’ design

It has been argued from transparent structures within a car would be very helpful in

permitting drivers to spot otherwise obscured hazards (Lindemann & Rigoll, 2017).
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There is some existing research on see-through functionality, most of it focused on the
so called “blind spots” where visibility is occluded, showing that this occlusion could
lead to collision (Cheng et al., 2016; Yashuda & Ohama, 2012). It has also been argued
that limited field of view could lead to a high chance of fatality (especially with heavy
goods vehicles, see, Niewoehner & Berg, 2005; Summerskill et al., 2015).

During real driving the obscuration by the car A-pillar is offset somewhat by
stereopsis and small head movements. However, during an experimental condition, if a
completely opaque car overlay is used for the design of the video clips the simulation
of stereopsis would not be possible and participants will not be able to see through the
opaque frame. Thus, information which would normally be present in the real world
could be absolutely occluded and will not allow drivers to perceive the entire objects
which otherwise would be visible.

Therefore, the present study focuses particularly on the graphic overlay of the
videos. The official hazard perception test contains only a forward view information
and it has mainly concentrated on the types of hazards without prioritising other design
features such as the mirror information or graphic overlay. These features might be
secondary to the main purpose of the test, however its contribution is equally important
in order to create a more ecologically valid HP test. The few studies that tested driving
performance including mirror information did not focus on these features either (Shahar
et al., 2010; Allen et al., 2005). However, in order to create valid and realistic hazard
perception clips, every feature should be tested and measured empirically. As a result,
two types of car overlay were designed. The first type contained transparent A-pillars
and roof which allows to see through them and the second type consisted of fully
opaque A-pillars and roof. Although, it can be argued that the transparent car overlay
does not reflect a realistic version of a vehicle, it should be noted that this design
simulates the fact mentioned above that real-world obscuration by A-pillars is not
absolute. For that reason, a transparent overlay is considered to be more behaviourally
realistic, if not structurally realistic. In addition, a decision was made to keep the mirror
design (they did not enhance performance but neither hindered it). Although there was
not a significant difference between conditions, results clearly showed that participants
made use of mirrors and showing clips that contain only a graphic overlay hindered

novices’ performance (they were considerably slower reacting to the hazards).
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In favour of the transparent car overlay is the fact that some videos might
contain situations where pedestrians are turning their head to look at the car and decide
whether to cross or not the street (see Figure 4.1). This type of information might be
occluded by the frames of an opaque overlay which could confuse participants (during
an experimental condition it will not be possible to bring objects back into the visual
field once they have been occluded by the opaque car overlay).

To the author’s knowledge, there is no available research that directly compares
the impact the type of a car overlay has on hazard perception performance. There are
studies that compare different types of 3D transparent and semi-transparent car interiors
(Lindemann & Rigoll, 2017), and the impact of see-through vehicles on driving
performance (Yanagi et al., 2015; Rameau et al., 2016). However, none of these studies
have looked at the impact an opaque overlay that occludes some of the visual
information has on hazard perception skill. For example, Lindemann and Rigoll (2017)
conducted a simulation using a see-through interface in a mixed reality driving
simulator focusing on user experience (as most of the studies are mainly focused on the
technical requirements than users’ opinion). They created a transparent spot on the car
dashboard which enabled drivers to see the road through it (it was either semi-
transparent or fully-transparent). The transparent spot could either follow the
movements of the driver’s head or appear at arbitrary places within the car. Participants
were asked to rate whether they preferred a semi-transparent or fully transparent
visibility, relating the ratings to their feelings about irritation, comfort and helpfulness.
Lindemann and Rigoll did not find any differences between the conditions. However,
when participants were simply asked about their opinion, the semi-transparent version
was criticised for being less-helpful in performing the driving task and the full
transparent was deemed as unreal and uneasy. However, there was no opaque condition
to provide a control condition, and even though participants did not like the design of
the overlay, results regarding their driving performance were not significant. This
suggests that there is no clear evidence of which type of design is more beneficial in

terms of driving performance.
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4.2.2 Overview of the study

First, this study (comprising experiments 2 and 3) was conducted as a second
opportunity to obtain an experiential difference between novice and experienced
drivers. Eye movements and response times were recorded (experiment 3), along with
self-reported ratings where participants were asked to rate the hazardousness and
realism of each clip (experiment 2). Following the null results of experiment 1, especial
focus was placed on drivers’ attention to precursors, as a potentially more sensitive
measure of hazard skill.

Second, this study was designed to assess drivers’ responses and thoughts
regarding the opacity of the car overlay. It was predicted that the fully opaque overlay
would artificially hinder hazard perception, potentially nullifying any experiential

difference (should one be found in the first place).

4.3 Opaque vs. Transparent car layout: hazardous and immersion ratings

(Experiment 2)

Following Lindemann and Rigoll (2017), Experiment 2 asked participants to rate how
realistic this new design appeared to them. Prior to collecting behavioural measures (in
Experiment 3), it was considered that it would be useful to first measure participants’
opinions on which type of car interior seemed more realistic and closer to real driving.

Thus, a comparison can be made between subjective measures and behavioural data.

4.3.1 Method
4.3.1.1 Participants

Twenty-three participants took part in this experiment (seven learners, seven
experienced and nine non-drivers). All experienced drivers had more than five years of
driving experience. The sample was composed of University students and visitors to

the University during open days.
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4.3.1.2 Design and materials

A 2 x 3 design was used where the independent variables were the type of car overlay
and experience and the dependent variable was ratings given to the questions.

Ten hazardous stimuli were selected from the 20 video clips used in Experiment 1,
specifically videos 1, 2, 3, 5, 6, 7, 10, 12, 13, 15 (see Table 2.1, Chapter 2, for reference).
Five of the videos contained transparent car overlay and the other five opaque car
overlay (see Figure 4.1).

4.3.1.3 Procedure

Participants received both verbal and written instructions. They were asked to watch
each video carefully, and at the end of each clip provide a rating on a Likert scale from
1 to 7 regarding the hazardousness of the scenario (1 was “not at all hazardous” and 7
“extremely hazardous), how close to real driving each video seemed to them (1 was
“not at all realistic” and 7 “extremely realistic”’), and how much they felt immersed in
the clip (1 was “not at immersed” and 7 “extremely immersed”). They provided their
ratings on a rating sheet that was placed next to the computer. The stimuli were
counterbalanced in the following way: group 1 saw clips 1 to 5 with a transparent car
overlay and clips 6-10 with an opaque overlay. Group 2 was presented with clips 1 to
5 with an opaque overlay and 6-10 with the transparent overlay. The clips were
presented randomly. They were also assigned randomly to one of the two conditions
(opaque or transparent), however none of the participants were aware of the differences
between the two sets of clips. All ten videos contained mirror information. Clips were
displayed on a Lenovo ThinkPad laptop with dimensions 34.5cm x 19.5cm and
resolution 1920x1080. After the session participants were debriefed and asked which

type of overlay they preferred.

4.3.2 Results and Discussion

Ratings were subjected to 2 x 3 ANOVA where the type of questions and experience
were the independent variables and the rating score the dependent variable (see

Norman, 2010, for a justification for using ANOVA to analyse these data).
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4.3.2.1 Hazard ratings

No differences were found between the ratings for either of the independent variables.
There were no differences between the experienced groups (M=3.93 for experienced
drivers, M=3.97 for learners and M= 3.66 for non-drivers), (F(2, 20)=.33, MSe=.48
p=.72, n,>=.03) or conditions (M=3.8 for transparent, M=3.9 for opaque), (F(1, 20)=.02,
MSe=.99 p=.89, #,°=.00). Even though all ratings were above the half point on the scale,
when a one-sample t-test was conducted to compare the mean ratings of each group of
drivers to the mid-point of the scale (3.5), no significant differences were found (no
drivers transparent (t(6)=1.89, p=.10), opaque (t(6)=.48, p=.64), learners transparent
(t(8)=-.33, p=.74), opaque (t(8)=.91, p=.38), experienced transparent (t(6)=1.54,
p=.17), opaque (t(6)=1.26, p=.25)). This suggests that there were no strong overall

preferences.

4.3.2.2 How realistic?

No differences were found between the ratings for how realistic was the driving
environment, for any of the variables. There were no differences between the
experienced groups (M=5.94 experienced drivers, M=5.71 learners and M= 5.16 for
non-drivers), (F(2, 20)=.97, MSe=2.76 p=.39, #,>=.08) or conditions (M=5.43 for
transparent, M=5.7 for opaque), (F(1, 20)=2.59, MSe=.99 p=.12, #,?=.16). Although
there were no differences, means were higher than the midpoint on the scale, which
suggests that clips were rated as realistic. To confirm this, a t-test was conducted to
compare the means of each group of drivers to the midpoint of the scale. Significant
differences were found for each group (no drivers transparent (t(6)=5.78, p<.001),
opaque (t(6)=3.62, p<.05), learners transparent (t(8)=3.65, p<.01), opaque (t(8)=3.37,
p<.05), experienced transparent (t(6)=5.10, p=.005), opaque (t(6)=14.8, p=.001)). Both

layouts were rated as realistic.
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4.3.2.3 How close to real driving?

No differences were found for immersion for both experience (M=5.39 for experienced
drivers, M=5.03 for learners and M= 4.66 for non-drivers) (F(2, 20)=.55, MSe=2.11
p=.59, #,2=.05) and conditions (M=5 for transparent, M=5 for opaque), (F(1, 20)=.00,
MSe=.00 p=.94, 1,2=.00). However, according to the mean values, the stimuli were
rated as relatively immersive. The t-tests showed that there were differences between
the mean ratings and midpoint scale only for the transparent condition for non-drivers
and learners (non-drivers, t(6)=2.86, p<.05; learners, t(6)=2.82, p<.05) but not for the
opaque condition (non-drivers, t(6)=1.67, p=.14; learners, t(6)=1.91, p=.09)). In turn,
the experienced drivers rated both conditions higher than the midpoint (transparent
(t(6)=7.31, p<.001), opaque (t(6)=8.93, p<.001)).

4.3.2.4 Preferences

After each session every participant was asked whether they have noticed a change
during the duration of the video clips. Results showed that 5 participants did notice the
difference from clip to clip (two experienced, one learner and two non-drivers) and five
did have the feeling that something changed but did not know what (two experienced,
two learners and one non-driver). In turn, 13 (56.5%) of the participants reported that
they did not notice anything. Following this, the experimenter showed the difference to
the participants and asked them which car overlay they preferred. In total 60.9% of the
sample preferred the opaque overlay. Particularly, 71% of the experienced and 71% of
the learners opted for the opaque overlay, while the percentage of the non-drivers that
preferred the opaque stimuli was a bit lower (54%). Finally, it was explained to
participants why the transparent car overlay would be more beneficial in term of driving
performance and they were asked again which one they preferred. Only three
participants changed their preferences from opaque to transparent.

These findings based on the users’ ratings are consistent to those of Lindemann
and Rigoll (2017) who failed to find significant differences between the two types of
design. However, when participants were simply asked which design type they

preferred, they opted for the opaque one as it “looked like a real car”. Even though, the

112



experimenter explained the disadvantages of the opaque overlay over the transparent
one, only three participants changed their preferences.

While participant preferences are useful to guide the design of stimuli, they
should ideally be supported by other data. Despite their preference for the opaque
stimuli, there were no differences between the hazard ratings of the clips, and the
opaque car overlay was not rated as more immersive or realistic (although both overlays
were rated higher than the mid-point of the scale in terms of realism). However, an
interesting fact is that when participants were asked how close they felt to really driving,
only the transparent condition was rated significantly higher than the average by both
non-drivers and learners (experienced rated both condition as significantly higher than
the average). This suggests that all drivers and especially learners and non-drivers
consider the visibility provided by the transparent condition beneficial and provides an
experience that is closer to real driving.

Due to the inconsistencies of the results, it was decided to look at more objective
measures such as eye movement data and response times to hazards, which are expected

to provide more clear arguments in favour of one of the two designs.

4.4 Opaque vs. Transparent car layout: Behavioural measures (Experiment 3)
4.4.1 Method
4.4.1.1 Participants

Forty-two participants took part in this experiment (21 experienced and 21 novice
drivers, N=37 females). The experienced drivers reported a mean age of 21.3 years,
average mileage of 5928.6 miles and average driving experience of three years and
three months. The novice drivers (15 learners) reported a mean age of 18.5 years,
average mileage of 480 miles and two months of average driving experience. All
participants had normal or corrected to normal vision. The sample was composed of

university students and staff, and visitors to the university.
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4.4.1.2 Design

A 2 x 2 between groups design was used for this study, where the factors were the level
of experience (experienced vs. novice drivers) and type of car overlay design
(transparent vs. opaque). Driver’s fixations to the hazards and reaction times were
measured as dependent variables.

The 20 hazardous stimuli applied for this experiment were identical as in
Experiment 1 (see Chapter 2, Table 2.1), however this time all videos contained mirror
information with ten of the videos containing transparent car overlays and ten
containing opaque car overlay (see Figure 4.1).

Eye movement information was recorded and analysed identically as in
experiment 1. This time AOIs were defined also around the dashboard and car frames

delimitating the exact shape of these (please, refer back to Figure 2.5).

4.4.1.3. Materials and apparatus

Materials and apparatus were identical to those used in the mirror condition in
Experiment 1 (see Chapter 3), with the exception that the overlay of the car interior
could either be completely opaque, or have transparent A-pillars and roof, as shown in

Figure 4.1.

4.4.1.4 Procedure

Participants received both verbal and written instructions. The procedure was very
similar to that of Experiment 1 regarding the calibration, eye tracking measures and
response times.

Participants were asked to watch 20 clips containing a pre-defined hazard, and
press a button every time they thought they saw a hazard. Clips were displayed on the
same eye tracking equipment as in experiment 1. All participants saw ten clips with the
transparent car overlay and ten with an opaque one (see Figure 4.1). The experiment
was counterbalanced in the following way: one quarter of the participants saw videos
1-10 with the transparent car overlay and videos 11-20 with the opaque overlay. For the

next quarter of the sample, videos 11-20 were transparent and 1-10 opaque, and so on
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(see Table 4.1). Each participant was randomly assigned to one of the four groups. This
counterbalancing was applied to avoid order effects. Participants were naive to the
difference between the types of overlays at the start of the experiment, and all stimuli
were randomised within a single block. Participants were also asked to rate how
hazardous, how realistic and how close to real driving it made them feel after each clip
using a Likert 1 to 7 scale where 1 was “not at all” and 7 “extremely”. After the session,
participants were asked whether they had noticed any differences between the clips.
They were then debriefed regarding the differences between the two types of car
overlay and were shown the different types of clips again in order to elicit qualitative
feedback.

The experiment took approximately 40 minutes. After the experiment
participants were provided with feedback on their performance (they were given the

opportunity to see their own eye movements).

Table 4.1: Counterbalancing order across groups

Groups Video design

Group 1 Videos 1-10 transparent 11-20 opaque
Group 2 Videos 11-20 transparent 1-10 opaque
Group 3 Videos 1-10 opaque 11-20 transparent
Group 4 Videos 11-20 opaque 1-10 transparent
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Figure 4.1: The top image represents a clip that contains a transparent car overlay

and the bottom image the same clip with opaque car overlay

4.4.2 Results
4.4.2.1 Eye movement measures

The method of analyses was identical to the one used in Chapter 3 (please, refer back
to Chapter 3, section 3.3) and data were subjected to 2 x 2 ANOVA where the
independent variables were type of car overlay and experience and the dependent

variable participants’ fixations.
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4.4.2.1.1 Fixations on hazards

First, time-to-first-fixate the hazards was calculated (as in Chapter 3). The data were
then subjected to a 2 x 2 ANOVA with experience and overlay-type as the independent
variables. No differences were found for time-to-first-fixate the hazard between the
experienced groups (M=13.5% for experienced drivers and M=15.2% for novices) (F(1,
40)=1.63, MSe=35.2 p=.21, 7,°=.04) or between the conditions (M=14.7% for
transparent frame and M=13.9% for opaque frame), (F(1, 40)=.33, MSe=41.3 p=.57,
15°=.00). The interaction between condition and experience did not reach significance
(F(1, 40)=1.63, MSe=41.3 p=.67, #,°=.00). Contrary to what was expected, the
transparent frame did not enhance faster hazard detection from any of the groups. The
fact that it provided more visibility did not seem to decrease the time taken to first fixate
the hazard in comparison to the opaque frame.

The total time spent looking at the hazards (the dwell of the eye within the
relevant Area of Interest (AOI)) was also calculated, by adding the duration of each
fixation within the AOI and then multiplying it by 100 to convert it into a percentage.
No differences were found neither for experience (M=39.1 % for experienced drivers
and M=40.1% for novices), F(1, 40)=.08, MSe=293.8 p=.78, #,>=.00), nor between the
two conditions (M transparent= 38.6, M opaque=40.6), (F(1, 40)=.59, MSe=132.2
p=.45, ,>=.01). Novices did not fixate longer the hazards than the experienced drivers
as it was expected. The interaction between experience and condition was not
significant (F(1, 40)=.00, MSe=132.2 p=.94, 7,2=.00).

4.4.2.1.2 Fixations on mirrors and frames

All fixations on mirrors were summed and divided by the length of the corresponding
video clip and then subtracted by the length of the hazard window (for reference, please
refer back to Chapter 3, point 3.3.1.2). To create a percentage dwell on mirrors,
fixations were multiplied by 100. A main effect was found for mirrors (F(2, 80)=84.7,
MSe=1.16 p<.001, #,%=.68). Pairwise comparisons revealed that differences lay
specifically between the rear-view mirror and the other two mirrors (p<.001).

Participants looked significantly longer in the rear-view mirror in comparison to the
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right mirror (p<.001) and the left mirror (p<.001). No main effect was found for
experience (F(1, 40)=1.65, MSe=13.6 p=.21, 5,2=.04), however there was a significant
interaction for mirrors vs. experience (F(2, 80)=9.95, MSe=1.16 p<.001, 7p>=.19).
Experienced drivers spent significantly more time looking at the right mirror than the
novices, however the novices spent significantly more time looking at the rear-view
mirror (See Figure 4.2).

AOIls were defined also around both the transparent and opaque overlay, and
the dashboard bits in order to find out whether participants were using the visual
information provided by the transparent frame (see Figure 4.1). All fixations on the
frame and dashboard were summed and divided by the length of the corresponding
video clip and then subtracted by the length of the hazard window. To create a
percentage dwell on mirrors, fixations were multiplied by 100. Results showed that
there was not a significant difference between the total fixations on the transparent or
opaque frame (M transparent =56% vs. M opaque =56% (F(1, 40)=.01, MSe=.12, p=.91,
1p>=.00), nor there was a significant interaction between type of frames and experience
(F(1, 40)=.36, MSe=.12 p=.55, 7,°>=.00). There were no significant differences between
the dwells on the dashboard during the two conditions (M transparent=0.98% vs M
opaque=1.11%) (F(1, 40)=1.74, MSe=.20 p=.19, #,?>=.04), however there was a
significant interaction between condition and experience. Experienced drivers dwelled
significantly more on the dashboard during the opaque frame condition (F(1, 40)=4.97,
MSe=.21 p<.05, 5y>=.11), (see Figure 4.3) .
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Figure 4.2: Total time spend looking at the left, right and back mirror across
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Figure 4.3: Percentages of dwells on frames and dashboard across both conditions

and experience (with standard error bars added)
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4.4.2.1.3 Spread of search along the horizontal and vertical meridians

Participants’ fixations (measured in pixels) along the horizontal and vertical meridians
were also analysed using standard deviation. Significant differences were found for the
horizontal spread of search between experienced and novice drivers (M experienced
=315.4 px, M novices =291.3 px), (F(1, 40)=4.90, MSe=2490.6.3 p<.05, ,°=.11).
Experienced drivers explored the driving environment significantly more and showed
a wider spread of search in comparison to the novices. There was no main effect for
condition or a significant interaction for the horizontal scanning.

No main effect was found for the vertical spread of search for both experience
and condition, however there was a significant interaction between condition vs.
experience (F(1, 40)=7.69, MSe=118.8 p<.005, #p>=.16). The experienced drivers
showed a wider vertical search when watching the videos with the opaque car overlay,
while novices had considerably wider vertical search during the transparent overlay

videos (see Figure 4.4).
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Figure 4.4: Vertical scanning of the driving environment across experience
(experienced vs. novices) and conditions (transparent vs. opaque) (with standard

error bars added)
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4.4.2.1.4 Precursor analysis

Precursors to hazards were also analysed. A precursor is the clue from the visual scene
that would help the driver predict how the hazardous situation is going to develop.
Experienced drivers are more likely to notice precursors earlier than novices, as they
have been driving for a longer time, and have been exposed to a greater number of
similar hazardous events. A precursor AOI window (exactly 2000 ms for each video)
was defined just prior to the hazard onset. Immediately after the precursor AOI, the
hazard AOI was defined. Precursor net dwell times were calculated. The units were
converted from ms to percentages. Net dwell time is defined as the sum of sample
fixation durations for all gaze data samples that hit the area of interest (AOI). There
was a marginal experience effect (M=32.2 for experienced, M=28.1 for novices), (F(1,
40)=3.43, MSe=102.2, p=.07, 1,°=.08). Even though this effect was not statistically
significant, there was marginal evidence to suggest experienced drivers devoted a

greater amount of their attention to precursors.

4.4.2.2. Behavioural responses to hazards

The method of analyses was identical to the one used in Chapter 3 (please, refer back
to Chapter 3, point 3.3) and data were subjected to 2 x 2 ANOV A where the independent
variables were type of car overlay and experience and the dependent variable

participant’s accuracy and RTs.

4.4.2.2.1 Response time to predefined hazards

Response times to predefined hazards were analysed (please, refer back to Chapter 3,
point 3.3.2.1 for a detailed description of the method of calculation of the RTs) and no
differences were found for the experienced groups. The basic experience effect of the
HP test was not replicated in this experiment, which is consistent with Experiment 1.
Experienced drivers did not react faster to the pre-defined hazards than the novices
(M=2030 ms for experienced, M=2077 ms for novices), (F(1, 40)=.62, MSe=.30 p=.44,

np>=.02). No significant differences were found between the two conditions either. The
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transparent frame did not produce faster RTs for either of the groups (M= 2038.7ms for
transparent, M=2068ms for opaque) (F(1, 40)=.32, MSe=.06 p=.57, #,>=.00). This
result is contrary to the hypothesis, as it was expected that the greater visibility offered
in the transparent condition would allow faster detection of the hazards.

4.4.2.2.2 Accuracy

Accuracy (i.e. the percentage of hazards that participants responded to within the hazard
window) was also calculated with no differences for the experienced groups (M=33.8%
for experienced, M=36.4% for novices), (F(1, 40)=1.11, MSe=130.1 p=.29, #,>=.03) or
between conditions (M=34.5% for transparent, M=35.7% for opaque), (F(1, 40)=.24,
MSe=122.8 p=.63, 5,°=.01). Experienced drivers did not identify more hazards than the
novices. The interaction was not significant either (F(1, 40)=.47, MSe=122.7 p=.49,
2—
Np —01)

4.4.2.2.3 Extra responses to hazards

Ratios for extra responses to hazards were analysed (please refer back to Chapter 3,
point 3.3.2.3) but no differences were observed between experienced and novice drivers
(M=2.03 for experienced, M=1.59 for novices), (F(1, 40)=.2.82, MSe=4.10 p=.10,
np>=.07) or across conditions (M=1.78 for transparent, M=1.84 for opaque), (F(1,
40)=.70, MSe=.07 p=.41, n,>=.01). The opacity of the overlay did not influence

participants’ additional clicks during the video.

4.4.2.3 Ratings

Participants were again asked to rate the hazardousness, realism and immersion (as in
Experiment 2) of each video using a scale from 1 to 7 (1 “not at all” and 7 “extremely
so”) (see Table 4.2). However no significant differences were found for any of these
variables (which is consistent with Experiment 2). There were no differences in the
ratings regarding immersion and realism between the transparent and opaque car

overlay. None of them was rated more realistic or hazardous than the other. There were
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no differences for the ratings between the experienced groups either. None of the

interactions were significant.

Table 4.2: Means of the ratings (from 1 to 7) for each question: How hazardous do
you think that particular clips was? (Q1), How close to real driving did that clip
look? (Q2), How much did you feel "'you were there' in that clip?(Q3) across the

experience groups

Transparent Opaque
Questions Q1 Q2 Q3 Q1 Q2 Q3
Experienced  4.05 5.39 5.262 3.96 5.40 5.19
Novice 3.91 4.97 4.84 4.08 5.00 4.97

Similarly to Experiment 2, participants were asked whether they noticed anything that
changed during the duration of the clips and about their preferences regarding the
transparent and opaque car overlay. Only three participants (out of 42) reported that
they have noticed that the car overlay changed and six reported that they had noticed
that something changed but did not know what it was (some of them mentioned they
could see better, or became more aware of the mirrors or even mentioned “blind spots”).
The rest of the sample (78.6%) did not notice the change.

Regarding their preferences nine (21.4%) participants preferred the opaque
overlay and 33 (78.6%) the transparent. These results are contrary to those in
Experiment 2, as previously participants opted for the opaque overlay. However, in
Experiment 2, participants were asked to merely watch the videos without actively
searching and detecting hazards, while in this experiment they had to pay attention and

spot possible hazards.

4.5 General discussion

In this study two types of graphic car overlay were compared: transparent vs. opaque
incorporated into short hazardous video clips. These clips were presented to novice and

experienced drivers with reaction times and fixations to hazards recorded. Participants
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were also asked to rate the videos in terms of hazardousness, realism and immersion,
as per Experiment 2.

This second attempt to find a basic experiential effect also failed, despite
doubling the relevant sample sizes. There were no differences in terms of reactions to
hazards and no differences were found for fixations either. This time the sample size
was augmented, however experienced drivers did not respond faster to hazards, or fixate
them sooner. In Experiment 1 (Chapter 3) drivers with an average of eight years of
driving experience were tested and in Experiment 3 experienced drivers had an average
of three years of driving experience and none of these groups independently of the years
of driving showed better performance on the HP test. The attempt to replicate the basic
experience effect failed in this experiment too, however this time significant differences
were found between experienced and novice drivers for the horizontal spread of search
which is consistent with the previous literature (Crundall & Underwood, 1998;
Crundall, Underwood & Chapman, 1999), meaning that this effect might be susceptible
to the sample size. Literature has been consistent so far on replicating that experienced
drivers explore significantly more of the driving environment in order to be able to deal
with more complex visual scenes when compared to novices (Crundall & Underwood,
1998; Mourant & Rockwell 1970, 1972; Underwood, Chapman, Bowden, & Crundall,
2002). The fact that we failed again to find differences for reaction times, but we did
find that experienced drivers showed wider spread of search (after augmenting the
sample) might suggest that the latter effect is more robust.

As noted previously, one explanation for the lack of differences between the
driver groups could be the possibility that learner drivers have become trained on hazard
perception to such an extent that we should no longer expect to see differences between
novice and experienced drivers in the UK. Despite the evidence that the official test has
reduced UK collisions (Wells et al., 2007) there is evidence that even highly
experienced drivers can be trained to improve their hazard perception skills (Horswill
etal., 2013; Castro et al., 2016). Coupled with the fact that the heightened crash liability
of novice drivers still persists, this suggests that there is still work to be done. Indeed,
it is possible that UK novices are extremely well trained in undertaking the hazard
perception test, but less well trained in spotting actual hazards on the road. Perhaps the

availability of online tools that permit practising the hazard perception test has an
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important role in training learner drivers to spot and react to hazards, however only
within artificial scenarios.

Although no differences were found for the overlay design and experience, there
was a significant interaction between experience and mirrors. Experienced drivers spent
significantly more time looking at the right mirror than the novices, while novices spent
significantly more time looking at the rear-view mirror. In order to see whether there
were differences in terms of identifying early precursors, fixations that fell within a two
second window prior to the hazard onset were calculated. Thus, it was possible to
identify whether experienced drivers spent more time looking at the right place prior to
the hazard. A marginal difference was found between the groups with experienced
drivers spending more time on fixating the precursor prior to the hazard onset than
novices. Although not significant, these last results point towards some evidence that
precursors might be a better discriminator between experienced and novice drivers
(Crundall et al., 2012, Crundall & Kroll, 2018). Coupled with the analysis of spread of
search, which replicated the typical finding that more experienced drivers search more
widely in the horizontal plane (Chapman & Underwood, 1998), the data suggest that
the clips contain qualities that are sensitive to driving experience, yet these differences
do not feed into the traditional measure of hazard response time.

Participants did not spend significantly more time looking at the transparent
areas of the overlay, compared to those same areas in the opagque condition. It cannot
be concluded that they were attending more to the visual scene through the transparent
A-pillars and through the roof of the car interior. Furthermore, neither of the two car
overlays appeared more hazardous, realistic or immersive to participants when they
were asked to rate them. These results were identical for both Experiment 2 and 3; there
were no differences between the ratings when participants were only shown the videos
without asking them to spot hazards and when they were actually asked to actively
search for hazards. Although participants did not differ in their ratings, when these same
ratings were compared to the mid-point of the scale the transparent condition was rated
significantly more “close to real driving” than the opaque by the learners and no drivers.
This yields some evidence in favour of the transparent design as learners and non-

drivers considered the transparent design more immersive.
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These results do not provide definite evidence that suggests that adding mirror
information or transparent frame to the HP video clips will enhance better performance
or discriminate clearly between experienced and novice drivers. Neither, however, do
the data provide evidence against the addition of these elements. It should be noted that
there are pragmatic reasons why this type of design (the inclusion of mirrors, with a
transparent interior) should be maintained for future research. Providing mirrors in the
HP video clips reflects the information that would be available to drivers during real
life driving while the transparent placeholder allows drivers to perceive essential cues
which otherwise would be unfairly hidden by the opaque overlay.

Several studies have already suggested improvements to be considered for the
design of the traditional hazard perception test (Alberti et al., 2014; Crundall, 2016;
Limet al., 2013; Pradhan and Crundall, 2017; Shahar et al., 2010), however no changes
related to the design of the video clips have been made by the DVSA (with exception
of the improvement of the quality of the clips, by upgrading the image into CGI.).

The traditional HP test has been studied mainly within the Western driving
environment. It would be interesting to study HP performance within different driving
context with participants that have not been exposed to any HP training and find out
whether there will be differences between experienced and novices drivers. There have
already been attempts featuring Malaysian drivers (Lim et al., 2014) however no
differences were found between the experienced groups in terms of reactions to hazard.
For that reason, the next study will feature Chinese Spanish and UK sample in order to
compare performance on the HP test and see whether this time there will be a basic
experiential effect between novice and experienced drivers. If UK novices are now
trained to the same level as experienced drivers, then perhaps the basic experiential
effect will be easier to find in other countries that do not have a national hazard

perception test.
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Chapter 5

AN INTERNATIONAL PERSPECTIVE ON HAZARD
PERCEPTION

Experiment 4

Testing the Hazard perception test in three different

countries: China, Spain and the UK

The material covered in this chapter has been adapted from previously published paper in
Ventsislavova, P., Crundall, D. Baguley, T., Castro, C., Gugliotta, A. Garcia-Frnandez, P., Zhang, W.,
Ba, Y. & Li, Q. (2019). A comparison of hazard perception and hazard prediction tests across
China,Spain and the UK. Accident Analysis and Prevention, 122, 268-286.
https://doi.org/10.1016/j.aap.2018.10.010

5.1 Summary of previous findings

Many researchers agree that the hazard perception skill is, perhaps, the only higher
order cognitive skill to relate to crash-risk and that hazard perception tests have huge
potential for reducing collisions around the world. Surprisingly, the previous two
studies described in Chapter 3 and 4 failed to find significant differences in performance
on the test between the experienced and novice drivers, despite efforts to test different
range of experience and increase the sample size in the last experiment. One of the
possibilities discussed was that UK novice drivers must practice hazard perception in
order to pass the official DVSA test, which might explain why it is difficult to find
experiential differences: in essence, the novice cohort could now be as practiced at
hazard perception as the more experienced drivers. Eye movement data also failed to
yield significant differences, and even though the design of the video clips was
improved (including mirror information and transparent frame to provide better

visibility) aiming to enhance hazard detection, this did not show any differences in
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performance neither between the conditions nor between the groups. Glances at the
mirrors were consistent between the studies in Chapters 3 and 4, showing that novices
have not yet developed the habit to check the side mirrors while experienced drivers
examined both left and right mirrors.

Furthermore, though the transparent overlay did not appear to directly affect
hazard perception performance in comparison to a fully opaque overlay, participants
(especially learners and no drivers) did rate the transparent overlay as more immersive
(however, only when their ratings were compared to the mid-point of the scale). This
does not reflect increased attention to the transparent overlay per se and it cannot be
concluded that participants did take advantage of the transparency of the overlay. When
directly asked which they preferred, participants chose the opaque overly in Experiment
2 and the transparent overlay in Experiment 3. Given that the latter experiment involved
an active search for hazards, this is perhaps the more relevant choice.

Also, differences in vertical spread of search were observed in Experiment 1
where the car overlay was present in all conditions. There was also a significant
interaction in Experiment 3 with the experienced drivers exploring more vertically with
the opaque video clips while novices showed more vertical search during the
transparent condition. This suggests that experienced drivers might have looked for
additional information such as precursors to hazards or other clues occluded by the
opaque frame. These findings demonstrate that the design of the clips does influence
participants’ eye movement behaviour, although it did not enhance faster hazard
detection in terms of response times in both Experiments 1 and 3.

When fixations upon precursors were analysed, there was only a marginal
significance between the experienced and novice drivers. This is surprising considering
previous studies that consistently found differences between the groups. However, the
data shows that experienced drivers fixated more precursors than the novices (even
though only marginally) which suggests that this type of measure/analysis might be
more reliable than the response latencies to hazards.

As the HP test has been developed over the past 50 years on pragmatic, rather
than theoretical grounds, it is difficult to determine a reason behind the lack of validity.

Assuming that UK novice drivers may now be well versed in hazard perception since
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the introduction of the formal test in 2002, the following study will examine differences
in performance in international samples.

Many studies have been conducted in other countries, seeking experiential
differences in hazard perception tests. Unfortunately, it is difficult to compare these
studies across countries, as different research groups have designed their own hazard
perception tests without following any official guidelines (as there is no official
protocol that explains how to build a hazard perception test). The wide variety of tests
prevents any sensible comparison between countries.

One study has however used the same test methodology across two countries,
comparing response times to hazards of UK and Malaysian drivers on both UK and
Malaysian clips (Lim, Sheppard & Crundall; 2013). They also failed to find the basic
experiential effect in both groups, though other cross-cultural effects were apparent
(e.g. the response frequency of UK drivers was extremely high in Malaysian clips,
compared to Malaysian driver responses). The following study provides a second
opportunity to investigate cross-cultural differences, measuring HP performance of

drivers from China, Spain and the UK, using clips filmed in all three countries.

5.2 Introduction
5.2.1 An international perspective on hazard perception testing

When countries are compared on the number of road fatalities, accounting for
population size, a handful of European countries typically dominate the safest spots at
the top of the table (e.g. Sweden, Norway, Denmark, Switzerland, the UK, and the
Netherlands; OECD/ITF, 2015; WHO, 2015). Thus it behoves researchers in these
countries to identify which of their own safety initiatives contribute significantly to
their national safety record and to assess whether these interventions are suitable for
export to other countries who may benefit in their own attempts to reduce on-road
injuries and fatalities. Certainly, the introduction of the national HP test in the UK has
ostensibly decreased road collisions. As noted in Chapter 1, Wells et al., (2008) reported
a 17.4% reduction in non-low speed collisions (where blame could be attached) linked

to the introduction of the test in 2002. This result demonstrates the significant impact
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that the HP test has had on UK road safety, and raises the possibility that this could be
of equal use to other countries who are facing even greater road safety challenges.

The first country to implement the HP test as a part of their licencing procedure
was Australia (specifically Victoria in 1996) and UK, Queensland (Australia) and the
Netherlands have since followed the example and developed their own HP tests. In
addition, there are research groups around the world who have developed HP tests in
their own countries, including Spain, Germany, The Netherlands, Israel, Singapore,
Malaysia, Canada, Hong Kong, China, Japan, and New Zealand (e.g. Borowsky et al.,
2010; Cheng, Ng & Lee, 2011; Cocron, Bachl, Friih, Koch & Krems, 2014; Gau, Yu &
Hou, 2015; Malone & Briinken, 2016; Isler, Starkey & Williamson, 2008; Lim et al.,
2013; Rosenbloom et al. 2011; Scialfa et al., 2014; Shimazaki, Ito, Fujii, & Ishida,
2017; Vlakveld, 2014; Wang, Peng, Liang, Zhang, & Wu, 2007; Yeung, & Wong,
2015). Unfortunately, the results of many studies from around the world are mixed,
with some researchers discriminating between safe and less-safe drivers on the basis of
hazard responses (e.g. Horswill, et al., 2015; Wallice & Horswill, 2007), while others
fail to find this basic effect (Sagberg, & Bjgrnskau, 2006; Lim et al., 2013; Yeung &
Wong, 2015).

5.2.2. Are hazards culturally specific?

It is difficult to pinpoint the reason why some studies successfully discriminate between
safe and less-safe drivers, while others do not, as the precise design of these various
tests can differ on many crucial points. The most interesting difference between these
studies is the country in which they are conducted. Both the stimuli (the video clips
containing the hazards) and the participants, are culturally specific to the region. There
are wide cultural differences in the nature of driving, including both the legal and social
rules that govern acceptable behaviour, which in turn influence the nature of the
hazards. It is possible that some types of hazard are more prevalent in particular
countries, and that some of these hazards may be less successful in discriminating
between driver groups (Crundall et al., 2012; Crundall 2016) or are simply unsuitable
for a hazard perception test. For instance, when Crundall was filming clips in Malaysia
for the Lim et al. (2013; 2014) studies, he reported that many hazards did not make the
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final cut. The majority of these rejected hazards were interactions between the film car
and motorcycles, which would overtake without warning and cut in front of the film
car, necessitating urgent braking in some instances (Crundall, 2015, personal
communication). The immediate appearance in the camera view of these motorcycles,
would not have provided the more experienced drivers in the study with any precursors
(i.e. visual clues) to help them predict the occurrence of the hazard (Pradhan &
Crundall, 2017), and thus could not have discriminated between safe and less-safe
drivers. Provision of mirror footage in the current studies however, allowed such
hazards to be included.

This touches on several other reasons why differences in findings might arise
between research studies: there is no accepted standard for what constitutes a hazard,
or how these clips should be edited and then presented, or even what response should
be collected from participants. Many research teams adopt an individual approach to
developing hazard perception tests, making it difficult to compare studies across
different countries when they have employed different methodologies and used
different sets of clips. In fairness, it should be noted that this is not necessarily a problem
just across countries, as there are several studies conducted within the UK (including
the studies conducted in Chapter 3 and 4 of this thesis) that have failed to replicate the
basic behavioural discrimination between experienced and novice drivers (e.g. Crundall
et al., 1999, Underwood et al., 2013).

5.2.3 Comparison of HP performance between UK and Malaysian drivers

To the author’s knowledge, only Lim et al. (2013; 2014) have measured performance
on the exact same test across two different countries®. In 2013 they compared Malaysian
and UK drivers’ hazard perception performance on clips filmed in both countries. They
found that the UK drivers responded to many more hazards than Malaysian drivers,
especially when they were presented with Malaysian clips. A difference between novice

and experienced drivers did not materialise however (in both Malaysian and UK

5 Wetton et al., (2010) found novice/experienced driver differences with Australian participants viewing a UK test,
but did not test UK participants. Still the positive result suggests some generalisability between two countries,
albeit countries that are highly similar in terms of culture and road laws.
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participants). The authors suggested that cultural differences in hazard criterion (the
internal threshold at which one considers an event to be a ‘hazard’) impacted more on
test performance than experience. As Malaysian drivers typically encounter more
hazards on the road than UK drivers, these events become normalised to the extent that
a scenario must be extremely dangerous before they consider it to be a ‘hazard’, rather
than simply an everyday event. The hazardousness of the Malaysian driving
environment was also evident from the extra hazard responses reported by the
participants. Malaysian clips received higher rates of extra hazard responses and UK
drivers reported more extra hazard responses than the Malaysian drivers. Malaysian
drivers appeared to have a higher threshold for hazards than UK drivers. However,
without finding a difference between UK novice and experienced drivers, they could
not firmly conclude that the hazard perception test could not transfer between countries

(as they could not establish the effect in the UK in the first place with their clips).

5.2.4 Overview of the study

The current study will assess whether the hazard perception methodology could
successfully discriminate between experienced and inexperienced drivers across three
countries (China, Spain and the UK), paving the way for the design and export of a
culturally agnostic test. While most studies of HP performance across countries use
different stimuli and different test formats, the current study will use the same clips and
identical methodology, across a cohort of participants recruited in the three countries.
All participants saw three sets of clips, with one set filmed in the UK, one set filmed in
Spain, and a third set of clips filmed in China (e.g. all UK participants saw clips from
China, Spain and the UK, etc.). These three selected countries have very different
cultures and traffic collision statistics. The World Health Organisation (2015) estimates
the road fatalities of China, Spain and the UK to be 18.8, 3.7 and 2.9 deaths per 100,000
population, respectively, with an estimated 260,000 annual fatalities in China (though
the officially reported number was just over 58,000 for 2013). Differences between
officially reported statistics and WHO estimates reflect a number of measurement

difficulties, such as trying to equate different definitions of a road collision fatality
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across different countries. For instance, in the UK an individual must die with 30 days
of a collision to be counted, whereas in China the deadline for inclusion is seven days.

While the safety records of the UK and Spain are much more comparable, they
still differ markedly in terms of culture and road laws (with the most considerable
difference being the side of the road on which they drive). Thus, across all three
countries we have a range of cultures, laws, and risk of collision, providing a demanding
assessment for a culturally-agnostic hazard perception test.

Key to this study was the requirement that the country-specific tests were as
similar as possible in all other ways. Thus, all clips from each country were filmed and
edited for this specific test, rather than co-opting previously captured video footage for
inclusion. From the experience of filming in Malaysia, thought was given as to how
best capture hazards that might not be suitable for the single-camera forward view
favoured in the official UK and Australian tests. In order to accommodate the potential
increase in overtaking hazards that may occur outside the UK, the use of mirror
information (as used in Chapters 3 and 4) was thought to be essential. This was the only
possible way to provide information about precursors to hazards that appear from
behind the film-car. It was predicted that this test format would discriminate between
experienced and inexperienced drivers in each country (using experience as a surrogate
for crash likelihood), though there remained the possibility that experience might not
show a difference in the UK sample due to the unsuccessful previous attempts.

It was also considered likely that experience might interact with the clip origin
and participant nationality, such that any experiential effects may only be apparent in
clips from the home country for those participants. Such findings would at least
demonstrate that the test format is culturally agnostic (i.e. the test may discriminate
between experienced and novice drivers using home country clips), if not the actual
stimuli filmed across the three countries (i.e. cultural differences in the stimuli prevent
the experiential effects from transferring to non-native contexts).

Finally, it is expected that the Chinese driving environment will be considered
as the most hazardous when compared to the other two countries. This will be apparent
by the number of extra hazard responses the Chinese clips will receive as well as the
high hazardous rating scores (as there will be more potential hazards worth reporting).

Furthermore, it is predicted that UK drivers will report more extra hazard responses
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than the Chinese and Spanish drivers, thus showing the differences in hazard
identification thresholds.

This research was conducted collaboratively with the University of Granada and
Tsinghua University. The current author was the lead researcher, and the collaboration
was put together solely for the purposes of conducting research for this PhD thesis (i.e.

this study was not already being undertaken as part of any other research project).

5.3 Method
5.3.1 Participants

One hundred and fifty-three participants were recruited for this experiment. The sample
was composed of drivers from three different countries (Chinese participants = 50,
Spanish participants = 51, UK participants = 52). All of the drivers held full or
provisional licences from their respective countries. Participants were split into
experienced and inexperienced driver groups (46% experienced drivers and 54.05%
inexperienced drivers). According to the literature, novice drivers are overrepresented
in crashes in the first 12 months after licensure in comparison to experienced drivers
(Foss et al., 2011, McCartt et al., 2003; Williams & Tefft, 2014; Pradhan & Crundall,
2017). Thus, for this study the experienced groups were defined in the following way:
drivers were considered ‘experienced’ if they had passed their driving test at least one
year before the study, and had driven at least 600 miles (965 km) in the previous year
(to ensure that experienced participants were still active drivers). Inexperienced drivers
included learner drivers (34%), those who had passed their test in the same year of the
study, plus a small number of drivers (2%) who had passed in the last few years but
reported very little exposure (<600 miles in the previous year). These classifications
resulted in 19 experienced and 31 inexperienced Chinese drivers, 26 experienced and
25 inexperienced Spanish drivers, and 23 experienced and 24 inexperienced UK
drivers. Due to low absolute numbers of reported collisions (four Chinese, five Spanish
and five UK drivers reported collisions in the past 12 months), these data were not used
to define the groups.

Demographic details for each group can be found in Table 5.1. Over all three

countries, the average experienced driver was 29.5 years old, passed the driving test in
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2005 (with ten years of experience), and drove an average of 11804 miles per year. The
average inexperienced driver was 21.1 years old, passed the driving test in 2014 (less
than one year of experience) and had an annual mileage of only 63 miles.

Participants from the three countries were recruited either from the respective
Universities involved (Granada, Nottingham Trent and Tsinghua Universities) and

from local driving schools. All of the participants were unpaid volunteers.

Table 5.1: Mean demographic values for participants

Demographics Chinese Spanish Participants UK Participants

Participants

Novice Exp’d Novice Exp’d Novice Exp’d
Total N (female N) 31(13) 19 (2) 25 (17) 26 (8) 24 (13) 23 (21)
Age 22 28.6 19.2 35.9 22.1 24.1
Post-licence Experience 1 6 1 17 1 7
(years)
Annual Mileage 82.8 4274.3 28 22041.9 78.2 9095.7

5.3.2 Materials and apparatus

To create the hazard perception stimuli filming was undertaken in China, Spain and the
UK (for more information about the filming of the stimuli, see Chapter 2). The driver
of the film car in each country was an experienced, native driver, with previous
experience of conducting driving-safety research. Filming took place across a variety
of times, but always in daylight and with clear weather conditions. The filmed
environment in each country included city driving (Beijing, Granada, Nottingham),
suburbs, and rural locations. Ten clips were chosen from each country to create the
hazard perception test (with 30 clips selected in total). Clips varied in length from 31s
to 64s and each clip included one a priori hazard identified by our team of transport

researchers from across the countries. All hazards were captured naturalistically. In
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addition to the actual hazard (see Table 5.2 for a description of the individual hazards),
these clips typically included several other potential hazard sources (i.e. precursors that
did not develop into hazards, Pradhan & Crundall, 2017). Screen shots from each
country can be viewed in Figure 5.1.
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Figure 5.1: Three screen shots taken from hazard perception clips filmed in

China (top panel), Spain (middle panel) and the UK (bottom panel).
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In order to ensure comparability of instructions across the three countries, the UK

instructions were subjected to a Chinese and Spanish forward-backward translation

(following the guidelines of International Test Commission; ITC, 2010). This was

undertaken to ensure that the participants understood what was meant by a “hazardous

situation” and how they should respond. The translation into Chinese and Spanish was

performed by a team consisting of three bilingual experts with a high level of expertise

in Chinese and Spanish culture, traffic regulations and driving habits.

Clips were displayed on a Lenovo (ThinkPad) computer with resolution of 1920x1080

and screen size of 34.5cm x 19.5cm in all three countries and the programme used was

E-Prime 2.0 Software (Psychology Software Tools, 2012). Participants responded with

a mouse connected to the laptop.

Table 5.2: A description of the a priori hazards selected within each clip

Clip Number

Hazards

Duration of the clip (ms)

CHINESE CLIPS

A pedestrian is visible at the right edge of the road, looking to cross.
The pedestrian is obscured by a turning car at the point of stepping into
the road. By the time the pedestrian is visible again, he has already
stepped into the road becoming a hazard.

There are parked cars on both sides of a narrow street that might
occlude pedestrians. A pedestrian steps into the road in front of you,
from between two parked vehicles.

A gap in a long line of parked vehicles on the left side of a one-way
street indicates the presence of a side road. A cyclist emerges from the
side road, obscured by the parked vehicles, and makes a wide turn in
front of your vehicle, before cycling towards you.

Your car slows on approach to a junction. A cyclist approaches from
the left and is partially obscured by the A-frame of the semi-
transparent graphic overlay. The cyclist cuts directly across your path.
Your car is driving slowly and there are parked cars on the right. A
parked car on the right side of your lane indicates late before
attempting to pull out in front of you.

A car immediately behind you, visible in the rear-view mirror and left
side mirror, decides to overtake by entering a slip road to your left. It
is forced to immediately pull back into your lane, in-front of you, as
the slip road ends.

A car behind you is visible in the rear-view mirror and right side
mirror. The car undertakes you on the left by entering a bus lane. Once
past you, it cuts into your lane and is forced to brake suddenly due to
slowing traffic ahead.
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A car behind you is visible in the rear-view mirror and right side
mirror. While attempting to exit a multilane road, the car from behind
accelerates to undertake your vehicle, forcing you to hold off moving
into the desired lane.
A lorry approaches fast from the right-hand side. The lorry enters the
main road from a side road on the right, cutting into your lane.
A car behind you is visible in the rear-view mirror and left side mirror.
The car indicates with the front lights. Then undertakes via a bus lane
at speed, immediately cutting in front of your vehicle and braking.

SPANISH CLIPS
A gap in a long line of parked vehicles on the left side of a one-way
street indicates the presence of a side road. A motorcyclist emerges
from the side road, partially obscured by the parked vehicles, and
enters the main carriageway immediately in front of your vehicle.
A pedestrian is stood in the road next to a parked car waiting for her
friend to exit the car. As your car approaches the driver’s door of the
parked vehicle opens.
On entering a side road, a rider on a scooter is checking over her
shoulder in order to pull out around a vehicle blocking her lane. She
then pulls out in front of your vehicle, as you finish turning into the
side road.
While travelling on a dual carriageway, in the distance a pedestrian
enters from the left side of the road. The pedestrian continues to cross
the street, forcing you to slow and stop.
A car emerges from a side road and stops in front of you before
indicating that it is going to reverse into a parking space at the road
edge.
A van is approaching fast from a side road on the right. The van tries
to pull out and it halts abruptly when already partially out of the road,
but nevertheless forces you to brake suddenly.
A car ahead stops on a zebra crossing due to congestion ahead. A
pedestrian, unable to cross on the actually crossing, steps into the road
slightly in advance of the zebra crossing. As she steps out she is
partially obscured by parked vehicles on the right.
A double-length (‘bendy’) bus in the right lane indicates and pulls off
from a bus stop immediately in front of you, after you have just exited
from a roundabout.
While driving on a dual carriageway, a motorcycle undertakes in the
right lane and is forced to pull in-front of your car as traffic in the right
lane slows due to congestion.
A pedestrian is approaching from the left, partially obscured by a
pillar. The pedestrian crosses the road ahead from the left.

UK CLIPS

A car ahead overshoots a red traffic signal. As the cross traffic begins
to enter the junction, the reversing light of the car turns on and the car
ahead reverses towards you.
You are driving in a street with shops and parked vehicles on the left
side. There is a pedestrian coming out of one of the shops, approaching
the street. The pedestrian steps out from between two parked cars on
the left just as you accelerate after waiting in standing traffic.
A distracted pedestrian is walking towards the street. The pedestrian
crosses the road from the right without looking.
A car behind you is visible in the rear-view mirror and left side mirror.
The car from behind undertakes you on the right on a multilane road.
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Once past you, it cuts into your lane and is forced to brake suddenly
due to a red traffic light.
5 There are pedestrians on both side of a narrow street. A pedestrian with 32000
a child’s push chair enters the road from the right without looking. Her
entrance is partially obscured by pedestrians standing on the right.

6 Abus in a bus lane signals to pull away from a bus stop. Due to parked 31000
vehicles ahead in the bus lane, it pulls out into your lane forcing you
to stop.

7 A car ahead emerges from a side road on the left and crosses your lane 42000

(too far away to be considered a hazard). It then indicates again and
immediately cuts across your lane once more to park in a layby. This
second lane crossing is close enough to your vehicle to constitute a
hazard.
8 A car behind you is visible in the rear-view mirror and left side mirror. 34000

The car from behind overtakes your vehicle on a blind rural bend. The
appearance of an oncoming vehicle in the opposite lane forces the
overtaking vehicle to pull back into your lane immediately in front of

you.
9 While travelling at speed along a country road, a blind bend ahead 70000
reveals a queue of standing traffic, forcing you to slow and stop.
10 While your car is slowing due to congestion ahead, a pedestrian looks
over his shoulder before deciding to run in front of your vehicle forcing 35000

to slow more abruptly than otherwise required.

5.3.3 Design

A 2 x 3 x 3 mixed design was used. The between-group factors were the driving
experience of participants (experienced vs. inexperienced) and their nationality
(Chinese vs. Spanish vs. UK). The within-group factor was the clip origin (China vs.
Spain vs. UK). The dependent variables included the percentage of hazards that
participants correctly identified and their response times to these hazards. Extra hazards
responses (additional button-presses inside the hazard window or made outside the
hazard window) and hazardous ratings were also measured.

Correct identification of a hazard was defined as a button response that fell
within a temporal scoring window for each hazard. At the end of each clip participants
were also required to rate each clip for the level of hazardousness presented on a Likert
scale from 1-7, with higher numbers reflecting increasing levels of danger (with ‘not at
all hazardous’ to ‘extremely hazardous’ as the anchors). Clips from the three countries

were presented in three different blocks (10 clips per country).
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5.3.4 Procedure

Participants were seated in front of the screen and viewed the on-screen instructions in
their native language. They were asked to fill in a demographic questionnaire which
included information such as age, sex, year of obtaining their driving license, driving
collisions in the past 12 months, and miles/kilometres driven in the past 12 months.
Participants were seated 60 cm from the screen.

Participants were told that they would see 30 video clips from the driver’s
perspective, recorded in three different countries, that each contained at least one
hazardous situation (but only one correct hazard). They were asked to view these clips
as if they were the driver, and to press the mouse button as soon as they saw a hazard
occurring. A hazard was defined as an object or event in the road environment that
could increase the risk of a collision if an evasive manoeuvre such as braking or steering
was not performed (following Crundall, 2016). It was made clear that participants did
not need to locate the hazard on the screen using the mouse, but merely had to press the
button to record their response. After each clip they were asked to rate how hazardous
they thought that particular situation was on a scale from 1 to 7 by pressing the
corresponding button on the keyboard (1 = “not at all hazardous”; 7 = “extremely
hazardous”™). Before the start of the experiment each participant saw a practice clip from
their own country in order to familiarise themselves with the task. If the participant
failed to perform on the practice task as expected, the experimenter explained the
instructions again. Both the order of the clips within the blocks, and the order of the
blocks were randomised for each participant. In total the experiment took an average of

35 minutes.

5.4 Results

For this Experiment 5 of the 153 participants were removed (N=148): four of them due
to excessive clicking (>60 clicks per block of videos) and one of them for being an
inexperienced driver with high mileage (i.e. >6000 miles in their first year of driving).

These five outliers were all UK drivers.
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There were two main measures of interest: the percentage of hazards correctly
identified (i.e. where a response was made within the temporal scoring window), and
the response times associated with these mouse clicks. Both of these measures were
subjected to 2 x 3 x 3 mixed ANOV A comparing performance across driver experience
(experienced vs. novice drivers), participant nationality (Chinese, Spanish, or from the
UK), and the origin of the clips (China, Spain or the UK). Between-group effects were
further explored with Tukey tests while within-group effects were explored with
planned repeated contrasts comparing Chinese drivers to Spanish drivers, and Spanish
drivers to UK drivers (reflecting the rank order of these countries in road safety
according to the World Health Organisation; WHO, 2015).

5.4.1 Response accuracy to hazards

Participants were considered to have correctly responded to a hazard if they pressed the
mouse button within the hazard window for each specific clip (the mouse cursor was
not visible on the screen and the location of the mouse was not important). Hit rates
(accuracy) were calculated for each participant across the ten clips filmed in each of the
three countries, and were turned into percentages for analysis viaa 2 x 3 x 3 ANOVA.
A main effect of drivers’ nationality was found (F(2, 142)=12.03, MSe = 1.96, p <
0.001, np? =0.145). Post Hoc Tukey tests revealed that UK drivers responded correctly
to more hazards than Chinese drivers (78.9% vs. 64.5%, p < 0.001), while Spanish
drivers also detected more hazards than Chinese drivers (73.3% vs 64.5%, p = 0.005).
There was no difference between UK drivers and Spanish drivers.

A main effect was also found for clip origin (F(2,284)=7.89, MSe = 1.69, p <
0.001, np®> =0.053). Planned repeated contrasts found Chinese hazards to be less
frequently identified than Spanish hazards (68.7% vs. 72.5%, p = 0.02), though there
was no difference between responses to Spanish and UK hazards across all participants
(72.5% vs. 75.1%, p = 0.09).

The omnibus interaction for participant nationality and clip origin approached
statistical significance (F(4,284) = 2.30, MSe = 1.69, p = 0.059, np? =0.031; see Figure

5.2), with the planned contrasts isolating the interaction component to the comparison
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of the responses to the Spanish and UK clips (F(2,142) = 4.92, MSe = 2.62, p = 0.009,
np? =0.065).

To investigate this further, three Bonferroni-corrected, repeated-measures t-
tests compared the performance on the Spanish clips to that of the UK clips for each of
the three participant groups. Only the Spanish group were found to perform differently
on the two clips sets, responding to more hazards in the UK clips than in the Spanish
clips (78.8% 72.0%), t(50) = 3.3, p = 0.002). None of the other interactions or main
effects, including any analysis that included driver experience, were significant.
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Figure 5.2: The percentage of hazards correctly responded to by all participant
groups across the three countries of origin for the clips (with standard error bars
added)

5.4.2 Response times to hazards

The transformed data (following Wetton et al., 2010, please refer back to Chapter 3)
were subjected to a 2 x 3 x 3 mixed ANOVA. A main effect of participant nationality
was found (F(2,142) = 18.46, MSe = 0.14, p < 0.001, np? = 0.206). Post hoc Tukey tests
identified that all groups were significantly different to each other (all ps < 0.05) with

UK drivers responding the quickest, followed by Spanish drivers, with Chinese drivers
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responding the slowest (with means of 2387 ms, 2829 ms, and 3120 ms, respectively,
where these are reconverted from z-scores using group means and standard deviations).

An interaction was found between clip origin and participant nationality (F(4,
284) =5.08, MSe = 0.10, p < 0.001, np? =0.067). Planned contrasts allowed comparison
of Chinese clips with Spanish clips, and Spanish clips with UK clips, across the
nationality factor. The interaction was found to lie between the Spanish clips and UK
clips (F(2,142) = 9.38, MSe = 0.25, p < 0.001, ny?> =0.117). As can be seen in Figure
5.3, while the Chinese participants responded most slowly across all clips, they are
markedly worse on the UK clips. None of the remaining main effects or interactions
was significant. Thus, as with the analysis of the percentage of hazards responded to,

there was no effect of driver experience.
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Figure 5.3: The mean response time of all three driver groups to hazards across
the three clips sets recorded in each country (reconverted from square-root and

z-score transformed means, with standard error bars added)
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5.4.3 Extra hazard responses

In addition to the analysis of the two main DVs above, the number of additional
responses that participants made while watching the clips was also calculated, above
and beyond those responses that correctly identified the hazards. The extra hazard
responses (EHR/m) measure was compared across clip origin, participant nationality
and driver experience via a 3 x 3 x 2 mixed ANOVA. A main effect was found for
participant’s nationality (F(2,142)=8.50, MSe =1.44, p < 0.001, n? =0.107). Post Hoc
Tukey tests revealed that differences were found specifically between Chinese and
Spanish participants (p < 0.005) and between Chinese and UK participants (p < 0.005).
Both Spanish and UK participants reported significantly more extra hazard responses
per minute in comparison to the Chinese drivers. There were no differences between
Spanish and UK participants.

A main effect was found for clip origin, F(2,284)=86.53, MSe =0.41, p < 0.001,
np? =0.38. Chinese clips (M = 2.12) received the greatest number of extra hazard
responses per minute, followed by the Spanish (M = 1.92) clips and finally the UK clips
(M = 1.18). Planned comparisons confirmed significant differences between the
Chinese and Spanish clips (F(1,142)=7.49, MSe = 0.76, p < 0.005, np?> =0.050) and
between the Spanish and UK clips (F(1,142)=107.49, MSe =0.74, p < 0.001, ny?
=0.431). The UK clips were considered to have significantly fewer hazardous events
worth reporting than the Spanish clips, which in turn had fewer hazards than the
Chinese clips.

A significant interaction was found across clip origin and nationality
(F(4,284)=5.53, MSe =0.41, p < 0.001, np? =0.072). Planned comparisons showed that
the interaction lay between the Chinese and Spanish clips (F(2,142)=6.06, MSe =0.76,
p < 0.005, np? =0.079). As can be seen in Figure 5.4, both the Chinese and UK
participants viewed the Chinese clips and the Spanish clips to be equally hazardous in
terms of EHR/m. Spanish participants, however, made more responses to the Chinese
clips compared to the Spanish clips. The UK clips appeared to be considered as the least
hazardous by all three countries.

A significant interaction was also found across clip origin and driver experience,
(F(2,284)=3.21, MSe =0.41, p < 0.05, np? =0.022. Planned comparisons revealed the
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interaction to lie in the comparison of Chinese and Spanish clips (F(1,142)=4.52, MSe
=0.76, p < 0.05, np? =0.031), with experienced drivers making a greater number of extra
hazard responses per minute to Chinese clips than to Spanish clips. There was no
difference in the extra hazard responses of the inexperienced drivers to Chinese and
Spanish clips (Figure 5.5).

A Pearson correlation was calculated to assess the relationship between the
percentage accuracy of each participant across all clips, and the number of extra hazard
responses per minute averaged over all clips. There was a significant correlation
between the two variables (r(146)=0.37, p <0.001). This suggests that a successful hit
rate appears related to the overall number of extra hazard responses that participants
made, despite having already removed the four UK participants who were considered
‘excessive responders’ (more than 3 SDs above the average participant per block, i.e.

more than 60.4 responses during the 10 clips from a particular country).
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Figure 5.4: The mean number of extra hazard responses per minute for each
block of clips across the three groups of participants (with standard error bars
added)
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Figure 5.5: The mean number of extra hazard responses per minute for each
block of clips across experienced and inexperienced drivers (with standard error
bars added)

5.4.4 Hazardousness ratings for all hazard clips

Following each clip, participants were asked to provide a hazardousness rating on a
scale of 1 to 7 (where higher numbers reflect greater levels of perceived hazardousness).
These ratings were averaged across clips for each participant according to country of
origin and were subjected to a 2 x 3 x 3 ANOVA (participant experience vs. nationality
vs. clip origin) (see Norman, 2010, for a justification for using ANOV A to analyse these
data).

There was a main effect of clip origin (F(2,284) = 62.1, MSe = 0.263, p < 0.001,
np? = 0.30). Repeated planned contrasts compared clips from the three countries and
found that Chinese clips were rated as more hazardous than Spanish Clips (4.5 vs. 4.14;
F(1, 142) = 30.9, MSe = 0.62, p < 0.001, g =0.179), and the Spanish clips were rated
as more hazardous than the UK clips (4.14 vs. 3.84; F(1, 142) = 26.5, MSe = 0.52, p <
0.001, np? =0.157).
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Nationality also produced a significant main effect (F(2, 142) = 20.7, MSe =
0.78, p < 0.001, n? = 0.226), with Spanish drivers giving the highest ratings (4.73)
followed by UK drivers (4.14), with Chinese drivers giving the lowest hazardousness
ratings (3.60). Tukey tests revealed each possible comparison to be significant (ps <
0.01). The final factor of driver experience did not reveal a difference between the two
groups (4.2 vs. 4.1 for experienced and inexperienced drivers, respectively).

An interaction was noted between clip origin and participant nationality (F(4,
284) = 5.17, MSe = 0.263, p < 0.001, ny? =0.07). As can be seen in Figure 5.6, only
Spanish drivers rated the Chinese clips as more hazardous than the Spanish clips,
mirroring the EHR/m results. Also, while both Chinese and UK participants rated
Spanish clips as more hazardous than UK clips, the Spanish drivers did not make this
distinction.
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Figure 5.6: The hazardousness ratings of participants across three nationalities
and the clip sets from each country. Ratings were given on a 1-7 scale, where

higher ratings indicate greater perceived hazardousness (standard error bars
added)
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5.5 Discussion

The aim of this study was to assess whether the hazard perception test is suitable for
export to different driving cultures. This was a novel endeavour as, though many
research groups around the world have investigated hazard perception in their own
countries, they have done so with vastly differing methodologies making it difficult to
compare the validity of the tests across different regions. Only one previous attempt has
been made to assess hazard perception skills of drivers from different countries using
the same clip set, but the results of that study were inconclusive (Lim et al., 2013).
Therefore, three different countries were tested using an identical hazard perception
methodology in order to find out whether the test will discriminate between experienced
groups from different cultures. The current experiment revealed no differences between
experienced and inexperienced drivers in regard to the two main dependent measures:
response times to hazards and the percentage of hazards correctly responded to.
Similarly to Lim et al. (2013), it is hard to conclude that the hazard perception
methodology is suitable for export to other countries when we cannot discriminate
between any driver group on the basis of experience, regardless of nationality. If at least
the UK clips could produce a difference between UK experienced and inexperienced
drivers, then one could feel comfortable that the basic test replicated previous work in
the field, but this was not the case. Admittedly, in order for this effect to have risen to
our attention it would have had to evoke a three-way interaction between participant
nationality, clip origin and driver experience. Failures to hit such high goals may always
raise suspicions of a lack of statistical power, but even when UK experienced drivers’
accuracy rates and response times are directly compared to those of UK inexperienced
drivers (just using UK clips), even these simple t-tests cannot reach significance (M
experienced accuracy= 8.13 VS. M inexperienced accuracy = 8.38, t(45) = -0.57, p =0.57; M experienced
RTs = 2373.6 MS VS. M inexperienced RTs = 2402.4 ms, t (45) =0.13, p = 0.88). One possibility
was that the scoring windows defined for this study (including Experiments 1 and 3)
were too lax. Therefore, more conservative scoring windows were set and additional
reaction time and hit rate analyses were performed. This analysis was a minor one and
depending on the hazard, either the onset or offset were slightly changed (by removing

a certain amount of frames and making the window “smaller””). However, the results
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were identical as the reported ones, with no significant differences between the
experienced groups. It is possible that more significant changes to the window would
have produced effects. However, examining different types of scoring windows was
not the aim of this chapter and considering that the results were not different from the
original, this analysis has not been described in the methods and analyses section.

While this lack of significance contradicts many studies that have previously
demonstrated such HP tests to discriminate between experienced and inexperienced
drivers (e.g. Wallis & Horswill, 2007; Horswill et al., 2008; Deery, 1999), it has been
already noted in the introduction that failure to find this effect is not without precedent
(e.g. Sagberg, & Bjernskau, 2006; Lim et al., 2013; Yeung & Wong, 2015).

Despite the failure to find experiential differences, several other interesting
findings were noted that suggest the typical HP approach might be culturally sensitive.
First, it was notable that Chinese drivers made fewer hazard responses over all the clips,
both in terms of identifying the a priori target hazards, and in their additional responses
to other potential hazards (EHR/m). In contrast, Chinese clips evoked the greatest
number of extra hazard responses per minute across all participants (most strongly
within the Spanish participant group). This suggests that the Chinese clips are more
complex, and contain more precursors than the Spanish and UK clips. This in itself is
unsurprising as China has the highest collision rate of the three countries, and is
therefore likely to have more potential hazards. Of greater interest is the possibility that
our Chinese drivers, who are continuously exposed to a higher frequency of potential
hazards, were therefore less sensitive (or more accepting) of hazards from all three
countries. This possibility once again raises the problem of criterion bias influencing
the simple push-button response required in the traditional hazard perception
methodology.

Chinese drivers were also slower to respond to hazards across all three countries
than other drivers, while the UK drivers were the fastest. The slow responses of Chinese
drivers may stem from their high threshold for reporting hazards, which seems apparent
in their lower frequency of hazard responses, though the faster responses of the UK
drivers may reflect their previous exposure to the national UK test.

The high threshold of Chinese drivers when responding to hazards is also

reflected in the hazardousness ratings provided by participants following each clip.
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These ratings mostly follow the pattern of extra hazard responses per minute (EHR/m),
with Chinese clips being rated as the most hazardous across all participants, yet with
Chinese drivers providing the lowest ratings of hazardousness across all clips. Thus,
the explicit ratings of hazardousness again support the notion that the Chinese drivers
face the greatest level of on-road complexity, and are correspondingly desensitised to
high levels of hazardousness.

Even though the Chinese clips evoked the greatest number of EHR/m, they were
also noted to produce the fewest responses to the a priori hazards across all participants.
This suggests that the number of potential precursors available in the environment
might degrade ability to identify the correct target (Crundall, 2016). This could be due
to an increase in distracter stimuli that demand attention away from the target, similar
to increasing set size in a visual search array (Palmer, Ames & Lindsey, 1993; Dobkins
& Bosworth, 2001; Wolfe, 1994), or perhaps due to an attentional depletion in
processing resources, such as an attentional blink (e.g. Chun, 1997, Lagroix et al.,
2012). In the face of such demanding visual complexity it is understandable that
Chinese drivers might increase their threshold for deciding whether something poses
an explicit hazard.

Despite the differences in responses across participant nationality, it was notable
that many of the hazards across countries shared commonalities. Vehicles emerging
from side roads, pedestrians crossing in front of the film car, and parked vehicles
moving off, were all examples of a priori hazards that appeared across the countries.
China did however produce many more overtaking hazards during filming than the UK
(with four such hazards included in the final Chinese clip selection, and only two in the
UK clip set). It is possible that we have previously underestimated the potential for
overtaking hazards to be included in UK hazard perception tests, limited as we were by
the self-imposed constraints of a single forward-facing perspective (i.e. without mirror
information available to the participant). Thus, while the frequency with which hazards
and precursors might occur ostensibly changes across countries, it is easy to identify a
priori hazards that have a similar structure regardless of their origin.

This raises the possibility of developing a cohesive and culturally-agnostic
typology of hazards. Some attempts have been made in the literature to distinguish

between coarse categories of hazards (e.g. latent vs. overt hazards; developing vs.
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abrupt hazards; behavioural vs. environmental prediction hazards; see Pradhan &
Crundall, 2017, for a review), but there is an opportunity to classify hazards at a finer
level. It is likely that some hazards will be more effective discriminators of driver safety
than others (e.g. Crundall, et al., 2012; Crundall, 2016). If a hazard typology can have
a degree of consistency across cultures, then this increases the value of developing such
a system of categorisation.

To summarise, it appears that this current hazard perception test is not
appropriate to export to other countries. First, it does not discriminate between
experienced and inexperienced drivers which is considered to be a mainstay of test
validity. While disappointing, this is not necessarily insurmountable. Some hazards are
likely to be more successful in discriminating between experienced and inexperienced
drivers (Crundall et al., 2012; Crundall, 2016) and it could be possible to collect new
hazards that add to the discriminative ability of the test. Therefore, a clip by clip
comparison was graphed to compare raw RTs of driving groups at least within their
home countries (see Figure 5.7 a, b, ¢). At first glance, only Spanish experienced drivers
seem to react faster to the hazards (although not significantly). In addition, it is
noticeable that experienced drivers often perform similarly to novices. This is
especially apparent for the UK sample where on some occasions novices were faster
than experienced drivers (e. g. hazards involving pedestrians or abrupt hazards such as
queue of standing traffic). As a result, the results of the UK sample are consistent with
those in Chapter 3 and 4 failing to find the basic experiential effect.

However, in each country there is at least one hazard that shows considerable
difference between experienced and novice drivers. Interestingly, experienced drivers
from either country reacted much faster to hazards that contained indicator signals,
reversing lights or braking lights (UC 1, 7, CC 5, SC 5). This supports, in part, that
some hazards (especially those containing precursors) are more successful in
discriminating between experienced and novice drivers, and is consistent with the
findings of Crundall et al. (2012). Nonetheless, a valid test should contain a variety of
hazards and it is expected that most of these hazards should be able to discriminate
between the experienced groups. At least this is the premise behind the HP test.

A second barrier to exporting a hazard perception test is that, in its current form, our

test appears highly sensitive to cultural differences between our driver groups, which is
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considered to be a problem for test fairness (Allen & Walsh, 2000; Gesinger, 1992;
Padilla & Medina, 1996). All three nationality groups were found to differ on various
measures, suggesting that the traditional methodology cannot simply be transplanted to
another country where driving norms, social rules, and on-road complexity may all
differ.
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Figure 5.7 a: RTs of the Chinese participants across all 10 Chinese clips
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Figure 5.7 b: RTs of the Spanish participants across all 10 Spanish clips
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Figure 5.7 c: RTs of the UK participants across all 10 UK clips

Finally, the traditional test is potentially confounded by a number of issues that have
been raised in this study, including criterion bias, or the individual threshold of drivers
for judging something to be hazardous. Individual thresholds can be influenced by
cultural differences in acceptable driving norms (e.g. Lim et al., 2013, 2014), and by
driving experience and expertise, with more advanced drivers discounting hazards if
they fall within their self-perceived range of skill (e.g. Crundall et al., 2003). A second
potentially confounding issue can be seen in the correlation between accuracy in
responding to target hazards, and the overall number of extra hazard responses per
minute. Though relatively small, this correlation suggests that responding more
frequently is linked to greater accuracy in identifying hazards. While this may also be
linked to experience (as experienced drivers make more EHR/m to Chinese clips than
inexperienced drivers), more frequent clicking may result in some responses falling
within the scoring window by chance rather than reflecting identification of the a priori
hazard.

This raises further issues of how one defines scoring windows. There are no
accepted guidelines on what should constitute a hazard onset or offset. Relatively tight
scoring windows are required, if one simply relies on a non-locational hazard click, in

order to minimise the probability of misattributed responses occurring in the hazard
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window. Unfortunately, reducing the scoring window length to limit false alarms,
increases the probability of missing correct responses (e.g. early hazard responses from
highly experienced drivers).

An alternative solution to the scoring window problem is to include a measure
of accuracy. For instance, instead of simply pressing a button when one sees a hazard,
the participant might have to indicate where that hazard occurred via a touch-screen
press or a locational mouse click (e.g. Banbury, 2004; Wetton et al., 2010, 2011). Both
of these methods have potential drawbacks however such as individual differences in
pointing tasks (e.g. Zhai et al., 2004), age and gender differences in mouse and touch
screen use (e.g. Hertzum & Hornbaek, 2010; Yamauchi et al, 2015), and possible
systematic differences between experience groups that may affect the speed-accuracy
relationship. For example, if experienced drivers spot hazards earlier than
inexperienced drivers (e.g. Crundall et al. 2012), then the hazard is likely to be smaller
(i.e. further away) than when spotted by inexperienced drivers. According to Fitts’ Law
(Fitts, 1954), a smaller target will increase demands on accuracy and therefore slow
pointing speed, potentially negating the experiential benefit of perceiving the hazard
sooner. Nonetheless, we cannot dismiss the research that has shown significant
experiential differences using this response mode, and it remains an exciting option
worth pursuing.

In conclusion, the current hazard perception test, based on the traditional UK
methodology produces more differences between groups on the basis of nationality than
driving experience, and is greatly influenced by the context of clips. No differences
were observed between the UK experienced and novice drivers. There was not a
significant difference even within the samples from China and Spain which might
suggest that it is the measurement and interpretation of simple response times that leads
to problems related to criterion bias and overestimation of novices’ HP skills. It should
be acknowledged however that this is not the only HP methodology that we could have
implemented, and that the variations employed by many other researchers may have
produced a better test. However, when considered alongside the problems of criterion
bias, and issues related to the measurement and interpretation of simple response times,
there appears to be little evidence that allows us to commend the export of this particular

hazard perception test methodology to other countries. Rather than creating a culturally-
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agnostic test of drivers’ higher-order cognitive skills, we have created a culturally
sensitive measure that cannot yet discriminate between safe and less-safe drivers based
on experience.

Instead of the current problematic methodology, we need a new test that will
tap into the expertise of drivers at spotting hazards that is independent of cultural
background. At the same time, we need to remove both the problem of criterion bias,
and the ambiguities of setting hazard-scoring windows. Finally, a new test should also
address the lack of an accuracy measure by means that do not systematically threaten
to mask any experiential benefit. To this end we have turned to a purer test of hazard

prediction for the next experiment.
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Chapter 6

THE HAZARD PREDICTION TEST
Experiment 5

Free-response hazard prediction test: occlusion points

The material covered in this chapter has been adapted from previously published paper in
Ventsislavova, P., & Crundall, D. (2018). The hazard prediction test: A comparison of free-response
and multiple-choice formats. Safety Science, 109, 246-255. https://doi.org/10.1016/j.ssci.2018.06.004
(see Appendix D)

6.1 Summary of previous findings

The hazard perception test is considered one of the most successful initiatives in the
UK which has demonstrated both retrospective and prospective sensitivity to crash-
likelihood. Suggestions have been made for international export of the hazard
perception methodology aiming to repeat its success in different countries. Several
research groups from different countries have developed their own hazard perception
test, though they have used different methodologies which makes cross-cultural
comparisons difficult. Only one previous attempt has been made to assess the hazard
perception skill of drivers cross-culturally using the same clip set, however with
inconclusive results (Lim et al., 2013; 2014). Therefore, in Experiment 4, drivers from
three different countries (China, Spain and the UK) were compared using identical HP
methodologies. The results revealed considerable differences in the driver groups. For
instance, the Chinese participants were the slowest to respond to the hazards,
identifying significantly fewer hazards, and made fewer responses overall, in
comparison to the Spanish and UK drivers. Conversely, UK drivers showed faster
responses and identified the most hazards. Despite finding these effects of participant
nationality, there were no significant differences between experienced and

inexperienced drivers in regard to their hazards responses. Both groups performed
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identically in the test and, therefore, it cannot be concluded that the traditional
methodology of the hazard perception test is transferable to other countries, as test-
validity could not be established in the UK sample in the first instance. Not only there
were no experiential differences, but the cultural differences of the driving groups
appeared to significantly influence the way they approached the test. Chinese drivers
rated the clips as less hazardous than the other driver groups, which may account for
their slower response times. UK clips were considered especially non-hazardous by the
Chinese drivers, reflecting their extremely slow HP responses to this clip set. This was
ostensibly due to differences in cultural hazard thresholds. On the basis of the higher
traffic collision statistics in China, compared to the UK and Spain, it is safe to assume
that Chinese drivers are likely to encounter many more hazards on the road in every
day driving. This increased exposure to hazards presumably desensitises the Chinese
drivers to the relative seriousness of some hazardous events, increasing their thresholds
for reporting them.

In addition, a correlation was identified between the number of a priori hazards
that participants responded to within the scoring window and the overall number of
extra hazard responses that participants made. This raises a clear concern for the
traditional hazard perception methodology, as it appears that the high performance of
individuals may be influenced by clicks falling within the scoring window that do not
necessarily reflect responses to the a priori hazard. The national UK test tries to
dissuade excessive clicking by giving a score of zero if participants click too frequently,
but it is not clear where this threshold is, or whether it is effective in reducing the
relationship between overall frequency of clicks and hazard hit rate.

While the current hazard perception test raised interesting questions regarding
differences in the driving environment and the individual hazard thresholds, the results
also suggest that the traditional hazard perception methodology would not be suitable
for use in different countries, where environmentally-evoked high criterion bias may
render the test insensitive to the skills of the safest drivers in those environments.

As the traditional hazard perception test failed to find differences between the
experienced groups, an alternative hazard prediction test was created in Experiment 5
based on initial studies that have already been conducted in the UK and Spain (Castro
et al., 2014; Crundall, 2016; Jackson et al., 2009). The hazard clips were edited to
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occlude just as the hazard begins to develop, and participants were asked “What happens

next?’.

6.2 Introduction
6.2.1 The hazard prediction test

The hazard prediction test differs from the traditional hazard perception test in that it
forgoes response times in favour of accuracy for predicting what happens next
following an occlusion that occurs just as the hazard begins to develop. It is argued that
this test format removes several potential problems associated with recording response
times to hazards (Crundall, 2016). For instance, traditional response-time measures
require a scoring window to be defined. If a response is made between the onset and
offset of a hazard, then the response is considered to be correct. However, there are no
clear guidelines on how to define onsets and offsets, and there is always the possibility
that excellent drivers will spot very subtle cues to upcoming hazards, and respond just
before the scoring window (which would be counted as a miss). Even if drivers do press
within the scoring window, we do not know if they are responding to the actual hazard,
or to some other less hazardous aspect of the scene (see Crundall, 2016, for an argument
as to why localised hazard responses are not necessarily a suitable solution for a lack
of accuracy in the traditional test). Finally, ‘hazard perception’ is confounded by post-
perceptual processes, such as criterion bias: expert drivers may delay or refrain from
responding to hazards because they believe the unfolding event falls within the
boundaries of their driving skill (Pradhan & Crundall, 2017). The hazard prediction test
(or ‘What happens next?’ test) mitigates these confounds by removing reliance on
response times, replacing them with the accuracy of drivers to predict what happens
next following occlusion of the developing hazard. This removes the need for scoring
windows, and the reliance on an internal threshold to judge whether ‘what happens
next’ is actually a hazard.

A number of studies have demonstrated the ability of the hazard prediction test
to successfully discriminate between safer, experienced drivers, and less-safe,
inexperienced drivers (Jackson et al., 2009; Crundall, 2016; Castro et al., 2014, 2016,
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Ventsislavova et al, 2016, Gugliotta et al, 2017; Lim et al., 2014). Several of these
studies have also developed this occlusion-based methodology through a number of
targeted experiments focusing on design elements. For instance, Jackson et al. (2009)
demonstrated that an occlusion is necessary to discriminate driver groups, rather than
just pausing on the final frame. A freeze-frame provides an unrealistic amount of time
for novice drivers to identify clues to the impending hazard, whereas an occlusion
ensures that the driver must be looking in the right place at the right time. As safer
drivers are more likely to prioritise those areas of the scene that may develop into
hazards, the occlusion is therefore more likely to identify the safest drivers (Crundall &
Kroll, 2018).

Crundall (2016) addressed a number of methodological questions, including the
impact of clip length on predictive accuracy. He found that longer clips resulted in
lower prediction accuracy, especially for novice drivers, suggesting that novices suffer
a greater vigilance decrement over time. In a separate experiment, Crundall
manipulated the occlusion point. The results demonstrated a decline in prediction
accuracy as the occlusion point became more temporally distant from the hazard. The
novice/experienced driver distinction remained however and did not interact with the
occlusion point. Thus it seems that hazards can be extrapolated from relatively early
information (in that particular case, over a second prior to hazard onset), though at a
reduced level of accuracy. Participants’ confidence ratings in their predictions fall to
baseline levels however at the most distal occlusion points.

These initial studies suggest that the hazard prediction test can provide a robust
and simpler alternative to the more traditional hazard perception test. To this end, a new
hazard prediction test was developed for the current study, as an alternative to the
response-time hazard perception tests used so far. It was hoped that this new test might
finally evoke some experiential differences.

This new test employed the UK clips used in the previous studies. Novice and
experienced drivers were tested on this new prediction task in order to assess whether
it could discriminate between these groups. If this result is found, it paves the way for
using this alternate test variant in across different countries. This study required free
responses, to the question ‘What happens next?’ to be typed into a response box,

following the methodology of Jackson et al., (2009).
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6.2.2 Overview of the study

To validate this new version of the test experienced and inexperienced drivers were
recruited to take part. In addition to the basic validation of this test, one of the questions
raised by Crundall (2016) was revisited: when should one occlude the clip to maximise
discriminability? As noted above, Crundall found that occlusions that were proximal to
the hazard resulted in the most accurate predictions. While the most distal occlusions
(an average of 1200 ms prior to hazard onset) significantly reduced accuracy,
participants were still able to predict the hazard on 57% of trials (with a free response).
Surprisingly, the change in occlusion point did not affect the discriminability of the
driver groups. One might suppose that experienced drivers would fare relatively better
than novices at more distal occlusions, as they may make better use of weaker hazard
evidence (Pradhan & Crundall, 2017). However, as occlusions become extremely
separated from the hazard all drivers must eventually reach the same nadir, in the
absence of even subtle cues to the nature of the upcoming hazard. Neither of these
eventualities occurred in the study of Crundall (2016), possibly due to the particular
occlusion points that were chosen and the nature of the individual hazards in those clips.
Given the need to validate the new free-response version of this prediction test on
experienced and inexperienced drivers, this also provided the opportunity to investigate
whether a novel set of stimuli produced different findings when the occlusion points
were varied across three levels: proximal (temporally closest to the hazard),

intermediate, and distal occlusion points.

6.3 Method
6.3.1 Participants

Sixty-one participants took part in this experiment. The sample was divided into
experienced and inexperienced drivers. Experienced drivers (N = 30, mean age = 21.5
years) had three years of mean driving experience since passing their driving test and
inexperienced drivers (N = 31; mean age = 19.5 years) had less than one year of post-
test driving experience, and included 15 learner drivers. Mean mileages for experienced

and inexperienced drivers were 4553.3 miles and 290.9 miles in the year prior to the
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study, respectively. Participants were also asked to report whether they had suffered
any traffic accidents during the past 24 months. However, only five participants
reported that they have been involved in a traffic collision during that period (two
novices and three experienced). All participants had normal or corrected-to-normal

vision and were university students and staff.

6.3.2 Design

A 2 x 3 between-group factorial design was employed, where the independent variables
were the driving experience of participants (experienced vs. inexperienced) and the
occlusion points (proximal vs. intermediate vs. distal). Five cells contained ten
participants, with the distal/inexperienced group containing 11 participants. The
proximal occlusion point was the closest to the onset of the hazard, and would typically
show several frames of the hazard following onset. This meant that participants who
were looking in the right place at the right time, would have their predictions confirmed.
For instance, if the participant believed the pedestrian ahead may step into the road, a
fixation on this pedestrian immediately prior to occlusion (proximal condition only)
would confirm this, as the pedestrian would be seen to move a leg in the direction of
the road. Intermediate occlusion points were an average of 618 ms earlier than the
proximal occlusion points, and would contain evidence of precursors, but without any
confirmation of the hazard triggering. In this case, the pedestrian might be seen walking
towards the edge of the pavement, perhaps turning her head in the direction of the film
car. Finally, the distal occlusion points were an average of 1222 ms earlier than the
proximal points. Typically, these would still contain precursors to the hazard, but the
evidence of hazardousness would be weak. For instance, the pedestrian may be visible
on the pavement, but still be walking parallel to the road with no obvious intention to
cross. See Figure 6.1 for an alternative example of these three occlusion points.

The dependent variable was the percentage of the accuracy with which
participants correctly identified the hazards across a total of 15 clips. Following
occlusion, participants were presented with a free-text entry box to provide their

answer. These typed responses were subsequently coded with one point awarded for a
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correct answer. Participants were instructed to consider the identity of the hazardous
object, it’s location within the scene, and how the event would unfold (e.g. “the
pedestrian on the left is about to step into the road in front of me”). Where participants
failed to report the three suggested items in their answer, but it was still unambiguously
correct, they were still awarded the point. For instance, the response “The pedestrian is
about to step into the road” could still be awarded the point if this was the only visible
pedestrian, even though the response failed to locate the hazardous object as being on
the left-side pavement. Two independent evaluators scored each answer. Cohen’s kappa
was 0.88 for the distal occlusion point, 0.88 for the intermediate occlusion point, and
0.80 for the proximal occlusion point. Where raters disagreed in their initial rating, a

final score was agreed via discussion.
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Figure 6.1: Three frames illustrating the three occlusion points for one clip. While driving
along a road, the car in front pulls over. This requires the film car to overtake the stopping
vehicle. However, a safe driver should be aware that there is a vehicle visible in the right
side mirror that might pose a problem (top panel; distal occlusion). As the clip progresses,
the car in the side mirror disappears, as it moves into the blind spot ready to overtake.
Thus, the evidence that this vehicle is going to pose a problem increases considerably
(middle panel; intermediate occlusion). Finally, the overtaking car becomes visible in the
forward view confirming that the car from behind is indeed overtaking and poses a

hazard for the film car’s intended action (bottom panel; proximal occlusion)
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6.3.3 Materials

Fifteen UK clips were selected from a corpus filmed specifically for this thesis (all of
which have been used in previous studies in this thesis). Five of the clips were removed
due to not being suitable for a hazard prediction test. None of these clips contained a
precursor which could have helped identify how the hazardous situation was going to
develop. Table 6.1 lists the hazards. The duration of each clip varied between 31s and
64s prior to editing the occlusions.
The clips were edited to occlude (i.e. cut to an immediate black screen) at three separate
points: proximal, intermediate and distal. A proximal cut would allow several frames
of the actual hazard to be seen (providing the participant was already looking at the
location of the imminent hazard), confirming the participant’s prediction. Intermediate
occlusions and distal occlusions occurred an average of 618 and 1222 ms earlier than
the proximal occlusion, respectively.

Clips were displayed on a Lenovo (ThinkPad) computer running E-Prime 2.0
Software (Psychology Software Tools, 2012), with a resolution of 1920x1080 and

screen size of 34.5cm x 19.5cm. Participants responded using the keyboard.

6.3.4 Procedure

Once participants gave consent, they were seated 60 cm from the screen and asked to
answer demographic questions, including age, sex, year of obtaining driving license,
driving collisions in the past 24 months, and miles driven in the past 12 months.
Participants were then given both verbal and on-screen instructions for the test. They
were told that they would watch 15 short video clips from a driver’s perspective. They
were asked to watch each clip carefully, as at some point the clip would stop and be
occluded by a black screen. Following this, they were asked to describe “What happens
next?” (i.e. how the driving situation was going to develop), by typing their answer in
a free-response box on the screen (with a 150 character limit). They were instructed to
include in their answer any source of potential hazard, the location of that source, and
how the situation was going to develop, though the emphasis was on predicting what
happens next, regardless of how hazardous the event might be. Following each answer,

participants were asked to rate how hazardous they thought the predicted event would
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be for them, using a 7-point Likert scale (where 1 is ‘not hazardous at all’, and 7 is
‘extremely hazardous”). The clips appeared in a randomised order.

Participants then watched a practice trial where they had the opportunity to
familiarise themselves with the task. This practice trial also included feedback:
following occlusion and their answer, the clip was replayed without an occlusion
allowing participants to see what the hazard actually was. This practice trial was the
only time when they received feedback about their performance. Once participants felt
comfortable with the instructions and the practice, they began the experiment. In total,

the experiment took an average of 20 minutes.

Table 6.1: A description of the a priori hazards selected within each clip

N° Video clips Hazard Duration

(with occlusion points italicised) (ms)

A car ahead overshoots a red traffic signal. As the cross-

traffic begins to enter the junction, the reversing light of .

the car ahead illuminates, and this car then reverses Reversing car 64000

towards you to get out of the junction. The clip occludes ahead

following initial illumination of the reversing light.

As you are driving, the car indicates and pulls over

blocking your path. As you try to overtake the car and

continue your path, a car from behind overtakes you A car from behind 34000

(passing from the right mirror, into the blind spot, before overtakes you

emerging into your forward view). The clip occludes at

the point where the overtaking car enters the blind spot.

You are driving along a narrow urban street and the head .

of a pedestrian is visible above the parked cars on the The pedestrian 34000

left. The clip occludes as the pedestrian moves between from the left

the parked cars to step into the road. crosses the street

You come to a standstill due to congestion in an urban

street with shops and parked vehicles. A pedestrian exits A pedestrian from

a shop and then steps out from between two parked cars thepleft crosses the 49000

on the left, just as the traffic moves and you begin to street

accelerate. The clip occludes when the pedestrian turns

his head to look at you, while stepping forward.

A distracted pedestrian is walking towards the street. A distracted

The pedestrian crosses the road from the right without  pedestrian crosses 54000

looking. The clip occludes as the pedestrian begins to  the street from the

Cross. right

A car behind you is visible in the rear-view mirror and

left side mirror. As you approach traffic lights, this car  The car from the

undertakes you and pulls in front of you, forcing you to  left undertakes the 43000

brake. The clip occludes when the car is just emerging camera car

from the blind spot.

There are pedestrians on both side of a narrow street. A A pedestrian with

pedestrian with a child’s pushchair enters the road from a child’s

the right without looking. Her entrance is partially  pushchair enters 32000

obscured by pedestrians standing on the right. The clip
occludes when the pushchair is partially visible among
the pedestrians.

166

the road from the
right without
looking



8 You are driving along a narrow urban road. A pedestrian A pedestrian from
approaches from the right with shopping bags. He is  the right crosses
temporally obscured by a large plant pot, before he steps  the street without 46000
out into the road. The clips occludes just as he begins to looking for
step out from behind the plant pot. upcoming cars
9 A bus in a bus lane signals to pull away from a bus stop.
Due to parked vehicles ahead in the bus lane, it pulls out ~ The bus pulls out 31000
into your lane forcing you to stop. The clip occludes into your lane
following one flash of the indicator from the bus.
10 An oncoming car cuts across your lane to park in a The car in front
layby on your left. The clip occludes just before the car cuts across your
starts to cross your lane, following one flash of its lane 42000
indicator.
11 A car behind you is visible in the rear-view mirror and
right-side mirror. The car from behind overtakes your
vehl_cle ona blln_d bend. The appearance of_an oncoming The car behind
car in the opposite lane forces the overtaking vehicle to
. . h . overtakes on a 34000
pull back into your lane immediately in front of you. The blind bend
clip occludes when the overtaking car begins to emerge
from your blind spot, and the oncoming car becomes
obvious.
12 While travelling at speed along a country road, a blind
bend ahead reveals a queue of standing traffic, forcing Queue of standing
you to slow and stop. The clip occludes immediately traffic 70000
after passing the blind bend, when the brake lights of the
cars ahead are partially visible
13 While your car is slowing due to congestion ahead, a
pedestrian looks over his shoulder before deciding to run A pedestrian
in front of your vehicle forcing you to slow more crosspes the street 35000
abruptly than otherwise required. The clip occludes at from the left
the moment when the pedestrian looks directly at you, as
he steps forward.
14 Driving through a school area, two pedestrians are  Pedestrians from
visible on the right. You can see that the woman is the right cross the
looking at the car. The clip occludes at the moment she street after 42000
gesticulates with her arm, thinking that you have given indicating to the
way for her and her child to cross. camera car
15 bYou are driving a}long a narrow rqad with pa(ked carson A van appears
oth sides, which are obscuring the view ahead. -
. - suddenly behind 46000
Suddenly an oncoming van appears ahead. The clip ked cars
occludes at the moment the white van is partially visible. parke
6.4 Results

All participants were given a score out of 15 clips for the accuracy of their predictions.
The scores were based on the interpretation of the typed free responses by two expert

raters. Cohen’s Kappa for each condition was acceptable (=>.8), with disagreements

reconciled through discussion.

Analysis of Variance (ANOVA,; experienced vs. inexperienced drivers x 3 levels of
occlusion point). A main effect was found for driving experience with experienced

drivers being more accurate when predicting hazards than inexperienced (54.9% vs.
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45.6%; F(1,55) = 7.13,MSe = 161.2, p < .01, np? =.11). A main effect was also found
across all levels of occlusion point, with the distal, intermediate and proximal
conditions producing average accuracy rates of 28.6%, 50.7%, and.72.3%, respectively
(F(2,55) = 60.6,MSe = 161.2, p < .001, np?> =.69). Planned repeated contrasts were
conducted comparing distal to intermediate, and intermediate to proximal occlusion
points. Both were significant (ps <.001).

Despite a visible trend to suggest that the distal condition is the weakest
discriminator of the driver groups (see Figure 6.2), no significant interaction was found
between experienced group and occlusion point (F(2,55) =.94,MSe = 151.2, p = .39,
np? =.03).

Ratings of hazardousness were also subjected to a 2 x 3 ANOVA but no
differences were found across experience or occlusion points. The average hazard rating
of experienced and inexperienced drivers for the distal clips was 3.46 and 3.40,
respectively. For the intermediate clips, experienced drivers gave a rating of 3.76 while
inexperienced drivers rated them at 3.72. Finally, for the proximal clips, the ratings for

experience and inexperienced drivers were 3.25 and 4.04.
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Figure 6.2: Percentage of correct responses across all three occlusion points and

experienced groups (with standard error bars added)
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6.5 Discussion

The current study has adopted an alternative methodology to test differences in
performance between experienced and novice drivers. Since no differences were found
between the experienced groups with the traditional hazard perception format (not only
with the international samples but also with the UK sample), a new hazard prediction
test was developed and trialled. Unlike the hazard perception test, the hazard prediction
test successfully discriminated between the driver groups, with the experienced drivers
outperforming the novices. This newly developed test has provided an insight into the
act of hazard prediction, demonstrating that adding an occlusion to clips that were
previously non-discriminative, is sufficient to evoke the hypothesised group
differences. This result adds to the small, but growing, literature that has successfully
employed the occlusion format (Castro et al., 2014; Crundall, 2016; Jackson et al.,
2009; Lehtonen et al., 2017; Lim et al., 2014; Ventsislavova et al., 2016). This is
especially important given the more equivocal nature of the findings in the field when
using more traditional response-time hazard perception tests (Horswill, 2017; Pradhan
& Crundall, 2017).

The primary finding of the current experiment was that this new version of the
hazard prediction test, using a completely different set of clips from those used by
Crundall (2016), has successfully discriminated between experienced and
inexperienced drivers. With appropriate occlusion points, the clips successfully elicited
more accurate responses from experienced drivers compared to inexperienced drivers.

The occlusion-point factor ostensibly produced identical findings to those of
Crundall (2016), with declining accuracy as the temporal separation between occlusion
and hazard increases. Crundall (2016) failed to find an interaction, and the current
interaction between experience and occlusion point also failed to reach significance.
However, a closer look at the data is suggestive that the ability of clips to discriminate
between the driver groups at the most distal level of occlusion is noticeably degraded.
While the data do not support any strong conclusions, there is a clear suggestion that
cutting the clip too early reduces the link between precursors and hazards to such an
extent that all drivers approach a performance floor. In support of this, one should note

that the overall accuracy to the distal condition in the current study (28.6%) is far below
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the 57% score in the comparable condition of Crundall (2016). This suggests that the
distal occlusions in the current study are cut more severely in relation to the actual
hazards. This cannot be due to absolute differences in distal occlusion points across the
Crundall study (2016) and the current one (1200 ms vs. 1222 ms), so must therefore be
due to differences in unfolding nature of the hazard precursors. It is likely that the lag
between first evidence of a hazard, and the actual hazard beginning to develop, was
greater in the Crundall (2016) clips, than in the current selection.

The information provided by the precursor is essential in terms of anticipating
hazards prior to their onset. It has even been argued that being able to detect precursors
is as important as spotting the actual hazard (Borowsky, Shinar & Oron-Gilad, 2010;
Crundall et al., 2012), as drivers who make use of the cues from the environment will
be better able to predict, mitigate and avoid collisions with hazards. More experienced
drivers are better at anticipating precursors due to them facing similar situations
previously (possibly via pattern matching against a store individual instances that one
has been exposed to, Groeger, 2000). Furthermore, if drivers do not make use of
precursors to anticipate a hazardous situation then the hazard becomes an abrupt onset
to which a driver would react but not respond (with the latter action implying that the
driver selects an action from a list of possible responses; Pradhan & Crundall, 2017).
Younger participants (regardless of driving experience) have faster reactions to simple
abrupt onsets (which means that abrupt onset hazards are likely poor discriminators
between novice and experienced drivers), though fast reactions do not necessarily
translate into safe behaviour (Crundall et al., 2012; Yeung & Wong, 2015).

In regard to hazardousness ratings, no differences were noted across either
factor, mirroring the results of Jackson et al. (2009), who also failed to find significant
differences regarding the hazardousness of the unfolding events. A possible explanation
for this is that drivers are basing their ratings more on the nature of the scene that they
do see (in the 30 seconds, or so, prior to occlusion), rather than the predicted event
itself, which predominantly remains unseen. Drivers who do not know ‘what happens
next’ following occlusion are unlikely to consider that the current clip is about to
increase in danger. Even those who do correctly predict the hazard have no guarantee
that they are correct, and a lack of confidence is likely to drag down the highest

hazardousness ratings. Despite these considerations, it would still be expected that those
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drivers who correctly predict the event to give a higher hazard rating than those who
had no idea what was about to happen. As the experienced drivers produced more
significant predictions than the novice group, one would therefore expect (all things
being equal) that experienced drivers would also rate the clips as more hazardous on
average. The failure to find such a difference once again argues for contamination by
criterion bias: experienced drivers are more likely to predict the upcoming event, but
discount the danger it poses. Fortunately, as hypothesised, any such criterion bias did
not influence the primary score of prediction accuracy. This result supports the use of
this test-variant for avoiding the confounding effects of reference to internal hazard
thresholds.

In conclusion, the current study has validated the prediction paradigm by
demonstrating an experiential difference in predictive accuracy, using the same clips
that failed to find group differences using the more traditional response time
methodology. Furthermore, it has been demonstrated that the choice of occlusion point
has limited influence upon the discriminability of the test, within reasonable
boundaries. If set too early however, none of the participants are likely to score highly
due to the removal of all precursors to the upcoming hazard. Logically, it also follows
that setting the occlusion too late will equally remove any experiential differentiation,
due to a ceiling effect.

Having demonstrated that the prediction test is more sensitive to driving
experience in this context, the next question is whether this test format can be
successfully exported to Spain and China. Given the results of this current study, and
the suggestion in Chapter 5 that criterion bias may have confounded the international
samples, the hazard prediction test offers a potentially more viable option for a
culturally-agnostic test. The following chapter will return to Spain and China to assess
this.
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Chapter 7

CROSS-CULTURAL HAZARD PREDICTION
Experiment 6

Testing the Hazard Prediction test in three different
countries: China, Spain and the UK

The material covered in this chapter has been adapted from previously published paper in
Ventsislavova, P., Crundall, D. Baguley, T., Castro, C., Gugliotta, A. Garcia-Frnandez, P., Zhang, W.,
Ba, Y. & Li, Q. (2019). A comparison of hazard perception and hazard prediction tests across China,
Spain and the UK. Accident Analysis and Prevention, 122, 268-286.
https://doi.org/10.1016/j.aap.2018.10.010

7.1 Summary of previous findings

Experiment 5 was the first study of this thesis that yielded significant differences
between experienced and novice drivers. All the studies prior to Experiment 5 failed to
find these differences. In the previous studies, the traditional version of the hazard
perception test was tested with different driving sample in terms of driving experience
and within different cultural contexts. All of the studies failed to find the basic HP
experiential effect. Therefore, a new alternative version of this test was created for
Experiment 5. The hazard prediction test was first reported as an assessment that could
differentiate between novice and experienced drivers by Jackson et al., (2009) though
the underlying methodology dates back further (McKenna & Crick., 1997). Since then
it has been successfully validated in several studies, consistently finding differences
between experienced and novice drivers. It has been even argued that this test removes
many of the methodological problems of the hazard perception test, such as the
difficulty associated with setting hazard windows and the problem of criterion bias (Lim

et al., 2014; Pradhan & Crundall, 2017). The aim of Experiment 5 was to assess whether
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a prediction test using the current stimuli would work (i.e. find a novice/experienced
driver difference), and how the test should be precisely designed. The results
demonstrated clear differences between the experienced and novice drivers, with
experienced drivers predicting significantly more hazards following occlusion. There
were also differences between the three types of occlusion points with the distal
occlusion points decreasing prediction accuracy while the proximal occlusion points
showed an improvement. Although the distal occlusion point was the hardest to predict,
there was not a significant interaction between occlusion points and experience.
Therefore, it was not possible to conclude that one general occlusion point was better
than another. These results were identical to those of Crundall (2016), pointing towards
a robust methodology, even though a completely different set of stimuli was used
(including mirror information, which Crundall, 2016, did not use) and a different
driving sample.

As this test showed clear differences between the experienced groups, the aim
of the next study was to apply the test within the Chinese, Spanish and UK driving
contexts and compare it to the results of the hazard perception test in Experiment 4. It
was expected that this test would be better able to identify performance differences

between the experienced groups within the different driving contexts.

7.2 Introduction

The act of hazard perception contains a number of sub-processes including searching
for hazardous precursors, predicting which hazard is most likely to occur, monitoring
the prioritised locations, spotting and processing the eventual hazard, and then
responding in a timely and appropriate manner. Indeed, the whole process of avoiding
a hazard on the road is poorly reflected within the term ‘hazard perception’ and recently
Pradhan and Crundall (2017) have argued that ‘hazard avoidance’ is a more appropriate
overall term. While ‘hazard perception’ is not a broad enough term to capture the whole
hazard avoidance process (such as selection of the most appropriate behavioural
response; see Ventsislavova et al., 2016), neither does it confine itself to a perceptual

process. Evidence from Experiment 4 was noted, and from other studies, which
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suggests that post-perceptual processes, such as comparison of the demands of the
unfolding hazard to one’s own perceived skill, may influence the response. With such
a nebulous definition of hazard perception, it is unsurprising to find that it is not
completely clear on what the traditional HP test is measuring.

How can we overcome this problem of measuring hazard perception, or hazard
avoidance, skill? There are two obvious alternatives. First, one might consider
analysing the whole hazard avoidance process rather than just recording speeded
responses to hazards contained in video clips. This could be done naturalistically by
fitting vehicles with cameras and sensors to monitor real-world driving behaviour (e.g.
Dingus et al., 2006; Barnard et al., 2016), or by studying driver behaviour in a simulator
(Chan, Pradhan, Pollasek, Knodler and Fisher, 2010; Crundall et al., 2010, 2012). While
both methodologies have contributed significantly to our understanding of why drivers
crash, they do not provide detailed understanding of the sub-processes involved, and
they do not provide a suitable tool for mass testing.

A second alternative to overcome the problems inherent in the traditional HP
methodology is to pinpoint a more specific sub-process that can be more precisely
measured. Pradhan and Crundall (2017) have defined these different sub-processes, one
of which is the act of hazard prediction. This process is akin to Endsley’s (1988a, 1995)
third level of situation awareness: projection of future states and locations of objects on
the basis of their current configuration and trajectories. The driver collects evidence
from all potential hazard precursors and predicts whether any of them will come into
conflict with her own vehicle. Should this process identify an imminent hazard, the
driver prepares to act accordingly. This sub-process lies at the heart of all hazard
avoidance, and is likely to be the key skill that traditional hazard perception tests are
imperfectly measuring. Rather than letting the clips play all the way through, clips in
the hazard prediction test are cut short, occluding as soon as the hazard begins to
develop. Instead of asking participants to make a speeded response to the hazard, they
are simply asked ‘What happens next?’, with their responses coded as correct or
incorrect. This rests on the assumption that safer drivers know where to look for
precursors to potential hazards, and can process, prioritise and monitor these precursors
accordingly. This gives them the best possible chance of looking in the right place at

the right time (i.e. looking at the precursor just as it begins to develop into a hazard
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before the screen is immediately occluded). Less safe drivers are less likely to be
looking in the most appropriate locations and will therefore have a reduced chance of
predicting the hazard (Crundall & Kroll, 2018).

7.2.1 Advantages of the hazard prediction test

This purer measure of hazard prediction skill offers several advantages over the
traditional hazard perception methodology. First, it provides a measure of accuracy that
is unavailable to traditional hazard perception tests (without some form of hazard
localisation in the response, which may bring with it a new set of confounds). Secondly,
it removes the need for temporal scoring windows which may penalise very good
drivers who press slightly too soon. Thirdly, it removes the controversy of dealing with
missing response time data. The traditional approach of recording the maximum
possible RT in otherwise empty cells (McKenna et al., 2006) has been argued to distort
results (see Parmet, Meir & Borowsky, 2014, who recommend the use of survival
analysis). The hazard prediction test avoids this problem by dropping RTs as the main
measure.

A fourth benefit is that it reduces the possibility that the test instructions are
interpreted differently across the cultures. Terms like “hazard” and “hazardousness” are
inherently prone to individual differences in interpretation (Wetton et al., 2011), and
thus cultural differences are highly probable. Despite the best efforts in Experiment 4
(forward-backward translation, recruiting Chinese and Spanish experimenters to run the
experiments in their respective countries), our participants may have had significantly
different understanding of what constitutes a hazard. With the hazard prediction test
however, this problem is removed by simply asking “What happens next?”.

Finally, the hazard prediction test should remove criterion bias. There is no
implicit or explicit motivation for participants to compare an unfolding hazard to their
own self-perceived skill when responding. Instead, they simply report what happens
next, regardless of how hazardous they believe the imminent event would be for them
personally (though self-perceived hazardousness can still be captured after they have
made the prediction if required). If the cultural sensitivity of the test used in Experiment

4 is, at least in part, due to the confounding of criterion bias with the traditional speeded
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hazard response, then a new test based just on this prediction element of the skill may
be more robust (Jackson et al., 2009; Castro et al 2014; Lim et al., 2014; Crundall,
2016).

There have been several attempts so far to apply the hazard prediction test in
different cultural driving contexts and they have all been successful. The hazard
prediction test discriminated between experience and novice drivers within the Spanish
driving context with different driving profiles (Castro et al., 2014; Ventsislavova et al.,
2016), within the UK driving context where it was first validated (Crundall, 2016;
Jackson et al., 2009), within the Finnish driving context with a sample of infant cyclists
(Lehtonen et al., 2017) and within the Malaysian driving context (Lim et al., 2014).
This latter study was in direct contrast to Lim et al., previous attempts (2013) to find

experiential differences with a more traditional hazard perception methodology.

7.2.2 Overview of the study

The hazard prediction test for this study was created using the same clips employed in
Experiment 4. Following occlusion, participants typed their responses to what they
believed would happen next. A new cohort of experienced and inexperienced drivers
was recruited across the three countries for this second experiment. It was predicted
that the prediction test would be more successful than the hazard perception test in
discriminating between the driver groups, and that the test would demonstrate fewer

cultural sensitivities.

7.3 Method
7.3.1 Participants

A hundred and fifty-three participants took part in this study. The sample was composed
of 50 Chinese, 52 Spanish and 51 UK drivers. One participant was later excluded (from
the UK sample) due to difficulties categorising the individual as experienced or
inexperienced. All of the participants held a full or a learner-driver licence from their

country. Participants were split into two sub-groups of experienced and inexperienced
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drivers following the method used in Experiment 5. In China, 26 experienced drivers
were recruited (mean age of 25.3, an average of five years of post-licensure experience,
and a mean annual mileage of 5474 miles) and 24 inexperienced drivers (mean age of
22.7, an average of one year of post-licensure experience, and a mean mileage of 33.7
miles). In Spain, 27 experienced drivers were recruited (mean age of 40.9, an average
of 21 years of post-licensure experience, and a mean mileage of 20183 miles) and 25
inexperienced Spanish drivers (mean age of 20.2, an average of 1 year of post-license
mean experience and mean mileage of 28.9 miles). In the UK 23 experienced UK
drivers were recruited (mean age of 24.4, an average of seven years of post-license
mean experience and mean annual mileage of 5587 miles), along with 27 inexperienced
UK drivers (mean age of 19.4, an average of one year of post-license experience, and a
mean annual mileage of 266.7). Across all countries, the mean age of experienced
drivers was 30.2 years, with an average of 11 years of post-licensure experience, and
they had driven an average of 10415 miles in the previous year, while inexperienced
drivers had a mean age of 20.8, with an average of one year of post-licensure
experience, and had driven an average of 109.6 miles (see Table 7.1).

Participants from the three countries were recruited either from the respective
Universities, from local driving schools or using snowball sampling. All of the

participants were volunteers.

Table 7.1: Mean demographic values for participants

Demographics Chinese Participants ~ Spanish Participants UK Participants

Novice Exp’d  Novice Exp’d Novice Exp’d
Total N (female N) 24.(9) 26 (4) 25(21) 27 (4) 27 (18) 23 (23)
Age 22.7 25.3 20.2 40.9 19.4 24.4
Post-licence 1 5 1 21 1 7
Experience (years)
Annual Mileage 33.7 5474 28.9 20183 266.7 5587
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7.3.2 Materials and apparatus

The apparatus and stimuli for this experiment were the same as those used in
Experiment 5, though the video clips were edited to stop immediately prior to the
appearance of the hazard for the current experiment (immediately following hazard
onset), with the clip occluded by a black screen. The edited clip always gave enough
information for participants to deduce what would happen next in the driving scene
providing they were looking in the appropriate location just before occlusion (Jackson
et al., 2009). At the end of each clip a black screen was displayed. The duration of the
clips varied between 12 s. and 58 s.

The study was subjected to a forward-backward translation procedure similar to
the one conducted in Experiment 5. UK instructions were subjected to a Chinese and
Spanish forward-backward translation (following the guidelines of International Test
Commission; ITC, 2010). During the translation process an emphasis was made on the
importance that participants clearly understand that they are required only to predict
how the driving situation is going to develop independently of whether they consider it
hazardous or not. As participants were required to provide typed responses, each
response was translated individually and independently by the same bilingual experts
in Experiment 5. Then, translated responses were compared in order to ensure that all
content represents the original responses at all accuracy. The translation into Chinese
and Spanish was performed by the same team as in Experiment 5 consisting of three
bilingual experts with a high level of expertise in Chinese and Spanish culture, traffic
regulations and driving habits.

As an example, consider clip 1 from the Chinese block (see Table 7.2). In this
clip (as used in Experiment 5) a pedestrian looks to cross the road from the right but is
then obscured by a turning vehicle. When the vehicle has finished the manoeuvre, the
pedestrian is already crossing the road in front of you. For the current hazard prediction
test, this clip was edited to end in the middle of the obscuring vehicle’s manoeuvre, at
a point where part of the hazardous pedestrian emerging in the road can be seen. An
experienced driver should notice the pedestrian before the vehicle turns, and therefore
should monitor the trailing edge of the obscuring vehicle to assess whether the

pedestrian has indeed entered the road. The briefest glimpse of the re-emerged

178



pedestrian is only likely to be spotted if the driver is aware of the unfolding hazard and

is actively seeking the pedestrian.

Table 7.2: A description of the occlusion points of the a priori hazards selected

within each clip

Clip Number Occlusion points of the a priori hazards
(see, Chapter 5 for description of the full hazard)
CHINESE CLIPS
1 The clip occludes just as the pedestrian starts to become visible as the obscuring car
moves past.
2 The clip occludes as the pedestrian first becomes visible stepping out from between the
parked cars.
3
The clip occludes as the front wheel of the bicycle enters the view.
4
The clip occludes as the cyclist makes a change in direction to cut across your path.
5
The clip occludes following one flash of the indicator from the manoeuvring car.
6 The clip occludes when the car is no longer visible in the left mirror, but flash of it is
visible in the left window.
7 The clip occludes when the car is no longer visible in the right mirror, but it quickly
appears next to the right window of your car.
8
The clip occludes when the car is no longer visible in the right mirror.
9
The clip occludes at the moment in which the lorry is about to enter into the main road.
10
The clip occludes when the car is no longer visible in the right mirror.
SPANISH CLIPS
1
. The clip occludes when the front part of the motor is visible.
2
The clip occludes when the pedestrians stops next to the car.
3
The clip occludes following one flash of the indicator of the scooter.
4
The clip occludes at the moment when the pedestrian enters the road.
5
The clip occludes following one flash of the indicator from the car.
6 The clip occludes when the van is approaching from the right and almost enters your
lane.
7
The clip occludes just as the pedestrian first become visible.
8 The clip occludes when the bus turns to enter the road and following a flash of the
indicator of the bus.
9 The clip occludes when the motorcycle is no longer visible in the right mirror, but part
of itis visible at the right window.
10
The clip occludes when the pedestrian is approaching the zebra crossing.
UK CLIPS
1 The clip occludes following initial illumination of the reversing light.
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2 The clip occludes when the pedestrian turn his head to look at your car.

3 The clip occludes when the pedestrian approaches the road in order to cross.

4 The clip occludes when the car is no longer visible at the left mirror, but a flash of it is
visible on the left window.

5 The clip occludes when the push chair is partially visible among the pedestrians.

6 The clip occludes following one flash of the indicator from the bus.

7 The clip occludes just before the car starts to cross your lane and following one flash of
the indicator of the car.

8 The clip occludes when the car is no longer visible at the rear-view mirror and the right
mirror.

9 The clip occludes immediately after passing the blind bend, when the brake lights of the
cars ahead are partially visible.

10 . The clip occludes at the moment when the pedestrian is visible at the left pillar and is

looking at your car.

7.3.3 Design and procedure

The design of the study was identical to that of Experiment 5, except for the dependent
variable. Instead of a response time measure to the hazard, the screen occluded
immediately prior to the hazard fully developing, and participants were asked to type
what they thought happened next into a text entry box on the screen.

Upon entry to the lab all participants were first required to fill in the
demographic questionnaire and were then seated 60 cm from the screen and viewed the
instructions in their native language. They were told that they were going to see 30
video clips from three different countries. They were asked to watch each clip carefully
because at some point the clip would end and be occluded by a black screen. They were
further instructed that, following occlusion, an on-screen question would ask them
‘What happens next?” At this point they were told they should type a short answer,
describing how the driving situation was going to develop. Participants typed their
answers in their native language which were later translated into English for coding. To
focus their responses, participants were encouraged to report any source of potential
hazard, its location on the screen at the point of occlusion, and how the situation was
about to develop (e.g. ‘A pedestrian behind the turning car on the right is about to step
into the road’). Before the start of the actual experiment, participants viewed a practice

trial, where they had the opportunity to familiarize themselves with the experiment and
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ask any questions. They were given feedback on their answer in the practice trial (by
viewing the full clip once they had provided a response), but not in the main study.
When participants were comfortable with what they were required to do, they began
the experiment.

Typed responses were later coded with one point given for each correct answer
(ideally specifying what and where the object of interest was, and how the event would
unfold) and zero points for an incorrect answer (the coding procedure was identical as
the one in Experiment 6).

Once they had provided an answer, participants were presented with an on-
screen Likert scale, ranging from 1 to 7, to report how hazardous they felt the clip was
(with ‘not at all hazardous’ to ‘extremely hazardous’ as the anchors). The number on
the scale was selected via a mouse click. Following this response, a one second fixation
cross was presented before the next clip started. At the end of the block, there was a
brief pause before the next block would begin. The order of the blocks was randomised
(1.e. which country’s clips they saw first) and the order of the clips within the block was

randomised.

7.4 Results

For this analysis 152 participants were included. One participant from the UK was
removed due to difficulty in classifying her as either experienced or inexperienced

(having obtained driving licence in 1998, but reporting extremely low mileage).

7.4.1 Accuracy

To test whether there were differences in the accuracy of hazard prediction performance
across the factors a 2 x 2 x 3 ANOVA was conducted. The between-groups factors were
the experience level of drivers (experience vs. inexperienced drivers) and their
nationality (Chinese vs. Spanish vs. UK). The within group factor was the origin of the

clip (China vs. Spain vs. UK).
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As predicted, a significant main effect was found for driver experience when

predicting the hazardous situation (F(1, 146)=7.62, MSe = 263.70, p = 0.007,
np2=0.050), with experienced drivers outperforming novices (52.1% vs. 45.0%,
respectively). This effect did not interact with participant nationality or clip origin.
A significant difference was also found for clip origin (F(2, 292)=10.15, MSe = 222.66,
p < 0.001, ny? = 0.065). Repeated contrasts found the Spanish clips to evoke
significantly poorer performance than both Chinese clips (43.5% Vs. 51.5%, F(1,
146)=19.90, MSe = 428.96, p < 0.001, np>= 0.120) and UK clips (43.5% Vs. 49.7%,
F(1, 146)=9.91, MSe = 434.30, p < 0.005, 1p>=0.064).

Though no main effect of driver nationality was found, there was an interaction
between clip origin and nationality (F(4,292)=4.48, MSe = 222.66 p < 0.005, 1y’ =
0.058). Repeated contrasts identified the interaction to lie in the comparison of Chinese
clips to Spanish clips across participant groups (F(2,146) = 5.48, MSe = 428.96, p =
0.005, np?=0.070). From Figure 7.1 it can be seen that the UK and Spanish clips evoke
similar patterns of behaviour across all participant groups, however the Chinese clips

disrupt this pattern with Chinese drivers performing particularly well.
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Figure 7.1: The mean percentage of accuracy of predicting the hazards of all three

driver groups across the three clips sets recorded in each country (with standard
error bars added)
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7.4.2 Hazardousness ratings for hazard prediction

As with the hazard perception study, participants were asked to provide a hazardousness
rating on a scale of 1 to 7 (where higher numbers reflect greater levels of perceived
hazardousness). These ratings were averaged across clips for each participant according
to country of origin and were subjected to a 2 x 3 x 3 ANOVA (across experience,
nationality and clip origin).

There was a main effect of clip origin (F(2,294) = 55.56, MSe = 0.313, p <
0.001, ne> = 0.274). Repeated planned contrasts comparing the three country tests
demonstrated that Chinese clips were rated as more hazardous than Spanish Clips (4.26
vs. 3.73; F(1, 147) = 69.3, MSe = 0.607, p < 0.001 np? =0.321) with no difference
between the Spanish clips and the UK clips (3.73 vs. 3.63; F(1, 147) = 2.57, MSe =
0.655, p=0.11 np? =0.017).

Nationality also produced a significant main effect (F(2, 147) = 11.75, MSe =
0.969, p < 0.001, np? = 0.138), with Spanish drivers giving the highest ratings (4.24)
followed by UK drivers (4.02), with Chinese drivers giving the lowest hazard ratings
(3.33). Tukey tests revealed Chinese drivers to give lower ratings than both Spanish
and UK drivers (ps < 0.01), with no difference between Spanish and UK drivers
(p=0.48).

In regard to driver experience, though experienced drivers were not found to
give significantly different ratings to those provided by novices overall (3.86 vs. 3.88),
driver experience did interact with clip origin (F(2, 294) = 4.38, MSe = 0.313, p < 0.05,
np? =0.29). Planned comparisons revealed the interaction to lie in the comparison of
Chinese and Spanish clips (F(1, 147) = 8.48, MSe = 0.607, p < 0.05, ng? =0.055). As
can be seen in Figure 7.2, both driver groups rated Chinese clips as more dangerous

than Spanish clips, but this effect is more pronounced in the experienced driver group.
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Figure 7.2: Hazardousness ratings for the hazard prediction test for the experience

groups across clip origin (with standard error bars).

7.5 Discussion

Unlike the hazard perception test of Experiment 4, the hazard prediction test
successfully differentiated between experienced and novice drivers, with the
experienced drivers outperforming the inexperienced across all nationalities. These
results are consistent with the limited previous research, demonstrating that the
prediction test is a more robust discriminator of driver experience than the traditional
hazard perception test (Lim et al., 2014, Castro et al., 2014, Crundall, 2016). The
superiority of the hazard prediction test is all the more convincing in that the group
differences were found using the same clips as the unsuccessful hazard perception test
in Experiment 4. In addition, no interaction was found between experience and
participant nationality demonstrating that the prediction test is less sensitive to cultural
differences than the hazard perception test.

There were, however, still differences between the responses in regard to clip
origin as one might expect. In contrast with Experiment 4, Spanish hazards appeared to
be the most difficult to predict when compared to both Chinese and UK hazards. This

was not reflected in the hazardousness ratings attributed by drivers to the clips, where

184



Chinese clips were once again rated as most hazardous. This suggests that the Likert
scores were more likely reflecting general visual clutter, complexity and congestion,
rather than the a priori hazard in particular. This is understandable in the current
experiment as drivers never saw the full a priori hazard. Instead, the participants
presumably referenced other potential hazards that they had seen in the clip in order to
provide a hazard rating. As Chinese clips evoked the most extra-hazard responses in
Experiment 4, it is safe to conclude that these clips contain more potential hazard
precursors, and that this fact is probably producing the hazardousness ratings in this
experiment.

Certainly, the evidence from this experiment does not suggest that the prediction
test remains uninfluenced by the location in which they are filmed, but the fact that
different environments produce different accuracy rates is not surprising. Neither it is
surprising that some drivers perform better when viewing clips filmed in their own
country. This does not however detract from the claim that the prediction test is a more
culturally-agnostic form of assessment than the hazard perception test. The crucial point
is that this test discriminates between experienced and inexperienced drivers regardless

of which country they come from.

7.6 Comparison of the two tests

It is possible to directly compare the performance on the two tests, using the prediction
accuracy from experiment 6 and the percentage of hazards that received a speeded
response in experiment 4 (though note that we cannot claim that all responses that fell
in the scoring window in the hazard perception test were referencing the actual hazard
— this is one of the problems with the traditional HP methodology). In the analysis
reported below we only focus on the main effect of test type (whether accuracy scores
differ across the hazard perception and hazard prediction tests), and any emerging
interactions with test type.

Accuracy rates for the two tests were compared with a 2 x 2 x 3 x 3 mixed
ANOV A with the factors of test type (Perception vs. Prediction), participant experience
(inexperienced vs. experienced), participant nationality (Chinese, Spanish or from the

UK), and clip origin (China, Spain, UK). The results showed that there was a main
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effect for the type of test (F(1,288)=182.07, MSe = 230.22, p < 0.001, 1,?=0.387).
Participants scored higher on average for the hazard perception test compared to the
hazard prediction test (72.1% vs. 48.6%; p < 0.001). A significant interaction was also
found for test-type and experience (F(1, 288)=5.36, MSe = 230.22, p < 0.05, 1p>=0.018).
Despite the prediction test appearing more difficult than the perception test, it is clear
that the benefit of experience only holds for hazard prediction (52.1% vs. 45.0%) rather
than hazard perception (see Figure 7.3).

A significant interaction was found for test type and nationality (F(2, 288)=4.78,
MSe = 230.22, p < 0.01, np>=0.032). As can be seen from Figure 7.4 the variation in
performance across the nationalities was significantly greater in the hazard perception
test (reflected in the main effect of nationality found in Experiment 4), than in the
hazard prediction test (with no significant main effort of nationality in Experiment 6).

Finally, there was a significant interaction between clip origin and test type (F(2,
576)=12.73, MSe = 196.20, p < 0.001, np?>=0.042). The within-subject contrast revealed
a difference between the Chinese and Spanish clips (F(1, 288)=23.39, MSe = 399.17, p
< 0.001, n,=0.075). In the hazard perception test the Chinese hazards were the hardest
to detect (68.7%) and UK hazards were the easiest (75.1%), however for the prediction
test, Spanish hazards appeared to be the hardest to predict (44.3%) and Chinese the
easiest (51.8%) (see Figure 7.5).
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hazard prediction test across driver’s nationality (with standard error bars)
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7.7 General discussion

The aim of this study was to assess whether the hazard prediction test is suitable for
export to different driving cultures, as the typical hazard perception test methodology
may be culturally sensitive, and therefore less suitable for adoption in other counties.
Many research groups around the world have investigated hazard perception in their
own countries, though vastly differing methodologies making it difficult to compare
the validity of the tests across different regions. In this chapter, it was compared both
the hazard perception and the hazard prediction test and only the prediction test showed
differences in performance between experienced and novice drivers.

Crucially, the clips edited for the hazard prediction test were the same as those
used in the hazard perception test in Experiment 4, allowing a direct comparison of the
two tests. This is the first time that the hazard perception and hazard prediction tests

have been directly compared in a single analysis®, though this was complicated by the

6 Since this study was completed, NTU researchers have compared hazard perception and hazard prediction test
variants using video clips filmed from fire appliances on blue-light training runs. Once again, the prediction test
was found to be the better discriminator of driver groups (Crundall & Kroll, 2018).
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fact that the two tests record very different primary measures: response times and
percentage accuracy, respectively. However, as the hazard perception test required
response times to fall within a temporal scoring window around the appearance of the
hazard, the presence or absence of a response allowed the calculation of an accuracy
score that could be compared to the hazard prediction test.

While participants found the hazard prediction test much harder than the hazard
perception test, the superiority of the prediction test in differentiating between driver
groups on the basis of experience was clearly demonstrated. Most importantly, the main
effect of experience, with experienced drivers outperforming novices, was present
across the participants as a whole, and did not interact with nationality. As the
prediction test was designed to remove criterion bias, it was comforting to note that the
cultural differences that arose in Experiment 4, which were interpreted as potentially
arising from hazard threshold differences, were ameliorated to a large extent in this

study.

7.7.1 Do different countries produce different hazards?

In both Experiments 4 and 6, differences were noted in responses for ratings to the clips
on the basis of their origin. This is unsurprising, as Beijing, Granada and Nottingham,
differ on a great many characteristics. The higher population, congestion and collision
rates in China suggest that this should provide the most hazardous stimuli. While the
clips were filmed with the same protocol, there were inevitable differences in the visual
clutter and frequency of hazardous precursors across the countries. From an
experimental design point of view, this was not a great concern. As every participant
saw clips from all three countries, we could thus analyse the relative differences
between the responses of our participants across the three nationality groups.

The effect of clip origin on ratings closely mirrored the behavioural findings in
Experiment 4. Chinese clips were considered most dangerous by the Spanish drivers,
but Chinese and UK drivers considered the Chinese and Spanish clips to be equally
hazardous. The number of extra responses per minute followed this pattern, with
Spanish people responding most frequently when watching the Chinese clips, while

Chinese and UK drivers responded equally to Chinese and Spanish clips. The a priori
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hazards in the Chinese clips were more likely to be missed by all drivers. Presumably,
this was due to a greater number of precursors resulting in the possibility that
participants were looking in the wrong place at the time of hazard onset.

Despite the differences in responses in Experiment 4 across participants’
nationality, it was notable that many of the hazards across countries shared
commonalities. Vehicles emerging from side roads, pedestrians crossing in front of the
film car, and parked vehicles moving off, were all examples of a priori hazards that
appeared across the countries. China did however produce more overtaking hazards
during filming than the UK (with four such hazards included in the final Chinese clip
selection, and only two in the UK clip set). It is possible that we have previously
underestimated the potential for overtaking hazards to be included in UK hazard
perception tests, limited as we were by the self-imposed constraints of a single forward-
facing perspective (i.e. without mirror information available to the participant). Thus,
while the frequency with which hazards and precursors might occur ostensibly changes
across countries, it is easy to identify a priori hazards that have a similar structure
regardless of their origin.

This raises the possibility of developing a cohesive and culturally agnostic
typology of hazards. Some attempts have been made in the literature to distinguish
between coarse categories of hazards (e.g. latent vs. overt hazards; developing vs.
abrupt hazards; behavioural vs. environmental prediction hazards; see Pradhan &
Crundall, 2017, for a review), but there is an opportunity to classify hazards at a finer
level. It is likely that some hazards will be more effective discriminators of driver safety
than others (e.g. Crundall, et al., 2012; Crundall, 2016). If a hazard typology can have
a degree of consistency across cultures, then this increases the value of developing such

a system of categorisation.

7.7.2 The limitations of hazard prediction tests

The current study suggested that the hazard prediction test is a better discriminator of
driver safety than the hazard perception test, however it is not without its limitations.
For instance, it may be argued that the average experienced-driver score of 52.1%

accuracy is not very high. We counter, however, that it is the difference between the
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two groups that is more important, rather than an absolute score. While the difference
between experienced and inexperienced drivers was significant (albeit it with a small-
to-medium effect size), this could be improved with iteration of the stimuli sets, as
would occur in the development of a formal test.

One other limitation is that the hazard prediction test only reflects one sub-
component of a behavioural chain that allows a driver to spot, assess and safely respond
to a hazard on the road (Pradhan & Crundall, 2017). We are aware that this pure
measure of hazard prediction does not necessarily reflect the full ability of a driver to
successfully avoid a hazard. There may be drivers who may have excellent abilities to
predict, and therefore spot, hazards on the road, but whose threshold for responding to
hazards is so high, that they are still considered to be at high risk of a collision. These
drivers may simply be culturally desensitised to hazards. Alternatively, some
individuals may have a high threshold for responding due to high-regard for their own
skills, perhaps mixed with a desire to ‘teach a lesson’ to other drivers who transgress
safety boundaries (e.g. braking at the last moment to maximise the apparent danger
caused by the other driver, to demonstrate how hazardous the other driver’s actions
were). The hazard prediction test will not identify these problems (and is not designed
to).

If drivers’ individual thresholds for reporting a hazard are considered important
enough to warrant assessment (and we believe they are), they should be measured
independently of the ability to predict the hazard. Currently, the traditional hazard
perception methodology confounds hazard prediction and hazard processing with
hazard appraisal (Pradhan & Crundall., 2017) and thus does not provide an ideal
assessment of any of these sub-components. It is recommended that each sub-
component of the whole hazard avoidance process is assessed by individual measures,
including a separate assessment of the choice and extent of the response (e.g. harsh
braking, slight adjustment to lane position, etc.). This will allow better understanding
of how drivers differ in their responses to hazards, at different stages of the hazard-
avoidance behavioural chain, as set-out by Pradhan and Crundall (2017).

One final point to note is that the free-response format of the current hazard prediction
test does not lend itself to widespread automated testing, due to the lack of immediate

feedback, and the possibility of coding errors and subjectivity influencing the scoring.
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To counter this criticism, there have already been several attempts to create a multiple-
choice hazard prediction test (Lim et al., 2014; Gugliotta et al., 2017; Ventsislavova et
al., 2016) which have all been successful in validating this format type, and in finding
differences between experienced and novice drivers. This format type is especially
beneficial as it offers pragmatic advantages such as objective and quick marking, quick
administration and it is time and cost effective.

In conclusion, the hazard prediction test provides a purer, culturally agnostic
variant of the traditional hazard perception test, and offers a blueprint for future test
development at a global level.
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Chapter 8

REFINING THE HAZARD PREDICTION TEST
Experiment 7

Validation of a multiple-choice hazard prediction test

The material covered in this chapter has been adapted from previously published paper in
Ventsislavova, P., & Crundall, D. (2018). The hazard prediction test: A comparison of free-response
and multiple-choice formats. Safety Science, 109, 246-255. https://doi.org/10.1016/j.ssci.2018.06.004
(see Appendix D)

8.1 Summary of previous findings

After several unsuccessful attempts to find differences between experienced and novice
drivers with the traditional hazard perception methodology, it was decided to try to
apply an alternative version of the HP test. This new hazard prediction test managed to
differentiate between different driving groups, with the experienced drivers predicting
significantly more hazards than the novices in three different countries (China, Spain
and the UK). Furthermore, both versions of the test were compared across China, Spain
and the UK and although the prediction test appeared to be harder, it clearly showed
superiority in differentiating between the experienced groups. These differences were
based on the experience level of participants and not on their nationality, and the effect
was not confounded by threshold bias (as with the traditional hazard perception test).
This finding suggests that the prediction test is more suitable for export to other
countries.

However, a pragmatic limitation of the hazard prediction test is its current free-
response format. If participants are required to type their answers, coding error could
influence the scoring. Also, responses will require translation which in itself is a lengthy

process that needs to be repeated after each experiment. Finally, this format does not
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allow automated testing or immediate feedback which can be a disadvantage in terms
of widespread international testing.

As a result, for the following study a multiple-choice version was created. This
alternative format allows quick and objective testing and does not require continuous
translation. The decision to move to this format was also motivated by the previous
attempts to validate a multiple-choice hazard prediction test, all of which have been
successful in several countries (Crundall & Kroll, 2018; Lim et al., 2014; Gugliotta et
al., 2017). However, in the present chapter the multiple-choice hazard prediction test
will only be applied to a UK sample in order to find out whether it would be able to
discriminate between driving groups in the UK. If successful, this new refined format

will be exported to a completely new country.

8.2 Introduction

The two previous studies suggested that the hazard prediction test can provide a robust
and simpler alternative to the more traditional hazard perception test. However, one of
the problems with the version of the test used by many researchers (Castro et al., 2014,
2016; Crundall 2016; Jackson et al., 2009) is that participants give free-response
answers which must be hand coded. This introduces the potential for rater error, and
renders the test impractical for use on a wide scale. An alternative is to provide the
participants with multiple options to choose from following occlusion, instead of
inviting a verbal or typed response. This approach simplifies the test further and allows
for automatic and unambiguous coding. This variant of the hazard prediction test was
first employed by Lim et al. (2014), and was followed by Ventsislavova et al. (2016),
but there has never been a formal approach to designing a multiple-choice version of
the prediction test, nor a direct comparison between a multiple-choice test variant, and
hand-coded free responses. Despite the evidence to suggest that multiple-choice
prediction tests can find differences between drivers of differing experience, we do not
know whether the experiential effect is enhanced or diluted through the use of multiple

options over free responses.
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This current study aimed to address both these issues. First, a formal procedure
was adopted for creating a multiple-choice prediction test, which was then tested across
driver groups of varying experience in search of validity. Secondly, a comparison was
made between the MCQ test and the previous free-response variant in Chapter 6, in
order to assess whether validity is improved with the simpler response format. In
addition, while the hazard perception test has been previously correlated to driving
experience (Wetton, Hill & Horswill, 2011) and age (Horswill et al., 2010), the hazard
prediction test has not been directly correlated with any of these variables. The
prediction test successfully discriminates between experienced and novice drivers,
however none of its formats (free-response or multiple-choice) have been previously
correlated to age or driving experience. Therefore, it will be assessed whether both
formats correlate positively with years of driving, age and annual mileage.

Lim et al. (2014) first used a multiple-choice hazard prediction test with
Malaysian and UK drivers. Their results showed that experienced drivers were able to
predict more hazards in comparison to the novices (though only for the Malaysian
clips). While this result was in contrast to a previously unsuccessful study using
response-time hazard perception clips (Lim et al., 2013), they did not directly compare
the two datasets across the studies. Furthermore, the limitation of the finding only for
the Malaysian clips raises potential concern over the choice of multiple-choice options
in the UK clips. More recently, Ventsislavova et al. (2016) created a multiple-choice
Spanish prediction test in order to test the differences between experienced and novice
drivers, asking both “What was the hazard” and “What happens next?”. They found that
experienced drivers were more accurate in identifying and predicting the hazard than
novices.

Two recent studies have also compared multiple-choice prediction tests directly
to traditional response-time hazard perception tests (Crundall & Kroll, 2018; Malone et
al., 2016). Malone et al. (2016) described their two test variants as differing on
ecological validity, with the response-time test (similar to the national UK test)
representing high ecological validity, while the multiple-choice version represented low
ecological validity. Even though they expected that the high ecological validity test
would discriminate better between experienced groups, the multiple-choice version of

the hazard perception test also yielded a significant difference between experienced and
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novice drivers. It should be noted however that Malone et al. used hazards that fully
materialised in those trials where participants were given multiple-choice options. As
participants saw the whole hazard, this test did not isolate the act of prediction, and is
therefore less applicable to the current discussion. Crundall and Kroll (2018) compared
a response-time HP test and a multiple-choice prediction test across groups of fire
appliance drivers (with clips filmed from fire appliances on blue-light training runs).
They found the multiple-choice test to be more sensitive to group differences. Multiple-
choice formats have also been employed in the training of hazard perception (Cockerton
& Isler, 2003; Isler & Cockerton, 2003, Petzoldt, Weiss, Krems, & Bannert, 2013).
Petzoldt et al. (2013) compared a paper-based intervention with computer-based
training using a multiple-choice format, with the latter being more beneficial for
participants to spot earlier critical cues and scan relevant areas in the visual field.

One concern that has been raised regarding the development of multiple-choice
tests relates to the plausibility of the distracters (Andrich & Marais, 2014). Poor or
implausible distracter options can be easily rejected allowing the participant to choose
the correct response by default. For this reason, the guidelines of Worthen et al, (1999)
and Haladyna, Downing and Rodriguez (2002) were followed, creating the distracter
items using the incorrect free-response answers that were provided by the participants
in Experiments 5 and 6.

In order to test this new format, the sample was divided into four groups:
learners, novices, moderately experienced drivers and highly experienced drivers. It
was predicted that there would be clear differences in prediction accuracy across the
driving groups, with the enhanced range of drivers providing more opportunities for
differentiation between the groups.

Finally, a matched sub-group of participants from Experiment 5 and 7 were
compared in terms of their prediction accuracy with the only difference being the
response mode: free-response or selection of an answer from four options. It was
hypothesised that both test variants would discriminate between drivers to a certain
degree, but no prediction was made about which test would be the better discriminator
in the final analysis. No prediction was made about which format will correlate with

years of driving, age and annual mileage either.
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8.3 Method
8.3.1 Participants

Fifty-one participants were split into four different experienced groups: 12 learner
drivers (L), ten novice drivers (N), 15 drivers that have driven for less than six years
(E<6y) and 14 drivers that have driven more than six years (E>6y) (see Table 8.1 for
demographics). All participants had normal or corrected-to-normal vision and were

University students and staff.

Table 8.1: Mean age, mileage and driving experience for the different driving

groups
. Mean driving Mean mileage in
Participants Mean Age experience since test the previous 12
(in years) months
Learner drivers 18.3 0 9
Novice drivers 18.4 11 months 555
E<6 years 21.4 3 years 4933.3
E>6 years 35.9 16 years 7857.1

8.3.2 Design, materials and procedure

The video clips used for this study were the same as in Study 4. However, this time
only the clips with the proximal occlusion point were used in order to assure that
participants had the best possible chance to predict the hazardous situations. In Chapter
6, the results suggested that performance was best with the proximal occlusion point,
although there was no interaction between the experienced groups and occlusion points.
Furthermore, for this study, clips were edited to include a multiple-choice question and
participants were no longer required to type their responses. The multiple-choice
options were created following the guidelines provided by Haladyna et al. (2002). They

have suggested more than 30 guidelines on how to create a valid multiple-choice item
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covering concerns such as content, formatting, style and writing. All guidelines were

followed and special emphasis was made on the following five:

1. All options were written to be of similar length. Consistent length ensures that
the correct answer cannot be identified from higher levels of description in the
option.

2. Future tense was used to design the options, as the question was “What will
happen next?”.

3. The location of the right answer (i.e. position 1, 2, 3 or 4) was randomly
assigned for each question.

4. Plausible distracters were created using previously collected common errors of
participants.

5. The frequency method was used to create the distracters (i.e. the most frequently

incorrect answers are used for distracter options)

Participants’ incorrect typed answers to the UK video clips in Experiments 5 and 6 were
used to create the distracters. In order to identify the most frequent incorrect answers,
the frequency method was used. This method is an empirical approach and yields items
with highly plausible distracters (Owens, Hanna and Coppedge, 1970). Once the
answers were grouped, the most common incorrect responses were selected as
distracters for each video, thus assuring the plausibility of all options. It should be noted
that each distracter was compared to the corresponding video to verify that it indeed
represented the hazardous scene.

Four options were created (one correct and three incorrect) for each video (15
in total). Both correct answers and distracter options were written in short, simple
sentences and future tense.

This first set of options was piloted across 41 drivers with different experience.
To this end, a Google-forms questionnaire was created. The link to the online forms
was distributed via social media. Participants were not shown the video clips. Instead,
a very general sentence was given as introduction to the scenario, and they were then
asked to simply select the answer from the four options that they think correctly

predicted what happens next (e.g. “You are driving along a busy urban street with
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pedestrians and parked vehicles on either side of the road. What happens next?”). If
people could guess the correct answer without seeing the clip (i.e. without any clues to
the answer, beyond the wording of the answer itself), then the real answer might be too
obvious or the distracters too implausible.

Participants’ answers for each scenario were subjected to a 1 X 4 chi-square
analysis to identify whether one of the four options evoked a higher response rate than
the others. If the Chi Square analysis for a particular scenario was significant, and the
correct answer was the source of the effect, this was termed ‘correct bias’. If a distracter
option had caused the effect however this was termed ‘incorrect bias’. Where ‘correct
bias’ was observed, the correct option for that scenario was changed to make it less
obvious. According to the results, four of the items showed no bias, eight of the items
showed incorrect bias (a single distracter was chosen more frequently, which was not
considered to be an impediment to the test) and three of the items showed correct bias.
These three items were revised. The final selection of multiple-choice options were
edited into the final frames of the hazard prediction scenarios.

A1 x 4 between-subjects design was employed, where the independent variable
was the level of experience of the participants and the dependent variable was the
percentage accuracy of hazards predicted. The procedure was identical to that used in
Experiment 6 with the only difference being that this time participants were asked to
predict the driving situation by choosing one of four options after each of 15 clips (see
Figure 8.1). Participants were aware that only one option would be correct and, if they
had been looking in the correct place at the time of occlusion, then they would have
seen very brief confirmation that their prediction was correct. Following their selection
of an option, participants were asked to rate how hazardous the predicted situation
would have been for them, by selecting a point on a 1 to 7 Likert Scale (where 1 is ‘not
at all hazardous’ and 7 is ‘extremely hazardous’). All clips appeared in a randomised
order. Prior to the actual experiment, all participants saw a practice trial. The
experiment took an average of 20 minutes to complete.

All apparatus remained the same as that used in Experiment 6.

199



What will happen next?
A pedestrian walks into the road from between the parked cars on the left

A white van, hidden by parked vehicles, appears from around the bend heading towards you
A car reverses from a driveway on the left and emerges from between the parked vehicles

The parked car on the right indicates and begins to pull off as you are passing

N\

Figure 8.1: Three panels represent the end of a clip: the first panel is the final
frame (where the impending hazard is an oncoming white van, hidden by parked
vehicles). This is followed by an occlusion panel, before four multiple-choice

options are displayed on screen.

8.4 Results

Accuracy was analysed using a 1 x 4 ANOVA, where the between-group factor was
driver experience. A main effect was found (see Figure 8.2), with performance
improving in line with increasing experience across the four groups (71.7%, 79.3%,
88.9% and 89.5% for learners, novices, moderately experienced and highly experienced
drivers, respectively; F(3,47) = 6.9,MSe = 134.2, p<.001, ny? =.31). Planned contrasts
were undertaken to unpack this main effect. The first contrast pooled the learners and
novices and compared them to the pooled experienced driver groups (mirroring the
analysis in Experiment 5 which just compared inexperienced drivers to experienced
drivers). The difference was found to be significant with the experienced drivers out-
performing the learner/novice group (t(47) = 4.2, p < 0.001). Repeated contrasts
(learners vs. novices, novices vs. moderately-experienced drivers, and moderately-
experienced vs. highly-experienced drivers) were also conducted to identify whether

the test was sensitive to more subtle changes in experience, but the only significant
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comparison was found between novices and moderately-experienced drivers (t(47) =
2.0, p < 0.05). This suggests a clear experiential boundary in the ability of the test to
discriminate between groups at the transition between novice and moderately-
experienced drivers.

Ratings were also analysed and a main effect was found for driving experience
across the four groups (F(3,47) = 2.9,MSe = .85, p < .05, np? =.16). While learners gave
the highest risk ratings for the clips (4.5) and the highly-experienced group gave the
lowest ratings (3.7), the experiential effect was not sufficient for any of the planned
contrasts (L/N vs. all experienced drivers; L vs. N; N vs. E<6yr; E<6yr vs. E>6yrs) to
reach significance (see Figure 8.2).
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Figure 8.2: Percentage accuracy (white bars) and ratings (from 1-7; black bars)
across all experienced groups: learners, novices, experienced drivers with less than
six years of driving experience, and experienced drivers with more than six years

of driving experience (standard error bars are added).
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8.5 Comparison of the multiple-choice test with the free-response test

A third additional analysis was conducted in order to directly compare performance on
the new multiple-choice test with performance data from the free-response test used in
Experiment 5. For that purpose, all the participants that took part in the proximal
occlusion condition of Experiment 6 (N=20; ten novices and ten experienced) were
matched to participants with the most similar driving experience (in terms of passing
the driving test and annual mileage) from the current experiment (N=20; ten novices
and ten experienced). This matching process was done without sight of the actual
performance data. The average difference between matched pairs in terms of mileage
was 76 miles for the novices and 400 miles for the experienced drivers, while the
average difference in years’ experience since passing the driving test was of 0.4 years

for the novice drivers and 0.2 for the experienced (see Table 8.2).

Table 8.2: Mean mileage, driving experience and mean difference between

experience and mileage for the matched groups

Free response Multiple-Choice
Mean i
Participants  experience Visen gl(ezrr]ience Mean Eﬂiﬁﬂiﬁ Difference
(years) mileage P Mileage P miles
y (years) (years)
Novice
drivers 0.4 276.4 0 352 0.4 76
Experienced
drivers 31 3300 3.4 3700 0.2 400

A 2 x 2 between-groups ANOVA was conducted on the two data sets. A marginal
difference was found between the tests (F(1,36) = 3.5,MSe = 152.8, p=.07, n? =.09),
with performance on the multiple-choice test being ostensibly higher than that on the
free-response version. The main effect of driving experience remained with
experienced drivers outperforming novices (82.3 vs. 69.7; F(1,36) = 10.5, MSe = 152.8,
p<.01, ne® =.23), although there was no interaction between the test type and the
experienced groups (see Figure 8.3). No differences were found for the ratings. The

hazards were not rated as more hazardous in terms of test type. These results do not
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provide any evidence to suggest that the tests differ regarding their ability to
discriminate on the basis of driving experience, and that the type of question does not
influence perceived hazardousness.

Pearson correlations were conducted to assess the relationship between the
accuracy of responses, annual mileage and years of driving (post-license) for both types
of test. Significant correlations were found for accuracy and years of driving
(r(18)=0.51, p <.05), and accuracy and miles driven (r(18)=0.56, p <.05), but only with
the data from the multiple-choice test. Neither of these correlations was significant for
the free-response data from Experiment 5 (See Table 8.3).
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Figure 8.3: Percentage accuracy of correct responses across experience groups and
test type (with standard error bars added)

Table 8.3: Pearson correlations for accuracy vs. years of driving and accuracy vs.

miles for both types of tests (multiple-choice and free-response type)

Multiple-Choice test Free-Response test
Accuracy Years Miles Accuracy Years Mil
es
Accuracy - -
Years .512* - .382 -
Miles 562** 697** - .395 .531* -

*p<.05,**p<.01
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8.6 Discussion

The multiple-choice hazard prediction test was able to discriminate between the driving
groups on the basis of experience. Experienced drivers (E<6y and E>6y) outperformed
the learner and novice drivers in predicting hazards. Planned contrasts suggested that
the threshold for performance differences lies between the novice and moderately-
experienced group, suggestive of a step change in the ability to predict hazards
following one year of post-license driving experience. This is in keeping with the
literature that consistently reports novice drivers, especially within the first 12 months
of post-license driving, to be overrepresented in crashes. This suggests that safety-
relevant skills are still developing in this first year of independent driving (Foss et al.,
2011, McCartt et al., 2003; Williams & Tefft, 2014; Pradhan & Crundall, 2017).

While several studies have reported finding significant differences in accuracy
between novice and experienced drivers when using multiple-choice formats (Lim et
al., 2014, Ventsislavova et al., 2016), others have failed to find these differences
(Malone & Briinken, 2013). However, when Malone and Briinken (2016) compared the
traditional reaction time paradigm with the multiple-choice format, they found that
experienced drivers outperformed novices in both test types. Following these results,
they concluded that the ability of a test to discriminate between driver groups is more
likely to be due to the scenario type (i.e. the particular videos used) rather than the
assessment methodology employed.

On the basis of the current results, and those of other researchers reported in the
literature, it appears that the multiple-choice format is no less discriminative than other
test formats, yet pragmatically it offers a range of other advantages. For instance, the
multiple-choice format allows quick administration and objective scoring of the
answers. In contrast, a free response prediction test can take much longer to administer,
and, without the development of natural language processing algorithms, must be
scored offline by hand. Not only is this time consuming and risks errors during
subjective coding, but it also means that participants cannot receive an immediate score
for their performance. For research purposes, participants do not need to be given a

score at the end of the test (though they typically prefer this). However, if the prediction
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format was to be used in driver training or licensing procedures, then the immediate
feedback that can be provided with a multiple-choice format is a necessity.

The multiple-choice format could also encourage drivers to think and consider
about a wider range of possible situations that could possibly happen. Typically, the
hazard perception test would only require drivers to focus and consequently press for a
single hazard, ignoring possible alternative situations. For instance, if a pedestrian steps
out from behind a bus, the driver might think “there is a pedestrian” and press for it.
However, in a real life scenario the pedestrian might wait and the bus could pull off
instead. Anticipating just one hazard in the test may hinder drivers from considering
alternative possibilities of how the situation might develop in the real world. By
providing more options they become aware that a single situation could have many
possible outcomes. This will require a more in-depth situation awareness where drivers
would also need to decide which is the correct possibility. This can be especially
beneficial for driver training and licencing procedure.

There are potential concerns however regarding the use of multiple-choice
formats. Malone and Briinken (2016) argued that providing multiple options for drivers
to choose between might simply tap into memory processes rather than driving skill.
This was particularly pertinent for their study, which only presented the options after a
hazard clip had been viewed in its entirety. In this case, drivers might have to choose
an option that refers to a hazard that they had seen tens of seconds ago. While such a
short temporal gap might not be considered to place a huge strain on memory, the point
remains valid: any gap between the target event and the probe question might produce
results confounded by memory processes. However, in the current study, the clip
occludes just as the hazard begins to develop, and the options are immediately provided.
The safest drivers will be aware of this hazard at the point of occlusion, and thus this
answer should be readily available in working memory.

It is possible that the multiple-choice options prime participants to potential
hazards other than the actual answer for each clip. This might explain why the multiple-
choice version of the test is slightly easier than the free-response. However, this does
not impact on the ability of the test to differentiate between experienced and novice
drivers. Also, this is beneficial in terms of hazard training. For example, if a driver

approaches a bus, they might be expecting a pedestrian to appear on the basis of the
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experience with the hazard perception test. In turn, if they have undertaken the hazard
prediction test, the may be more likely to anticipate up to four potential hazards (three
distracters and the correct answer).

One further concern with the multiple-choice format is the generation of
incorrect options that provide plausible alternatives to the correct answer. If the
distracter options are too unlikely, then the viewer may be able to guess the correct
answer by rejecting the implausible options. For this reason, the distracters were
developed using the responses given by participants in Experiments 5 and 6. We
recommend this as a method for generating plausible and realistic distracters. While
this process is time consuming, it helps ensure that the correct answer does not stand
out.

When overall accuracy rates for the two tests are examined, the multiple-choice
test is ostensibly easier (though this effect did not reach conventional levels of statistical
significance; p = 0.07). Such an effect can be understood in terms of the opportunity
for participants to guess, or infer, the correct answer out of the multiple-choice options.
Arguably, an act of inference may still tap into hazard prediction skill (as participants
may choose the most likely response on the basis of the evidence they had gathered up
to the point of occlusion, even if they were not looking in exactly the right place at the
right time). Pure guesses are potentially more problematic, but as the ostensible increase
in accuracy did not negatively impact on the ability of the test to discriminate between
our driver groups, it can be argued that it is of little consequence.

The ability of the multiple-choice test to differentiate between the driver groups
suggests that it might have similar validity to that of the free-response test. Considering
the correlation analyses, one might be tempted to argue that the multiple-choice test is
even more sensitive to driving experience than the free response test, with years of
driving (post-license) and mileage only correlating with the former but not the latter.
The reason for this could be that some drivers with good experience may have not had
the vocabulary to describe what they saw or the act of turning their prediction into a
verbal code caused a drop in score. On the basis of the current results, it appears that
the multiple-choice test is as good as the free- response test at discriminating between
the driver groups. Given the positive correlations with measures of experience, and the

pragmatic advantages that a multiple-choice format offers (objective marking,
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immediate feedback, quick administration, online testing across nations etc.), it can be
argued that providing participants with options to choose between should be the
preferred format.

In conclusion, the results suggest that a multiple-choice format of the hazard
prediction test can provide an efficient and effective tool for discriminating between
driver groups on the basis of driving experience. It is particularly sensitive to the
boundary between novice and moderately-experienced drivers, which accords with the
literature that identifies the first 12 months post-license as being particularly
problematic for young drivers. With the growing evidence-base for hazard prediction
tests as a valid method of discriminating driver groups, this study has demonstrated
how such a test could be designed for widespread automated deployment, thus
providing a valid alternative to the current UK hazard perception test that still relies on
confounded response-time measures. This new hazard prediction test features real
hazard footage, including wider range of hazardous situations such as overtaking and
undertaking hazards. In order to include such hazards, the design of the traditional
hazard perception test was improved to include mirror information, which allowed the
anticipation of these hazards. This feature is especially beneficial for developing
countries, where these types of situations are observed more often. The multiple-choice
version is also beneficial for cross-cultural studies as it removes the need for translating
participant responses, and subsequent hand coding. This allows quick administration,
automated coding and immediate feedback.

The final challenge for this thesis is to apply this refined variant of the hazard

prediction test to a brand new country.
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Chapter 9

THE HAZARD PREDICTION TEST
Experiment 8
The Hazard Prediction test applied to the Israeli driving

context

9.1 Summary of previous findings

The main motivation of this thesis was to examine whether the traditional hazard
perception test is suitable for international export. The HP test has been frequently
found to differentiate between experienced and novice drivers, and it seemed a logical
step to consider exporting the HP methodology to other countries which could benefit
from it. As mentioned in Chapter 1, several European Governments are considering the
possibility of implementing the HP test as an official driving test in their respective
countries (e.g Spain, the Netherlands), however, creating and adapting a hazard
perception test suitable for any driving context is not an easy task. For instance, the
potential for increased overtaking hazards requires the addition of mirror information.
Furthermore, when the traditional HP methodology was tested overseas, it did not seem
to repeat the same success as in the UK, in regards to finding the experiential effect.
When Chinese, Spanish and UK drivers were tested in the cross-cultural study
in Chapter 5, the results showed that the HP test differentiated drivers based on the
cultural background of the participants and not on their experience levels. Previous
studies conducted in Malaysia showed similar results (Lim et al., 2013). Therefore, an
alternative version of the HP test was considered: the hazard prediction test. Although
this test was first created in 2009 (Jackson et al., 2009; but with a pedigree dating much

further back: McKenna and Crick 1997), a new and improved version was developed
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for this thesis featuring video clips filmed in China, Spain and the UK. The crucial
difference between the two tests, is that the latter variant replaces potentially cofounded
response-time measures, with measures of accuracy to the question “what happens
next?” following occlusion at the point of hazard onset. In Chapter 7, a new cohort of
Chinese, Spanish and UK drivers were tested using this new version of the hazard
prediction test and it successfully discriminated between the experienced and novice
drivers. No differences were found for nationality this time.

The hazard prediction test also appeared to be successful in differentiating
between driver groups in a multiple-choice format. Although in Chapter 8 the multiple-
choice format was applied only to a UK sample, previous studies conducted overseas
(Lim et al., 2014; Ventsislavova et al., 2016) have featured Spanish and Malaysian
drivers and have been successful in differentiating between experience groups.
Nonetheless, the results of the study conducted in Chapter 8 showed that only the
multiple-choice format was significantly correlated to mileage and years of driving
when compared to the free-response version, which suggests that, beyond the practical
advantages of scoring multiple-choice questions, this format might better reflect driving
experience.

The results so far have suggested that the hazard prediction test is more effective
as an overseas measure of driver safety, and have provided a potential blueprint for how
to design such a test (e.g. with mirrors, using multiple-choice questions, etc.). However,
all of these findings need to be confirmed with a new hazard prediction test, designed
for a completely different country, following the guidelines suggested in previous
chapters. After testing across Europe and Asia, for this last study the hazard prediction

test was applied in a country from the Middle East: Israel.

9.2 Introduction

9.2.1 Features of the hazard prediction test and evidence of its effectiveness
The most remarkable feature of the hazard prediction test is its ability to differentiate
drivers based on their driving experience and not on their cultural background. This is

an extremely important feature as it removes threshold bias and other biases motived
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by the social and cultural rules of each country (Lim et al., 2014). Participants are not
asked to decide whether a situation is hazardous or not but to predict a future event on
the basis of clues in the current environment. Furthermore, each test should be adapted
to the specific cultural context it is aimed for, however its ability to measure the
prediction/perception ability should not be influenced by cultural bias.

Several studies have discussed the influence criterion bias has on hazard

perception (Egea-Caparros et al. 2016; Horswill & McKenna, 2004; Horswill and
Wallis, 2007; Underwood et al., 2013). Wallis and Horswill (2007) reported that
novices required a higher threshold to consider a situation as hazardous and Egea-
Capparos et al. (2016) reported that a delay in detecting hazards is linked to a stricter
criterion. Conversely, Ventsislavova et al., (2016) did not find differences for criterion
between experience and novice drivers.
As neither criterion nor sensitivity have been linked directly to accuracy in prediction,
in this study a model is proposed including both variables together with driving
experience. It is expected that the model will significantly predict accuracy as more
experienced drivers are more sensitive to hazards with less conservative criterion for
considering a situation as hazardous. However, if criterion does not significantly predict
accuracy this would support the notion that hazard appraisal does not impact on how
accurate one is in predicting hazards.

The second important feature of the hazard prediction test is that the new stimuli
contain mirror information which not only reflect a more realistic driving environment
(and the demands of a more realistic environment) but also provide cues that help to
predict overtaking hazards. Overtaking and undertaking hazards are not included in the
national UK hazard perception test as the viewer does not have access to any precursors
to such hazards. Nonetheless, overtaking and undertaking hazards do pose a problem
on UK roads, and even more so in developing countries; the provision of mirror
information allows these hazards to be included. Drivers also need to pay attention to
mirrors when overtaking or changing lanes, and mirror information in hazard
perception clips can be very useful in assessing whether drivers check these areas of
potential danger (Shahar et al., 2012; Zhang et al., 2016).

The third important feature is that the latest variant of the hazard prediction test

is both time and cost effective, which would be especially beneficial for developing
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countries. The original hazard prediction test was developed as a free-response test,
which took time to code and had the potential problem of rater error. For that reason, a
multiple-choice version was created which provides automatic and unambiguous
coding. Several studies have already adopted this methodology (Crundall & Kroll,
2018; Lim et al., 2014; Ventsislavova et al., 2016), however the study conducted in
Chapter 8 was the first to compare both a free-response vs. a multiple-choice version.
Such a comparison was necessary, as it was possible that the MCQ variant increased
the salience of the correct answer. In Chapter 8, we found that both versions
successfully differentiated between the experienced groups but only the multiple-choice
version correlated significantly with driving experience. Thus the MCQ format may not
only be more efficient, it may also better reflect driving experience.

Considering the previous success of the hazard prediction test in differentiating
between experienced and novice drivers within different countries (Crundall, 2016; Lim
et al, 2014; see also Experiment 6), the final study of this thesis will focus on creating
a completely new hazard prediction test featuring a completely different cultural driving
context. This is necessary to demonstrate that the blueprint for a culturally unbiased
hazard prediction is not specific to those countries it has been developed on (i.e. China,
Spain), but that the application of these test guidelines in any country can produce a

valid test of driver’s hazard prediction skills.

9.2.2 Guidelines followed to create the test

In order to develop a prediction test suitable for the Israeli driving context and ensure
its validity and successful differentiation between experienced and novice drivers, the
guidelines that were created and examined in previous chapters of this thesis were

followed.

9.2.2.1 Mirrors

Although, there was no evidence to suggest that mirror information enhances hazard
perception performance in Experiment 1, neither was there any evidence that the

inclusion of mirrors damaged the effectiveness of the test. Mirrors were therefore
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included to create a context that reflects real driving, and to allow the inclusion of
overtaking and undertaking hazards. While filming the footage used for the current
Israeli study, it was observed that, similar to China (see Chapter 5), the Israeli driving
context contained a wide range of both overtaking and undertaking hazards. This fact
makes inclusion of mirrors highly necessary in order to avoid excluding such hazards,

which are representative of the Israeli driving context.

9.2.2.2 Car overlay

Regardless of the lack of evidence that the transparent overlay is more beneficial in
terms of hazard detection, the current clips were designed to contain a transparent
overlay for obvious reasons (see Chapter 2). Many hazards and precursors can be
partially occluded by the A-pillars, which provides an unfair hindrance. In the real
world such partial occlusion can be mitigated by small head movements and stereopsis.
Accordingly, the transparent overlay was used. This still partially obscures some
precursors and hazards, but should the driver choose to focus on an occluded object,
she will still be able to process it (in the same way that a driver might move their head

slightly to focus on a potential hazard behind an A-pillar on a real road).

9.2.2.3 Non-hazardous trials

The prediction test, up to this point, has avowedly avoided any concerns of
appraisal bias or hazard criterion. In this final test, it was decided to add in an element
of appraisal to assess how this interacts with the prediction task. To this end, non-
hazardous trials were included in the current study. These were situations which did not
end into a materialised hazard (see Table 9.1). Prior to being asked “What happens
next?” participants were asked “Did you see a hazard?”. Inclusion of non-target trials
in this way allows a more extensive analysis where the Signal Detection Theory (SDT)
could be applied to look at the sensitivity to hazards and criterion bias of participants
that has not been possible so far in this thesis. This represents a divergence from the
current studies contained in this thesis, but is not without precedence (Ventsislavova et

al., 2016). The SDT allows measurement of two important aspects of the decision-
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making process: sensitivity to the signal which reflects the intensity of the stimulus
(measured by the number of correct identifications and false alarms) and the criterion
bias that guides our decisions (measured by the tendency to report an event as either
hazardous or not). In the hazard perception field, increased sensitivity to the signal
translates into better ability to detect hazards and this sensitivity is compared to our
threshold bias. While a liberal criterion shows the tendency to report each event as
hazardous and a conservative criterion requires a higher threshold for considering a
situation as hazardous. Wallis and Horswill (2007) however, used a fuzzy signal
detection theory arguing that the traditional SDT is not suitable for tasks such as hazard
perception. The fact that potential hazardous events that have not yet become hazardous
could still be labelled as such, makes an assessment of a binary true state difficult. The
fuzzy signal detection theory allows calculation of continuous outcomes instead of
discreet levels, which in turn allows the evaluation of potentially hazardous scenarios.
Wallis and Horswill (2007) assessed two models. The first one proposed that novices
are less sensitive to hazards than experienced drivers, while the second one stated that
novices required a higher threshold to consider a situation as hazardous. Their findings
supported the second model, showing that novices were as sensitive to the hazards as
the experienced drivers, however required a higher threshold of danger in order to
classify an event as hazardous. In a later study, Ventsislavova et al., (2016) argued that
it is possible to apply the classical SDT if speeded responses are removed and a simple
binary probe question is adopted instead (e.g. Is there a hazard? Yes-No). They explored
both hazardous and quasi-hazardous situations and contrary to Wallis and Horswill
(2007) found that both non-offenders and experienced drivers were more sensitive to
hazards than offenders and novices. However, no differences were found for criterion.

The above studies applied different paradigms which might explain the
contradictive findings. Furthermore, some studies conducted in Israel reported that
novices find potential hazards particularly difficult to identify (Borowsky et al., 2009;
Borowsky & Oron-Gilad, 2013). In order to find out whether experienced drivers will
be more sensitive to the non-hazardous trials than novices, the present study replicated
the method of Ventsislavova et al. (2016) using the classical SDT and a binary probe
question (Is there a hazard?). The aim was to examine whether Israeli experienced and

novice drivers show differences in their sensitivity to both hazardous and quasi-
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hazardous situations, and whether there will be differences in criterion for both types
of situations.

9.2.2.4 Occlusion point

To ensure that enough information is provided to allow drivers predict the hazardous
situations, clips were cut according to the proximal occlusion points. Previous studies
(Crundall, 2016) and the results of the study in Chapter 6, suggested that cutting the
clip too early may diminish the link between precursors and hazards, potentially
removing the distinction between novice and experienced drivers. Proximal occlusion
points also produce the highest overall accuracy, which may be important in
encouraging ongoing voluntary participation (especially if a test is provided online). If
drivers note a mismatch between their ability to perform the test, and their self-belief
in their own driving skill, this will reduce their faith in the validity of the test, and may

lead to early withdrawal.

9.2.2.5 Multiple-choice format

Finally, results in Experiment 7 showed that only the multiple-choice version of the
hazard prediction test correlates with driving experience, suggesting it to be a better
measure for the underlying hazard skill. The further advantages of automatic and

unbiased scoring, led to an MCQ format being chosen for the current test.

9.2.3 Israel

Israel already has a strong record of traffic psychology research. In recent years there
have been studies in hazard perception (e.g. Hoffman & Rosenbloom, 2016), young
drivers (Ben Ari, Skvirsky, Greenbury & Prato, 2018; Korn, Weiss & Rosenbloom,
2017), risky driving (Taubman-Ben-Ari, Mikulincer & Gillath, 2004) and driving
behaviour among the ultraorthodox population (Guggenheim & Taubman — Ben-Airi,
2015, Rosenbloom et al. 2004; Rosenbloom, Shahar, & Perlman, 2008).
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Israel is considered a familiaristic and collectivistic culture (Kagitcibasi, Ataca
& Diri, 2010). Several authors have argued that driving behaviour of young drivers is
especially influenced by the norms set by their family and close friends (Hartos, Eitel,
Haynie & Simons-Morton, 2000; Taubman-Ben Ari & Katz-Ben-Ami, 2012;
Guggenheim & Taubman-Ben Ari, 2015). For instance, young drivers tend to report
being more committed to safe driving when parents are role models for safe driving,
than those who are less committed. However, parental support is not noticed for the
ultraorthodox young men, as there are strict restrictions regarding driving in their
community. Eight percent of the Israeli population is comprised of the ultraorthodox
Jews. These communities restrict driving for those young men who have yet to marry,
and sanction those who decide to learn to drive. However, many young males still desire
to obtain a driving licence, most of the time hiding it from their parents and community.
Therefore, driving under such circumstances of constant socio-cultural tension brings
an additional risk and affects the driving of these young males (Guggenheim &
Taubman — Ben-Ari, 2015). Although there is no official statistics that account for
accidents in this community, the combination of prohibition, the lack of family support
and limited practice could enhance risky behaviour.

The other major population in Israel is Arab (approx. 20% according to the
Central Bureau of Statistics, 2012), with a culture and lifestyle that differ considerably
from those of the Jewish population. Towns populated with Arab residents report higher
transport-related fatality rates compared to those mostly populated by Jewish people
(Baron-Epela, Obid, Fertiga & Gitelman, 2015). This has been attributed to the lower
level of road infrastructure and more violations of traffic laws in the Arab community
(Gitelman, Dain, Levi, & Eizenman, 2003). According to the Central Bureau of
Statistics (2016) Arabs are overrepresented in traffic accidents, accounting for over a
third of all fatalities (35%).

In 2016 there were 12,430 road crashes in which 372 people died (Central
Bureau of Statistics, 2017). To put this into context, that is one fatality for every 23,440
residents (compared to one fatality per 36,842 residents in the UK). Vehicles (33%) and
pedestrians (34%) account for the majority of the Israeli traffic accidents. During the
period 2000-2015, the largest decrease in fatal injuries was observed for the 18-20 year
olds (68.8%), followed by the 15-17 years olds (52%) and 0-14 years olds (48%) (Road
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Safety Annual Report, 2017). Most of the collisions are reported in Tel Aviv, due to the
fact that it is the most congested city in Israel, especially during rush hours, as vehicles
are accessing and leaving the city every day. Moreover, the most common factor in
traffic collisions is speeding (just over 10%), yet despite this, 20% of Israeli drivers do
not believe that speeding increases the risk of traffic crashes (Elias, 2018).

Driving lessons in Israel can begin at 16 years and five months, however the
road test can only be held once the learner has turned 16 years and nine months (with a
minimum of 28 on-road driving lessons). In order to obtain a driving licence, learners
undertake both a theory and an on-road driving test, and an experienced driver is
required to accompany them for the first three months after licencing.

Besides the cultural diversity and population in such a small country, another
factor that was found to contribute to the increase of fatality rates are terror attacks.
Terror attacks seem to influence crash rates (Stecklov & Goldstein, 2010). For instance,
while the immediate aftermath of a terrorist attack may result in a temporary lull in
slight collisions, perhaps due to increased security presence, on the third day after a
terrorist attack Stecklov and Goldstein (2004) noted a 35% increase in fatal collisions
(which they interpret in terms of psychosocial stress).

All these aspects make Israel a context worthy to explore and, although this
chapter will not focus on the differences between populations within the country, it will
be interesting to assess whether the hazard prediction test can differentiate between
driver groups in such a country where cultural influences differ significantly to those
of the UK.

9.2.4 Hazard perception in Israel

Unlike the hazard prediction test, the more typical hazard perception test has already
been studied by several research groups within the Israeli context. Some of the studies
have solely focused on examining the hazard perception skill within different driving
groups (Rosenbloom, Perlman & Pereg, 2011; Hoffman & Rosenbloom, 2016), while
others have also added hazard categorisation, risk estimation and hazard fixation
(Borowsky et al., 2010; Borowsky, Oron-Gilad, 2013). Rosenbloom et al. (2015) even
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developed a hazard perception test suitable for pedestrians with ostensible benefits as a
training system to help improve pedestrians’ safety.

Rosenbloom et al. (2011) tested the hazard perception skill of motorcyclist vs.
car drivers using car-based hazard clips and a 5-point scoring system based on that used
in the UK national test. They found the motorcyclists to outperform the car drivers,
while crash-involved drivers also scored lower on the HP test than crash-free drivers.
Another interesting study by Hoffman and Rosenbloom (2016) where the HP test was
used, reported that experienced drivers showed higher anxiety under implicit threat
when compared to novices, however they did not find differences between experienced
and novice drivers.

Borrowsky et al. (2010) studied hazard perception in novice, experienced and
elderly drivers featuring potential and materialised hazards. They found that novice
drivers are worse at identifying potential hazards than the experienced drivers (however
they did not find differences for materialised hazards), which supports the notion that
novices have not yet developed their situation awareness, and ability to predict hazards.
Potential hazards are more difficult to identify as they are not as obvious as materialised
hazards and precursors to these hazards have been found to be more difficult to spot
(Crundall et al., 2012). This supports the argument that potential hazards, or precursors,
are better indicators of driving experience. Another study by Borowsky et al. (2009)
that has considered potential hazards (i.e. precursors that do not ultimately lead to
hazards), found that experienced drivers classified hazardous situations according to
similarities in the traffic environment (urban settings), while novices classified the same
situations according to the hazards (a pedestrian). This might suggest that with age and
experience drivers tend to focus more on the global aspect of the situation rather than
the local aspects (hazard), which in turn might lead to a better precursor detection (as
they know what hazards might appear in such environments). Therefore, novices find
difficulties in anticipating hidden hazards. Similar results were found comparing taxi
drivers to novices, with the former being more sensitive to hidden hazards (Borowsky
& Oron Gilad, 2013).

Some of the above findings are consistent with previous literature that failed to
find differences between experienced groups in the detection of materialised hazards
(Chapman & Underwood, 1998; Crundall et al., 2003; Sagberg & Bjgrnskau, 2006;
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Borowsky et al., 2010; Underwood et al., 2013), and support other studies that have
looked at potential hazards (Vlakveld, 2014) or precursors (e.g. Crundall, 2016). For
that reason, it would be interesting to test the hazard prediction skills of this population
and to assess whether experienced drivers will perform better at identifying precursors
that will help predict the hazardous situation.

9.2.5 Overview of the study

The aim of this study was to create a hazard prediction test featuring hazardous driving
situations recorded in the Israeli driving context, and test whether they can differentiate
between experienced and novice drivers on the basis of drivers selecting the correct
option when asked “What happens next?” following occlusion. In addition, prior to the
multiple-choice question, drivers were asked whether they thought a hazardous event
was about to occur. This allows data on hazard appraisal to be captured at the same time
as hazard prediction, decoupling the hazardous nature of the post-occlusion event from
the actual prediction.

It was expected that experienced drivers would outperform novices in prediction
accuracy and that the hazardous situations would be more easily predicted than the non-
hazardous. It was also possible that experienced drivers’ appraisal of the hazardousness
of a predicted event relates differently to their predictive accuracy compared to that of
novice drivers (e.g. criterion bias might be evident).

It was also predicted that sensitivity, criterion and driving experience will be
significant predictors for accuracy in prediction, although considering the mixed results
regarding the relation between sensitivity, criterion and accuracy in prediction, the
relation can go either way.

To this end, 13 hazardous situations and 13 non-hazardous situations were
selected from footage filmed in Tel Aviv. These clips were then converted into a
multiple-choice hazard prediction test. Participants were asked first whether they have
seen a hazard or not, followed by four possible options to choose from. Only the

hazardous trials contained multiple-choice options.
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9.3 Method
9.3.1 Participants

In total 81 participants took part in this experiment, however seven were removed due
to not completing the experiment according to the instructions. These seven participants
spent less than five seconds on the video page when they were expected to remain an
average between 14 seconds and 44 seconds (depending on the duration of each video,
the average duration was approx. 21 seconds). Forty-three of the participants were
experienced drivers with an average of 14 years of driving experience (average mileage
of 6858) and 31 were novices (including 19 learners) with 1.5 months of driving
experience (average mileage of 619.2). The mean age of the experienced drivers was
33.5 years old and of the novices 18.8 years old.

All participants were native Israeli drivers that had mainly driven in Israel. None
of the participants had to undertake a hazard perception or hazard prediction test to
obtain their driving licence, therefore this sample was not familiar with the HP test
(contrary to the UK drivers).

Participants were contacted via social media where the study was advertised
offering a link to the hazard prediction test. Thus, it was possible to reach a wider and
more representative sample than typical opportunity sampling within a campus
community. Participants were asked to click on the link and undertake the test following
the instructions. Finally, they were asked to provide an email address in order to claim

their 48 Israeli Shekels voucher (equivalent £10).

9.3.2 Design, apparatus and materials

A between-groups design was used, where the primary factor was the driving
experience and the dependent variables were the prediction accuracy and whether
participants believed there was an imminent hazard.

To create the hazard prediction stimuli filming was undertaken in Tel Aviv
(Israel). The footage was recorded with a mini HD video camera (the procedure of
recording was identical to the previous studies; see Chapter 2). In total, 13 hazardous

and 13 non-hazardous videos made the final cut of stimuli. Each hazardous clip was
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occluded prior to the hazardous situation fully materialising. There was always,
however, a precursor that would help participants predict how the hazardous situation
was going to develop. For example, in one clip the camera car is driving on a three-lane
carriageway. An urban bus from the right intends to join the lane. The clip occludes
when the bus has started slightly to turn left and has emitted a couple of flashes of the
indicator. Regarding the non-hazardous video clips, although there was always a source
of potential hazard prior to occlusion, none of these precursors led to an actual hazard.
For example, in one non-hazardous clip the camera car is driving along a dual
carriageway and there is a cyclist in front at the point of occlusion. Had the clip played
in full, participants would have seen that the cyclist continues her trajectory without
causing any danger, and thus not creating a hazardous event. All hazards were captured
naturalistically. A full description of the hazards can be seen in Table 9.1.

The stimuli were presented in a randomised order to participants via Qualtrics

online (www.qualtrics.com). They were asked to undertake the experiment using a

computer or laptop, but to avoid using an IPad or a mobile phone (due to the poor

visibility of the video clips).

9.3.3 Test development

Prior to the actual experiment, a pilot study was undertaken in order to test the
video clips and generate plausible alternatives for the multiple-choice questions. Two
experts in traffic and transport psychology selected the initial set of hazardous videos
and occlusion points (identical criteria as with the other experiments was followed to
select the clips, please refer back to Chapter 2). Four participants (that did not
participate in the final experiment) were asked to watch the initial set of 50 videos and
predict the hazardous situations. Two were non-drivers and two experienced drivers
(three years and nine years of driving experience, respectively). The non-drivers found
it particularly difficult to predict hazards when mirrors were required or when the
precursor was an indicator to turn. The scores of the pilot participants were 30.8 %,
38.5%, 46% and 61% of accuracy for non-drivers and experienced driver (three and
nine years), respectively. Clips that were predicted by all four participants and those

that appeared to be too difficult (zero score) were removed.” The initial set of stimuli
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was composed of 15 hazardous videos, however two were removed as they appeared to
be extremely difficult to predict even for our two experienced drivers. The final set was
composed of 13 hazardous videos, with each hazard successfully predicted by at least
one of the participants.

After the clips were selected, an online Google Form questionnaire was created
where participants were asked to watch the clips and write down as many possible
answers as they could think of, in regard to how the driving situations might develop
(they were asked to provide a minimum of four options). Twelve participants, all Israeli
drivers with more than 3 years of driving experience, completed the online
questionnaire. They were recruited online via social media platforms and were provided
with a link to the Google Form questionnaire. Their answers were then subjected to a
frequency analysis where semantically similar answers were grouped together. The
three most frequent incorrect alternatives were used for each video clip, along with a
correct answer (the wording of which was inspired by participants’ responses).

Once the final set of videos was selected, and the multiple-choice options
created, the final test was developed using Qualtrics. The experiment (instructions,
consent form, alternatives etc.) was translated from English into Hebrew following the
forward backward translation procedure (following the guidelines of International Test
Commission; ITC, 2010). The translation into Hebrew was performed by a team
consisting of two bilingual experts with a high level of expertise in both Hebrew and
English, and expertise in traffic regulations and driving habits.

Participants were asked to read through the consent form and sign it if they
agreed to take part in the study (by selecting a tick box in the Qualtrics form). Prior to
the first session, participants viewed a practice trial, where they had the opportunity to
familiarise themselves with the experiment. They received feedback on their
performance only during the practice; that is, following their selection of a multiple-
choice option, the clip was replayed in full, showing the fully materialised hazard.

As the experiment was created using an online tool, videos were programmed
to start automatically and the progress bar (which typically appears on each video) was
removed. This was necessary, as participants would have been able to see when the
video was about to finish, thus priming them that the occlusion point was approaching.

Participants were also instructed to avoid clicking anywhere on the page while
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undertaking the experiment (as this would inadvertently pause the video). They saw 13

hazardous and 13 non-hazardous video clips and the first question they were required

to answer after each video was whether they had seen an upcoming hazard by ticking

yes or no. Following this, they were asked to predict how the traffic situation was going

to develop by choosing one of the four options provided after each video. Only the

hazardous trials contained multiple-choice options.

Table 9.1: A description of the a priori hazardous and non-hazardous traffic

situations selected for each clip

Content

Hazard

Duration of the
clips (ms)

Type of
N
clip
1 Hazard
2 Hazard
3 Hazard
4 Hazard
5 Hazard
6 Hazard
7 Hazard

You are driving along a narrow residential
road, with cars parked on the right side of the
street. One of the parked cars turns on its brake
lights and another car emerges from the left
side of the street. The clip occludes at the
moment when the front part of the emerging car
is partially visible.

While driving you are approaching an
underpass. You enter and there is a congestion
of cars on both sides. The car on the right
signals and cuts your path. The clip occludes
with the first flash of the intermittent.

You are driving on an urban dual carriageway
road and there is an additional lane where there
are parked cars. On the right mirror a taxi is
visible and it undertakes your car just
immediately before colliding with one of the
parked cars. The clip occludes at the moment
when the taxi is no longer visible at the right
mirror.

You are waiting due to red traffic lights. The
road ahead diverse and there is a congestion of
cars on your left side. On your right mirror is
visible a van that is approaching towards the
diversion. It quickly undertakes your car and
squeezes between into your lane. The clip
occludes at the moment when the van is no
longer visible on the right mirror.

You are driving on a narrow urban road and
there is a truck in front of your car. There are
parked cars on the right side of the road and a
pedestrian is approaching towards the street.
The clip occludes at the moment when the
pedestrian looks at your car.

While you are driving along a congested urban
road the car in front diverse into the left lane
and then suddenly brakes and cuts your path.
The clip occludes after the car’s intermittent
emits a couple of flashes.

You are driving along the middle lane of a
motorway while the right lane is heavily
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A car emerging
from the left

A car on the left
side cuts your
path

A taxi undertakes
form the right

A van undertakes
and cuts your path

A pedestrian steps
into the road from
the right

The car on the
right cuts your
path

A bus from the
right cuts my path

16800

27866

40666

22300

16166

21166

18333



10

11

12

13

10

Hazard

Hazard

Hazard

Hazard

Hazard

Hazard

No Hazard

No Hazard

No Hazard

No Hazard

No Hazard

No Hazard

No Hazard

No Hazard

No Hazard

No Hazard

congested. One of the urban buses from the
right lane cuts yours and other vehicles’ path.
The clip occludes when the bus has slightly
started to turn left and have emitted a couple of
flashes.

You are driving along a residential area with
pedestrians crossing the street. You are
approaching a roundabout where there is a
zebra crossing. Suddenly a cyclist appears from
the left and crosses the street. The clip occludes
when the cyclist is visible on the right window
of the car.

While driving along a narrow road, it becomes
visible that the car in front has its emergency
lights on, while still moving. The car then turns
left into a side street and starts reversing back
into the main road. The clip occludes at the
moment when the car starts to reverse.

You are driving along a congested urban road,
all traffic lights are green. On the right-hand
side, there are cars waiting to join the main
road. A motorbike appears from the right and
approaches the main road without stopping at
the red lights. The clip occludes at the moment
when the motorbike is about to join your lane.

You are driving on a three-way carriageway.
An urban bus from the right lane intends to join
your lane. The clip occludes when the bus has
started slightly to turn left and have emitted a
couple of flashes.

You are waiting while the traffic lights turn
green. You start driving slowly as the traffic is
congested. On the left mirror is visible a
motorbike which approaches very fast and cuts
your path. The clip occludes when the
motorbike is no longer visible at the mirror and
is visible on your left window.

You are driving on a narrow road with parked
cars on your right side. One of the parked cars
is trying to join your path. The clip occludes at
the moment when the brake lights of the car are
visible.

You are driving along a narrow street and the
traffic lights turn red

You are driving along a motorway and the two-
lane narrows into one lane

You are driving on a busy urban road and a bus
is waiting on your right

You are driving along a narrow dual road and
there is a cyclist in front of you

You are driving along an urban road and the
traffic lights ahead turn red

You are driving along a busy urban road with
pedestrians and cars on both sides

You are driving along a busy road with cars
constantly undertaking you

You are driving along a motorway and there is
a motorcyclist in front of you

While driving the car in front of you brakes but
then continues its way and joins the roundabout
You are driving on a three-lane motorway with
a busy left lane
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A cyclist from the
left crosses the
street

A car reversing
back into to the
main street

A motorbike joins
the main street
form the right

A bus cuts your
path from the
right

A motorbike cuts
your path from
the left

A parked car from
the right tries to
join your way

19500

13000

19700

14600

19233

16200

31800

19733

22200

21300

17800

23100

21100

17300

21100

25000



11 No Hazard  You are driving on a busy motorway with cars

constantly braking in front of you ) 16900
12 No Hazard  You are driving along a five lane motorway and

traffic circulates around you ) 23066
13 No Hazard  You are driving along an urban road and there

is a lorry in front of you ) 21033

9.4 Results

9.4.1 Is there a hazard?

An initial independent sample t-test was conducted to compare the percentage of
participants’ hits across driving experience (i.e. clips that participants correctly reported
whether or not there was an upcoming hazard). Mean hits for hazard detection were
almost identical for experienced and novice drivers (43% and 44%, respectively; (1(72)
=.07, p=.94).

These hits were then broken down into hits for clips that led to hazards, and
non-hazardous clips. A 2 x 2 repeated measures ANOVA was conducted to compare
accuracy for hazard and non-hazardous clips across the two experienced groups. A main
effect was found for the type of clip, with non-hazardous clips receiving significantly
more correct responses than the hazardous videos (53% vs. 43%, respectively), (F(1,
72)=6.05, MSe = .04, p <.01, np? =.07) (see Figure 9.1). However, there was no
significant difference between the driver groups (F(1, 72)=.35, MSe = .04, p =.55, 1’
=.00), and neither there was a significant interaction (F(1, 72)=.23, MSe = .04, p=.62,
np? =.00).
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Figure 9.1: Percentage of hits for the questions “Is there a hazard?” across clip

type with standard error bars.

The binary nature of this initial question also allowed Signal Detection Theory
measures to be calculated. Sensitivity (d”) was measured by calculating how well
participants can discriminate between a hazard-present and a hazard-absent trial (hits
and false alarms, using a binary classification of response). Hits were identified as those
trials where there was indeed a hazard and participants responded affirmatively. Misses
were identified as those trials where there was a hazard, but participants did not believe
there to be a hazard. False alarms were those trials where there was not a hazard,
however participants reported they have seen an imminent hazard. Finally, correct
rejections were those trials where there was not a hazard, with participants responding
that they had not seen an upcoming hazard. A t-test on d' failed to show any differences
between driver groups (t(72) = -.52, p=.60).

A similar t-test was conducted to compare drivers’ criterion ¢, which is the
tendency to report everything as either hazardous or non-hazardous. The response bias
was measured using criterion (c) rather than index p, as it has been argued that is more
appropriate for vigilance-like tasks (Wallis & Horswill, 2007; See et al., 1997). No main
effect was found for response bias. Experienced drivers did not have a tendency to

report more (or fewer) hazards than the novices (t(72) = -.24, p=.81)
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9.4.2 Accuracy on the multiple-choice prediction question

Prediction accuracy for the multiple-choice questions was calculated. An independent-
samples t-test, comparing percentage accuracy across the driving groups, showed a
clearly significant difference between experienced and novice drivers (t(72) = -2.48,
p<.01). Experienced drivers outperformed novices in correctly predicting the hazardous
driving situation (34.3% vs 26.6%, respectively) see Figure 9.2.

A t-test was also conducted to compare the mean accuracy scores of each group
of drivers to mean chance expectancy (25%). This outcome was significant for the
experienced group (t(42) = 4.46, p<.001), but not for the novices (t(30) = .74, p=.46).
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Figure 9.2: Percentage of prediction accuracy across driving groups with standard

error bars. The dashed line represents the mean chance expectancy

A multiple regression was carried out to investigate whether driving experience
(number of months since passing the driving test) and hits from the first question
(correctly saying that a hazardous event is about to occur) could significantly predict
accuracy in prediction. The original model contained age as a third predictor, however
due to multicollinearity between age and driving experience (VIF=10.9; r=.95) age was

removed from the model. According to the results, 9.8% of the variance can be
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explained by both predictors (driving experience and hits). The model was a significant
predictor of performance, F(2,73) = 4.95, p <.01. Both predictors contributed to the
model: experience (p=.03, p<.01) and hazard hits ( = .14, p<.05). The final predictive
model was: Accuracy score = 21.553 + (.03*Experience) + (.14*Hits).

Another regression was conducted where sensitivity (d'), criterion (c) and
driving experience were set as predictors, with accuracy as the outcome. Both
sensitivity (B = 5.90, p<.05) and driving experience (B =.03, p<.05) appeared to be
significant predictors for accuracy. In turn, criterion was not a significant predictor (3
=-1.9, p=.43).

The overall model was significant F(3,73) = 3.8, p <.05 and explained 10% of
the variance. The final predictive model was: Accuracy score = 29.5 + (.03*Experience)
+ (5.90*Sensitivity) + (-1.93*Criterion).

9.5 Discussion

This is the first time a hazard prediction test was specifically developed for the Israeli
driving context, and the results appear promising. Although, no differences were found
for hazard detection (which is consistent with the previous literature), this newly
developed test was successful in differentiating between experienced and novice drivers
for accuracy in prediction, as predicted.

Although, this study focused on the predictive element of hazard perception,
sensitivity to hazards and criterion bias were also examined. Experienced drivers did
not appear to be better at discriminating between hazardous or non-hazardous situations
(sensitivity), neither were there differences between the groups in relation to the
threshold bias (experienced drivers did not seem to be more, or less, liberal in their
responses). This was surprising as the present results contradict previous studies that
have found differences for at least one of the parameters. For instance, both Wallis and
Horswill (2007) and Crundall et al., (2003) argued for criterion differences between
expert and novice drivers (albeit in different directions). In both of these previous
studies, the participants witnessed fully-materialised hazards. In the current study,

however, before one can appraise the upcoming event as a hazard, one must first
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successfully predict it. Novices’ lower prediction accuracy in the current test is likely
to have reduced their likelihood of appraising an imminent event as hazardous (i.e. if
they have not predicted that anything will happen, they will not consider the clip to
contain anything hazardous).

Ventsislavova et al., (2016) found differences between experienced groups,
with experienced and non-offender drivers showing greater sensitivity to hazards than
novices and offenders. Experienced and non-offender drivers were more likely to report
hazards than the other two groups. In turn, they did not find differences for criterion
bias. It should be noted though that Ventsislavova et al. (2016) applied the hazard
prediction test measuring accuracy in prediction, while Horswill and Wallis (2007) used
response latencies. One possibility is that the inconsistent results could be due to
differences in the main variable and the methodology used to measure it. However, the
present study also applied the hazard prediction test and unlike Ventsislavova et al.
(2016) did not find differences for sensitivity between the experienced groups.

Overall, participants seemed to be more biased toward reporting situations as
non-hazardous, as they showed more conservative attitude (Criterion C=0.15, which
reflects a tendency to not report hazards). Perhaps, the Israeli drivers required a higher
threshold for the hazardous situations similar to the Chinese drivers (see Chapter 5). It
has been found that threshold bias influences hazard perception accuracy (Horswill &
McKenna, 2004). However, it is difficult to conclude whether it is a threshold bias issue,
as only 14.1% of the participants reported there was no hazard, but then went on to
successfully predict the future situation on the multiple-choice question. In turn, 58.3%
of the participants reported that they do not consider the future situation as hazardous
and also failed to predict it correctly, and only 16.8% responded to both questions
correctly. If participants did not report the situation as hazardous but were still able to
predict it, than we can safely assume that they indeed require higher threshold bias.
Results are unclear and further investigation is needed in order to find out whether this
is the case with the Israeli drivers.

Egea-Caparros et al. (2016) looked at response latencies similar to Wallis and
Horswill (2007) and reported a negative correlation between the sensitivity and the
criterion bias meaning that a higher threshold bias (more conservative) translates into

less sensitivity to hazards. This relation seems reasonable as drivers that do not consider
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a certain situation as hazardous are less likely to report it as such. Egea-Caparros et al.
(2016) also reported a significant correlation between criterion and response latency,
similar to other studies (Horswill & Wallis, 2007; Underwood et al., 2013). The greater
the delay in detecting the hazard, the stricter the criterion (not considering the situation
as hazardous enough). Egea-Capparos et al., (2016) argued that criterion bias could be
the cause of differences in latency of hazard responses and results so far have supported
this idea. However, this also puts into doubt the ecological validity of the hazard
perception test. The level of hazardousness of the different driving contexts could
influence the level of hazard acceptance. More cluttered environments where several
potential or materialised hazards can occur at the same time, require our attention to
focus on several targets. This increased exposure might desensitise drivers to hazards
and increase their threshold bias (Lim et al., 2013).

Conversely, in this study there was no correlation between prediction accuracy
and criterion (r = —.086, p = .233). However, it was found that sensitivity to hazards is
a significant predictor for accuracy in multiple-choice prediction questions, but not the
criterion. This result is important for two reasons. First, it is sensible that being able to
correctly detect a possible hazardous situations means that one is more aware of such
situations and are more likely to be able to predict how the situation is going to develop.
Secondly, the fact that the criterion was not a significant predictor of accuracy shows
that in this test the threshold bias is not a factor for accuracy prediction, which supports
the idea that the hazard prediction test is culturally agnostic. We have observed that
drivers from countries with more hazardous driving environment show a stricter
criterion for reporting a situation as hazardous, meaning that criterion is influenced by
cultural differences. The fact that criterion is not significantly predicting accuracy may
suggest that these cultural factors do not impact accuracy. This is of a high importance
considering the problems found to export the traditional hazard perception
methodology overseas due to the threshold bias issues (Lim et al., 2013).

Although, the classical hazard perception test is not directly assessing a real
driving behaviour during a certain situation, it still asks drivers to report whether they
have seen a hazard. If the driver does not press for a particular hazard, it could mean
that they did not see the hazard or that they did not consider it hazardous enough.

Consequently, their behaviour might not be cautious enough. In turn, the hazard

229



prediction test asks drivers to predict how a hazardous situation is going to develop
independently of whether they consider it hazardous or not. At least, this clearly tells
us whether they are aware of the situation independent of whether they considered it
hazardous or not.

It has been already argued in previous chapters (see Chapter 8) that the hazard
prediction test seems to be much harder than other variants of the hazard perception
test. Similar results were obtained in Chapter 7 (when both the hazard perception and
the hazard prediction tests were compared). The hazard prediction test appeared to be
much harder but, again, successfully discriminated between experienced and novice
drivers. It should be noted that in this study the scores obtained on the test were slightly
lower. It might be argued that performance reached a floor effect, as the test appeared
to be too hard. Therefore, a one-sample t-test was conducted to compare the mean
accuracy scores of each group of drivers to chance (25%). The outcome was significant
only for the experienced drivers (i.e. only the experienced drivers scored significantly
higher than chance). Although, the test appeared to be hard, it still differentiated
between the experienced groups, and it seems that experienced drivers were not
randomly guessing the correct answer. However, for the novices, predicting the
situations seemed to require a greater amount of effort. Even though, it is expected that
novices will perform worse than the experienced drivers, it would be more comforting
if novices could also score above chance. There could be two reasons behind novices’
extremely low scores. First, during the pilot session, clips were presented only to two
non-drivers and the responses were generated only by experienced drivers (to assure
the plausibility of the distracters). Perhaps, showing the videos to a younger, more
inexperienced population would have yielded different results. Second, the hazard
prediction test was set using Qualtrics . This is a broadly used tool, suitable for creating
research surveys that can be administrated online. Access to surveys created using
Qualtrics is easy and quick, thus allowing a greater amount of data to be collected in a
short amount of time from everywhere in the world. Since the sample in this study was
comprised of Israeli drivers, Qualtrics appeared to be a good option for international
testing. The only caveat was that using video clips instead of questionnaires brings some
additional issues. In order to avoid participants being aware of when the video is about

to stop, progress bars and controls were made invisible. Also, videos were programmed
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to start automatically, and stop after a precise period of time, to avoid participants
clicking and stopping them. This was of high importance as participants could see each
video only once, and immediately following occlusion the page would automatically
lead to the multiple-choice questions. Unfortunately, it was possible to inadvertently
pause the clip by clicking on the screen; as the presentation timing was independent of
the actual playback of the clip, any pause in playback would mean that the test would
progress to the first question before participants had seen every frame of the clip. It was
not possible to control whether participants clicked on the screen and stopped the clips
by accident or intention (although they received instructions to avoid doing this).
Perhaps some of the participants stopped the videos and missed the precursor
information. Although, it was not possible to know whether participants were clicking
to stop the videos, the time each participant spent on each page was tracked. Those who
clearly spent less than the prescribed time on the video page were removed. However,
the tracked time that participants spent watching a particular clip was not sufficiently
accurate to determine whether they had missed the final few frames due to a brief pause
during playback. This could have been the case of learner and novices who in their
attempt to predict correctly the situation may have paused the videos (gaining time) and
thus missed the final couple of frames. This could also explain their low performance
and the lack of differences for hazard detection.

In order to solve the above issues our research group Transport Research in

Psychology (TRiP) created a website platform www.testmydriving.com to reach the

general public and give them the opportunity to test their hazard perception and
prediction skills. This website platform is the result of many years of research where a
variety of hazardous videos were created and set into hazard perception and prediction
tests. Participants from all over the world will be able to access these videos for free
and participate in our research while practicing their skills. As the cross-cultural line of
research is one of our main pillars, investing in a proper platform that will provide
accurate data and allow quick and easy access, was a logical step for our research group.

This study was the last experiment of this thesis and the aim was to design a
hazard prediction test suitable for the Israeli context on the basis of the findings of all
previous studies contained in this thesis. As this thesis has focused mainly on

investigation a suitable methodology to export overseas, applying a newly developed
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prediction test in a setting with such a diverse cultural profile was a big challenge. This
first attempt seemed to be promising and in view of the consistent results so far (see
Chapters 6, 7 and 8; Castro et al., 2014; Crundall, 2016; Jackson et al., 2009; Lim et al.,
2014; Ventsislavova et al., 2016), this test could be considered as a valid option for
international export. Since it has been argued that the traditional hazard perception test
has poor face validity (Groeger, 2000), and with some studies finding the basic
experiential effect (Wallis & Horswill, 2007; Smith et al., 2009; Wetton et al., 2010)
and others failing (see Chapters 3,4 and 5; Chapman & Underwood, 1998; Sagberg &
Bjarnskau, 2006; Borowsky et al., 2010), an alternative methodology was sorely
needed. Certainly, the newly developed test requires more investigation as these have
been the first steps into countries overseas. However, this test has proven that
performance is not confounded by the threshold bias (which is of a high importance for
countries with more hazardous environment where drivers are desensitized to hazards)
and it requires both early detection and future prediction (which seems to be a better
predictor of experience). This is the first time a hazard prediction methodology has been

successfully validated across several countries.
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Chapter 10

GENERAL DISCUSSION

10.1 Brief overview of the thesis

The motivation behind this thesis was to examine whether the hazard perception
methodology could be validated for international export. The idea to implement the HP
test in other countries was supported by the recommendations of the UN to transfer the
successful practices of high-income countries to low-and-middle income countries.
Furthermore, by its success in both the UK and Australia, where the test has
demonstrated its ability to differentiate between those drivers who are more prone to be
involved into traffic accidents and those who are collision-free (e. g. Horswill et al.,
2010; Wells et al., 2008). Some studies have even demonstrated the predictive validity
of this test by reporting that drivers who score higher are less prone to be involved in
future traffic collisions than those who obtain lower scores (Drummond, 2000).
Considering that traffic collisions are responsible for 1.3 million deaths, and are the
primary cause of death for young people (WHO, 2015), it is a logical step to investigate
whether the typical UK hazard perception test was fit to export to countries with higher
traffic-related fatalities. To this end the traditional methodology was refined and then
tested overseas. The traditional response-time methodology was found to be lacking,
but a variant — the hazard prediction methodology — appeared to fare better.

In Chapter 1, the need for global road safety initiatives proposed by the UN was
discussed. We are now approaching the deadline for the Decade of Action for Road
Safety 2011-2020 and, unfortunately, not all of the goals have been met. Although
developed countries such as the UK have managed to reduce their fatality rates up to
45% between 2006 and 2015 (UK Department for Transport, 2016), other countries
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found reaching the same level more challenging (e. g. countries in Asia, Africa and
South America, WHO, 2015). This process could be lengthy and difficult, as even the
most successful initiatives still need to be examined and adapted to each country.

This first chapter also provided an extensive literature review on hazard
perception, covering its history, diagnostic validity, strengths and weaknesses (e.g.
definition, methodology), and its different variants. This thesis questioned the
inconsistencies in the research findings concerning hazard perception tests, and possible
reasons for mixed evidence were discussed. Specific focus was given to understanding
why some studies find significant differences between groups of drivers on the basis of
experience or collision history (e.g. Boufous et al., 2011; Wetton et al., 2011), but others
do not (e.g. Sagberg & Bjgrnskau, 2006; Underwood et al., 2013). It has been suggested
that the lack of consensus of a clear definition of what constitutes a hazard (or even
what defines hazard perception as a skill), along with differences in methodology across
the multitude of research groups, could have caused the inconsistent results (Pradhan
& Crundall, 2017). As a result, it was concluded that prior to proposing the HP test for
export, its transferability to other countries should be examined.

Chapter 2 focused specifically on describing the methodology applied to design
the hazard perception test and the process of filming the driving footage. The decision
to include a methodology chapter in this thesis was motivated by the urgent need to
consider a common methodology underlying the hazard perception test. Therefore,
Chapter 2 described in detail the design of the footage, stimuli, apparatus and procedure
for each experiment. Far too often, research papers do not provide sufficient detail
regarding the preparation and presentation of their stimuli, which results in many
research groups adopting slightly different practices. This causes problems when
considering mixed evidence in the literature, as it is difficult to pinpoint the reason why
one test might work and another might not.

In the following section, the main findings of the experimental chapters will be
summarised before discussing the theoretical and practical implications, as well as
limitations and suggestions for future research. The chapter will finish with a

conclusion focused on the main research question.
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10.2 Summary of the main finding of each study

Overall, this thesis has been successful in its attempt to validate a variant of the
hazard perception methodology for international export. This newly validated hazard
prediction methodology was tested in four different countries and in each one
experienced drivers outperformed novices in predicting the hazardous situations (while
the traditional hazard perception methodology only discriminated between
nationalities). In addition, two versions of the prediction test were compared: a free-
response and a multiple-choice version. Both versions discriminated between the
experienced groups, however only the multiple-choice version correlated with mileage
and years of driving experience. Finally, it was concluded that the multiple-choice
version of the hazard prediction test is a better option for international export as it
provides multiple pragmatic advantages such as objective and quick marking, quick
administration and it is time and cost-effective.

Following, the main findings of each experiment will be summarised throughout

this chapter.

10.2.1 Experiment 1: Design of the hazard perception video clips. Does adding mirror

information to the traditional hazard perception clips improve driving performance?

The first study of this thesis, described in Chapter 3, was motivated by the need of a
robust stimulus design. This study examined the possibility of improving the traditional
hazard perception design, which merely contains the forward view from a moving
vehicle, by including mirror information. Several studies have included mirror
information previously (Borowsky et al., 2010; Crundall et al., 2012; Shahar et al.,
2010). It has been suggested that providing only forward view information creates
unrealistic expectations that hazards always appear in front (Alberti et al., 2014; Allen
et al., 2005; Shahar et al., 2010). Research in eye movements has also demonstrated
that mirrors produce differences in response between different age groups. Young
drivers were observed to use left-side and rear-view mirrors more before lane changing
in comparison to older drivers. (Lavalliere et al., 2011). In turn, left and right mirrors

were inspected significantly more by experienced and expert drivers in comparison to
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novices (Konstantopoulos et al., 2010; Underwood et al., 2002). Accordingly, the
provision of information is likely to produce more realistic scanning patterns that may
systematically change the relationship between a driver’s level of experience and their
ability to spot hazards.

Providing mirror information also allows the use of overtaking hazards. These
types of hazards have been ignored by the official UK hazard perception test (as with a
single forward view, there are no precursors available that allow safer drivers to
response sooner than less safe drivers), although they have been identified as one of the
most dangerous scenarios (Rameau et al., 2016). Overtaking hazards were considered
potentially important for some international contexts, based on reported experiences
filming hazard clips in Malaysia (Lim et al., 2013; 2014). Lim et al. had to remove all
overtaking hazards from their (single-forward view) hazard test, which they felt unfairly
represented the type and frequency of hazards.

In addition, research that has looked at the impact mirrors have on driving
performance has either measured reaction times or eye movements, but not both.
Experiential differences were not reported either. As a result, the research question in
Experiment 1 was whether the inclusion of mirror information would enhance hazard
perception performance and show differences between the driver groups based on
experience (in regards to behavioural responses and eye tracking measures).

To this end, a completely new hazard perception test was developed, with new
footage recorded and a new design specification. The new clips included additional
rear-facing camera footage to provide side and rear-view mirror information. This
allowed the use of a wider range of hazardous situations (e.g. overtaking hazards).

As no other study has assessed the impact of providing mirror information on hazard
perception performance, three different types of video clips were designed and
compared across experienced and novice drivers. The first type of clip was similar to
those of the traditional hazard perception test (a single forward view). The second type
contained a graphic overlay of a car interior, but no mirror information, while the third
clip type had the three additional camera streams edited into the mirror-placeholders in
the graphic overlay. While the initial premise was to compare mirror information with
a traditional forward view, it considered helpful to place this mirror information within

a context (i.e. the graphic overlay of the car interior). However, upon initial design of
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the car overlay it was also apparent that it could make hazards feel closer to the viewer.
To assess whether the addition of the car overlay itself had any impact on hazard
perception performance, this intermediate condition was created.

The results suggested that, contrary to the previous literature that examined at
least one of the behavioural measures (e.g. Chapman et al., 2007; Crundall &
Underwood, 1998; Crundall et al., 2012; 2003), no differences were found for both eye
movements and reaction time regarding driving experience or clip type. Experienced
drivers did not react faster to hazards, nor fixated them quicker than the novices.
Moreover, it was expected that mirrors would enhance the differences in hazard
perception performance between experienced and novice drivers (as experienced
drivers have a better knowledge of when to look at mirrors and what to do with the
information therein). However, no differences or interactions were observed between
the three conditions (even with a few specific overtaking hazards that were included).
The mirror condition did not aid for faster detection of the overtaking hazards in
comparison to the other two conditions. Interestingly, the car layout by itself seemed to
hinder performance especially for novices. Although no significant results were found
between the experienced groups, it should be noted that participants did make use of
the mirrors with the rear-view and right mirrors receiving the highest amount of
fixations.

This was not the first study that failed to find the experiential effect (e.g.
Crundall et al., 1999; Groeger et al., 1998; Sagberg & Bjgrnskau, 2006; Yeng & Wong,
2015), however it was surprising that no differences were found between the three
design conditions. Without the experiential effect, it was impossible to conclude that
the mirror information improved the quality of the test in differentiating between safe
and less-safe drivers. Nonetheless, there was no evidence that the inclusion of mirrors
hindered performance either, and it was found that drivers do make use of the
information provided. For this reason, a decision was made to keep the mirror design
for the studies in this thesis, as it allows the inclusion of overtaking hazards and reflects
what we find in the real world.

Finally, several possibilities were discussed to address the results of
Experiment 1, such as the low sample power and the probability that UK learners are

too trained on the HP test as they were actively practicing it during the testing period
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(although not necessarily transferring these skills in real life, as novice drivers are still
over-represented in crash statistics). There were less than 20 participants for each
design condition (with ten or fewer per cell when divided by experience) and all were
UK drivers. Some of the novices were learners, actively practicing the online versions
of the hazard perception test for their driving test. In order to address these limitations,
a more sensitive measure was suggested focusing on detection of hazardous precursors.
Other research has supported the suggestion that precursors are more sensitive to the
differences between experienced and novice drivers than the actual hazards (Crundall
& Kroll, 2018).

10.2.2 Experiments 2 and 3: Does the design of the car overlay impact hazard

perception performance? Comparing transparent vs. opaque overlays.

It was surprising that the results in Experiment 1 showed a lack of experiential
difference. Possible explanations for these results include a low sample size and the
familiarity of UK participants with the hazard perception test. However, both
possibilities do not provide explanation of why mirrors did not influence response times
to hazards, either slowing them due to drivers focusing elsewhere when the hazards
occur, or improving them as found by Shahar et al. (2010). While drivers did make use
of the mirrors, it appears their fixations on these areas were infrequent and not
necessarily related to an active search for precursors. Nonetheless, the mirrors allowed
the use of overtaking hazards (which these drivers were previously unaware of, and
therefore did not search actively for), and possibly created a more realistic or immersive
environment.

Building upon the findings of Experiment 1, Experiment 3 sought differences
between experienced and novice drivers once again. In addition, Experiments 2 and 3
raised a fresh question regarding the design of the video clips. If future clips were to
contain mirror information there is a question about how the graphic overlay of the car
interior should be represented. In Experiment 1 a semi-transparent overlay was chosen
(at least from the A-pillars upwards) in an attempt to compensate for the ability of
drivers to ‘see through’ real A-pillars using stereopsis or small head movements. It was

noted however that this could have created an odd impression on the viewers that may
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have diminished immersion, and it remained possible that a completely opaque overlay
would have been superior. Certainly, several studies have reported that occluded
visibility could lead to collision (Cheng et al., 2016; Summerskill & Marshall, 2015;
Yashuda & Ohama, 2012) and that stereoscopic systems enhance higher task
performance (Chen, Oden, Kenny & Merritt, 2010). Crundall and Kroll (2018) adopted
a transparent car overlay design for their study featuring fire-appliance drivers, but they
did not directly compare both types (transparent vs. opaque) of overlay with hazard
perception video clips.

Thus, in Experiments 2 and 3 the newly developed design featuring mirror
information was tested once more, directly addressing the potential impact of the
opacity of the overlay. Experiment 2 simply required participants to watch the clips and
provide ratings for the hazardousness, realism and immersion of both types of design.
The following experiment (Experiment 3 in this thesis) however required novice and
experienced drivers to actively search for hazards within the same clips while their eye
movements, RTs and ratings were recorded. To combat power concerns regarding
experience, the sample size was doubled compared to Experiment 1. First, it was
hypothesised that the transparent design will be rated as more realistic and less
hazardous, as it imitates stereopsis. Second, that the transparent car overlay would
benefit faster hazard detection for both groups. Third, that both eye movements and
reaction time would yield the basic experiential effect, which is characteristic for the
hazard perception test. Finally, it was predicted that experienced drivers would fixate
precursors to hazards more than the novices.

Unexpectedly, Experiment 3 did not yield significant differences between
experienced and novice drivers, mirroring the results of Experiment 1. Experienced
drivers did not fixate or react faster to hazards than the novices. Fixation on the car
frame and dashboard were also examined. No differences were found between the types
of car overlay or experience. It was hypothesised that the opacity of the overlay could
influence responses to hazards. Specifically, the transparent overlay was less likely to
obscure precursors. This may have improved hazard responses (at least in experienced
drivers) and may have increased their hazardousness ratings. Regarding questions of
realism, taken at face value, the transparent overlay may have reduced realism ratings

(as A-frames are not transparent in the real world). Alternatively, the visual affordances
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offered by the transparent overlay may have increased the perceived behavioural
realism of the clip. Equally, however, it was possible that drivers would not notice any
difference between the clip and it would not impact on ratings of realism.

Regarding the mirrors, differences were observed between the groups, with
experienced drivers looking significantly more at the right mirror while novices spent
more time gazing at the rear-view mirror. This suggests once again that mirrors have
been consulted by participants.

Even though sample size was augmented, no experiential effect was found. It
has already been argued in the previous study that learners have become very well
trained on the hazard perception test. In a further attempt to elicit the experiential
differences, fixations on hazardous precursors were also calculated. It was expected that
experienced drivers would attend more to precursors compared to the novices, even
though this more subtle measure might not carry through to experiential differences in
actual hazard responses. Only marginal evidence for a difference was found, with a
trend for experienced drivers to spend more time fixating the precursors. Previous
research supports the notion that being able to predict a future hazardous situation is
evidence of advanced situation awareness (Jackson et al., 2009; McKenna et al., 2006).
This means that drivers who know what to expect and are able to identify clues in the
environment even prior to the hazardous situation would direct their attention and gaze
towards the critical points, thus increasing the likelihood that they are looking in the
right place in the visual scene when the hazard triggers. In addition, it has been argued
that such hazard prediction is a purer and more robust differentiator of driver groups on
the basis of safety or experience (Castro et al., 2016; Crundall, 2016; Jackson et al.,
2009). The current results suggest that we came closest to finding an experiential
difference when looking at precursor processing, rather than using a simple response
time measure to actual hazards.

No differences were observed for hazardousness, realism and immersion ratings
between the transparent and opaque car layout for both experiments. Transparent clips
were not rated as more hazardous, realistic or immersive than the solid ones and these
results were replicated in both experiments in Chapter 4. There were no differences in
the ratings in terms of experience either. It should be noted, however that both designs

were judged as being realistic, with mean ratings higher than the mid-point of the scale
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for both experiments. Regarding the immersion, only the transparent design was rated
higher than the mid-point of the scale. In addition to this, when participants were asked
which type of overlay they preferred, they opted for the opaque when they just had to
watch the video clips (experiment 2) and for the transparent while actively searching
for hazards (experiment 3).

Although, the results from Experiments 1, 2 and 3 did not provide enough
evidence in favour of the newly proposed design, it was decided to keep this design for
pragmatic reasons (e.g. mirrors allow overtaking hazards which are prevalent in other
countries). Also, in Experiment 1, novices appeared to be faster (although not
significantly) when fixating the hazards only during the forward view condition. This
could be due to a practice effect, which overestimates the true skill of novices (Alberti
et al., 2014). Considering that the validity of the hazard perception test has been
questioned and that it has mainly been studied within the UK and Australia, further
study was deemed necessary to test its validity overseas. Experiment 4 attempted to do
this and extend the research conducted so far through the inclusion of two additional

countries: China and Spain.

10.2.3 Experiment 4: Testing the Hazard perception test in three different countries:
China, Spain and the UK.

The lack of experiential differences in the previous two studies questioned the validity
of the hazard perception test. In Experiment 4, therefore, the aim was to study
differences in performance between experienced groups in international samples. As it
was suggested that UK novices might be too trained on the hazard perception test, in
order to verify this, drivers from different cultural background were tested.

The hazard perception test has already been studied in many different countries,
however, with wildly different design principles, and largely inconsistent results (e.g.;
Horswill, et al., 2015; Lim et al., 2013; Sagberg & Bjagrnskau, 2006; Wallice & Horswill
2007; Yeung & Wong, 2015,). These inconsistencies might be due to the fact that
different research groups have used different methodologies, as there is no official
protocol on how to develop a hazard perception test. In addition, each country has

different driving contexts, with some of the hazards being potentially culturally-specific
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to the region. Some hazards might not be suitable for a hazard perception test as they
are too abrupt and obvious which does not allow a clear discrimination between safe
and unsafe drivers. Therefore, in Experiment 4 it was examined whether the hazard
perception methodology could successfully discriminate between the novice and
experienced drivers across three countries: China, Spain and the UK. An identical
methodology was used for all three countries.

Experiential differences were expected again, although Experiments 1 and 3
suggested that it might be hardest to find in the UK sample. Unfortunately, the results
revealed no experiential differences for any of the countries. Although this was
surprising, there are many studies from different countries that have failed to find
differences between driving groups (e.g. Norway: Sagberg & Bjgrnskau, 2006;
Malaysia: Lim et al., 2013; China: Yeung & Wong, 2015).

Several potential issues regarding the null results were considered. First, it was
considered whether the original scoring windows were too lax, possibly allowing Type
1 errors to add noise to the results. Accordingly, the original scoring windows were
revised and the data reanalysed. Results were identical to those obtained with the
original scoring windows. Second, this study was submitted for publication to a
scientific journal and one of the reviewers argued for a different statistical approach to
ANOVA'. Consequently, all the data were re-analysed using multilevel logistic
regression and Bayesian logistic regression, yet the results were again identical to the
original analysis (see Appendix C for the results section of the published paper that uses
multilevel modelling). Differences between the experienced groups were still not
found. These results throw into doubt the efficacy of the hazard perception test (at least
as operationalised in these studies) to evoke differences between driver groups.

There was, however, evidence that the test was sensitive to driving cultures. Chinese
drivers appeared to be the slowest when detecting hazards and UK drivers the fastest.
Also, Chinese drivers were observed to provide fewer responses overall in comparison
to the UK and Spanish drivers. This could be due to the fact that the Chinese driving

context is more hazardous than the Spanish and UK driving context (Chinese clips

7 It should be noted that the present study paired with Study 6 was published in Accident Analysis and Prevention
in 2019 featuring Multilevel Modelling Statistics (See Appendix C)
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evoked the highest number of extra hazard responses) and Chinese drivers could be
desensitized to the types of hazards prevalent in Spain and the UK. This result points
towards the threshold bias problem suggested previously. Chinese drivers have possibly
developed a higher threshold bias for reporting hazards. The criterion bias problem was
also discussed by Lim et al., (2013) within the Malaysian sample. Malaysian drivers
made fewer hazard responses in comparison to the UK drivers. These findings do not
support the target goal of developing a culturally-agnostic test, but instead suggest that
we have developed a culturally-sensitive test.

Contrary to the expectations, the basic experiential effect was not replicated
even within populations that are unfamiliar with the hazard perception test. This was
the third attempt to identify experiential differences and, at this point in the research, it
felt that an alternative direction was required. Therefore, a new alternative methodology
was developed for Experiment 5 based on the hazard prediction test. This test variant
has already been investigated in different countries such as Malaysia (Lim et al., 2014),
UK (Jackson et al., 2009; Crundall 2016), Spain (Castro, 2014; 2016; Gugliotta et al.,
2017), and Finland (Lehtonen et al., 2016) with consistent and successful results. Due
to its consistency and some indications of external validity, it seemed plausible to
consider this new version as an alternative option and test whether experiential

differences will be found this time.

10.2.4 Experiment 5: Free-response hazard prediction test: occlusion points

Experiment 4 concluded that the traditional hazard perception methodology is not
suitable for international export, as it appeared to be culturally sensitive, rather than
culturally agnostic. There was also the slight problem that the test had failed to
differentiate between driver groups across three separate experiments. The hazard
prediction test was considered a viable alternative due to its growing evidence based
(Castro et al., 2014; Crundall, 2016; Jackson et al., 2009; Ventsislavova et al., 2016).
Furthermore, there were several issues surrounding the hazard perception test, such as
the lack of robust definition of what constitutes a hazard, the fact that the traditional
hazard perception test has been built on pragmatics rather than theory, and the lack of

guidelines on how to define a scoring window (Pradhan & Crundall, 2017).
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It has been argued that the hazard prediction test is free of threshold bias (Lim
et al., 2014). The response-time methodology is replaced by accuracy of prediction
where drivers are asked to predict upcoming situations independently of whether they
consider such events hazardous or not. Also, this test focuses on drivers’ perception of
precursors to hazards, which is a likely pre-requisite for hazard detection. This means
that drivers should know where to direct their attention prior to the hazardous situation,
and presumably experienced drivers are better able to identify such cues (Crundall et
al., 2012). It was hypothesised that this occlusion methodology is more likely to
discriminate between safe and less safe drivers.

The first aim of Experiment 5 was to trial the hazard prediction methodology
and also identify where the occlusion points should be set (to avoid repeating
methodological issues). Occlusion points have already been investigated by Crundall
(2016) and although there was not a significant difference between the different
occlusion points, temporally distant occlusion points (i.e. earlier in time from the actual
hazard) showed a decline in prediction accuracy, while more temporally proximal
occlusion points (closer in time to the hazard) showed an increase in prediction
accuracy. The aim was to test whether better results (i.e. with significant experiential
effects) could be found with the same set of clips, but with the hazard occluded at the
point of onset.

Following data collection and analysis, the experiential hypothesis was verified
for the first time in this thesis, with significant differences found between experienced
and novice drivers. Experienced drivers were more accurate than the novices in
predicting the hazardous situations. The same selection of video clips was used for this
study as in the previous three studies. However, when occlusion was added to them,
they were able to discriminate between the driving groups. Moreover, the results found
by Crundall (2016) in regards to the occlusion points were replicated. The temporally
proximal occlusion point increased the possibility of prediction accuracy and the more
temporally distal one degraded prediction accuracy. Although there was no interaction
between experience and occlusion points (again, following Crundall, 2016), the data
suggest that early occlusion might reduce the link between precursor and hazard.

The hypothesis that precursors would be better discriminators of experience

than the actual hazards was supported. Experienced drivers were better able to
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anticipate cues from the environment, presumably because they have had many years’
experience in seeking, processing and prioritising precursors (Groeger, 2000). Such
experience leads to more accurate anticipation of future hazardous situations, especially
when there is feature overlap between test stimuli and situations that have been
previously encountered.

The decision to attempt to search for group differences with an alternative
methodology was supported by the results of this study. The hazard prediction test
appeared to be more sensitive to driving experience and it removed several
methodological issues related to the traditional hazard perception methodology (scoring
window concerns, potential criterion bias issues, etc.). Therefore, the next step was to
return to China and Spain and apply the new hazard prediction test in order to assess
whether it will be a better option for an international export.

10.2.5 Experiment 6: Testing the Hazard Prediction test in three different countries:
China, Spain and the UK

The aim of Experiment 5 was to assess the hazard prediction methodology featuring the
same hazardous clips as those in Experiments 1-4. Several important outcomes were
observed in the previous study. For the first time significant differences were found
between the experienced groups, with experienced drivers predicting more hazardous
situations than novices. Another important point was that results pointed towards a
robust methodology, as the present findings replicated those of Crundall (2016), using
a completely different set of stimuli in terms of hazards and design (Crundall, 2016,
used different clips without mirror information). These results suggested that the hazard
prediction test could be a more feasible option for international testing.

Beyond the experiential effect, several other benefits were noted:

1. Mitigation of criterion bias - participants are asked to predict the traffic situation
independently of whether they consider it hazardous or not (Lim et al., 2014). It
should be noted that if the null results in Experiment 4 were due to culturally-

induced criterion bias, this new test should be a better discriminator.
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2. Removal of temporal scoring windows — this removed the problem of early
responses falling outside a scoring window, Type 1 errors occurring inside the
scoring window, and problems associated with missing response time data.

3. Language problems — Defining a ‘hazard’ for participants is difficult enough in
the UK even after 16 years of public awareness. This problem is likely
exacerbated when translating instructions into Chinese and Spanish (despite
following best practice for translating). ‘Hazards’ no longer need to be
discussed in relation to the prediction test.

4. The new mirror design allowed a greater range of hazardous situations
(overtaking hazards, especially representative for the developing countries).
This allows occlusion to occur when hazards move from the mirrors into the
blind spot, or as they just enter the forward view. Without mirror information,
these hazards would have previously had no precursors, and could not have been
used in the study.

5. In addition to the prediction test showing differences between driver groups in
the UK contexts, studies have replicated the effects in several other countries,
supporting the export potential of this test variant (Castro et al., 2014; Crundall,
2016; Jackson et al., 2009; Lim et al., 2014; Lehtonen et al., 2017,
Ventsislavova et al., 2016).

All of the above points appeared to be essential not only from the methodological
perspective, but also regarding the diversity of each driving context. The Chinese,
Spanish and UK contexts differ in their hazardousness and characteristics, which
requires an unbiased and homogeneous methodology (including a hazard typology).
For this reason, and in order to assess the hypothesis that the hazard prediction
methodology would be a better option for international testing, the test was constructed
using the same hazardous clips as those in Experiment 4 across China, Spain and the
UK. This would ensure that any group differences were evoked by a change in the
methodology rather than a change in stimuli.

Following completion of data collection in all three countries with new cohorts
of participants, the analyses reveal a clear difference in the performance accuracy of

experienced and novice drivers across all countries. Furthermore, unlike the hazard
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perception test, there were no differences between the nationalities. This supported the
evidence from smaller previous studies (e.g. Lim et al., 2014) that this test is culturally
agnostic.

As with Experiment 4, this study was also subjected to Multilevel Modelling
Analysis (at the request of a reviewer) and the subsequent results did not show any
major differences to those analysed with the ANOVA. The new analysis supported once
again that there were differences between the experienced groups, but not between the
different nationalities (see Appendix C). The only difference was that the new analysis
did not reveal a main effect for clip origin (which was only observed with ANOVA).
The original results showed that Spanish clips were the most difficult ones to predict
for all participants. The new analysis however did not find a similar pattern, although
there was an interaction between clip origin and nationality, which suggested that
performance was superior when the clip origin was consistent with participants’
nationality. At initial glance, such results could be seen to argue against the premise
that the prediction test is culturally agnostic, however this test asks participants to
identify precursors in order to be able to predict a future traffic situation. It is expected
that participants will be more accurate at identifying precursors in a familiar
environment as they know where to look and what cues to search for (Groeger, 2000).
In addition, the familiarity effect should not influence the main purpose of the test, as
the differences between the experienced groups persisted.

The results from the cross-cultural hazard prediction and hazard perception tests
were also compared. Hit rates obtained from the hazard perception test and accuracy
from the hazard prediction test were compared in the same analysis. A main effect was
found for test-type. Participants scored higher on the hazard perception test, while the
hazard prediction test appeared to be much harder. The significant interaction for test-
type and experience showed that only the hazard prediction test was able to discriminate
between the driving groups.

At this stage, it was argued with more certainty that the hazard prediction test is
a more valid option for global testing. The target was to create a test suitable for export
to different cultural contexts, and the results suggested that this aim was possible.

However, the actual form of the test (free-response) was not suitable for widespread
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automated testing. In order to address this, a multiple-choice version of the hazard

prediction test was created for experiment 7.

10.2.6 Experiment 7: Validation of a multiple-choice hazard prediction test

Experiments 5 and 6 provided evidence that the hazard prediction test is a more valid
option for export to other countries. However, as the intention was to adapt this measure
to different driving contexts of both developed and developing countries, the present
free-response format had some pragmatic disadvantages. This format is potentially
sensitive to coding error and subjective bias, and does not allow automatic scoring and
immediate feedback. Furthermore, the translation of typed responses was a difficult and
lengthy process. For this reason, an alternative response method was explored in
Experiment 7: a multiple-choice answer format. The existing literature contains a few
successful reports of hazard prediction tests using multiple-choice options (Crundall &
Kroll, 2018; Gugliotta et al., 2017; Isler & Cockerton, 2003; Lim et al., 2014; Petzoldt
et al., 2013). However, all of the above studies followed their own guidelines, without
offering a formal procedure to follow, and none of them had actually compared the
performance on a multiple-choice format to that of a free-response (e.g. Jackson et al.,
2009). The aim of this study was to create and validate a new multiple-choice version
of the hazard prediction test, following specific guidelines and examine it across
different levels of experience. It was expected that both versions would discriminate
between the experienced groups, though no directional prediction was made regarding
the impact of response format on group performance.

This new multiple-choice format successfully discriminated between the
different levels of experience. Accuracy in prediction improved in line with increasing
experience. More importantly, the test appeared to be sensitive to the experiential
boundary between novice (< 1 year) and moderately-experienced drivers (> 1 year and
< than six years). This finding suggested a step change in the ability to predict hazards
following the first year of post-license driving experience. This ability of the multiple-
choice test to detect that boundary is in line with crash statistics and the hazard
perception literature. Novice drives are still overrepresented in crashes during the first

year of their post-license driving and it has been argued that the hazard perception skill
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is still developing within the first year of experience (Foss et al., 2011, McCartt et al.,
2003; Pradhan & Crundall, 2017; Williams & Tefft, 2014). At this stage, it can be
argued that the hazard prediction skill follows a similar pattern of development.

Both formats were also compared and performance on the multiple-choice test was
ostensibly higher (although not significantly so) and no interaction was found for
experience and test. According to these results, the response format had no significant
impact on the experiential differences. However, a significant correlation between
accuracy and miles driven, and accuracy and years of driving was only found for the
multiple-choice format, suggesting that the multiple-choice format might better tap into
underlying driving experience.

This new hazard prediction test also has the potential to become a good training
tool due to the possibility of immediate feedback, while providing drivers with a variety
of potential outcomes to consider. While typical hazard perception tests only evoke a
speeded response to a single actualised event, the prediction test encourages reflection
on up to four potential outcomes from a scenario.

Regardless of the potential training benefits, evidence was found that the hazard
prediction test discriminates between experienced and novice drivers once again, even
when an alternative format was tested. Given the correlations between performance on
the multiple-choice test with measures of exposure (miles driven, years of experience),
and the pragmatic benefits offered by this methodology, this format was retained for
the final study.

The next step was to apply this new version overseas within a completely
different context and find out whether this version would be the final blueprint for

international testing.

10.2.7 Experiment 8: The Hazard Prediction test applied to the Israeli driving context

The results of the studies conducted in this thesis showed that in order to export the
hazard perception methodology, it is essential to consider the cultural driving context.
The mere application of the traditional hazard perception methodology without a proper
validation can create important confounds related specifically to the impact that the

driving context has on hazard perception. These confounds appear related to the
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threshold bias as the HP test appeared to be sensitive to the cultural differences, yet not
the experiential ones. It was not clear whether the lack of response to the hazards is due
to the participants not perceiving these hazards or not considering them hazardous
enough. For this reason, the alternative version of the hazard perception test, the hazard
prediction test, seemed to be a better option for international testing as it removes the
threshold bias confound.

Since the hazard perception test successfully discriminated between the
experienced and novice drivers in Experiments 5, 6 and 7, the last study of this thesis
aimed to apply this test to a completely different driving context. This final study
intended to demonstrate that this newly developed test could be applied to a new
country, where we have never conducted HP research before.

The newly developed recipe on how to create a hazard prediction test was followed
and a new element was added to it: non-hazardous trials. The addition of such trials
would make possible the assessment of the appraisal element by looking at both
sensitivity and criterion bias with signal detection theory. In summary, the newly

developed test included:

Mirror information, which allowed overtaking hazards.
Transparent car overlay which allowed visibility through the A-pillars.

Non-hazardous trials, which allow SDT analysis.

M w0 np e

Proximal occlusion points as these were found to produce the highest overall
accuracy.
5. Multiple-choice format questions due to numerous pragmatic reasons (testing,

scoring, feedback) and its positive relationship with driving experience.

The context chosen for this last study was Tel Aviv, Israel. Several research groups
have undertaken research with the traditional HP methodology, but with inconclusive
results. Several studies failed to find differences between the experienced groups
(Borowsky et al., 2010; Borowsky & Oron-Gilad, 2013; Hoffman & Rosenbloom,
2016). As a result, the aim was to find out whether the prediction test will repeat its
success and differentiate between the driving groups. Participants were asked to first

identify whether there was a hazard (yes or no) and then try to predict this hazard
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(selecting from one of four options). The SDT analysis was conducted to test sensitivity
to whether there was an upcoming hazard. Results showed no differences between the
experienced and novice drivers in terms of reporting hazards. However, differences
were found for clip type with the non-hazardous trials being easier to identify for both
groups. As the criterion bias has been found to create an important confound related to
hazard perception, driver’s criterion was compared. No differences were found between
the groups, which at first might have appeared surprising. However, this group was not
compared to other nationalities, meaning that it was only possible to compare
experienced groups. Clearly, the prediction test is relatively insensitive to criterion bias,
as none of the groups showed tendency to report the situations as either hazardous or
non-hazardous.

The important finding was that there were differences for prediction accuracy,
with experienced drivers outperforming novices. Once again, this new version managed
to yield differences for experience. Furthermore, a regression was conducted with
criterion and sensitivity as predictors, and accuracy as an outcome. Only sensitivity was
a significant predictor for accuracy. This outcome suggested that correctly
acknowledging an upcoming hazard does relate to prediction accuracy. However, the
tendency of reporting everything as either hazardous or not (which is related to the
threshold bias) does not. This is important, as generally the Israeli drivers showed a
tendency to not report hazards, which might suggest that they also have higher threshold
for hazardous evidence, similar to the Chinese drivers from Experiment 4. Although,
further research is needed for more conclusive results, the finding that criterion is not
related to prediction accuracy supports the notion that the prediction test is culturally
agnostic. This is important, as other authors (Egea-Capparos et al., 2016) argued that
criterion could be the reason behind the differences in response latency. Thus, once
again, evidence was found that the prediction test is suitable for international export
due to its ability to discriminate between experienced groups in different countries. This
is promising as the prediction test is the first hazard test validated in several countries

across the world.
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10. 3 Overview of the results
10.3.1 Areas in which this thesis was successful

The principal aim of the thesis was to examine whether the traditional methodology of
the hazard perception test is suitable for international testing. Such research was
necessary as crash rates still represent the first cause of death for young people (WHO,
2015). International validation is especially needed for the developing countries, as they
account 90% of the world’s road traffic deaths. Although, the traditional hazard
perception methodology failed to find the basic experiential effect within all three
countries (China, Spain and even the UK), the results of this study provided a crucial
pointer into a new direction. The traditional hazard perception test appeared to be
culturally sensitive (as it only discriminated between nationalities) and appeared
susceptible to threshold bias. Therefore, an alternative version was needed, a version
which would be culturally-agnostic and able to detect differences between the
experienced groups. As a result, in Experiment 5 a new test was selected based on
previous successful attempts to apply this new methodology overseas (e. g. Lim et al.,
2014; Castro et al., 2016). This new hazard prediction test successfully discriminated
between experienced groups in three different countries, including the UK, while the
hazard perception test repeatedly failed to do so in the previous three studies. It can be
argued that the test showed good external validity as 300 participants were tested. The
experienced drivers outperformed novices in prediction accuracy and no differences
between nationalities were found this time. This suggested that this test is culturally-
agnostic as its ability to differentiate between driver groups is based on the experience
level and not the cultural background of the participants. Although, the first attempt,
featuring the traditional hazard perception methodology was not successful, in
Experiment 8 the hazard prediction test was again successful in discriminating between
experienced and novice drivers in a completely different context-Israel. Thus, it can be
concluded that the aim was achieved and a methodology which is able to differentiate
between safe and unsafe drivers was validated.

The second aim of this thesis was to create valid methodological guidelines
based on empirical testing for developing a robust hazard perception or prediction test

which can be applied in different countries. Due to the lack of a theoretical basis
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underlying the hazard perception test it is difficult to provide a robust explanation of
how the act of detecting a hazard occurs. Pradhan and Crundall (2017) argued that
hazard perception is a complex process consisting of several sub-processes (hazard
searching, hazard salience, hazard evidence, hazards appraisal, hazard response etc.),
thus the correct term for this process should be hazard avoidance. The authors
suggested that, to provide a better understanding of the hazard avoidance process, each
one of these sub-processes should be addressed separately. Due to the lack of a general
theoretical framework, different research groups have designed their own tests, often
modifying the traditional methodology and these inconsistencies could have been the
reason for the mixed results (e.g. Groeger, 2000; Underwood et al., 2013; Horswill &
McKenna, 1994; Wetton et al., 2011).

The suggestion to isolate the different sub-processes of hazard avoidance has
been followed with the hazard prediction test, as it focuses solely on the prediction sub-
process, which is also known as “projection in the future” according to Endsley’s
Situation Awareness model (1995). In order to be able to predict a hazard prior to its
materialisation, there is a need of hazard evidence, typically found embodied in a
variety of hazardous precursors. What was learned from the results of Experiment 5 is
that the relation between precursor and hazard is crucial. It was found that the amount
of information shown immediately prior to occlusion appeared to be critical for
participants to be able to successfully predict the hazardous situation. From a
methodological perspective, the occlusion point is vital to the success of the prediction
test, removing the visual scene at the point of hazard onset and testing what visual
information had already been gathered (Jackson et al., 2009). Those drivers who have
correctly prioritised all the potential precursors are more likely to be looking in the right
place at the right time, and can therefore select the correct answer (Crundall & Kroll,
2018). Interestingly, however, Experiment 5 suggests that there is a relatively large
window during which one can decide to occlude the clip and still maintain a distinction
between driver groups. This means that the methodology can be adopted without
developers being too concerned over the precise points of occlusion.

In order to create a more pragmatic version that could be applied in different
countries, in Experiment 7 the test was converted into a multiple-choice prediction test.

This version was also subjected to methodological analysis and a specific method was
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used to create the distracters following the guidelines of Haladyna et al., (2002).
Although, previous studies have criticised the multiple-choice format (e. g. Malone &
Briinken, 2015), the results of Experiment 7 showed that this more pragmatic format is
still able to discriminate successfully between the driving groups. Indeed, some
correlations with driver characteristics only held for the multiple-choice version. The
findings also suggested that the ability to predict hazards is not fully developed until
the first year of post-license driving experience, which is consistent with the hazard
perception literature (e. g. McCartt et al., 2003). As a result, the second aim of this
thesis was also achieved, as the results of the aforementioned studies provided an
insight into the main methodological features that contribute to the validity of the test.
It should be noted that the aim was not to develop a theory, but robust methodological
guidelines that could be followed by others to create a test that works (please, refer back

to Chapter 9, section 9.2.2 Guidelines followed to create the test).

10.3.2 Areas that need further research

A test is as only as good as the stimuli that comprise it. In experiments 1 to 3 it was
hypothesised that adding mirror information to the video clips would improve realism
and immersion, and potentially widen the performance gap between the experience
groups. Furthermore, the inclusion of mirrors allowed a wider range of hazards, such
as overtaking hazards, which are very common in developing countries. It was expected
that this new mirror design would encourage better performance compared to the
traditional forward view design, as it provides more environmental information and it
is more realistic. However, no differences were found between the traditional design of
the video clips and those containing mirror information. Mirrors did not improve or
detract from hazard detection for any of the experienced groups when analysing
reaction times, hit rates or fixation on hazards. This was unexpected, but looking closely
at the data, mirrors seemed to be more useful for detection of precursors prior to the
materialisation of the hazards and not during the actual hazards. Several studies in the
field argued that precursors are better discriminators than the actual hazards (e.g.
Crundall & Kroll, 2018; Crundall et al., 2012). Therefore, it was suggested that future

research should look at fixations on precursors.
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As learner drivers typically seek out hazard perception training (with a wealth
of online and DVD-ROM training packages available), it is understandable if they now
are relatively quick at responding to hazards. This may partially explain the lack of
differences for reaction time responses. It was also expected that fixations to hazards
would show these differences, or at least differences between the experienced groups
(e.g Chapman & Underwood, 1998; Crundall et al., 2012). The differences between the
driving groups when looking at fixations to the precursors were only marginal. Perhaps
novices have improved in the underlying visual skills to detect the hazards that they
respond to so quickly? If that were the case however, then our novices should have also
been good at the hazard prediction test. Hopefully, future research will identify exactly
how visual skills and hazard perception ability develop during the learning process,
perhaps by following a relatively large cohort through their driving lessons, monitoring
eye movements and hazard perception skill at several stages.

One further issue with the current research is that, although isolation of the
prediction element of hazard avoidance is a worthy goal, this ignores many of the other
processes involved in safely avoiding a collision. While the prediction test ostensibly
removes or mitigates criterion bias, the notion of a hazard threshold is one worthy of
further study. Though it fell outside the scope of the current thesis, it would be
interesting to chart the shift in criterion in experienced drivers. This may have particular
benefits for understanding situations where drivers identify a potential hazard, but then
do nothing to avoid the hazard until the last moment. At such points, drivers may engage
in an exaggerated display of emergency avoidance in order to demonstrate the level of
danger that another road user has provoked. This socially-motivated behaviour differs
from that of the rational driver that is assumed in most of the hazard perception
literature, but may reflect a more realistic use of hazard perception skills on the road in
some instances. In other words, good hazard perception skill may tempt drivers to
behave unsafely when they perceive other drivers to cause hazards.

Finally, the focus on hazard perception skill has ignored those hazards that are
created purely by the wilful violations of the driver in question. Running amber lights,
driving above the speed limit, tailgating, and changing lanes without the necessary
space or time to do so, all raise the risk that drivers face. These are typically addressed

by questionnaires (e.g. the Driver Behavioural Questionnaire, Parker et al., 1995; the
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Driving Behaviour Inventory, Glendon et al., 1993). While there have been some
attempts to behaviourally assess risk taking (e.g. the Vienna Risk Test, Hergovich et al.
2007), this particular sub-field is far behind that of hazard perception in assessing
behaviour in an automated and engaging way. This sub-field would benefit greatly from
the involvement of hazard perception researchers.

10. 4 Theoretical implications

This thesis has provided evidence that has contributed to a better understanding of the
traditional hazard perception framework and the hazard avoidance process. Although
providing a theoretical explanation of the hazard perception process is outside of the
scope of this thesis, the results still contribute towards the confirmation of the
framework proposed by Pradhan and Crundall (2017). Pradhan and Crundall suggested
that the process of hazard perception is much more complex than the mere perception
of hazards. The whole process consists of several sub-processes that provide a clearer
framework of the act of avoiding a collision. As a result, Pradhan and Crundall (2017)
defined this overall process as hazard avoidance (see Figure 10.1 a, b).

These sub-processes have already been described in Chapter 1, therefore in this
sub-section, the focus will be on discussing how the outcomes of the different studies
comprising this thesis support Pradhan and Crundall’s model. The process prior to the
actual hazard onset is essential. Drivers’ ability to predict a possible hazard should lead
to a much faster and more appropriate response in order to avoid a collision. We use
the term respond instead of react, as responding to hazards is a conscious process in
which the driver deliberately makes their decision. In turn, reacting to hazards is a quick
unplanned action taken, at short notice, to avoid a collision. This is possibly the crucial
difference between the experienced and novice drivers. Experienced drivers are more
likely to spot the precursors that lead to hazards early, due to their exposure to a variety
of hazardous situations, which have been stored in memory. Successful prediction
primes fast identification once the hazard is triggered, and provides the greatest time to
prepare a response. On the contrary, novices have not yet had the chance to experience
a wide range of hazardous scenarios and cannot rely on stored instances or templates in

their long-term memory. Thus, while they may be very fast at reacting to abrupt hazards
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where no precursor is available (after all, youth is on their side), they are not as good at
predicting hazardous situations (which requires situation awareness). This was reflected
by the results in several studies in this thesis. In Experiments 1 to 4 participants were
asked to react to the hazards and no differences were found between the driving groups.
However, when participants were asked to predict hazards in Experiments 4, 5, 6 and 7
the experienced drivers clearly outperformed novices. These findings supported the
idea that the process prior to the hazard onset (see Figure 10.1) better reflects the
remaining differences between safe and unsafe UK drivers (Crundall, 2016; Crundall
& Kroll, 2018). If researchers just focus on defining the process of hazard perception
as it is highlighted in Figure 10.1 a, then we will miss an essential part of the hazard
avoidance process which is related to the understanding of the situation (Figure 10.1.b).

According to Endsley’s Situation Awareness model, the hazard prediction
process is represented within Level 3, following perception (Level 1) and
comprehension (Level 2). The results of this thesis support the importance of these three
levels showing that drivers are able to project in the future and anticipate other drivers’
behaviour (Level 3) only when cues from the surrounding environment (Level 1) have
been extrapolated in a meaningful way (Level 2). In other words, a driver should know
where to look for potential hazards, searching for cues/precursors that will help them
predict what will happen next on the driving scene. In the case of novice drivers, they
might still be able to perceive these precursors, however without yet understanding the
potential danger of the situation. This has been clearly demonstrated by the results in
this thesis. Only when drivers were required to spot such precursors and understand
their importance in order to predict the hazardous situation, differences between
experienced and novice drivers were reported. In the current hazard framework, this
process is iterative and likely to be done in parallel. Once perception and
comprehension lead to a prediction, this location may be visually checked more
frequently, with subsequent information iterating the perception — comprehension —
prediction loop. Indeed, it is likely that the driver has several predictions at any one
moment of what might happen, and these must be prioritised to ensure that drivers
check most frequently on the most relevant precursors.

Another important point which has provided some confusion in the hazard

perception literature is that hazard perception and risk perception are sometimes
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discussed interchangeably (Egea-Capparos, 2012). They are however two different
processes. Hazard perception refers to the objective perception of hazards (the fact that
there is a car in front) and risk perception or risk estimation refers to the subjective
estimation of the amount of danger that a certain situation poses. The confusion
surrounding these two concepts has created an important confound related to the
traditional method of hazard perception scoring. This confound is especially evident
when the hazard perception test is applied in contexts which are too cluttered and
hazardous. This type of context may contribute to cultural desensitisation to hazards.
This possibility was suggested by Lim et al. (2013, 2014) when they found that
Malaysian drivers showed higher threshold bias when they were asked to identify UK
hazards. It was unclear whether Malaysian drivers recorded fewer responses to the pre-
defined hazards due to not seeing those hazards, or because they did not consider these
situations hazardous enough. Thus, while there is a clear delimitation between hazard
perception and risk estimation in theory, in practice it is difficult to separate these
concepts, especially when using the traditional hazard perception methodology. We
learned this from the results of Experiment 4, where the Chinese drivers showed similar
behaviour to that of the Malaysian drivers. They produced significantly fewer responses
to all clips (especially the UK clips) in comparison to the Spanish and UK drivers.
Interestingly, there were no differences between the driving groups. The fact that the
hazard perception test was sensitive to the cultural differences but did not discriminate
between experienced and novice drivers, supported the notion that this test is not
culturally-agnostic. In order to create a valid test that could be applied in any driving
context, it is necessary to assure that this test measures what it is expected to measure.
With no clear definition of what hazard perception is (as a construct), it is difficult to
create a valid tool. For that reason, the suggestion of Pradhan and Crundall (2017) to
study every sub-process of hazard avoidance separately seems reasonable.

In order to address the issue that the traditional hazard perception methodology
is culturally sensitive, a new alternative and culturally-agnostic tool was needed. In
addition, this tool was also expected to be able to measure the process prior to the actual
onset of the hazard, as this pre-hazard window was argued to be more discriminative
than the actual hazard window. As a result, the hazard prediction test, originally

developed by Jackson et al. (2009), was refined and used for Experiments 5-8. This test
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did not discriminate between different nationalities, but did differentiate between the
different driving groups. The hazard prediction process, in which the drivers should be
completely aware of the situation in order to be able to predict how it is going to
develop, has been clearly isolated. This is evident by the ability of prioritising
precursors which may become potential hazards. Participants are just asked to predict
the hazard and show an evidence that they are aware of what is occurring, independently
of whether they consider such situation as hazardous or not. They are not merely asked
to react to hazards but to be aware of those even prior to their occurrence. As this ability
requires higher experiential skills, it is understandable why there are differences for
prediction accuracy and not for response times.

This suggests that the training that learner drivers seek out in the UK might
have helped them process a hazard once it has onset, perhaps by providing a library of
hazardous events in memory (and this might be why they are relatively good in terms
of response times). However, they are not being explicitly trained to identify
precursors or predict hazards in advance. The current results argue that, if our novices
have benefitted from commercially-available training packages, this may have only
benefitted post-onset processes.

There is evidence that both novice and experience drivers can benefit from HP
training (Horswill, et al., 2010b). Training in HP has been widely investigated using
commentary training (Castro et al., 2016; Crundall et al., 2010; Isler et al., 2008),
hybrid training tests combining tutorials on HP (Meir et al., 2014), “What happens
next?’ exercises with added commentaries (Wetton et al., 2013), error-based
feedback training programs (Unverricht, Samuel & Yamani, 2018) and a ‘Multi-Skill
Program for Training Younger Drivers on Higher Cognitive Skills’ (Yamani, Samuel,
Knodler & Fisher, 2016 ) among others. The above studies reported that commentary
training improves hazard perception and especially if provided in a hybrid package
combined with other exercises. Furthermore, Yamani et al. (2016) demonstrated that
their training program (Multi-Skill Program on Higher Cognitive Skills) improves
younger drivers’ performance within a short span of time. However, no coherent
understanding of which is the best training approach has been offered. Therefore, and
in order to know what works best, it is essential that HP training is adapted

specifically to the needs of a particular driving cohort (e.g. fire-appliance HP test,
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Crundall & Kroll, 2018) and tests used for training purposes are previously validated
(Helman, Palmer, Delmonte & Buttress, 2012).

Lastly, in Experiment 8 a clear separation was found between prediction
accuracy and criterion bias. This points towards a robust internal validity of the
prediction test, as it does not confound hazard appraisal with hazard prediction. As the
results of this thesis have provided evidence to suggest that the prediction test shows
both internal and external validity, there are enough reasons to consider it as the perfect
blueprint for international testing.
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Figure 10.1 a: Sub-processes comprising the hazard avoidance process. The
processes involved in the hazard perception process are highlighted in red (hazard

fixation, processing and appraisal).
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Figure 10.1 b: Sub-processes comprising the hazard avoidance process. The
processes involved in the hazard prediction process are highlighted in blue

(hazard searching and salience, precursor prioritisation).

10. 5 Practical implications

There are numerous practical implications related to the findings of this thesis. For
instance, the newly developed hazard prediction test could serve as both a diagnostic
and training tool. The results of Experiment 6 and 8 clearly showed that the test is able
to differentiate between safe and unsafe drivers (at least based on experience),
independently of the cultural background and driving context. This suggests that this
test could be successfully applied anywhere in the world and could contribute to the
licensing procedure in many countries. The results of this thesis point towards such a
possibility, as the prediction test was validated in different driving contexts with
different cultural backgrounds. Such relatively large-scale validation (at least from the
perspective of a doctoral project) should provide at least some evidence that the

prediction test is suitable to be considered as part of the official driving test.
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Teamed with the traditional hazard perception test, the hazard prediction test
could be very useful in terms of testing young drivers’ prediction skills (which,
similarly to the hazard perception skill, have also been found to develop within the first
year of driving experience, according to the results of Experiment 7) and situation
awareness.

This test also has great potential as a training tool. As drivers are asked to predict
a hazardous situation, they might consider several possible outcomes that would enrich
their hazard memory. Indeed, the multiple-choice format forces them to actively
consider the possibility of four potential outcomes. Furthermore, the multiple-choice
hazard prediction test allows immediate feedback of performance, and drivers could
also receive guidance on where to direct their gaze in search of possible precursors even
prior to the hazardous situation. Thus, drivers will learn not only to react in time to
hazards, but to actively search for their precursors.

It should be noted that this test is not only intended for young drivers. Research
has demonstrated that experienced and professional drivers such as fire-appliance
drivers (Crundall & Kroll, 2018) or police drivers (Crundall et al., 2003) could also
benefit from professional training. Currently, our research group is also developing a
hazard prediction test which would evaluate the skills of professional bus drivers (in
collaboration with two national operators), following the guidelines proposed in this
thesis.

In addition, the pragmatic and culturally-agnostic features of the hazard
prediction test will allow global training which in turn could reduce collisions around
the world. We have already filmed footage in Greece (including hazards from the Greek
islands) and the next step is to test the hazard prediction skills of the Greek drivers and
non-Greek tourists visiting the Greek Islands. The Greek driving context could be
especially challenging for tourists as, according to the European Transport Safety
Council (2017), Greece has the highest number of deaths from single vehicle road
collisions.

Finally, the research in this thesis opens the possibility to explore the use of
modern technology and adapt the prediction test into 360-degree environments
presented through VR headsets. Experiments 3 and 4 did not show that mirrors benefit

hazard perception performance over a single screen, therefore a move to presenting
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hazards in a 360° environment could evoke more ecologically-valid driver behaviour.
Our research group is currently exploring such possibilities by creating 360-degree
hazard clips where drivers can search for hazards in a completely immersive
environment. The aim of this project is to identify what benefits a 360° environment
provides for an HP testing and training tool, above and beyond a single-screen HP test
(for both video-based and CGI content).

10.5.1 International perspective

The hazard perception test has already been implemented as a part of the
official driving tests of some states of Australia, Great Britain and the Netherlands
(although the Netherlands only uses still images). Other countries have shown interest
in the HP test (e.g. Spain, Germany, Israel, Singapore, Malaysia, Canada, Hong Kong,
China, Japan and New Zealand). So why has the hazard perception test not yet been
implemented as an official part of the driving test in all these countries? Adoption of
such a test is not a trivial task. Important factors such as legal framework, infrastructure,
alignment of the current crash data, training and education etc. need to be considered.
Developing countries can find it challenging to achieve the standards of more developed
countries in implementing the required changes. Also, the hazard perception test should
adequately fit the licensing system of each country. The task becomes even more
challenging if we think in terms of creating a generic set of hazard clips that will be
suitable for different driving environments. The results of this thesis showed that each
country has a specific hazardous driving environment where both legal and social rules
play an important role. In order to implement a standardized hazard perception testing
it will be necessary to create a specific set of clips that represent the driving environment
of each country and at the same time represent a wide range of hazardous driving
situations. Furthermore, it will be necessary to validate and adapt the methodology
(design, instructions, format etc.) to ensure that the test will discriminate between
experienced and novice drivers. This thesis has offered specific guidelines paving the
way towards a standardized methodology. This process has already started as several
governments (e.g. Spain, Canada, Germany, Lithuania) has explicitly shown interest in

implementing the hazard perception test as part of their official driving test. Prof. David
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Crundall and myself are currently collaborating with the research groups of University
of Granada (Spain) and Vytautas Magnus University, (Lithuania). We are participating
as international experts in their projects, funded by the Spanish and Lithuanian
governments, offering our expertise and assistance following the guidelines exposed in
this thesis for international hazard perception testing.

10.6 Challenges of cross-cultural research

It has been argued that culture is not relevant for risk perception and it is the
characteristics of the hazard instead that impact it (e.g.Sjoberg, 2000). Some authors
have been more specific pointing out that it is not culture per se, but the traffic-safety
culture that impacts on risk perception (Rundmo, Granskaya & Klempre, 2012). A
recent study using a driving simulator compared hazard perception performance in
German and Chinese drivers supporting the idea that hazard avoidance behaviour is
sensitive to the cultural background (Chinese drivers reacted slower to the hazards and
time-to-collision scenarios; Wang, Cheng, Li, André & Jiang, 2019). The results of this
thesis support the notion that each cultural driving context produce specific types of
hazards. Both UK and Spanish drivers rated Chinese hazards as the most hazardous
while all three nationalities (Chinese, UK and Spanish) rated the UK hazards as the
least hazardous. It should be noted, however that this thesis only compared hazard
perception performance across countries (focusing solely on the methodology) and did
not delve further into examining specific differences within the cultural driving context.

Future research could focus on such cultural differences.

10.6.1 How does the differences in traffic culture impact driving behaviour?

The vast majority of cross-cultural research in the driving field has been
conducted in the developed countries, yet 90% of the world road fatalities occur in the
developing countries (Nantulya & Reich, 2002; Peden et al., 2004; Toroyan, 2009).
Even within Europe, driving behaviour in the South-Eastern part has been studied

relatively less. Southern/Middle Eastern European countries report higher levels of
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aggressive driving and driving errors, while Western/Northern European countries
report higher scores on ordinary violations (Ozkan, Lajunen, Chliaoutakis, Parker, &
Summala, 2006). Drivers from the Western countries also reported higher optimistic
bias towards risk assessment (Brénstrom, Kristjansson & Ullen 2006; DeJoy 1989) in
comparison to the those in low-income countries who are exposed to a greater risk
(Lund & Rundmo 2009; Nordfjeern & Rundmo 2009). This trend to report results only
from the Western countries could bias our understanding of driving behaviour. Driving
is not independent of the traffic safety culture and the socio-economic status of the
country within which it is taking place, and expecting standardised results from one
country to another is unrealistic. For example, traffic regulations and their enforcement
vary between low-to-middle and high income countries and the tendency to not enforce
traffic regulations in low-to-middle income countries impacts on drivers’ decisions
regarding risk-taking (Nordfjerna, Simsekoglu & Rundmo, 2014).

Culture in general, and traffic safety culture in particular, impacts on protective
road traffic behaviour (Nordfjern, Jorgensen & Rundmo (2011) as risk exposure
influences risk perception (Boholm, 1998). Differences in hazardousness of different
driving environments influences risk priorities. Nordfjern, Jergensen & Rundmo
(2011) compared risk perceptions, attitudes towards traffic safety and driver behaviour
across multiple countries and found considerable differences in attitudes towards risk
taking, especially between low-income and high-income countries. Individuals in low-
income countries in Sub-Saharan Africa were more sensitive towards risk and also
reported a higher willingness to take risk than those from Northern European countries
who reported the safest road traffic attitudes. In terms of driving style, Southern Europe
and the Middle East drivers reported more aggressive violations and errors than drivers
from Western Europe (Ozkan, Lajunen, Parker, Siimer, Summala, 2011). These results
could be due to less developed infrastructure, less respect for traffic rules and higher
levels of driver stress.

While risk perception and attitudes towards risk have been widely studied and
compared across countries, only a few studies have conducted such comparisons on
hazard perception performance (e.g Lim et al., 2013; 2014; Wetton et al., 2010).
However, both hazard perception and hazard prediction performance have been studied

independently in many different driving contexts although with mixed results (e. g.
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Norwegian HP test: Sagberg & Bjgrnskau, 2006; Israeli HP test: Parmet, Meir &
Borowsky et al, 2014; Singaporean HP test: Yeung & Wong, 2015; German HP test:
Malone & Briinken, 2015; Australian HP test: Wetton et al., 2011; UK HP test: Crundall
et al., 2012). When Lim et al., compared hazard perception performance of UK and
Malaysian drivers, they found that UK drivers outperformed Malaysians in detecting
hazards. Similarly, UK participants were better at predicting hazardous situations when
compared to the other group. However, this group also appeared more sensitive to
unfamiliar hazard types. In turn, both UK and Malaysian drivers reported similar visual
strategies contrary to the behavioural results which suggest that Malaysian drivers
might require a higher threshold to consider a situation as hazardous. The Malaysian
driving environment is more hazardous overall and this may have impacted the
sensitivity of the Malaysian drivers.

Wetton et al., (2010) also compared performance on both UK and Australian
driving footage but did not find differences for hazard origin (although they only
compared performance of Australian novice/experienced drivers). Their results
suggested generalisability between countries which are highly similar in terms of
culture and road laws. Yet, studies conducted in developing countries (Malaysia, China)

have found such transferability more challenging.

10.6.2 Validation of a methodology instead of a theoretical construct

The majority of cross-cultural studies in the driving field have applied self-
report measures to test and validate different theoretical constructs such as attitudes
towards risk, driver distraction, sensation seeking etc. One of the most popular tools
that measures crash-related behaviours is the Driver Behaviour Questionnaire (DBQ)
which has been validated in many countries such as Finland, Great Britain, Greece,
Iran, The Netherlands and Turkey (Ozkan, Lajunen, Chliaoutakis, Parker & Summala,
2006); Bulgaria, Romania and Serbia (Stanojevi¢, Lajunen, Jovanovi¢, Sarbescu,
Kostadinov, 2018) and across samples of young drivers in Ireland and Finland
(Mattsson, Fearghal, Lajunen, Gormley, Summala, 2015) to name but a few. The DBQ
measures crash-related behaviour, looking at intentional violations and cognitive

failures which are further categorised in other sub-behaviours such as slips and lapses
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or those that involve aggressions towards other road users. The validation of such
measures typically involves dismantling a certain theoretical construct into sub-factors
in order to create a structural model that can be related to a certain behaviour.
Relationships between factors and whether the grouping of these factors can predict a
certain behaviour are further explored and confirmed. This is not a trivial task and
multiple studies have been conducted in order to validate the most stable factor solution
specifically for the DBQ (e.g. Rowe, Roman, McKenna, Barker & Poulter, 2015;
Ozkan, Lajunen, & Summala, 2006; Warner, Ozkan, Lajunen, & Tzamalouka, 2011).
Furthermore, additional factors such as gender, socio-economic status and cultural
differences have been found to impact on the factor structure of the DBQ (e.g. Blockey
& Hartley, 1995; Reason, Manstead, Stradling, Baxter & Campbell 1990; Ozkan,
Lajunen, Chliaoutakis, Parker, & Summala, 2006).

Contrary to the DBQ, the hazard perception test has been built on pragmatics
and has not been validated in terms of factor structure. Neither is there a valid theory
that explains the act of perceiving hazards to aid the development of a theoretical
construct. Hazard perception has been widely studied but none of the studies has offered
a coherent theoretical model. There have been attempts to link HP to Endsley’s SA
model, though this has not lead to a deeper understanding of the underlying sub-
processes. This theoretical caveat has not been an obstacle for obtaining valid results
however. Many studies have demonstrated that the underlying methodology (the RT
paradigm) of the HP test is able to successfully discriminate between experienced and
novice drivers (Horwsill & McKenna, 2004; Wallis & Horswill, 2007). However, the
attempts to export this same methodology in different countries have reported mixed
results (e.g. Sagberg & Bjernskau, 2006).

The focus of this PhD thesis was also primarily based on the effectiveness of
the methodology. Therefore, when HP cultural sensitivity has been discussed
throughout the cross-cultural studies, each point has only referred to the methodology
and not the theoretical construct. This PhD sought to validate a paradigm that will be
able to discriminate specifically between experienced and novice drivers regardless of
country. The results showed that the cultural sensitivity of the HP test may mask the
experiential differences that might otherwise be found. Hence, an RT paradigm might

not be suitable for international export. As a result, a second attempt was made to
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validate an alternative methodology that appeared to be culturally agnostic and

successfully discriminated between different levels of experience.

10.6.3 The challenges of cultural equivalence

Cross-cultural validation represents a challenge for researchers but it is highly
necessary for providing important answers to the differences in the outcomes between
different countries. Flaherty et al. (1988) proposed five major dimensions for cross-
cultural equivalence of new instruments (a) content equivalence (b) semantic
equivalence (c) technical equivalence (d) conceptual equivalence, and (e) criterion

equivalence.

10.6.3.1 Content equivalence

Content equivalence refers to the challenge of ensuring that people from
different cultures are presented with equivalent content. When considering the
translation of questionnaire items, this primarily refers to ensuring that participants in
different countries are presented with identical survey items. The difficulty in the
current thesis is that we are capturing naturalistic hazards, so it is impossible to
predetermine content equivalence in this strict way. However, the primary aim of the
hazard perception test is to assess drivers’ abilities to spot hazards that are relevant to
the potential collisions they might face in their countries. This allows for the possibility
that hazards might differ across countries in considerably ways, while still arguing for
content equivalence at a functional level.

Nonetheless, there were clear overlaps in hazard content across countries.
Vehicles emerging from side roads and errant pedestrians were two hazards common
to all three countries. Others were more specific however. For instance, motorcycles
behave with more degrees of freedom in China. Providing these hazards were
representative of real driving in the country, these were consider to represent a valid

hazard.
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10.6.3.2 Semantic equivalence

The second challenge is the language or semantic equivalence of the test
content. If we consider this in terms of questionnaire items, then it refers to the
requirement that not only should items contain the same content, but that content should
be understood to be equivalent. For instance, if one English questionnaire item contains
an idiom, the content may be translated perfectly, but the meaning may not as the
readers from the other culture may not recognise the idiom. To place this within a
driving context, flashing headlights might indicate that another driving is willing to let
you out of a junction in the UK. Flashing headlights might mean something completely
different in China. Again, however, one can argue that the behaviours captured in these
naturalistic clips represent culturally-specific behaviour that should still allow novice
and experienced drivers to be discriminated, at least when testing participants with
experience of that country. If Chinese drivers had not understood the actions of some
drivers in the UK clips, this would not detract from the value of the test if Chinese
experienced and novice drivers were still differentiated on Chinese clips.

While content and sematic equivalence are interesting concepts in relation to
the hazard clips, the instructions also have to have both equivalences. It is vital that
participants undertake the test in their own language as it has been observed that they
tend to subconsciously adapt their answers to fit with the culture associated with the
language (Harzing, 2005), but most importantly, many Chinese participants did not
speak any English. An important aspect of adapting a study for a new language process
is forward-backward translation as instructions and items in the source and target
language should have equivalent meanings. During the translation of the instructions
special emphasis was made on the definition of a hazard and a hazardous situation. It
has already been discussed in Chapter 1 that the lack of a coherent definition of what a
hazard is (even in the original language) may create important confounds. Notably, even
when providing a generally accepted definition of a hazard, participants still adapt this
definition to their own cultural representation of what constitutes a hazard. Therefore,
an expert panel consisting of bilingual translators and experts of the local culture were
involved in the process. Despite all the efforts, it cannot be guaranteed that participants

have had an unbiased representation of what constitutes a hazard.
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Finally, some translation problems may arise when there is not an equivalent
translation for a specific word from one language to another. An illustrative example is
the word “undertake”. Only the English language has a specific word for undertaking.
Chinese and Spanish drivers would just use the word ‘overtaking’, though they might
preface this with the word ‘illegal’ when referring to (what UK drivers would call)
undertaking. Videos from all four countries contained undertaking hazards, which
required the phrase ‘illegal overtaking’ in the other languages. This is a case where

semantic equivalency necessitates a reduction in content equivalency.

10.6.3.3 Technical equivalence and conceptual equivalence

The cross-cultural studies in this thesis were specifically concerned with testing
the ability of the HP test to achieve comparable results in different cultures.
Comparisons of hazard tests from around the world is difficult, because they have been
constructed and presented in different ways. The current thesis employed the same
technical protocol across all countries to ensure that, though the content might differ,
the test remained the same in all other ways (e.g. car-overlay, mirror information, clip
length, etc.).

Conceptual equivalence is a prerequisite for cross-cultural comparison, however
in this case, we have not focused on the theoretical construct but on validating a
methodology that captures the HP skill in an unbiased way. It is difficult to claim
conceptual equivalence when there is no accepted theory of hazard perception. As this
thesis has focused upon assessing and refining the methodologies, it perhaps makes
more sense to talk in terms of criterion equivalence (i.e. the equivalence of the recorded

measures) rather than conceptual equivalence.

10.6.3.4. Criterion equivalence

Criterion equivalence required that the interpretation of the measures remains
identical across cultural groups. A valid measure should report equivalent results
between different cohorts independently of their origin or characteristics. The main

problem that has been encountered in this thesis was the sensitivity of the traditional
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HP methodology towards cultural differences which unfortunately masked the
experiential effect. The response time measure does not have criterion equivalence
across the cultures (as systematically-biased hazard perception thresholds may differ
across cultures, which then confound HP RTSs). The prediction methodology focused
on a purer measure (hazard prediction), which therefore allowed for greater criterion

equivalence across cultures.

10.6.3.5. Sample equivalence

While not one of the five equivalencies mentioned by Flaherty (1988), sample
equivalence proved to be an important factor that required consideration from the initial
stages of the research. Participants should be representative of their culture but at the
same time equivalent on non-cultural demographic variables. In driving research, years
of driving experience and mileage are used as proxy for different levels of HP practice.
All four countries examined in this thesis (China, Spain, UK and Israel) provide a
unique traffic culture and different levels of safety. The World Health Organisation
(2015) estimates the road fatalities of China, Spain, the UK and Israel to be 18.8, 3.7,
2.9 and 4.2 deaths per 100,000 population, respectively. The difference between the
safety records of the UK, Spain and Israel is considerably less when compared to the
Chinese safety record. China has experienced a significant increase in motor vehicles
and road construction in the last three decades. These abrupt changes in infrastructure
have negatively correlated with the adaptation of the road users to the new conditions.
Although the safety record has slightly improved, China still reports high accident rates
usually between vehicle and pedestrian (Report on the Development of Road Traffic
Safety, 2017). In turn, the UK is one of the top ten safest countries in the world where
the accessibility to modern vehicles, respect for rules and safe infrastructure has helped
to reach low accident rates and a safe driving environment. Finally, Spain and Israel are
the closest to each other in terms of accident rates, although Spain reports a slightly
lower crash index. While climate and infrastructure could be quite similar, Israel is
under tension circumstances caused by the possibility of terror attacks which bring
additional risk and affects the driving context. Another interesting fact is that many

ultraorthodox Jewish communities restrict driving for young men who have yet to

271



marry. However, these young drivers still opt for a driving licence although hiding it
from their parents and community. Such circumstances do not permit a sufficient
driving exposure and create additional socio-cultural tension. China reports a similar
problem for driving exposure (although for different reasons). With over 300 million
registered vehicles, the country faces a considerable congestion and pollution problems
which required the implementation of policies such as the even-odd license plate policy
or end-number policy (allowing cars to drive only on certain days). Beijing has also
taken new measures to control the number of cars without local licence. Many Chinese
drivers wait for years to obtain a licence plate not being allowed to drive their own car.
These policies make a breach between China and the other three countries in terms of
driving frequency and experience as many drivers had their driving licencing for years
but have not had the sufficient driving exposure.

Such differences in the traffic environment and culture have required
considerable effort in terms of data equivalence. The first important decision was
related to the experience criteria. The above examples clearly show that having a
driving licence for a few years does not necessarily reflect driving exposure. Therefore,
average mileage driven in the last two years was considered an important factor for
deciding the level of experience together with the years since passing the driving test
(please, refer back to Chapter 5, point 5.3.1 for more detailed description). Equivalence
in procedures of collecting data in cross-cultural studies is necessary although most of
these studies are non-equivalent to some degree. Recruitment strategies such as
convenient sample and random population with no inclusion criteria identified prior to
the selection, are often used. Access to a large cohort of drivers with different levels of
experience appeared to be easier in some countries than others. For example, learner
drivers in Spain could be accessed via specific driving schools where they prepare for
their theory test. This is not the case for the UK or China where participants have been
recruited via online platforms or in occasions via snowball sampling. To ensure
equivalent and representative samples at least in terms of driving exposure, education,
social status and sex have not been controlled (although all the participants had basic
education). In turn, age appeared to be a tricky variable due to the differences in
minimum age in which a person may obtain a licence. In Both China and Spain the

minimum age is 18, while in UK and Israel is 17 and 16 years old, respectively. This
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explains to some extend why some of the experienced groups had equivalent age to
some of the novices. It should be noted that some of the Chinese drivers who were
classed as novices due to the lack of driving exposure, were age 20 or above.

In conclusion, a hazard prediction paradigm that discriminates between
experienced and novice drivers has been successfully validated although these initial
studies are just a first step towards a series of studies that seek to test the transferability
of the hazard perception test and more specifically the hazard perception skill across
different countries. This thesis has only validated a paradigm that test a specific sub-
process of the hazard perception skill-hazard prediction and results seems promising. It
should be noted, however that this thesis only compared hazard perception and
prediction performance across countries (focusing solely on the methodology) and did
not delve further into examining specific differences within the cultural driving context.

Future research should focus on such cultural differences.

10. 7 Limitations
10.7.1 Stimuli design

Although, the studies conducted in this thesis have provided some insights into the sub-
processes of hazard perception, the studies were primarily applied in nature. The hazard
perception test has been built on pragmatics, and it became clear that the lack of
theoretical framework has prevented any substantial advances. Unfortunately, testing
particular theories was outside the scope of this thesis. The driving force behind this
thesis was equally pragmatic: to create a test which will show good validity regardless
of cultural context. In order to create a realistic environment and stimuli that will reflect
real world situations, all footage contained non-staged hazards. It has already been
argued that staged hazards could be biased due to the pre-selection of these situations
by experienced researchers or instructors (Crundall et al., 2003). Nonetheless, even
naturally occurring hazards have to be selected from the raw footage, and this was
typically done with a small group of traffic psychologists. It is possible that bias crept

into the selection process. Therefore, a qualitative approach such as focus group

273



(comprised of participants with different levels of driving experience) could be very
beneficial in terms of selecting the final set of stimuli. Such qualitative approach will
allow discussions where novel aspects of stimuli design and hazardous situations can
emerge as well as deeper understating of the existing issues.

In order to make clips as realistic as possible, mirror information was included
to the forward view footage with a semi-transparent car overlay. The decision to keep
this design for the rest of the experiments was based only on the initial hypothesis that
hazard perception will improve. Experiments 1 to 3 failed to provide such evidence and
this design was not found to enhance hazard perception performance. Further research
is needed for more conclusive results, as there are very few studies that have looked at
clip design, and what research does exist has not been directly related to hazard
perception videos (Cheng et al., 2016; Yashuda & Ohama, 2012) or differences between
experienced and novice drivers (Shahar et al., 2010). Also, it is of a high importance to
gain a better understating of why such realistic design was not encouraging better
hazard perception performance or greater differences between the driving groups. It has
already been argued that the hazard perception ability could be dependent on the type
of hazards (Crundall, et al., 2012) and it has been found that potential (or latent) hazards
are the most difficult to identify (Borrowsky et al., 2010). Therefore, further research
will add valuable knowledge in relation to the stimuli comprising the hazard perception

test.

10.7.2 Sampling limitations

For Experiment 1, 57 participants were recruited (approx. 20 participants in each of the
three conditions) and for Experiment 3, 42 participants took part). In Experiment 4
however, the sample was augmented to 150 participants (though still only N=25 per
group). The aim of Experiment 4 however, was not to test stimuli design, but
experiential differences, yet these were not found either.

Alternatively, it could be the case that the experiential gap was not large enough,
as in Experiment 2 experienced drivers had an average of three years of driving
experience. Although, it has been argued that the critical crash period is within the first
12 months of license (Deery, 1999; Foss et al., 2011, McCartt et al., 2003; McKnight
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& McKnight, 2003; Williams & Tefft, 2014), a bigger experiential gap might have
yielded significant results. It should be noted that in some experiments the average age
of the experienced groups is equivalent to those of the inexperienced drivers in other
experiments. Therefore, driving groups have been divided according to years of
experience and mileage. Specifically, in China there were drivers who had passed their
test some years ago and have not had exposure to driving to improve their skills. An
older driver who has passed their test a few years ago without exposure cannot be
classed as experienced drivers, therefore, a common sense approach was to consider
driving years and mileage than age. Furthermore, McCartt et al., (2009) concluded after
an extensive review that the effect of experience was stronger than the effect of age
(and crash risk was significantly higher during the first 500 miles driven but did not
affect crash likelihood after the first 3500 miles).

Another important point worth mentioning is the difficulty to homogenize
samples with different cultural background. Differences are related to both the licensing
procedure and cultural background. With such a great number of legal and social
differences, it is not easy to classify drivers using identical criteria. For instance, in
China, novice drivers could wait many years until they obtain permission to own a car,
even though they have obtained a driving licence. ‘Five years’ experience’ since the
driving test is unlikely to reflect five years of every-day driving. This could create an
important confound if not considered in advance. Also, only the UK drivers are familiar
with the hazard perception test which could have created an important confound related

to their performance.

10.7.3 Qualtrics software

It has already been demonstrated the importance the occlusion points have for
prediction accuracy. This became evident with Crundall’s study in 2016 and was
supported by the results in Experiment 5 of this thesis. The type of occlusion point is
related to the amount of information we receive related to the precursors. Being able to
correctly identify a precursor is the only way to successfully predict a future hazardous

situation.
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The data in Experiment 8 was collected via Qualtrics which is a widely used
online platform for collecting survey data. The use of this online tool to show videos to
participants and test their prediction accuracy introduced certain noise in the results.
Clips could be accidentally paused by participants should they inadvertently click on
the screen during playback, and the page would automatically transfer to the next page
which contained the multiple-choice question after the duration of the video.
Unfortunately, this would mean that they would not see the final frames of the clip and
thus be handicapped in identifying the precursor to the hazard. During the data cleaning
process, the amount of time each participant spent viewing each clip was assessed, and
those trials where the duration was obviously shorter than the length of each particular
hazard clip were removed. However, it is possible that a small number of clips were
terminated when the video had almost played through. In such events, it would have
been difficult to distinguish these errors due to the accuracy of the timings provided by
Quialtrics.

Nonetheless, differences between the groups were still found which argues in
support of participants seeing the whole video. A floor effect was reached however, and
it was not clear whether this effect was due the MC-test being too hard or to the above-
mentioned problems. Fortunately, we are currently developing our own online testing
portal (testmydriving.com) and we are exploring the option of desktop apps to deliver

training and testing tools.

10.8 Reflections on the research process

A perfect PhD thesis is an unlikely outcome of three years of research. Neither
is it particularly desirable. | have learned more from my mistakes than | have from my
successes, and without those errors | would not have developed as much as | have. It is
important to reflect on those difficult, ambiguous, or unsuccessful parts of the research
process, and to identify those gaps that | would rectify if I had three more years of study.

This section details some of these reflections.
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10.8.1 Was the hazard perception test a straw-man hypothesis?

It has been emphasised on many occasions throughout this thesis how
challenging it is to create a hazard perception test that would provide consistent and
ecologically valid results. Although in Chapter 1 important flaws of the traditional HP
methodology were discussed, the early experiments of this thesis still opted for this
methodology. As the final blueprint proposed for international export was not the
traditional hazard perception methodology, but a variant —hazard prediction- it might
not have seemed logical to insist on the traditional methodology during the early
experiments. The progression from experiments 1 to 4 might have not appeared smooth
in terms of incremental changes in the results but the clear and logical sequence from
experiment 5 onwards reflected the maturation of the research of this PhD thesis. The
early studies were undertaken with a view to refining the methodology, and they
certainly assisted in the development of the later, more coherent approach.

Indeed, the first three experiments that applied RTs could be considered as
‘straw-man’ hypotheses, as there is literature to suggest that prediction tests are good
alternatives to traditional HP tests. However there is a greater body of literature in
support of the traditional methodology using RTs. While there was obvious suspicion
that the RT methodology might not work, | entered the research process with an open
mind. Given the innovations that | added to the hazard materials (mirror information,
the car overlay) it was always possible that RTs could have produced the sought-after
effect. Furthermore, the traditional HP methodology is still the dominant measure used
in the HP research and it seemed an obvious place to start.

Though one study did exist to suggest prediction would be a better test of cross-
cultural hazard awareness than a traditional HP test (Lim et al., 2013), it was not
sensible to base a thesis on the conclusions of a single study. Further research was
deemed necessary where RTs have been approached in an unbiased and agnostic
manner. While it might seem that the HP test was set up as a straw-main hypothesis,
this was not the intention and | made every effort to find an effect with the typical

methodology.
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10.8.2 Alternative explanations for the null effects associated with the hazard

perception methodology

We still do not know the exact reason why the traditional methodology reports
mixed results (and this question was outside the scope of this thesis). A possibility is
that not all of the hazards selected for the final test were good at discriminating between
the experienced groups. It could be argued that I should have performed a clip-by-clip
analysis for experiments 1 and 2 to identify which clips were better at discriminating
between the driver groups. Nonetheless, the positive effects of experiments 5, 6, and 7
have shown that the same clips (with the addition of an occlusion) can produce an
effective test. Retrospective clip-by-clip analyses are therefore redundant.

One analysis on a subset of clips was conducted in experiment 4 to isolate
overtaking hazards, given the novelty of these situations. This analysis does not provide
enough insight in identifying specific hazard features that impact the discriminability
of the clips and therefore was not included in the main hypotheses. Nonetheless, clip-
by-clip analyses will certainly feature in my future research.

On a related note, clip selection is still open to bias even with naturalistic
footage. It is not a trivial task to select valid hazardous situations when no consensus
has been reached about what constitutes a hazard. The definition followed for hazard
selection for all of the studies in this thesis is “an object or event that would require an
evasive manoeuvre, including sudden braking or swerving to avoid a potential
collision” Hazards were classed as something that encroached into your path and had
the possibility of a collision if you do not change your driving behaviour (e.g. braking).
This definition was selected as it does not leave space for ambiguity in terms of what
the driver should be monitoring for. However, the original definition by McKenna and
Crick (1991) was quite different defining hazards as “potentially threatening events”. It
is debatable which definition is better, as potential hazards might not require an evasive
manoeuvre (potential hazards have often been defined as quasi-hazards) and might not
be considered as hazards by those participants coming from highly hazardous driving
contexts. Although, the above definition was strictly followed, this does not provide a
guarantee that the process was free of biased selection that benefitted experienced

drivers. Nonetheless, at least clips reflected realistic situations from the real world.
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Another important point is the experience gap between the cohorts of novices
and experienced drivers selected for this thesis. Some of the studies in this thesis classed
drivers with an average of three years of driving experience as experienced drivers (e.g.
experiments 3 and 5). This cohort was particularly young with an average age of 21.5
which was equivalent of the age of the inexperienced drivers in experiment 1 and the
UK inexperienced drivers in experiment 4. This might have affected the results of the
above experiments as compared to the samples of other studies, the experiential gap is
not very large. As an example, Wallis and Horswill (2007) selected experienced drivers
with an average of ten years and 8000 km while their novices were defined as those
who had been driving for four years or less on a provisional or open license; Crundall
et al. (2012) reported an experienced group with mean driving experience of 16.4 years
(M=33.0 years old) and a learner group with mean years of driving experience of 1.5
months (M=20.3 years old); Wetton et al. (2010) assessed novices with less than three
years of driving experience, mean km of 7267.29 (m=21.25 years old) and experienced
drivers had an average of ten years of driving experience, mean km of 13.043 (M=40.58
years old).®2 The above experiential gaps could be considered equivalent to those in
experiments 1 (see Chapter 3, 3.2.1 Participants); experiment 4 (see Chapter 5, Table
5.1); experiment 6 (see Chapter7, Table7.1); experiment 7 (see Chapter 8, 8.3.1
Participants) and experiment 8 (see Chapter 9, 9.3.1 Participants). However, the
experiential gap in experiments 3 was much lower which might have contributed to the
null results. But if this was the case, experiments 1 and 4 should have reported
experiential differences and experiment 5 should have failed to find differences
between the driver groups. Other studies have found differences for hazard prediction
with much smaller gaps between participant groups. Crundall (2016) had less than three
years gap between his driver groups.

When considering the samples from other countries, | was faced with a problem.
In China, the number of years since passing a driving test does not have as direct a
relationship with driving experience as it might in other countries. Restrictive laws and

the high costs associated with driving mean that ostensibly experienced drivers (who

8 Note that not all of the selected references reported age, however this selection of studies was random in order to
avoid bias.
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passed a test some years ago) may have had little actual exposure. For this reason it was
necessary to incorporate mileage into the definition of experience.

Finally, the definition of the scoring windows is another controversial topic
within the hazard perception literature, and may contribute to the generation of null
effects. There are no official guidelines on how to define a hazard window or when
onset and offset should occur. Typically, the onset starts at the moment the potential
hazard begins to materialise while the offset is defined just prior to the moment when
an evasive manoeuvre will no longer avoid a collision. However, these definitions are
still vague (each hazard is different) and have not been officially validated (as with the
occlusion points for the prediction paradigm). The possibility of inadequately defined
scoring windows was considered in experiment 4. More conservative scoring windows
were chosen by removing a certain number of frames for both the onset and offset.
However, each hazard had to be considered individually, therefore a fixed numbers of
frames could not be applied across clips. Although no differences were reported
between the results with the new scoring windows, it cannot be guaranteed that more
substantial changes to the hazard window would not produce significant effects in the
early studies. The lack of clear guidelines on how to define a hazard window that would
allow a standardised methodological approach and more consistent results clearly
affects research in hazard perception. For that reason, a new prediction paradigm was

proposed in experiment 5.

10.8.3 Does HP practice mean that learners are better at HP tests than experienced

drivers?

Throughout chapters 3 and 4, | speculated that a possible reason for the null
results within the UK sample was that learners could be now too trained on the hazard
perception test. This has only been discussed as a possibility and has not been measured
in this thesis. UK learner drivers were likely engaged in active hazard perception
practice during the period within which | was collecting data, and may therefore have
performed extremely well. This possibility needs further investigation as to the author’s
knowledge there are no studies that have attempted to assess naturally occurring

practice levels with hazard perception tests.
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Most of the experienced UK drivers who took part in the different experiments
of this thesis are young enough to have also been required to undertake the hazard
perception test before obtaining their licenses. Despite this it is possible that their
explicit practice and training benefits waned over time, while the learners and novices
retained benefits from their more recent exposure. Similarly, test familiarity may have
possibly provided an advantage for UK participants when compared to drivers from
other countries, as UK drivers tend to demonstrate better performance on the HP test
(e.g. Limet al., 2013; Experiment 4 of this thesis).

In summary, practice effects have only been offered as speculation, and this
possibility has not been tested, but neither have I relied on it to fully explain the lack of
differences. Future research should look at this possibility.

10.8.4 Size effects and marginal differences

Even though the failure to find differences for HP accuracy between the
experienced groups is not without a precedent, the vast majority of HP literature
supports differences between experienced and novice drivers. Most of these studies
have reported a medium to large effect sizes for experienced drivers outperforming
novices on the HP test (for reference, Isler et al., 2009; Johnston & Scialfa, 2016;
Vlakveld 2014; Wetton et al., 2010; Wetton et al., 2011). Regarding hazard prediction,
literature is still growing but with consistent results and many studies reporting also
medium to large size effect (for reference, Castro et al., 2016; Jackson et al., 2009;
Ventsislavova et al., 2016). Similar effect sizes (medium to large) were found for
differences in experience in experiment 5 (n,?-0.11), experiment 7 (n,?-0.3) and
experiment 8 (Cohen’s d=0.6), with the exception of experiment 6 where the effect
size was small (n,?-.05).

Another statistical concern were marginal differences. Although, it has been
argued against describing non-significant effects as marginally significant due to risk
of false-positives (see Olsson-Collentine et al., 2019; Pritschet et al., 2016) two
marginally significant results have been reported in this thesis. The first one has been
reported in experiment 3 (please, refer back to 4.4.2.1.4 Precursor analyses, page 121)

where a marginal difference has been found between the experienced group for
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fixations on precursors (p=.07). There was ‘marginal evidence’ that experienced
drivers fixated precursors more than the novices. This marginal significance was
reported as it was the first time there was some evidence that precursors could
discriminate better than RTs between the experienced groups in this thesis. The
consistent failure to find experiential differences in experiments 1 and 3 did not provide
clarity in terms of the quality of the hazards. However, this marginal effect coupled
with some other significant effects such as spread of horizontal search at least suggested
that the clips contained qualities that are sensitive to driving experience. In defence of
‘marginal significances’, the formative stages of a thesis need to identify the most
appropriate avenues for further study, and these hints at significance can be very useful
in this regard. This was later borne out as the prediction paradigm appeared to be a
better discriminator between experienced and novice drivers which suggests that this
initial marginal evidence was pointing in the correct direction.

The second marginal significance reported referred to the comparison between
the free-response and multiple-choice prediction test (please, refer back to 8.5
Comparison of the multiple-choice test with the free-response test, page 202). The
performance on the multiple-choice was marginally higher (p=.07), but coupled with
the significant correlation with annual mileage and years of driving (post-license), |
concluded that this was the better format. At all times | have attempted to be clear about
the marginal nature of these effects, and have used them to point towards future

directions for research.
10.8.5 Contribution to theory

The reason behind the mixed evidence surrounding RT paradigm is still
unknown, but what we did learn from the results of this thesis is that the prediction
methodology is a more robust discriminator of experience. The skill to identify
precursors in order to be able to predict how a hazardous driving situation is going to
develop clearly discriminates between experienced and novice drivers. This result has
been consistent through different cultural driving contexts, different sets of hazards and
different levels of driver experience. The prediction task only requires drivers to predict
what happens next without involving hazard or skill appraisal, thus permitting the

assessment of a very specific sub-process (part of the broader hazard avoidance
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process). Assessing each sub-process separately could end the uncertainty surrounding
the mixed evidence. Perhaps, this is the reason behind the inconsistent results: the
attempt to assess a complex skill (hazard perception) with a blunt measure (RTs) may
lead to multiple confounds. Instead, perhaps we are required to isolate each sub-process
involved. Specific tasks could be designed for this end. A reductionist task that involves
monitoring precursors and understanding how drivers classify hazards can help create
a battery of tasks that measure the process of choosing an appropriate response to
different hazard types (e.g. latent hazards, environmental hazards etc.) or even risk-
taking response to overtaking hazards, amber lights etc. However, this battery of tasks
will be limited by the available resources and learner drivers’ willingness to engage in
such a lengthy testing schedule. Furthermore, the cross-cultural studies highlighted the
importance of considering separately each driving culture and environment. Hazards,
and both legal and social norms, could be very different from culture to culture which
clearly impacts on the types of hazards that could be found. In order to better understand
each driving environment and the behaviour of the road users, a qualitative approach
that looks into the type of hazards and whether these are representative of the cultural
driving context, could be very beneficial. For example, a focus group where each hazard
could be discussed individually would provide a more in-depth understating of its
characteristics.

It should be noted, however, that each task or tool should be empirically
validated in each cultural context it aims to be applied. It is well-known that a particular
tool can perform adequately in a certain context and show different results in another
due to cultural and language differences. Tools and tests are important for supporting
decision-making not only in the driving context but in many other areas such as
educational, clinical, organisational contexts etc. Therefore, conclusions about
linguistically and culturally-diverse populations should only be made after an adequate
adaptation of the tool (International Test Commission, 2010).

Finally, in the early studies many changes have been implemented in the
analyses from one experiment to another (specifically experiments 1, 3 and 4). These
changes were implemented in order to test the design and international validity of the
traditional HP methodology and were not related to the creation of theoretical

framework. On occasion, minor analyses have been conducted only in support of the
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major analyses (with no differences in the results) and therefore they have not been
extensively described in the methods (e.g. the overtaking-clip analysis in experiment
4, changes in the scoring windows in experiment 4). These minor analyses should not
be viewed as main aims of any of the studies and therefore should not be expected to
follow-up from the previous results. While it is obviously preferable to have decided
on all of the analyses prior to looking at the data, the formative nature of the earlier
studies on the develop of this thesis benefited from these additional analyses.

The studies in this thesis adhered to the situation awareness theoretical
framework of Endsley (1995) and supported the new framework proposed by Pradhan
and Crundall (2017). The early studies were undertaken with a view to refining a
methodology, and they certainly assisted in the development of the later, more coherent
approach. The clear and logical sequence from experiment 5 onwards reflects the

maturation of the research of this PhD thesis.

10. 9 Conclusion

The main finding of this thesis was that the newly developed hazard prediction
methodology proved to be a better option for international export. The initial studies
featuring the traditional hazard perception methodology provided an insight of why
several studies failed to find the basic experiential effect (especially when applied
overseas). Thus, it was possible to develop and validate new methodological guidelines,
combining knowledge from previous theoretical and applied areas. As a result, the
newly developed methodology successfully discriminated between experienced and
novice drivers in different countries.

Although, this was just a first step towards a global validation, the prediction
test has the potential to be the perfect blueprint for international testing and training.
This opens multiple directions that generate future research, such as the possibility of a
fuller hazard typology, a methodological protocol on how to build a hazard prediction
test (an ISO would be ideal), global training, and the possibility of convincing even the
UK Government that hazard prediction might be the next step forward for the official
UK driving test.
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Appendix A

Health and Safety Guidelines

Safe filming and recording involving vehicles

HSE information sheet

Introduction

In this informiafion sheet, "'must’ danotes a legal
obligation. Words such as 'do’, "should’ atc are
usaed to give advice on good practice and are not
cOmpulsory.

This informaafion sheet is one of a sanes produced by
HSE in consultation with the Joint Advisory Commities
for Entertainment (JACE). It gives ganeral guidance

on the risks associated with fiming and recording of
and from vehicles and is relevant to film, television and
radio. The ganaeral principles can be applied to all road
vehiclas.

This informaafion sheat only deals with matters relating
to health and safaty. For issues relating to the Road
Traffic Acts, the police should be consulted.

Activities this guidance relfates fo:

m Road testing or other car or motorcycle shooting
on public roads.

m  Fiming of motorcycles from cars at normal speeds
on public roads.

m Road testing and driving shots of cars and
motorcycles at highlar) speeds on chosed fracks.

m Recording interviews, dislogue o commantany by
a driver or passangear of a mosing wehicla.

m Fiming or recording commentary of motor racing,
from frackside or using mountad cameras.

m Recording commentary a5 a passendger in & motor
racing car.

m  Ukse of A-framas, low-loadars or spaciaist modified
vehiclas.

m Off-road use, including 4 x 4 vehicles.

Legislation

The main kegal requirements covaring recording from
vehicles are the Health and Safety at Work atc Act
1974, the Management of Health and Safiety at Work
Reguiations 1999 as amendead, (the Management
Reguiations) and the Hoad Trafiic Acts of 1988 and
1991 and related logslation.

Entortainment Information Shoet No 22 (Revision 1)

The Managemant Reguiations require a suitabla

and sufficient risk assessment to be conducied.
This must be camied cut by employers and by the
salf-employed to assess the risk to themsabhvas,
their employees and others who may be affectad by
their activities. It should be used to identify control
measures that can be implementad to coninol the
risks identified. The opportunity should be taken
during risk assassmant to consider the application
of any other relevant health and safety legislation,
including the requirement to consider fre precautions
and amergency proceduras.

If & wehicle is fo be usad on the public highway

all road fraffic legislation must be complied wath,
inciuding the Road Traffic Acts 1988 and 1981. The
Higiwray Code and local by-laws, as well as health
and safety kegislation, will also be ralevant.

Whara thare are concams over complianca with
road traffic legiskation, the police or local authority
should be consulted as appropriate. Advice should
be scught from the local autharity responsible for the
lozation whare the action will be fimed. Whera road
traffic legistation does not apply, health and safety
legiskation will still be ralevant.

The activities of the production must not put any
other read users at risk. This includes making sure
warning signs for all wvehicles are fully operational and
visible to other road users, eg braking lights.

There are certain incidents that occur on the public
highway that may be reportable to HSE as well as
the police. The most likely stuation in filming would
be if somaona wha is unioading by the roadside is
injured. Ary incident resulfing in major injury or over
3-day injury on land whara the road traffic legislation
does not apply is reportable to HSE. An over 3-day
injury i ona that is not ‘'major” but which results in
the injured parson being away from work or unable
to do the full range of their nomal duties for more
than three days.

For tha latest requirements go to www.hse.gov. ik
riddor.
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Competence

Al drivers need to be competent for the actvity they
are to be involved in; arything that they are asked to
do should be within thedir ability. This is of particular
concarm when the driver is an arfiste or a mambear

of the public. Adequate time should be allowed for
rehearsal, espedially i the driver is inexpenenced in
delvaring piaces to camera efc. Compatanca indudas
being aware of the wehicke's limitations and the
limitations of their own driving ability. Peopls should
not be encouraged to excead them.

A parson at the wheel should not be distracted
from driving, for example by baing in sohe chiarge

of recording eguipment. Whare spacialist driving is
required, for axample wahicle stunts or high-spead
wiark, the driver shouwld have appropriate expearience
and, wheare applicable, qualifications. The vehacio
should be suitable for the activity.

Unless the camera operator and bike ridar are
axperioncad in the activity, mannad camaras on
motorcycles shoukd not be used.

Risk assessment

Oparafions on, in of near vahicles imaohe risk and
therefore a risk assessment must be camied out
before any production activity. This must bo reviewed
as necassary if mone information becomes available
of if circumstances change. The risk assassmant will
datermine what control measures ara needad.

Tha risk assessment may require an exchange of
information with other parties, ag event organisers or
police. Thase other parties should also have carried
out a risk assessment of their own activiies. The
producer/avent organiser should liaise with these
bodias to make sure that all harards arising from the
avant have been identified and that everyone is aware
of the risks arising from each othar's activities and of
the conirol measures that ame in place.

What can go wrong?
For exampile:

W injury to crew, presaniers or other workers;

m  injury to membars of the public/onlookers;

m hearing damage - axposura to high levels of noisa
coukd causs heaning damsage;

m inability to communicate betwean presenters and
CTEMS;

m accidant at high speed {race spoeds on motor
racing circuits and maximum spead imits on public
roads);

Health and Safety
Executive

m in-car camera‘recording eqguipment could injure
passengers in vehicles;
m disiracting cther drivers.

Participation

If the impression that a performer is participating

in & race is required, you should considar whathar
participation is really necessary to achieve the
recording of pictures that are nesdad. Recording tha
piaca without pressures of parficipation is a good
control maasure. All spoods and manoawres must ba
kept to safe imits. Sufficient rehearsal ime should be
allowed.

Position of equipment/personnel

Tha equipment and any oparator must not cbstruct
the driver's view, distract their attention whila driving
or put other persons at risk. The position of parsonnal
must be safe in all crcumstances, including all
foresesable emeargencies.

When working in motor racing pits, production

teams should hava a ‘mindar’ with them o look out
for dangerous movernent of vehicles or equipment

in potentially dangorous positions. Thesa are high-
rick areas and the risk assessment must clearly
damonsirate the need to be prasent, the natura of
the activities and the proposad control measures with
spacific refarence to communications, posiioning

of parsornel and provision of appropriate personal
protective equipment.

Trackside positions should take account of the
possibility of vehicles leaving the track at speed, eg
boyond bands or at wet/muddy stretches. Whare this
risk endsts, advice should be taken from competent
parsons, eg a racing driver, about filming positions
and an assessment made which considers the usa of
protective barriers or locked off or remote cameras.

When filming from the passenger seats of vehicles,

pecple should be properly saated with seat belts or in
a safe and secure pasition. Peopke should nat crouch
in & footwell. The camera can be ficed in the required
position, and the picture viewed via a ramota monitor.

When shooting through a Sde window, operators
should not laan out or let the camera lens protruds
beyond the plane of the wehicle. Similarly, a side-
mountad camera may be a harand o vehicks
overiaking andéor padastrians i it profrudes.

When filming "up and passaes’ or 'mun bys’ on a public
higrwsay, the camara and equipment should be a safo
distance from the edge of the road and on the inside
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of amy bends ('up and passes’ describes the way the
camera iz usad to fiim the vehicke.)

Filming by a pilkion passangar facing backwards on a
bike is only acceptable if the bike is proparly adapted,
the rider and camara oporator are compatant
speciists and the activity complies with amy road
traffic legislationdocal by-laws. For all work onor closa
to the public highway, the nead for appropriate high-
visibility clothing must be considered in the production
risk assessment.

Restraints on equipment and people

Whila a vehicle is baing drivan on a public highway
drivers and passangars must be affectively restrained
in acoordance with road trafiic legislation. Wharaver
possiole, Bghtweight cameras should be used. Camera
operators must not stand up and shoot through the
sunroof whiks the vehicle is moving.

Thera must be effective measures o prevent
equipmant striking any occupant in the event of an
emergency stop or collision. Steps should be faken
to prevant small items of equipment from causing
a hazard o the normal operation of the vehicle or
striking someabody in the evant of a colision.

Tha likalihood that convertible-type or opan-backed
vehiclas may oweriurm must be considerad and
appropriata controls put in place. The controls should
be identified as a result of the risk assessmant

and may include the reduction of spead, use of
vehicles fitted with roll bars etc. Any film or recording
equipmant should eithar be sacuraly mountad

of independently securad by safety lanyards. An
axcaption may be for a small, hand-held camera usad
in the front seat, but even then tha risk to a driver in
a side-impact must be considared. The affact of the
daploymeant of airbags must also be considered as
any aquipmant in the vicinity may bo pushad vialandy
towards occupants of the vehicla.

Communication

Drivers and crows must be briefad beforehand of
the shots to be attempied. There must be affective
commurication at a3l times.

When using a tracking vehida the driver of any
ocverizking wehicle should decide when it is safe fo
pass. Only compatent and authorised personnel who
hawe appropriate training o expertize and comgpliant
clothing may direct iraffic.

Selection of equipment

When it is not possitle to use a full-size camera
safely, for exampla to achieve close-up, car-to-car
shots of whesls, a remote mini-camera should be
usad. Mini-camera aquipment and mounts must be fit
for purpose and should only be fitted by competent
parsons. Unmanned, fised mini-cameras can be used
for pieces to camara on motor vehicles. Equipment
must be placed 50 as not to increase the likelihood of
an injury in the event of an accidant. When mounted
on motorcycles, considaration should ba given to the
location so as not to adversaly affect the balance of
the bike.

Always uso an appropeiate vehicle for the planned
activity. Viahicles must be fully mantained and in a
roadworttvy condition, complying with the road frafiic
and vehicle legislation that apples. They must also
be usad in the way they were designed to bo usad.
If there i amy modification to a vehicle, this must be
subject to a full risk assessment.

Pieces to camera while driving

Performars need o keap their eyes on the road and
loak at the camara for no longer than they would
normally ook away to inspect their instruments or
loak in the rear-view mirror. They should also try 1o
keep both hands on the wheal when recording pieces
to camera, except for the oocasional gesture or for
operation of controls.

Tracking vehicles and the use of
low-loaders and ‘A-frames’

Thare should ba a nominated competant parson
wiho will ba responsible for the control of the tracking
vehicle and who wil work in conjunction with the
driver. Tracking on public Rghways should only

be done with the agreemant of the local authority/
higrways agency and the local police authority.
Tracking shois jcar-to-car) should only be done from
a spacially modified tracking vehicla or one in which
the structural integrity is not compromised by having
doorstailgates open. The route should ba chadked
prior 1o filming to idantify potential hazards such as
spead bumps etc.

All the crew should be suitably restrained when

the wehicle is in moticn. Care should be taken to
ansure no koosa objects will fall out of the moving

car - the camera and any other kit should be sacured
approprigtaly. The vehicle and all technical equipmant
should be fully secured by a compatant person. Also,
the lights showld not create glare that may distract
othar matorists.
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Care should ba taken when shooting cars mounted
on low-loaders or A-frames. If a passenger is to be
camied on the back, you must consult with the local
police forca. Amyone filming or recording should be
secursly hamessad o appropriate anchor points and
no one should be permitted to sit on the handrails.

Safaty rais on low-loaders and A-frames must not
be altared for any filming purpose unlass full approval
is given by the equipment supplier and the work

is camied out by expenanced and qualified vehicle
techinicians.

The maximum weight and limit on numbers of persons
for low-ioadars and A-frames must not be axceaded.
Informiation regarding the: madmum weights permitied
can be found on a plate located either in the cab of
the wehicle or on the nearside of the trailer. Furthar
informeation may be abtained from the plating
cariificate” issued fo the wehicle operator/owner.

If you are intending to use a low-loadar with an
axtansion platform fitted and the wehicle exceads
the legal road wadih, you should consult the local
authorty/highwiays agency.

All unit crew personnel working on or around 2 low-
loader or A-frame must be fully bricfed in the safaty
MeasLras.

Consideration should be given to exira front’

raar ‘buffer’ wehicles to give advance waming of
urforessen hazards ahead and to create a safe area
behind the moving scena.

Moise

The Control of Noise at Work Regulations 2005
requires emplovers fo take specific action at ceriain
action vaues. These relate to levels of exposure of
noise to employees calculated over a working day or
wieak and the maximum noisa {peak sound pressura)
to which employess aro axposed in a working day.

Employars are required to carmy out a noise assessmant
if thiair empioyess are ikely 1o have a dally or weskly
axposure of 80 dB (A weighied) or o be axposed

to & peak sound pressure of 135 dB (C weighted).
Employaes are not io be to noise above

the exposura imit (137 dB (G weightad). The peak
sound pressure level of 135 dB could ba excaadad

by acts such as starting up performance wehicles and
motorbikes. Thera ara further requiremants placed on
ampioyers by the Regulations to:

] Tmsa;ﬁm_toradu:amgupmuuluﬂnm
producing nisk.

Health and Safaty
Executive

m Provide employess with suitable hearing protection
if you cannot reduce the noise exposure enough
by using other mathods.

m  Mzke sure the noise exposure imits are not
axceadad.

m Provide employeas with information, instruction
and fraining.

m Carry out health surveilance where your risk
assassment shows thera is a sk to haalth.

Vehicle noise levels are a particular problem at
motoring evenis, as takback may have to ba at high
leveds for operators to hear it dearly. The consaguant
risk of hearing damage can be reducad by wearning
sound-excluding headphones to reduce the afiact
of wehicle noise or dlowing loud talkback through
ordinary haadphones, but wearing earpiugs o reduca
the noisa levels reaching the ear.
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Further reading

Haalth and safty in audio-visual production: Your lagal
duties Leafiat INDG350 HSE Books 2002 (priced packs
of 5 1SBN 978 0 7476 2551 2) v hse. gov.uidpubns’/
indgaB0 pof

Managamendt of hiealith and safety at work. Management
of Haalth and Safaly at Waork Reguiafions 1903,
Approved Code of Practice and guidance L21 (Sacond
adion) HSE Books 2000 ISBN 978 0 7176 2488 1
Wit e gov Uk pubns/booksA21 _him

Controling nofse at waork. The Control of Nose at
Work Reguiations 2006, Guidance on Regulations
Li0e (Sacond edition) HSE Books 2005

ISBM 978 0 7176 6164 0 www hao.gov uk/pubns/
books1108.htm

Haalth and safety at mofor sport evants: A guide for

and organisers H5G1 12 HEE Books 1999
ISBN 278 0 7176 0705 1 www hsa.gov.uk/pubns’
bockshsg 12 htm

Road Traffic Acts 1988 [c.53), 1937 jc.40)
Tha Stationary Office

The Official Highway Code: Revized 2007 ediion
The Stationary Office 2007 ISEN 9780 11 552814 0

Pubilched by the Haalth and Smichy Exaouive ETIEZ2 o]

Further information

Far informeation about health and safiety, or to report
inconsistencies of inaccuracias in this guidanca, visit
wreew hsa.gov.uk!. You can view HSE guidancae online
and ordar priced publicafions from the website. HSE
priced publications are also available from bookshops.

Tha Stationany Office publicafions are avaiable from
The Stationary Office, PO Box 29, Norwich NRE3 1GN
Tel: 0870 600 5522 Fax: 0870 600 5533 amail:
customer sendcas@tso.co.uk Wabsite: www tsoshop.
couk! (They are also avalable from bookshops )
Siatutory Instrumeants can be viewed free of charge at
wrerw Jegistation.gov.uk/.

This document contains notes on good practice
which are not compulsory but which you may
find helpful in considaring what you naad to do.
© Crown copyright [ vou wish to reuss this

information visit www_hse.gov. uk/copyrigit.htm for
details. Arst publshed 08/11.

5 of 5 pages

316



Appendix B

Risk Assessment

School/Division: Psychology
Date Of Last Assessment: 06/02/15
Responsible Person Assessment: Name: Prof. D. Crundall

Section: Name of Assessor: Prof. D. Crundall

Date Of Next Assessment: n/a

Signature: D. E. Crundall

This is the risk assessment for filming naturally occurring hazard perception clips on the real roads using two internally mounted
cameras and two externally mounted cameras.

cameras
attached to
the

car falling off.

safety regulations (see Appendix A). The external
cameras will be attached to the car via secure

suction mounts and will be tethered to the vehicle.

Therefore, in the event that a suction mount fails,
the camera will still remain connected to the
vehicle and will not fly off.

Activity | Hazards Existing Precautions OK/ Deficiencies Hazard | Risk | Extent Risk
NOK Severity Severity
RF1 Hazard of the| Attaching the cameras will adhere to health and 1 1 2 2
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RF2 Hazard of The researchers will ensure that the external
attached cameras do not extend further than the wing
Cabmer"‘j‘ o mirrors of the car and do not obscure the mirrors
Siesviug;r]c?\et €| or vision of the drivers. Please refer to Health and
driver or Safety E.ntertainment Information Sheet No 22
other road (Appendix A).
users.

RF3 Hazard of The driver (Crundall) has extensive experience in

The film car
driver
changing
their driving
style so as to
increase
crash risk
above the
normal level

driving while filming. He is aware of the factors
that might change a driver’s behaviour while
filming hazard perception clips, and can therefore
avoid them. Only drives that are necessary for
reasons other than filming will be used and
therefore no additional risk or exposure should be
incurred.
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APPENDIX C: PUBLISHED ARTICLE: Ventsislavova,
Crundall, Baguley, Castro, Gugliotta, Garcia-Frnandez, Zhang, Ba,
& Li (2019)

Accident Analysis and Prevention 122 (2019) 268-286

Contents lists available at ScienceDirect

Accident Analysis and Prevention

journal homepage: www.elsevier.com/locate/aap

A comparison of hazard perception and hazard prediction tests across China,
Spain and the UK

Petya Ventsislavova™, David Crundall®", Thom Baguley®, Candida Castro®, Andrés Gugliotta®,
Pedro Garcia-Fernandez®, Wei Zhang®, Yutao Ba“', Qiucheng Li°

“ Nottingham Trent University, Department of Psychology, School of Social Sciences, UK
® University of Granada, CIMCYC, Mind, Brain and Behaviour Research Centre, Spain
€ Tsinghua University, Department of Industrial Engineering, Beijing, China

ARTICLE INFO ABSTRACT

Keywords:

Hazard perception
Hazard prediction
Driving safety

Hazard perception (HP) is the ability to spot on-road hazards in time to avoid a collision. This skill is tradi-
tionally measured by recording response times to hazards in video clips of driving, with safer, experienced
drivers often out-performing inexperienced drivers. This study assessed whether HP test performance is cultu-
rally specific by comparing Chinese, Spanish and UK drivers who watched clips filmed in all three countries. Two
test-variants were created: a traditional HP test (requiring timed hazard responses), and a hazard prediction test,
where the film is occluded at hazard-onset and participants predict what happens next. More than 300 parti-
cipants, across the 3 countries, were divided into experienced and inexperienced-driver groups. The traditional
HP test did not discriminate between experienced and inexperienced drivers, though participant nationality
influenced the results with UK drivers reporting more hazards than Chinese drivers. The hazard prediction test,
however, found experienced drivers to out-perform inexperienced drivers. No differences were found for na-
tionality, with all nationalities being equally skilled at predicting hazards. The results suggest that drivers’
criterion level for responding to hazards is culturally sensitive, though their ability to predict hazards is not. We
argue that the more robust, culturally-agnostic, hazard prediction test appears better suited for global export.

1. Introduction

Countries with low levels of on-road injuries and fatalities should
look to export their most successful safety initiatives to countries with
higher rates of traffic collisions. The UK hazard perception test has been
heralded as one of the most successful initiatives of recent times, having
been associated with significant reductions in certain types of traffic
collision after incorporation into the UK licensing procedure in 2002
(Wells et al,, 2008). But is it suitable for export? This depends on
whether there are cultural differences in the way people respond to the
hazard perception test. This paper reports a study that assessed parti-
cipant responses to a traditional hazard perception test across three
countries, and found it wanting. A second study, however, used a var-
iant on the traditional methodology which we found to be more suitable
for testing driver skill across geographical borders.

“ Corresponding authors.

1.1. Traffic death and injury as a global problem

Injuries and fatalities arising from traffic collisions are a global
problem. The World Health Organization (2015) estimates the number
of global fatalities due to traffic collisions to be 1.25 million, with up to
90% of these occurring in low to middle-income countries. Currently
road traffic collisions are the 8 leading cause of death in the world, but
are predicted to rise to the 5™ leading cause by 2030 unless a concerted
effort is made to avert this disaster. In response to this growing pro-
blem, the United Nations declared a Decade of Action for Road Safety
which began in 2011, with the aim of first stabilising and then reducing
road traffic fatalities and injuries by 2020. With over 100 countries
pledged to assist, the Decade of Action is focused upon ‘5 pillars’ of road
safety: road safety management, developing safer roads, developing
safer vehicles, developing safer road users, and improving emergency
responses to incidents. One key aspect of this is the technological pro-
mise of automated vehicles, but the Institute of Electrical and Electro-
nics Engineers (http://www.ieee.org/about/news/2012/5september 2
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2012.htm]) estimates that we will have to wait until 2040 before 75%
of global driving stock is automated. Even if this ambitious target is
met, millions will die before we reach this point without a wider range
of safety initiatives, and it will be the low and middle-income countries
that will continue to bear the brunt of this automotive pandemic.

When countries are compared on the number of road fatalities, ac-
counting for population size, a handful of European countries typically
dominate the safest spots at the top of the table (e.g. Sweden, Norway,
Denmark, Switzerland, the UK, and the Netherlands; OECD/ITF, 2015;
WHO, 2015). Thus it behoves researchers in these countries to identify
which of their own safety initiatives contribute significantly to their
national safety record, and to assess whether these interventions are
suitable for export to other countries who may benefit in their own
attempts to reduce on-road injuries and fatalities. In the field of traffic
and transport psychology this will typically involve reviewing the im-
pact and suitability of training, education, enforcement and assessment
initiatives, in support of the UN’s fourth pillar: developing safer road
users.

In the UK a number of initiatives have been implemented over the
decades, with many of these resulting in changes to the licensing pro-
cedure and to the rules of the road. These changes include the launch of
the pass-plus scheme (a post-license training qualification launched in
1995), the introduction of a computerised touch-screen theory test to
the licensing procedure (2000), a ban on the use of hand-held mobile
phones while driving (2003), and the introduction of an eco-safe
driving element to the driving test (2008), along with a section of in-
dependent driving (2010), where the learner must navigate by them-
selves for 10 min. New changes to the driving test are also being cur-
rently considered (including the use of satnav). One of the most
influential changes to driving in the UK has been the introduction of the
hazard perception (HP) test to the driving test (in 2002). This paper will
focus on whether this test is suitable for export to other driving cul-
tures.

Developed by traffic and transport psychologists, the UK HP test
presents learner drivers with a series of video clips (updated to com-
puter-generated imagery in 2015) filmed from the driver’s perspective.
Over 100,000 learner drivers sit this test every month in government
offices throughout the country and must achieve a pass mark before
they are allowed to take the on-road driving test. They are required to
press a button whenever they spot a hazard that might cause the film-
car to have a collision. The faster one presses a button in response to a
hazard, the more points are awarded. Participants can score a max-
imum of 5 points per hazard, dependant on the speed of the response.
Across 15 hazards, learners must achieve a pass-mark of 44 out of 75.
The rationale for the introduction of this test lies upon the assumption
that the faster one spots and responds to a hazard in the test is posi-
tively related to one’s likelihood of avoiding a crash, and that by in-
troducing such a test it will keep the worst drivers off the roads, while
also encouraging driving instructors to focus more on the higher-order
cognitive skill of hazard perception.

The development of the hazard perception test (HP test) has been
supported by numerous studies that have demonstrated the ability to
discriminate between collision-involved and collision-free drivers (e.g.
Pelz and Krupat, 1974; Watts and Quimby, 1979; McKenna and Crick,
1991), and between novice and highly-experienced drivers (where the
former are typically over-represented in collision statistics; Renge,
1998; Wallis and Horswill, 2007; Horswill et al., 2008; Deery, 1999;
Pradhan et al., 2009). A few studies have even reported that perfor-
mance on a hazard perception test can predict whether a driver will be
involved in a future collision (Boufous et al., 2011; Drummond, 2000;
Horswill et al., 2015). These studies support the assumption that poor
levels of hazard perception skill are related to a higher likelihood of
having a crash. Furthermore, there are many studies that have de-
monstrated that performance in detecting hazards can be trained (e.g.
Castro et al., 2016; Chapman et al., 2002; Horswill et al., 2013; Yamani
et al., 2016). These studies suggest that, given sufficient impetus to seek
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and/or provide training (for example, by requiring new drivers to pass a
hazard perception test), performance in this higher-order skill can be
improved. One caveat to this conclusion was pointed out by McDonald
et al. (2015) who noted that no studies of HP training interventions
have, to date, followed-up with the participants to identify whether the
training had an impact on subsequent crash propensity. Since McDo-
nald et al.’s assessment of the field, promising results have been found
with a training intervention undertaken by the US National Highway
Traffic Safety Adminstration, based on Don Fisher’s Risk Awareness and
Perceptual Training programme (Thomas et al., 2016). They found their
brief hazard training intervention to reduce future collisions by over
23% in their male cohort, though the training was not successful with
females.

Certainly, the introduction of the national HP test in the UK has
ostensibly decreased road collisions. Wells et al., (2008) reported a
17.4% reduction in non-low speed collisions (where blame could be
attached) linked to the introduction of the test in 2002. This result
demonstrates the significant impact that the HP test has had on UK road
safety, and raises the possibility that this could be of equal use to other
countries who are facing even greater road safety challenges.

1.2. An international perspective on hazard perception

Although the UK was the first country to include an HP test as part
of the licensing procedure, both Australia and the Netherlands have
since developed their own HP tests. In addition, there are research
groups around the world who have developed HP tests in their own
countries, including Australia Spain, Germany, The Netherlands, Israel,
Singapore, Malaysia, Canada, Hong Kong, China, Japan, and New
Zealand (e.g. Borowsky et al., 2010; Cheng et al., 2011; Cocron et al.,
2014; Gao et al, 2015; Horswill et al., 2010, 2015; Malone and
Briinken, 2016; Isler et al., 2008; Lim et al., 2013; Rosenbloom et al.,
2011; Scialfa et al., 2014; Shimazaki et al., 2017; Ventsislavova et al.,
2016; Vlakveld, 2011, 2014; Wang et al., 2007; Wetton et al,, 2011,
2010; Yeung and Wong, 2015). Unfortunately, the results of many
studies from around the world are mixed, with some researchers finding
safe to perform better than les-safe drivers (e.g.Wallis and Horswill,
2007; Horswill et al., 2015), while others fail to find this basic effect
(e.g.Sagberg and Bjornskay, 2006; Lim et al., 2013; Yeung and Wong,
2015).

It is difficult to pinpoint the reason why some studies successfully
discriminate between safe and less-safe drivers, while others do not, as
the precise design of these various tests can differ on many crucial
points. The most interesting difference between these studies is the
country in which they are conducted. Both the stimuli (the video clips
containing the hazards), and the participants, are culturally specific to
the region. There are wide cultural differences in the nature of driving,
including both the legal and social rules that govern acceptable beha-
viour, which in turn influence the nature of the hazards. It is possible
that some types of hazard are more prevalent in particular countries,
and that some of these hazards may be less successful in differentiating
between driver groups (Crundall et al., 2012a,b; Crundall, 2016), or are
simply unsuitable for a hazard perception test. For instance, when one
of the current researchers was filming hazard footage in Malaysia (Lim
et al., 2013) many of the naturally occurring hazards did not make the
final cut. The majority of these rejected hazards were interactions be-
tween the film car and motorcycles, which would overtake without
warning and cut in front of the film car, necessitating urgent braking in
some instances. The immediate appearance in the camera view of these
motorcycles, would not have provided the more experienced drivers in
the study with any precursors (i.e. visual clues) to help them predict the
occurrence of the hazard (Pradhan and Crundall, 2017), and thus would
be unlikely to find a performance difference between safe and less-safe
drivers.

This touches on several other reasons why differences in findings
might arise between research studies: there is no accepted standard for
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what constitutes a hazard, or how these clips should be edited and then
presented, or even what response should be collected from participants
(Ventsislavova and Crundall, 2018). Many research teams adopt an
individual approach to developing hazard perception tests, making it
difficult to compare studies across different countries when they have
employed different methodologies and used different sets of clips. In
fairness we should note that this is not necessarily a problem just across
countries, as there are several studies conducted within the UK (again
using different hazard clips) that have failed to replicate the basic be-
havioural differences between experienced and novice drivers (e.g.
Crundall et al., 1999; Underwood et al., 2013).

To our knowledge, only Lim et al. (2013, 2014) have measured
performance on the exact same test across two different countries”. In
2013 they compared Malaysian and UK drivers’ hazard perception
performance on clips filmed in both countries. They found that the UK
drivers responded to many more hazards than the Malaysian drivers,
especially when they were presented with Malaysian clips. A difference
between novice and experienced drivers did not materialise however
(in both Malaysian and UK participants). The authors suggested that
cultural differences in hazard criterion (the internal threshold at which
one considers an event to be a ‘hazard’) impacted more on test per-
formance than experience. As Malaysian drivers typically encounter
more hazards on the road than UK drivers, these events become nor-
malised to the extent that a scenario must be extremely dangerous
before they consider it to be a ‘hazard’, rather than just an everyday
event. However, without finding a difference between UK novice and
experienced drivers, they could not firmly conclude that the hazard
perception test could not transfer between countries (as they could not
establish the effect in the UK in the first place with their clips).

In the 2014 study they had more success. Using the same clips, they
created a hazard prediction test. This test was created following
Jackson et al.’s guidelines (2009): clips are suddenly occluded just as
the hazard begins to materialise, and participants are asked ‘what
happens next?’. In a modification to the free-response answers given by
Jackson et al.’s participants, Lim et al. (2014) provided participants
with 4 multiple-choice options from which to choose.

The rationale behind the hazard prediction test is that it isolates the
predictive element of the hazard perception process (Pradhan and
Crundall, 2017), providing a measure that records accuracy (unlike the
traditional HP test), which is unconfounded by criterion bias (i.e. the
participant’s response is not dependent on an internal threshold for
reporting hazards, as a response time measure is; Crundall, 2016).
Judging ‘what happens next?’ is independent of whether one thinks it
poses a threat beyond your self-perceived level of driving skill. Fol-
lowing Jackson et al. (2009), several studies have demonstrated that
this prediction test can discriminate between novice and experienced
drivers (Castro et al., 2014, 2016, Crundall, 2016; Ventsislavova et al.,
2016).

When Lim et al. (2014) presented the hazard prediction test to both
Malaysian and UK participants, they found that it discriminated be-
tween novice and experienced drivers, regardless of the nationality of
the participants, though the effect was only apparent with those clips
that were filmed in the UK. A number of points are worthy of note here.
First, this was the first study to use hazard prediction clips that had
previously been used as a hazard perception test. The fact that the clips
did not identify differences between experience groups as a hazard
perception test, but did produce a difference between groups as a ha-
zard prediction test, suggests that the latter approach is more robust.
Secondly, the fact that the UK clips could discriminate between novice
and experienced Malaysian drivers argues for some degree of cross-

ZWetton et al., (2010) found novice/experienced driver differences with
Australian participants viewing a UK test, but did not test UK participants. Still
the positive result suggests some lisability two albeit

countries that are highly similar in terms of culture and road laws
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cultural generalisability. While the results of the Lim et al. studies
(2013, 2014) are not completely clear cut, the data appear to favour the
prediction test over the hazard perception test as a potential road safety
export, though the two studies were never directly compared.

1.3. The current experiments

The current paper describes two studies that set out to assess whe-
ther two variants of the hazard perception methodology could suc-
cessfully discriminate between experienced and inexperienced drivers
across three countries (China, Spain and the UK), paving the way for the
design and export of a culturally-agnostic test. While most studies of HP
performance across countries use different stimuli and different test
formats, the current studies used the same clips and identical meth-
odologies, across a cohort of participants recruited in the three coun-
tries. All participants saw three sets of clips, with one set filmed in the
UK, one set filmed in Spain, and a third set of clips filmed in China (e.g.
all UK participants saw clips from China, Spain and the UK, etc.).

The first study compares participants’ performance across countries
(both in terms of participant nationality and clip origin) using a tradi-
tional hazard perception methodology which requires a timed button
response to the appearance of a hazard. The second study recruited a
new cohort of participants from across the three countries, and pre-
sented them with the same clips, but within a hazard prediction para-
digm (i.e. the original hazard perception clips were edited to occlude
just as the hazards onset, and participants were asked ‘what happens
next?’). We predicted that both tests would show differences between
experienced and inexperienced drivers across the countries, though we
were aware that the slim evidence that exists (Lim et al., 2013, 2014)
suggests that the latter test might be more successful than the former.

2. Experiment 1

The first experiment compared UK, Spanish and Chinese partici-
pants’ hazard perception performance for detecting hazards in three
sets of clips filmed from each country. These three selected countries
have very different cultures and traffic collision statistics. The World
Health Organisation (2015) estimates the road fatalities of China, Spain
and the UK to be 18.8, 3.7 and 2.9 deaths per 100,000 population,
respectively, with an estimated 260,000 annual fatalities in China
(though the officially reported number was just over 58,000 for 2013).
Differences between officially reported statistics and WHO estimates
reflect a number of measurement difficulties, such as trying to equate
different definitions of a road collision fatality across different coun-
tries. For instance, in the UK an individual must die with 30 days of a
collision to be counted, whereas in China the deadline for inclusion is 7
days.

While the safety records of the UK and Spain are much more com-
parable, they still differ markedly in terms of culture and road laws
(with the most considerable difference being the side of the road on
which they drive). Thus across all three countries we have a range of
cultures, laws, and risk of collision, providing a demanding assessment
for a culturally-agnostic hazard perception test.

Key to this study was the requirement that the country-specific tests
were as similar as possible in all other ways. Thus, all clips from each
country were filmed and edited for this specific study, rather than co-
opting previously captured video footage for inclusion. From the ex-
perience of filming in Malaysia, thought was given as to how best
capture hazards that might not be suitable for the single-camera for-
ward view favoured in the official UK and Australian tests. In order to
accommodate the potential increase in overtaking hazards that may
occur outside the UK, we used additional cameras attached to the film
vehicle to record the views that one would see in the rear view mirror,
and the two side mirrors. These video streams were then synchronised
with the forward view and edited into mirror placeholders created in a
graphic overlay of a car interior. Mirror information has been used
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previously in hazard perception clips. For instance, Borowsky et al.
(2012) included an inset rear-view mirror in their clips, though their
clips did not require attention to the mirror information. Crundall et al.
(2012a, b), and Shahar et al. (2010; 2012) included both side mirror
and rear-view mirror information, inset into the forward view, in their
hazard perception clips, though only the latter study required partici-
pants to use the mirror information to decide when it was safe to
change lanes. The current study however combines mirror information
with a graphic overlay to create a more immersive environment, pro-
viding precursors for hazards that appear from behind the film-car. We
predicted that this test format would differentiate between experienced
and inexperienced drivers in each country (using experience as a sur-
rogate for crash likelihood). It was also considered likely that experi-
ence might interact with clip origin and participant nationality, such
that UK experienced drivers may only out-perform UK inexperienced
drivers on UK clips, etc. Such findings would at least demonstrate that
the test format is culturally agnostic, if not the actual stimuli filmed in
the three countries.

3. Method
3.1. Participants

One hundred and fifty three participants were recruited for
Experiment 1. The sample was composed of drivers from three different
countries (Chinese participants = 50, Spanish participants = 51, UK
participants = 52). All of the drivers held full or provisional licences
from their respective countries. Participants were split into experienced
and inexperienced driver groups (46% experienced drivers and 54.05%
inexperienced drivers). According to the literature, novice drivers are
overrepresented in crashes in the first 12 months after licensure in
comparison to experienced drivers (Foss et al., 2011; McCartt et al.,
2003; Williams and Tefft, 2014; Pradhan and Crundall, 2017). Thus, for
this study the experienced groups were defined in the following way:
Drivers were considered ‘experienced’ if they had passed their driving
test at least 1 year before the study, and had driven at least 600 miles
(965 km) in the previous year (to ensure that our experienced partici-
pants were still active drivers). Inexperienced drivers included learner
drivers (34%), those who had passed their test in the same year of the
study, plus a small number of drivers (2%) who had passed in the last
few years but reported very little exposure (< 600 miles in the previous
year). These classifications resulted in 19 experienced and 31 in-
experienced Chinese drivers, 26 experienced and 25 inexperienced
Spanish drivers, and 23 experienced and 24 inexperienced UK drivers.
Due to low absolute numbers of reported collisions (4 Chinese, 5
Spanish and 5 UK drivers reported collisions in the past 12 months),
these data were not used to define the groups.

Demographic details for each group can be found in Table 1. Over
all three countries the average experienced driver was 29.5 years old,
passed the driving test in 2005 (with 10 years of experience), and drove
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11,804 miles per year. The average inexperienced driver was 21.1 years
old, passed the driving test in 2014 and had an annual mileage of only
63 miles.

Participants from the three countries were recruited either from the
respective Universities involved (Granada, Nottingham Trent and
Tsinghua Universities), and from local driving schools. All of the par-
ticipants were unpaid volunteers.

3.2. Materials and apparatus

To create the hazard perception stimuli filming was undertaken in
China, Spain and the UK. The forward view was recorded with a mini
HD video camera attached to the inside of the front windscreen via a
suction mount. The rear-view mirror footage was recorded via a camera
attached to the inside of the rear window via suction mount. Two ad-
ditional cameras were attached externally to the passenger and driver
side windows, pointing behind the car to capture side-mirror footage.
These cameras were also fixed via suction mounts and they were
tethered to the car for safety. The driver of the film car in each country
was an experienced, native driver, with previous experience of con-
ducting driving-safety research. Filming took place across a variety of
times, but always in daylight and with clear weather conditions. The
filmed environment in each country included city driving (Beijing,
Granada, Nottingham), suburbs, and rural locations. Ten clips were
chosen from each country to create the hazard perception test (with 30
clips selected in total). Clips varied in length from 31s to 64 s and each
clip included one a priori hazard identified by our team of transport
researchers from across the countries. All hazards were captured nat-
uralistically. In addition to the actual hazard (see Table 2 for a de-
scription of the individual hazards), these clips typically included sev-
eral other potential hazard sources (i.e. precursors that did not develop
into hazards, Pradhan and Crundall, 2017). Hazards were defined as
events where an object, either individually or in confluence with other
objects, becomes set on a trajectory that would lead to a collision
without corrective action undertaken by either the object or the driver
of the film car. For example, a pedestrian on a sidewalk is considered a
precursor to the hazard. When the pedestrian steps into the road
however, we consider that she has become a hazard. This is termed the
hazard onset and marks the start of the scoring window. As soon as a
counteraction is instigated to avoid the hazard (the pedestrian may
jump back on the sidewalk, or the driver of the film car may brake or
swerve to avoid a collision), this is considered the hazard offset and the
scoring window closes.

Once the clips had been selected, the mirror footage was synchro-
nised with the forward view and edited into mirror placeholders that
were contained in a graphic overlay of the interior of a car. The graphic
overlay was generated from internal photographs of a Ford Focus. The
A-pillars and roof were designed to be semi-transparent, allowing the
forward view to be seen through these sections of the overlay, although
at a reduced fidelity. This was done to simulate the fact that real-world

Table 1

Mean ic values for p ip in study 1 and 2.
Demographics Chinese Participants Spanish Participants UK Participants

Novice Exp'd Novice Exp'd Novice Exp'd

Study 1: Hazard Perception
Total N (female N) 31(13) 19 (2) 25 (17) 26 (8) 24 (13) 23 (21)
Age 22 28.6 19.2 359 221 241
Post-licence Experience (years) i | 6 1 17 1 7
Annual Mileage 828 4274.3 28 220419 782 9095.7
Study 2: Hazard Prediction
Total N (female N) 24(9) 26 (4) 25 (21) 27 (4) 27 (18) 23 (23)
Age 227 25.3 20.2 40.9 194 24.4
Post-licence Experience (years) 1 5 1 21 1 7
Annual Mileage 337 5474 289 20,183 266.7 5587
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Table 2

A description of the a priori hazards selected within each clip.
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Clip Number

Hazards
(with occlusion points for experiment 2 italicised)

Duration of the clip (ms)

10

10

CHINESE CLIPS
A pedestrian is visible at the right edge of the road, looking to cross. The pedestrian is obscured by a turning car at the point of stepping
into the road. By the time the pedestrian is visible again, he has already stepped into the road becoming a hazard. For experiment 2, the
clip occludes just as the pedestrian starts to become visible as the obscuring car moves past.
There are parked cars on both sides of a narrow street that might occlude pedestrians. A pedestrian steps into the road in front of you,
from between two parked vehicles. The clip occludes as the pedestrian first becomes visible stepping out from between the parked cars.
A gap in a long line of parked vehicles on the left side of a one-way street indicates the presence of a side road. A cyclist emerges from
the side road, obscured by the parked vehicles, and makes a wide turn in front of your vehicle, before cycling towards you. The clip
occludes as the front wheel of the bicycle enters the view.
Your car slows on approach to a junction. A cyclist approaches from the left and is partially obscured by the A-frame of the semi-
transparent graphic overlay. The cyclist cuts directly across your path. The clip occludes as the cyclist makes a change in direction to cut
across your path.
Your car is driving slowly and there are parked cars on the right. A parked car on the right side of your lane indicates late before
attempting to pull out in front of you. The clip occludes following one flash of the indicator from the manoeuvring car.
A car immediately behind you, visible in the rear-view mirror and left side mirror, decides to overtake by entering a slip road to your
left. Tt is forced to immediately pull back into your lane, in-front of you, as the slip road ends. The clip occludes when the car is no longer
visible in the left mirror, but flash of it is visible in the left window.
A car behind you is visible in the rear-view mirror and left side mirror. The car undertakes you on the left by entering a bus lane. Once
past you, it cuts into your lane and is forced to brake suddenly due to slowing traffic ahead. The clip occludes when the car is no longer
visible in the right mirror, but it quickly appears next to the right window of your car.
A car behind you is visible in the rear-view mirror and left side mirror. While attempting to exit a multilane road, the car from behind
accelerates to undertake your vehicle, forcing you to hold off moving into the desired lane. The clip occludes when the car is no longer
visible in the right mirror.
A lorry approaches fast from the right-hand side. The lorry enters the main road from a side road on the right, cutting into your lane.
The clip occludes at the moment in which the lorry is about to enter into the main road.
A car behind you is visible in the rear-view mirror and left side mirror. The car indicates with the front lights. Then undertakes viaa
bus lane at speed, immediately cutting in front of your vehicle and braking. The clip occludes when the car is no longer visible in the right
mirror.
SPANISH CLIPS
A gap in a long line of parked vehicles on the left side of a one-way street indicates the presence of a side road. A motorcyclist emerges
from the side road, partially obscured by the parked vehicles, and enters the main carriageway immediately in front of your vehicle.
The clip occludes when the front part of the motor is visible.
A pedestrian is stood in the road next to a parked car waiting for her friend to exit the car. As your car approaches the driver’s door of
the parked vehicle opens. The clip occludes when the pedestrians stops next to the car.
On entering a side road, a rider on a scooter is checking over her shoulder in order to pull out around a vehicle blocking her lane. She
then pulls out in front of your vehicle, as you finish turning into the side road. The dip occludes following one flash of the indicator of the
scooter.
While travelling on a dual carriageway, in the distance a pedestrian enters from the left side of the road. The pedestrian continues to
cross the street, forcing you to slow and stop. The clip occludes at the moment when the pedestrian enters the road.
A car emerges from a side road and stops in front of you before indicating that it is going to reverse into a parking space at the road
edge. The clip occludes following one flash of the indicator from the car.
A van is approaching fast from a side road on the right. The van tries to pull out and it halts abruptly when already partially out of the
road, but nevertheless forces you to brake suddenly. The clip occludes when the van is approaching from the right and almost enters your
lane.
A car ahead stops on a zebra crossing due to congestion ahead. A pedestrian, unable to cross on the actually crossing, steps into the
road slightly in advance of the zebra crossing. As she steps out she is partially obscured by parked vehicles on the right. The clip occludes
Just as the pedestrian first become visible.
A double-length (‘bendy’) bus in the right lane indicates and pulls off from a bus stop immediately in front of you, after you have just
exited from a roundabout. The clip occludes when the bus turns to enter the road and following a flash of the indicator of the bus.
While driving on a dual carriageway, a motorcycle undertakes in the right lane and is forced to pull in-front of your car as traffic in the
right lane slows due to congestion. The clip occludes when the motorcycle is no longer visible in the right mirror, but part of it is visible at the
right window.
A pedestrian is approaching from the left, partially obscured by a pillar. The pedestrian crosses the road ahead from the left. The clip
occludes when the pedestrian is approaching the zebra crossing.
UK CLIPS
A car ahead overshoots a red traffic signal. As the cross traffic begins to enter the junction, the reversing light of the car turns on and
the car ahead reverses towards you. The clip occludes following initial illumination of the reversing light.
You are driving in a street with shops and parked vehicles on the left side. There is a pedestrian coming out of one of the shops,

hing the street. The pedestrian steps out from between two parked cars on the left just as you accelerate after waiting in
standing traffic. The clip occludes when the pedestrian turn his head to look at your car.
A distracted pedestrian is walking towards the street. The pedestrian crosses the road from the right without looking. The clip occludes
when the pedestrian approaches the road in order to cross.
A car behind you is visible in the rear-view mirror and left side mirror. The car from behind undertakes you on the right on a multilane
road. Once past you, it cuts into your lane and is forced to brake suddenly due to a red traffic light. The clip occludes when the car is no
longer visible at the left mirror, but a flash of it is visible on the left window.
There are pedestrians on both side of a narrow street. A pedestrian with a child’s push chair enters the road from the right without
looking. Her entrance is partially obscured by pedestrians standing on the right. The clip occludes when the push chair is partially visible
among the pedestrians.
A bus in a bus lane signals to pull away from a bus stop. Due to parked vehicles ahead in the bus lane, it pulls out into your lane forcing
you to stop. The clip occludes following one flash of the indicator from the bus.
A car ahead emerges from a side road on the left and crosses your lane (too far away to be considered a hazard). It then indicates again
and immediately cuts across your lane once more to park in a layby. This second lane crossing is close enough to your vehicle to
constitute a hazard. The clip occludes just before the car starts to cross your lane and following one flash of the indicator of the car.
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Table 2 (continued)
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Clip Number ~ Hazards Duration of the clip (ms)
(with occlusion points for experiment 2 italicised)
8 A car behind you is visible in the rear-view mirror and left side mirror. The car from behind overtakes your vehicle on a blind rural 34000
bend. The appearance of an oncoming vehicle in the opposite lane forces the overtaking vehicle to pull back into your lane
immediately in front of you. The clip occludes when the car is no longer visible at the rear-view mirror and the right mirror.
9 While travelling at speed along a country road, a blind bend ahead reveals a queue of standing traffic, forcing you to slow and stop. The 70000
clip occludes immediately after passing the blind bend, when the brake lights of the cars ahead are partidlly visible.
10 ‘While your car is slowing due to congestion ahead, a pedestrian looks over his shoulder before deciding to run in front of your vehicle 35000

forcing to slow more abruptly than otherwise required. The clip occludes at the moment when the pedestrian is visible at the left pillar and is

looking at your car.

Fig. 1. Three screen shots taken from hazard perception clips filmed in China
(top panel), Spain (middle panel) and the UK (bottom panel).

obscuration by A-pillars is offset somewhat by stereopsis and small head
movements. Equally, head movements can often bring objects back into
the visual field that are obscured by the roof (e.g. If one is first in a
queue of vehicles at a red traffic signal, the nearest set of signals can
easily be hidden by the roof, necessitating the driver to lean forward
slightly to be able to look up at the red light). The dashboard, and
mirror placeholders were however fully opaque. The final edited video
clips created a seamless driving experience. When passing a car tra-
velling in the opposite direction the vehicle would disappear briefly
(into the driver’s blind spot) before reappearing in the mirrors. Screen
shots from each country can be viewed in Fig. 1.

In order to ensure comparability of instructions across the three
countries, the UK instructions were subjected to a Chinese and Spanish
forward-backward translation (following the guidelines of the
International Test Commission; ITC, 2010). This was undertaken to
ensure that the participants understood what was meant by a “ha-
zardous situation” and how they should respond. The translation into
Chinese and Spanish was performed by a team consisting of three
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bilingual experts with a high level of expertise in Chinese and Spanish
culture, traffic regulations and driving habits.

Clips were displayed on a Lenovo (ThinkPad) computer with re-
solution of 1920 x 1080 and screen size of 34.5cm x 19.5cm in all
three countries and the programme used was E-Prime 2.0 Software
(Psychology Software Tools, Inc. (2012)). Participants responded with a
mouse connected to the laptop.

3.3. Design

A 2 x 3 x 3 mixed factorial design was used. The between-group
factors were the driving experience of participants (experienced vs.
inexperienced) and their nationality (Chinese vs. Spanish vs. UK). The
within-group factor was the clip origin (China vs. Spain vs. UK). The
dependent variables included the percentage of hazards that partici-
pants correctly identified and their response times to these hazards.

Correct identification of a hazard was defined as a button response
that fell within a temporal scoring window for each hazard. This scoring
window began at hazard onset and terminated at hazard offset. Onset
was defined as the point where a hazard begins to develop and will
eventually pose a threat (e.g. a car ahead begins to edge out of a line of
standing traffic in front of the film car; a pedestrian steps off the side-
walk, etc.). Offset is defined as the point at which the hazard was no
longer a threat (e.g. corrective action had been taken by one of the road
users to avoid a collision). The average scoring window was 5350 ms
from onset to offset.

At the end of each clip, participants were also required to rate each
clip for the level of hazardousness presented on a Likert scale from 1 to
7, with higher numbers reflecting increasing levels of danger (with ‘not
at all hazardous’ to ‘extremely hazardous’ as the anchors). Clips from
the three countries were presented in three different blocks (10 clips per
country). Both the order of the clips within the blocks, and the order of
the blocks were randomised for each participant. The design of the
experiment was approved by the College of Business, Law and Social
Sciences Research Ethics Committee at Nottingham Trent University,
UK.

3.4. Procedure

Participants were seated in front of the screen and viewed the on-
screen instructions in their native language. They were asked to fill in a
demographic questionnaire which included information such as age,
sex, year of obtaining their driving license, driving collisions in the past
12 months, and miles/kilometres driven in the past 12 months.
Participants were seated 60 cm from the screen. The screen measured
34.5cm x 19.5 cm. When participants were sat at a distance of 60 cm
the screen subtended 26.27 ° along the horizontal axis, and 14.91 ° in
the vertical axis.

Participants were told that they would see 30 video clips from the
driver’s perspective, recorded in three different countries, and that each
contained at least one hazardous situation. They were asked to view
these clips as if they were the driver, and to press the mouse button as
soon as they saw a hazard occurring. A hazard was defined as an object
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Experienced, Chinese, China Clip
Experienced, Chinese, Spanish Clip
Experlenced, Chinese, UK Clip
Experienced, Spanish, China Clip
Experienced, Spanish, Spanish Clip
Experienced, Spanish, UK Clip
Experienced, UK, China Clip
Experienced, UK, Spanish Clip
Experienced, UK, UK Clip

Novice, Chinese, China Clip
Novice, Chinese, Spanish Clip
Novice, Chinese, UK Clip

Novice, Spanish, China Clip
Novice, Spanish, Spanish Clip
Novice, Spanish, UK Clip

Novice, UK, China Clip

Novice, UK, Spanish Clip

Novice, UK, UK Clip
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Fig. 2. The percentage of hazards correctly responded to by all participant groups across the three countries of origin for the clips (with error bars).

or event in the road environment that could increase the risk of a col-
lision if an evasive manoeuvre such as braking or steering was not
performed (following Crundall, 2016). It was made clear that partici-
pants did not need to locate the hazard on the screen using the mouse,
but merely had to press the button to record their response. After each
clip they were asked to rate how hazardous they thought that particular
situation was on a scale from 1 to 7 by pressing the corresponding
button on the keyboard (1 = not at all hazardous; 7 = extremely ha-
zardous). Before the start of the experiment each participant saw a
practice clip from their own country in order to familiarise themselves
with the task. If the participant failed to perform on the practice task as
expected, the experimenter explained the instructions again. In total the
experiment took an average of 35 min.

4. Results

For this experiment 5 of the 153 participants were removed
(N = 148): four of them due to excessive clicking (> 60 clicks per block
of videos) and one of them for being an inexperienced driver with high
mileage (i.e. > 6000 miles in their first year of driving). These five
outliers were all UK drivers.

There were two main measures of interest: the proportion of hazards
correctly identified (i.e. where a response was made within the tem-
poral scoring window), and the response times associated with these
mouse clicks. Traditionally this type of factorial design is analysed
using mixed ANOVA, but such an analysis has a number of short-
comings. First, it treats stimuli (clips) as a fixed factor rather than a
random factor. The current design has two fully-crossed random factors
(participants and clips). Ignoring the second random factor can inflate
Type I error rates (Judd et al, 2012). Perhaps more importantly,
treating clips and participants as random effects increases our ability to
generalize beyond the sample of clips used in the experiment. Second, it
treats discrete outcomes, such as correctly detecting a hazard, as con-
tinuous. A more appropriate model is therefore a multilevel generalized
linear model, that allows a discrete response to be modelled with fully-
crossed random factors (Baguley, 2012). Such models were previously
difficult to fit, but recent software developments have made the process
easier. We have used the free, open source environment R (R Core
Team, 2018), with the package Ime4 (Bates et al., 2015). In all cases we
fitted a sequence of models starting with intercept and random effects
only, adding all main effects and then adding higher order interactions
(starting with two-way interactions). Effects were tested using
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likelihood ratio tests to compare a model with all effects of the same
order (e.g., two-way interactions) to a model where the effect of interest
is dropped.

Accuracy of hazard detection (based on whether participants re-
sponded within the scoring window, coded 1 or 0) and number of clicks
(as counts) were analysed to compare performance across driver ex-
perience (experienced vs. novice drivers), participant nationality
(Chinese, Spanish, or from the UK), and the origin of the clips (China,
Spain or the UK). Between-group effects and within-group effects were
further explored with 95% posterior probability intervals comparing
Chinese Drivers to Spanish drivers, and Spanish drivers to UK drivers.
Here, and in subsequent analyses, descriptive statistics associated with
each analysis are estimates derived from the model rather than the raw
data (although in all cases the differences are very small). The chief
difference is that model derived estimates exhibit shrinkage towards
more typical units - meaning that they are less influenced by unusual or
extreme participants or clips.

4.1. Response accuracy to hazards

Participants were considered to have correctly responded to a ha-
zard if they pressed the mouse button within the hazard window for
each specific clip (the mouse cursor was not visible on the screen and
the location of the mouse was not important). Responses were analysed
using multilevel logistic regression (with each data point modelled as a
Bernouilli trial). An intercept only model (with no predictors) estimated
the SD of the participant random effect as 0.84 and the SD of the clip
random effect as 1.15 indicating that only 35% variation at level 2 of
the model is attributable to participants — with variability in clips ac-
counting for the majority (65%) of level 2 variance. This indicates that
a traditional ANOVA analysis - that treats variation between clips as
zero — would substantially underestimate standard errors. The deviance
(likelihood ratio Chi Square, G) for the intercept only model was
4459.0 and decreased dramatically to 4432.8 for a model including
main effects of nationality, experience and clip type. This improvement
in model fit was statistically significant, AG? (5) = 26.1,p < .0001.In
addition, G* decreased substantially for a model with all two-way in-
teractions, AG? (8) = 12.6, p = .12, with a negligible improvement
with the addition of the three-way interaction, AG? (4) = 5.8, p= .21
The main effects model and two-way model appear to be the most in-
formative (balancing goodness of fit and the effective number of pre-
dictors).
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The pattern of accuracy across all conditions is shown in Fig. 2
There was no indication that experience impacted accuracy with novice
drivers slightly, but non-significantly, more accurate on average, AG?
(1) = 0.2,p = .69. Nor were main effects detected for clip origin, AG*
(2) = 0.65,p= .72.

However there was a main effect of participant nationality, AG>
(2) = 25.5,p < .001. On average accuracy was 70.1%, 95% CI [59.3,
79.1], for Chinese drivers, 80.3%, 95% CI [71.6, 86.7], for Spanish
drivers and 85.4% 95% CI [78.3, 90.5] for UK drivers. Follow-up tests
indicate that differences between all three nationalities were statisti-
cally signiﬁcam.:‘ The odds ratio (OR) of the difference between Chi-
nese and Spanish drivers was 0.58, p < .005, 95% CI [0.41, 0.81],
whilst between Chinese and UK drivers it was, 0.40, p < .005, 95% CI
[0.28, 0.57], narrowing to 0.69, p < .005, 95% CI [0.49, 0.99], be-
tween Spanish and UK drivers. Thus the data suggest a clear pattern of
differences between drivers of different nationalities — one that reflects
the rank order of these countries in road safety according to the World
Health Organisation; WHO, 2015).

A nationality by clip origin interaction was also detected, AG>
(4) = 10.5,p < .05. This is depicted in Fig. 3.

The pattern of accuracy indicated by the main effect showed that UK
drivers were the most accurate on average, followed by Spanish drivers
with Chinese drivers the least accurate. Additionally, the difference
between Chinese and UK or Spanish drivers is particularly large for the
UK clips. To confirm this we followed up the significant interaction
with an interaction contrast comparing the difference between the UK
and Spanish drivers and Chinese drivers for the UK and non-UK clips
respectively. This contrast was statistically significant, G* (1) = 9.6,
p < .005, explaining much of the deviance in the interaction and in-
dicating that the Chinese drivers fared particularly poorly at detecting
hazards in the UK clips relative to UK or Spanish drivers.

4.2. Response times to hazards

In order to calculate response times (RTs) for the hazards, hazard
onsets and offsets were defined for each clip. Hazard onset times for
each clip were subtracted from button-press times to give the RTs.
Where participants failed to make a response during a particular clip,
they were assigned a maximum response time plus 1 ms. The resulting
data were therefore right-censored and, as is common with response
times, positively skewed. To address these features of the data a mul-
tilevel regression model treating clips and participants as random fac-
tors and modelling response times as a right-censored lognormal dis-
tribution was employed. This is superior to standard approaches to such
data that treat censored data as missing or treat censored responses as
known with certainty. A 2 x 3 x 3 factorial model was fitted as a
Bayesian model using the probabilistic programming language Stan
(Carpenter et al., 2017) via the R package brms (Biirkner, 2017) using
the weakly informative default priors. As brms does not provide fre-
quentist likelihood ratio tests, models were compared using the in-
formation criteria WAIC (Vehtari et al., 2018) and followed up using
95% Bayesian central posterior probability intervals.

For an intercept only model (with only random effects) WAIC was
56559.7 decreasing to 56553.5 (AWAIC = 6.2) for a model with all
main effects - indicating a substantial improvement in fit.” Fig. 4 shows
the predicted mean response times by condition. The two way model

#With only three means no correction is required for multiple testing. Type I
error for the complete null hypothesis is protected by the initial likelihood ratio
test and the number of Type I errors cannot exceed one for the three pairwise
tests (Shaffer, 1986; Baguley, 2012).

“WAIC, like over information criteria, is on the same scale as a likelihood chi-
square statistic. To aid interpretation it can be helpful to scale this as a like-
lihood ratio (or, more accurately, Bayes factor). In this case a change in WAIC of
6.2 is equivalent to a Bayes factor of e*! = 22.2 (with a posterior probability of
.96 in favour of the main effects model).
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(WAIC = 56551.6) provided only a modest additional improvement in
fit (AWAIC = 1.9). Accordingly only main effects were followed up
further.

There was no substantial effect of experience on predicted mean
response times with experienced drivers or for clip origin. However,
there was evidence of differences between response times for nation-
alities. This pattern is clear from Fig. 4 with UK drivers having the
fastest mean predicted response times, M = 2254, 95% CI [1358,
3655], with typically slightly slower responses by Spanish drivers,
M = 2974, 95% CI [1810, 4845], and the slowest for Chinese drivers,
M = 3622, 95% CI [2209, 5835].

4.3. Extra hazard responses

In addition to the analysis of the two main DVs above, we also
calculated the number of additional responses that participants made
while watching the clips, above and beyond those responses that cor-
rectly identified the hazards. The extra hazard response rate is the
number of mouse click responses made during an entire video that were
not considered to be a correct response to the pre-defined hazard (and
thus included responses that fell outside the hazard windows - poten-
tially including responses to precursors - and also any responses in the
hazard window beyond the initial response to the hazard). As the
Chinese, Spanish and UK blocks varied in total duration (8 m 23 s, 7 m,
and 7 m 57 s, respectively) we modelled the responses as a Poisson
count variable with an offset to account for the extra exposure for the
duration of each clip (Baguley, 2012). The resulting multilevel gen-
eralized linear model, which included participant and clip as random
factors, therefore estimated the extra hazard responses per minute
(EHR/m) and was fitted using Ime4. As with the accuracy analysis the
intercept only model (G?(3) = 1355) was a worse fit than a model with
all main effects (AG> (5) = 29.0, p < .0001), which in turn was a
worse fit than a model with all two-way interactions (AG? (8) = 36.1,
p < .0001). Adding the three-way interaction did not further improve
the model (AG? (4) = 2.2, p = .70). The mean EHR/m by condition is
shown in Fig. 5. Main effects were found for nationality, G? (2) =16.9,
p < .0001, and clip origin, G2 (2)=115, p < .005, but not driver
experience, G* (1) = 0.1, p = .70.

For nationality the rate of extra responses was higher for Spanish
(EHR/m = 1.45) than Chinese drivers (EHR/m = 0.94) and the rate
ratio (RR) for this difference was statistically significant, RR = 0.65,
95% CI [0.45, 0.77]. The rate for UK participants’ extra responses
(EHR/m = 1.59) was also higher than for Chinese participants. This
difference was significant, RR = 0.65, 95% CI [0.50, 0.84], however
rates for Spanish and UK participants were not significantly different,
RR = 0.91, 95% CI [.70, 1.18].

For clip origin the rate of extra responses was lower for UK (EHR/
m = 0.92) than Chinese (EHR/m = 1.68) or Spanish clips (EHR/
m = 1.40). The difference in rates was statistically significant for UK
clips versus both Spanish clips, RR = 1.52, 95% CI [1.10, 2.11], and for
the UK versus Chinese clips, RR = 1.83, 95% CI [1.32, 2.53]. However
there was no significant difference in rates between the Chinese and
Spanish clips, RR = 1.20, 95% CI [0.87, 1.66].

A significant interaction was found across clip origin and nation-
ality, G* (4) = 21.2,p < .0005, and across clip origin and driver ex-
perience, G2 =97, p < .01. However no experience by nationality
interaction was detected, G* (2) = 1.3, p = .53. These interactions are
plotted in Fig. 6a andb.

Fig. 6 helps clarify the patterns of extra hazard responses. Panel (a)
indicates that the lower rate of hazard responses for Chinese partici-
pants relative to UK and Spanish participants is obtained across all clip
types but is particularly pronounced for clips of Chinese origin. In
contrast, panel (b) reveals that the lower hazard response rate for UK
clips is observed regardless of experience, but that the difference be-
tween the Chinese and UK clips is larger for the experienced than in-
experienced drivers. Simple main effects for the Chinese versus Spanish
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Fig. 4. Response times across all participants nationality, experience groups and 3 clips sets recorded in each country (with error bars).

differences are not significant for either experienced or novice drivers
(both p > .05).

A further analysis addressed whether extra hazard responses were
related to accuracy by adding accuracy (0 or 1) as a covariate to the
two-way model. Accuracy was positively, albeit modestly, associated
with the rate of extra hazard responses, RR = 1.08, 95% CI [1.01,
1.15], G (1) = 4.7, p < .05. This suggests that a successful hit rate
appears related to the overall number of extra hazard responses that
participants made, despite having already removed the 4 UK partici-
pants who were considered ‘excessive responders’ (more than 3 SDs
above the average participant per block, i.e. more than 60.4 responses
during the 10 clips from a particular country).

4.4. Hazardousness ratings for all hazard clips

Following each clip, participants were asked to provide a ha-
zardousness rating on a scale of 1-7 (where higher numbers reflect
greater levels of perceived hazardousness). These ratings were analysed
with a three-way factorial design (participant experience vs. nationality
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vs. clip origin) using multilevel ordinal logistic regression via the or-
dinal package (Christensen, 2018). The intercept only model (G*
(8) = 14,226) was a worse fit than a model with all main effects (AG>
(5) = 40.0, p < .0001), which in turn was a worse fit than a model
with all two-way interactions (AG* (8) = 40.8,p < .0001). Adding the
three-way interaction did not further improve the model (AG®
(4)=18,p= .78).

It was observed that Chinese clips were rated as more hazardous
than Spanish Clips (4.5 vs. 4.14) and the Spanish clips were rated as
more hazardous than the UK clips (4.14 vs. 3.84), but the main effect
did not reach statistical significance, G* (2) = 5.5, p = 0.06. Post hoc
tests with a Hochberg correction, which does not require significance of
the main effect (e.g., see Baguley, 2012), detected only a difference
between UK and Chinese clips (adjusted p = .03). Nationality, how-
ever, produced a significant main effect, G? (2) = 31.8, p < 0.0001,
with Spanish drivers giving the highest ratings (4.73) followed by UK
drivers (4.14) and Chinese drivers giving the lowest hazardousness
ratings (3.60). These differences are statistically significant using
Hochberg-corrected post hoc tests (adjusted p < .02 for all tests). The
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final factor of driver experience did not reveal a difference between the
two groups (4.2 vs. 4.1 for experienced and inexperienced drivers, re-
spectively), G> (1) = 1.4, p = 0.23.

An interaction was noted between clip origin and participant na-
tionality, G* (4) = 35.5, p < 0.001. This appeared to reflect a slight
difference in the Nationality pattern for different Clip types. Using
Hochberg-corrected tests of simple main effects within each Clip type,
the same pattern of differences between driver nationalities was found
for all Clip types (all adjusted p < .05) except for the Spanish-UK
difference for the Spanish clips (adjusted p = .13) and the Chinese-UK
difference for the UK clips (adjusted p = .06). Thus it appears that the
finding of higher ratings for Spanish drivers than UK drivers may not
hold for Spanish clips and the lower ratings for Chinese drivers than UK
drivers may not hold for UK clips.

5. Discussion

Experiment 1 revealed no differences between experienced and in-
experienced drivers in regard to the two main dependent measures:
response times to hazards, and the percentage of hazards correctly re-
sponded to. Thus it is hard to conclude that the hazard perception
methodology is suitable for export to other countries when we cannot
identify differences between any driver group on the basis of experi-
ence, regardless of nationality. If at least the UK clips could produce a
difference between UK experienced and inexperienced drivers, then we
could feel comfortable that the basic test replicated previous work in
the field, but this was not the case. Admittedly, in order for this effect to
have risen to our attention it would have had to evoke a three-way
interaction between participant nationality, clip origin and driver ex-
perience. Failures to hit such high goals may always raise suspicions of
a lack of statistical power, but even when UK experienced drivers’ ac-
curacy rates and response times are directly compared to those of UK
inexperienced drivers (just using UK clips), there is no indication that
experienced drivers are better at detecting hazards. Indeed, UK novice
drivers with UK clips are slightly more accurate M = 87.2%, 95% CI
[78.2%, 93.7%), than experienced drivers, M = 85.0%, 95% CI [74.9%,
92.3%], though this difference was not statistically significant, G*
(1) = 0.3, p = .56. While this lack of significance contradicts many
studies that have previously demonstrated such HP tests to discriminate
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between experienced and inexperienced drivers (e.g. Wallis and
Horswill, 2007; Horswill et al., 2008; Deery, 2000), we have already
noted in the introduction that failure to find this effect is not without
precedent (e.g. Sagberg and Bjornskay, 2006; Lim et al., 2013; Yeung
and Wong, 2015). The previous studies that were successful may also be
over-reliant on statistical analyses that ignore variability in stimuli (and
hence have inflated Type I error rates).

In addition to the failure to find experiential differences, several
other interesting findings were noted that suggest the typical HP ap-
proach might be culturally sensitive. First, it was notable that Chinese
drivers made fewer hazard responses over all the clips and especially for
the UK clips, compared to the other two groups. In contrast, both
Spanish and UK participants produced a greater number of extra hazard
responses. This suggests that Chinese participants seem to be less sen-
sitive to (or more accepting of) hazards from all three countries.
Chinese drivers were also slower to respond to hazards across all three
countries compared to the other drivers, while the UK drivers were the
fastest. The slow responses of Chinese drivers may stem from their high
threshold for reporting hazards, which seems apparent in their lower
frequency of hazard responses. Chinese drivers are continuously ex-
posed to a higher frequency of potential hazards which supports the
hypothesis that criterion bias may influence the simple push-button
response required in the traditional hazard perception methodology.
Conversely, the faster responses of the UK drivers may reflect their
previous exposure to the national UK test.

Interestingly, we found a significant interaction between nationality
and clip origin which showed that Chinese drivers’ extra hazard re-
sponses were particularly low for the Chinese clips. This suggests that
Chinese drivers may indeed be more desensitized to hazards as they
were not pressing as much as the other participants regardless of the
more hazardous Chinese driving environment (Lim et al., 2013).

Chinese and Spanish clips evoked the greatest number of extra ha-
zard responses per minute across all participants, suggesting that both
Chinese and Spanish clips are more complex, and contain more pre-
cursors than the UK clips. This in itself is unsurprising as China has the
highest collision rate of the three countries, and is therefore likely to
have more potential hazards. Of greater interest is that there is no
difference between the Chinese and Spanish clips which might suggest
that both environments look equally hazardous to our paticipants, even
though Spain typically reports fewer traffic accidents than China. In
fact, there was a significant interaction between participants’ nation-
ality and clip origin where both Chinese and UK drivers rated Spanish
clips as the most hazardous, while Spanish participants gave the highest
ratings for the Chinese clips. This supports the notion that the UK
driving environment is the one with the lowest level of on-road com-
plexity, while the Spanish environment appears on a par with the
Chinese one to our participants.

The high threshold bias of the Chinese drivers is also reflected in the
hazardousness ratings provided by all participants following each clip.
They gave the lowest ratings, followed by the UK drivers, with Spanish
drivers providing the highest hazardousness ratings.

To summarise, this current hazard perception test does not appear
appropriate to export to other countries. First, it does not differentiate
between experienced and inexperienced drivers, which is considered to
be a mainstay of test validity in the li While disapp this
is not necessarily insurmountable. Some hazards are likely to be more
successful in discriminating between experienced and inexperienced
drivers (Crundall et al., 2012a,b; Crundall, 2016) and it could be pos-
sible to collect new hazards that add to the validity of the test.

A second barrier to exporting a hazard perception test is that, in its
current form, our test appears highly sensitive to cultural differences
between our driver groups, which is considered to be a problem for test
fairness (Allen and Walsh, 2000; Geisinger, 1992; Padilla and Medina,
1996). All three nationality groups were found to differ on various
measures, suggesting that the traditional methodology cannot simply be
transplanted to another country where driving norms, social rules, and
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on-road complexity may all differ.

Finally, the traditional test is potentially confounded by a number of
issues that have been raised in this study, including criterion bias, or the
individual threshold of drivers for judging something to be hazardous.
Individual thresholds can be influenced by cultural differences in ac-
ceptable driving norms (e.g. Lim et al., 2013, 2014), and by driving
experience and expertise, with more advanced drivers discounting ha-
zards if they fall within their self-perceived range of skill (e.g. Crundall
et al., 2003). A second potentially confounding issue can be seen in the
correlation between accuracy in responding to target hazards, and the
overall number of extra hazard responses per minute. Though relatively
small, this relationship suggests that responding more frequently is
linked to greater accuracy in identifying hazards. While this may also
be linked to experience (as experienced drivers make more EHR/m to
Chinese clips than inexperienced drivers), more frequent clicking may
result in some responses falling within the scoring window by chance
rather than reflecting identification of the a priori hazard.

This raises further issues of how one defines scoring windows. There
are no accepted guidelines on what should constitute a hazard onset or
offset. Relatively tight scoring windows are required, if one simply re-
lies on a non-locational hazard click, in order to minimise the prob-
ability of misattributed responses occurring in the hazard window.
Unfortunately, reducing the scoring window length to limit false
alarms, increases the probability of missing correct responses (e.g. early
hazard responses from highly experienced drivers).

An alternative solution to the scoring window problem is to include
ameasure of accuracy. For instance, instead of simply pressing a button
when one sees a hazard, the participant might have to indicate where
that hazard occurred via a touch-screen press or a locational mouse
click (e.g.McGowan and Banbury, 2004; Wetton et al., 2010, 2011).
Both of these methods have potential drawbacks however such as in-
dividual differences in pointing tasks (e.g. Zhai et al., 2004), age and
gender differences in mouse and touch screen use (e.g. Hertzum and
Hornbaek, 2010; Wahlstrém et al., 2000; Yamauchi et al., 2015), and
possible systematic differences between experience groups that may
affect the speed-accuracy relationship. For example, if experienced
drivers spot hazards earlier than inexperienced drivers (e.g. Crundall
et al., 2012a,b), then the hazard is likely to be smaller (i.e. further
away) than when spotted by inexperienced drivers. According to Fitts’
Law (Fitts, 1954), a smaller target will increase demands on accuracy
and therefore slow pointing speed, potentially negating the experiential
benefit of perceiving the hazard sooner. Nonetheless, we cannot dismiss
the research that has shown significant experiential differences using
this response mode, and it remains an exciting option worth pursuing.

In conclusion, our current hazard perception test, based on the
traditional UK methodology, produces more differences between
groups on the basis of nationality than driving experience, and is in-
fluenced by the context of clips. We recognise that this is not the only
HP methodology that we could have implemented, and that the varia-
tions employed by many other researchers may have produced a better
test. However, when considered alongside the problems of criterion
bias, and issues related to the measurement and interpretation of simple
response times, there appears to be little evidence that allows us to
commend the export of this particular hazard perception test metho-
dology to other countries. Rather than creating a culturally agnostic test
of drivers’ higher-order cognitive skills, we have created a culturally
sensitive measure that cannot yet differentiate between safe and less-
safe drivers based on experience.

Instead of the current flawed methodology, we need a new test that
will tap into the expertise of drivers at spotting hazards that is in-
dependent of cultural background. At the same time, we need to remove
both the problem of criterion bias, and the ambiguities of setting ha-
zard-scoring windows. Finally, a new test should also address the lack
of an accuracy measure by means that do not threaten systematically to
mask any experiential benefit. To this end we have turned to a purer
test of hazard prediction for the second experiment.
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6. Experiment 2

The act of hazard perception contains a number of sub-processes
including searching for hazardous precursors, predicting which hazard
is most likely to occur, monitoring the prioritised locations, spotting
and processing the eventual hazard, and then responding in a timely
and appropriate manner. Indeed, the whole process of avoiding a ha-
zard on the road is poorly reflected within the term ‘hazard perception’
and recently Pradhan and Crundall (2017) have argued that ‘hazard
avoidance’ is a more appropriate overall term. While ‘hazard percep-
tion’ is not a broad enough term to capture the whole hazard avoidance
process (such as selection of the most appropriate behavioural response;
see Ventsislavova et al., 2016), neither does it confine itself to a per-
ceptual process. We have noted evidence from experiment 1, and from
other studies, which suggests that post-perceptual processes, such as
comparison of the demands of the unfolding hazard to one’s own per-
ceived skill, may influence the response. With such a nebulous defini-
tion of hazard perception, it is unsurprising to find that we are not
completely clear on what the traditional HP test is measuring.

How do we overcome this problem of measuring hazard perception,
or hazard avoidance, skill? There are two obvious alternatives. First, we
might consider analysing the whole hazard avoidance process rather
than just recording timed responses to hazards contained in video clips.
This could be done naturalistically by fitting vehicles with cameras and
sensors to monitor real-world driving behaviour (e.g. Dingus et al.,
2006; Barnard et al., 2016), or by studying driver behaviour in a si-
mulator (Chan et al., 2010; Crundall et al., 2010, 2012). While both
methodologies have contributed significantly to our understanding of
why drivers crash, they do not provide detailed understanding of the
sub-processes involved, and they do not provide a suitable tool for mass
testing.

A second alternative to overcome the problems inherent in the
traditional HP methodology is to pinpoint a more specific sub-process
that can be more precisely measured. Pradhan and Crundall (2017)
have defined these different sub-process, one of which is the act of
hazard prediction. This process is akin to Endsley (1988a,1995) third
level of situation awareness: projection of future states and locations of
objects on the basis of their current configuration and trajectories. The
driver collects evidence from all potential hazard precursors and pre-
dicts whether any of them will come into conflict with her own vehicle.
Should this process identify an imminent hazard, the driver prepares to
act accordingly. We believe this sub-process lies at the heart of all ha-
zard avoidance, and is likely to be the key skill that traditional hazard
perception tests are imperfectly measuring. In order to assess this pre-
diction skill more directly, the traditional hazard perception test can be
simplified following the methods employed by the Situation Awareness
Global Assessment Test (SAGAT; Endsley, 1988b). Rather than letting
the clips play all the way through, clips in the hazard prediction test are
cut short, occluding as soon as the hazard begins to develop. Instead of
asking participants to make a timed response to the hazard, they are
simply asked ‘What happens next?’, with their responses coded as
correct or incorrect. This rests on the assumption that safer drivers
know where to look for precursors to potential hazards, and can pro-
cess, prioritise and monitor these precursors accordingly, giving them
the best possible chance of looking in the right place at the right time
(i.e. looking at the precursor just as it begins to develop into a hazard
before the screen is immediately occluded). Less-safe drivers are less
likely to be looking in the most appropriate locations and will therefore
have a reduced chance of predicting the hazard.

This purer measure of hazard prediction skill offers several ad-
vantages over the traditional hazard perception methodology. First, it
provides a measure of accuracy that is unavailable to traditional hazard
perception tests (without some form of hazard localisation in the re-
sponse, which may bring with it a new set of confounds). Secondly, it
removes the need for temporal scoring windows which may penalise
very good drivers who press slightly too soon. Thirdly, it removes the
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controversy of dealing with missing response time data. The traditional
approach of recording the maximum possible RT in otherwise empty
cells (McKenna et al., 2006) has been argued to distort results (cf.
Parmet et al., 2014, who recommend the use of survival analysis). We
addressed this by treating the data as right-censored in Experiment 1.
Such an approach incorporates additional uncertainty for the censored
data and thus may require larger data sets to detect effects as well as
being more complex. The hazard prediction test avoids this problem by
dropping RTs as the main measure.

A fourth benefit is that it removes the possibility that the test in-
structions are interpreted differently across the cultures. We know that
terms like “hazard” and “hazardousness” are inherently prone to in-
dividual differences in interpretation (Wetton et al, 2011), and thus
cultural differences are highly probable. Despite our best efforts in the
first study (forward-backward translation, having Chinese and Spanish
researchers run the experiments in their respective countries), our
participants may have had significantly different understanding of what
constitutes a hazard. With the hazard prediction test however, we re-
move this problem by simply asking “What happens next?”.

Finally, the hazard prediction test should remove criterion bias.
There is no implicit or explicit motivation for participants to compare
an unfolding hazard to their own self-perceived skill when responding.
Instead, they simply report what happens next, regardless of how ha-
zardous they believe the imminent event would be for them personally
(though self-perceived hazardousness can still be captured after they
have made the prediction). If the cultural sensitivity of the test used in
Experiment 1 is, at least in part, due to the confounding of criterion bias
with the traditional timed hazard response, then a new test based just
on this prediction element of the skill may be more robust (Jackson
et al., 2009; Castro et al., 2014; Lim et al., 2014; Crundall, 2016).

The hazard prediction test for experiment 2 was created using the
same clips employed in experiment 1. The clips were edited to cut to a
black screen as soon as the hazard begins to appear. Following occlu-
sion, participants typed their responses to what they believed would
happen next. A new cohort of experienced and inexperienced drivers
was recruited across the three countries for this second experiment. We
predicted that the prediction test would be more successful than the
hazard perception test in discriminating between the driver groups, and
that the test would demonstrate fewer cultural sensitivities.

7. Method
7.1. Participants

A hundred and fifty-three participants took part in Experiment 2.
The sample was composed of 50 Chinese, 52 Spanish and 51 UK drivers.
One participant was later excluded (from the UK sample) due to diffi-
culties categorising the individual as experienced or inexperienced. All
of the participants held a full or a learner-driver licence from their
country. Participants were split into two sub-groups of experienced and
inexperienced drivers following the method used in Experiment 1. In
China we recruited 26 experienced drivers (mean age of 25.3, an
average of 5 years of post-licensure experience, and a mean annual
mileage of 5474 miles) and 24 inexperienced drivers (mean age of 22.7,
an average of 1 year of post-licensure experience, and a mean mileage
of 33.7 miles). In Spain we recruited 27 experienced drivers (mean age
of 40.9, an average of 21 years of post-licensure experience, and a mean
mileage of 20,183 miles) and 25 inexperienced Spanish drivers (mean
age of 20.2, an average of 1 year of post-license mean experience and
mean mileage of 28.9 miles). In the UK 23 experienced UK drivers were
recruited (mean age of 24.4, an average of 7 years of post-license mean
experience and mean annual mileage of 5587 miles), along with 27
inexperienced UK drivers (mean age of 19.4, an average of 1year of
post-license experience, and a mean annual mileage of 266.7). Across
all countries, the mean age of experienced drivers was 30.2 years, with
an average of 11 years of post-licensure experience, and they had driven
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an average of 10,415 miles in the previous year, while inexperienced
drivers had a mean age of 20.8, with an average of 1 year of post-li-
censure experience, and had driven an average of 109.6 miles.

Participants from the three countries were recruited either from the
respective Universities or from local driving schools. All of the parti-
cipants were volunteers.

7.2. Materials and apparatus

The apparatus and stimuli for this experiment were the same as
those used in experiment 1, though the video clips were edited to stop
immediately prior to the appearance of the hazard for the current ex-
periment (immediately following hazard onset), with the clip occluded
by a black screen. The edited clip always gave enough information for
participants to deduce what would happen next in the driving scene
providing they were looking in the appropriate location just before
occlusion (Jackson et al., 2009). At the end of each clip a black screen
was displayed. The duration of the clips varied between 12ms and
58 ms.

As an example, consider clip 1 from the Chinese block (see Table 1).
In this clip (as used in experiment 1) a pedestrian looks to cross the road
from the right but is then obscured by a turning vehicle. When the
vehicle has finished the manoeuvre, the pedestrian is already crossing
the road in front of you. For the current hazard prediction test, this clip
was edited to end in the middle of the obscuring vehicle’s manoeuvre,
at a point where part of the hazardous pedestrian emerging in the road
can be seen. An experienced driver should notice the pedestrian before
the vehicle turns, and therefore should monitor the trailing edge of the
obscuring vehicle to assess whether the pedestrian has indeed entered
the road. The briefest glimpse of the re-emerged pedestrian is only
likely to be spotted if the driver is aware of the unfolding hazard and is
actively seeking the pedestrian.

7.3. Design and procedure

The design of the study was identical to that of experiment 1, except
for the dependant variable. Instead of a response time measure to the
hazard, the screen occluded immediately prior to the hazard fully de-
veloping, and participants were asked to type what they thought hap-
pened next into a text entry box on the screen.

Upon entry to the lab all participants were first required to fill in the
demographic questionnaire and were then seated 60 cm from the screen
and viewed the instructions in their native language. They were told
that they were going to see 30 video clips from three different countries.
They were asked to watch each clip carefully because at some point the
clip would end and be occluded by a black screen. They were further
instructed that, following occlusion, an on-screen question would ask
them ‘What happens next?’ At this point they were told they should
type a short answer, describing how the driving situation was going to
develop. Participants were informed that the entry box was limited to
150 characters and were therefore encouraged to keep their responses
brief and to the point. Participants typed their answers in their native
language which were later translated into English for coding. To focus
their responses, participants were encouraged to report any source of
potential hazard, its location on the screen at the point of occlusion, and
how the situation was about to develop (e.g. ‘A pedestrian behind the
turning car on the right is about to step into the road’). Before the start
of the actual experiment, participants viewed a practice trial, where
they had the opportunity to familiarize with the experiment and ask
any questions. They were given feedback on their answer in the practice
trial (by viewing the full clip once they had provided a response), but
not in the main study. When participants were comfortable with what
they were required to do, they began the experiment.

Typed responses were later coded with one point given for each
correct answer (ideally specifying what and where the object of interest
was, and how the event would unfold) and zero points for an incorrect
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answer. Where participants failed to report the three suggested items in
their answer, but it was still unambiguously correct, they were still
awarded the point. For example, if a clip stopped at a point where a
pedestrian was approaching a zebra-crossing and looked at the film car,
an ideal correct answer would be “A pedestrian from the left is about to
cross the road” (Table 1). However if there were no other pedestrians in
the scene, an answer that omitted to note that the pedestrian was on the
left, would still receive a point.

Once they had provided an answer, participants were presented
with an on-screen Likert scale, ranging from 1 to 7, to report how ha-
zardous they felt the clip was (with ‘not at all hazardous’ to ‘extremely
hazardous’ as the anchors). The number on the scale was selected via a
mouse click. Following this response, a one second fixation cross was
presented before the next clip started. At the end of the block, there was
a brief pause before the next block would begin. The order of the blocks
was randomised (i.e. which country’s clips they saw first) and the order
of the clips within the block was randomised.

8. Results

For this analysis 152 participants were included. One participant
from the UK was removed due to difficulty in classifying her as either
experienced or inexperienced (having obtained driving licence in 1998,
but reporting extremely low mileage).

To test whether there were differences in the accuracy of hazard
prediction performance across the factors, the 2 X 2 x 3 factorial de-
sign was analysed as in Experiment 1 using a multilevel logistic re-
gression with participant and clip as random factors. The between-
groups factors were the experience level of drivers (experience vs. in-
experienced drivers) and their nationality (Chinese vs. Spanish vs. UK).
The within group factor was the origin of the clip (China vs. Spain vs.
UK). An intercept only model (with no predictors) estimated the SD of
the participant random effect as 0.804 and the SD of the clip random
effect as 1.278 indicating that only 28% variation at level 2 of the
model is attributable to participants - with variability in clips ac-
counting for the majority (72%) of level 2 variance. This indicates that
a traditional ANOVA analysis - that treats variation between clips as
zero — would substantially underestimate standard errors. The deviance
(likelihood ratio Chi Square, G?) for the intercept only model was
5023.8 and decreased to 5012.9 for a model including main effects of
nationality, experience and clip type. This improvement in model fit
was not statistically significant, AG> (5) = 9.9, p = .077. However, G*
decreased dramatically for a model with all two-way interactions, AG>
(8) = 24.2,p < .002, with a negligible improvement with the addition
of the three-way interaction, AG> (4) = 2.8, p > .05. The two-way
interaction model therefore appears to be the most informative.

The pattern of accuracy across all conditions is shown in Fig. 7. A
main effect of drivers’ experience was found, AGZ (1) =71, p < .01,
OR = 1.48, 95% CI [1.10, 1.99]. Experienced drivers, M = 50%, 95%
CI [38%, 63%], were on average more likely to predict the hazards than
novices, M = 41%, 95% CI [29%, 53%]. No main effects were detected
for clip origin, AG? (2) = 1.2, p = .56, or participant nationality, AG>
@=22p= .33

A nationality by clip origin interaction was also detected, AG>
(4) = 21.4, p < .001 (see Fig. 8). The pattern of accuracy across these
conditions is complex — but generally performance is superior for dri-
vers when the clip origin is consistent with the participant nationality
(with the exception that UK drivers are slightly better with the Spanish
clips than Spanish drivers). To confirm this we followed up the sig-
nificant interaction with an interaction contrast comparing own na-
tionality clips with other nationality clip conditions. This contrast was
statistically significant, G* (1) = 16.7, p < .001, likely explaining the
bulk of the variation in accuracy contributing to the interaction.
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Novice, UK, UK Clip

0% 26%

50% 5% 100%
Accuracy

Fig. 7. Percenatges of accuracy in prediction across driving groups, participant’s nationality and clips (with error bars).

8.1. Hazardousness ratings for hazard prediction

As with the hazard perception study, participants were asked to
provide a hazardousness rating on a scale of 1-7 (where higher num-
bers reflect greater levels of perceived hazardousness). Again a multi-
level ordinal logistic regression was used to analyse the ratings using a
factorial design (with experience, nationality and clip origin as factors).
The intercept only model (G? (8) = 15,252) was a worse fit than a
model with all main effects (AG? (5) = 29.3,p < .0001), which in turn
was a worse fit than a model with all two-way interactions (AG*
(8) =35.4,p < .0001). Adding the three-way interaction only mar-
ginally further improved the model (AG?(4) =5.8, p= .21).

There was a main effect of clip origin, G> (2) = 8.8, p = .012.
Chinese clips were rated as more hazardous than Spanish Clips (4.26 vs.

3.73) with a smaller difference between the Spanish clips and the UK
clips (3.73 vs. 3.63). Hochberg corrected post hoc tests revealed sig-
nificant differences between the Chinese and Spanish (adjusted p =
.025) and UK clips (adjusted p = .008) but not between Spanish and
UK (adjusted p = . 61). Nationality also produced a significant main
effect, G2 (2) = 20.2, p < .0001, with Spanish drivers giving the
highest ratings (4.24) followed by UK drivers (4.02), with Chinese
drivers giving the lowest hazard ratings (3.33). Hochberg corrected
pairwise tests revealed Chinese drivers to give lower ratings than both
Spanish and UK drivers (adjusted p < .0001 and p < .002 respec-
tively), with no difference between Spanish and UK drivers (p = .26).

In regard to driver experience, though experienced drivers were not
found to give significantly different ratings to those provided by novices
overall (3.86 vs. 3.88; G* (1) = 0.2, p = .64), driver experience did

80%

60% -
3 Nationality
g -+ Chinese
e -+ Spanish
i + UK

40%

20%

China

Spain
Clip origin

UK

Fig. 8. Accuracy in prediction across different nationality vs clip origin (with error bars).
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Fig. 9. Percentages of prediction accuracy for test type across experience (with error bars).

interact with clip origin (G? (2) = 12.8, p = .002). Both driver groups
rate Chinese clips as more dangerous than Spanish clips, but this effect
is more pronounced in the experienced driver group. There was also an
interaction between clip origin and nationality, G*(5) = 15.1,p <
.005. This largely followed the pattern obtained for the main effects
except that the UK participants rated Spanish clips more hazardous than
UK clips (adjusted p < .05).

9. Discussion

Unlike the hazard perception test of experiment 1, the hazard pre-
diction test successfully discriminated between experienced and novice
drivers, with the experienced drivers outperforming the inexperienced
across all nationalities. These results are consistent with the limited
previous research, demonstrating that the prediction test is a more ro-
bust discriminator of driver experience than the traditional hazard
perception test (Lim et al., 2014; Castro et al., 2014; Crundall, 2016).
The superiority of the hazard prediction test is all the more convincing
in that it discriminated between our driver groups using the same clips
as the unsuccessful hazard perception test in experiment 1. In addition,
we did not find any interaction between experience and participant
nationality demonstrating that the prediction test is less sensitive to
cultural differences than the hazard perception test.

There was however a significant interaction between clip origin and
nationality, showing that performance was better when the clip origin
is consistent with participants’s nationality. This suggests that the fa-
miliarity of potential precursors available in the environment might
influence the ability to identify the correct target. Being more aware of
what possible hazards one might find aids the detection of early pre-
curosrs (Crundall, 2016; Underwood et al., 2002). Although this might
suggest that hazard prediction is affected by context, it did not influ-
ence prediction accuracy between the experienced groups. It should be
noted, that UK drivers were actually slightly better for the Spanish clips
than Spanish drivers meaning that the type of hazard (regardless of
context) may influence performance, too (although we did not find a
main effect for clip origin). Thus, the finding that some drivers perform
better when viewing clips filmed in their own country, does not detract
from the claim that the prediction test is a more culturally agnostic
form of assessment than the hazard perception test.

There were however still differences between the hazardous ratings
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in regard to clip origin in contrast with Experiment 1. Chinese clips
were rated as most hazardous, followed by the Spanish and UK clips.
However, participants in this study did not see the materialised hazards
which means that the Likert scores could be reflecting general visual
clutter, complexity and congestion, rather than the a priori hazard in
particular. Participants may have presumably referenced other poten-
tial hazards that they had seen in the clip in order to provide a hazard
rating. As UK clips evoked the least extra hazard responses in experi-
ment 1, it is safe to conclude that these clips contain less potential
hazard precursors, and this fact has also been reflected in the ratings in
experiment 2.

10. Comparison of the two tests

It is possible to directly compare the performance on the two tests,
using the prediction accuracy from experiment 2 and the percentage of
hazards that received a timed button response in experiment 1 (though
note that we cannot claim that all responses that fell in the scoring
window in the hazard perception test were referencing the actual ha-
zard - this is one of the problems with the traditional HP methodology).
In the analysis reported below we only focus on the main effect of test
type (whether accuracy scores differ across the hazard perception and
hazard prediction tests), and any emerging interactions with test type.

Accuracy rates for the two tests were compared with a
2 x 2 x 3 x 3 factorial design using a multilevel logistic regression
model with the factors of test type (Perception vs. Prediction), parti-
cipant experience (inexperienced vs. experienced), participant nation-
ality (Chinese, Spanish or from the UK), and clip origin (China, Spain,
UK). For these models the main effects only model was more in-
formative than the intercept only model, AG? (6) = 198.1, p < .0001,
with the two-way interaction model improving model fit further still,
AG? (13) = 76.7, p < .0001. The three-way interaction model also
offered additional improvement in fit, but was not significantly better
than the two-way model, AG? (12) = 20.8, p > .05, with almost no
change in fit after adding the four-way interaction, AG* (4) = 1.4,p >
.05. As the focus here is on differences between the tests we report only
tests of effects comparing hazard perception to hazard prediction.

The results showed that there was a main effect for the type of test,
G? (1) = 168.0, p < .0001. Participants scored higher on average for
the hazard perception test compared to the hazard prediction test
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Fig. 10. Percentage of prediction accuracy for test type across nationality (with error bars).

(77.2% vs. 47.8%). A significant interaction was also found for test-type
and experience, G (1) = 168.0,p < .0001. Despite the prediction test
appearing more difficult than the perception test, it is clear that the
benefit of experience only holds for hazard prediction rather than ha-
zard perception (see Fig. 9).

A significant interaction was found for test type and nationality, e
(1)=10.3, p < .01. As can be seen from Fig. 10, the variation in
performance across the nationalities was significantly greater in the
hazard perception test (reflected in the main effect of nationality found
in Experiment 1), than in the hazard prediction test (with no significant
main effort of nationality in Experiment 2).

Finally there was a significant interaction between clip origin and
test type, G* (1) = 35.4, p < .0001. Again, this effect captures the
difference in clip origin main effects for the separate experiments. In the
hazard perception test the Chinese hazards were the hardest to detect
(72.4%) and UK hazards were the easiest (80.4%), however for the
prediction test Spanish hazards appeared to be the hardest to predict
(42.7%) and Chinese the easiest (51.7%). No other effects incorporating
test type were statistically significant (all p > .05).

11. General discussion

The aim of this paper was to assess whether two variants of hazard
perception test are suitable for export to different driving cultures,
acknowledging the possibility that the typical hazard perception test
methodology may be culturally sensitive, and therefore less suitable for
adoption in other counties. This was a novel endeavour as, though
many research groups around the world have investigated hazard
perception in their own countries, they have done so with vastly dif-
fering methodologies making it difficult to compare the validity of the
tests across different regions. Only one previous attempt has been made
to assess hazard perception skills of drivers from different countries
using the same clip set, but the results of that study were inconclusive
(Lim et al., 2013, 2014).

The results of the traditional HP test format revealed considerable
differences in driver groups from different countries. For instance, the
Chinese participants were the slowest to react to the hazards and
identified significantly fewer hazards, and made fewer responses
overall, in comparison to the Spanish and UK drivers. Conversely, UK
drivers showed faster responses and identified the most hazards.
Despite finding these effects of participant nationality, we failed to find
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significant differences between experienced and inexperienced drivers
in regards to their hazards responses. Both groups performed identically
in the test and, therefore, we cannot conclude that the traditional
methodology of the hazard perception test is transferable to other
countries, as we were not able to establish test-validity in the UK
sample in the first instance.

Not only could we not find experiential differences, the cultural
differences of our driver groups appeared to significantly influence the
way they approached the test. Chinese drivers rated the clips as less
hazardous than the other driver groups, which may account for their
slower response times. They were also the least accurate and they
produced significantly lower rate of extra hazard responses compared
to the Spanish and UK drivers. This is ostensibly due to differences in
cultural hazard thresholds. On the basis of the higher traffic collision
statistics in China, compared to the UK and Spain, it is safe to assume
that Chinese drivers are likely to encounter many more hazards on the
road in every day driving. This increased exposure to hazards pre-
sumably desensitises the Chinese drivers to the relative seriousness of
some hazardous events, increasing their thresholds for reporting them.
This is most likely to be the cause of the slower response times in the
traditional hazard perception test used in experiment 1.

In addition, a correlation was identified between the number of a
priori hazards that participants responded to within the scoring window
and the overall number of extra hazard responses that participants
made. This raises a clear concern for the traditional hazard perception
methodology, as it appears that the high performance of individuals
may be influenced by clicks falling within the scoring window that do
not necessarily reflect the a priori hazard.

While the current hazard perception test raised interesting questions
regarding differences in the driving environment and the individual
hazard thresholds, the results also suggest that the traditional hazard
perception methodology would not be suitable for use in different
countries, where environmentally-evoked high criterion bias may
render the test insensitive to the skills of the safest drivers in those
environments.

As the traditional hazard perception test failed to find differences
between the experienced groups, an alternative hazard prediction test
was created for experiment 2 based on initial studies that we had al-
ready conducted in the UK and Spain (Castro et al., 2014; Crundall,
2016; Jackson et al., 2009). The hazard clips were edited to occlude just
as the hazard begins to develop, and participants were asked ‘What
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happens next?’.

Crucially, the clips edited for the hazard prediction test were the
same as those used in the hazard perception test, allowing a direct
comparison of the two tests. This is the first time that the hazard per-
ception and hazard prediction tests have been directly compared in a
single analysis’, though this was complicated by the fact that the two
tests record very different primary measures: response times and per-
centage accuracy, respectively. However, as the hazard perception test
required response times to fall within a temporal scoring window
around the appearance of the hazard, the presence or absence of a re-
sponse allowed the calculation of an accuracy score that could be
compared to the hazard prediction test.

While participants found the hazard prediction test much harder
than the hazard perception test, the superiority of the prediction test in
discriminating between driver groups on the basis of experience was
clearly demonstrated. Most importantly, the main effect of experience,
with experienced drivers outperforming novices, was present across the
participants as a whole, and did not interact with nationality. As the
prediction test was designed to remove criterion bias, it was comforting
to note that the cultural differences that arose in experiment 1, which
were interpreted as potentially arising from hazard threshold differ-
ences, were ameliorated to a large extent in experiment 2.

11.1. Do different countries produce different hazards?

In both studies, we noted differences in extra hazard responses or
ratings to the clips on the basis of their origin. This is unsurprising, as
Beijing, Granada and Nottingham, differ on a great many character-
istics. The higher population, congestion and collision rates in China
suggest that this should provide the most hazardous stimuli. While the
clips were filmed with the same protocol, there were inevitable dif-
ferences in the visual clutter and frequency of hazardous precursors
across the countries. From an experimental design point of view, this
was not a great concern. As every participant saw clips from all three
countries, we could thus analyse the relative differences between the
responses of our participants across the three nationality groups.

The effect of clip origin on ratings in experiment 2 closely mirrored
the behavioural findings in experiment 1 regarding the UK clips.
Generally, the UK driving environment is considered to be the least
dangerous. UK clips were rated as the least hazardous and received the
lowest rate of extra hazard responses (although most of the time there
were no significant differences between the Spanish and UK driving
environment). The Chinese clips were rated as the most hazardous,
presumably due to a greater number of precursors resulting in the
possibility that participants considered the environment as too de-
manding and cluttered.

Both experiments yielded significant interactions between nation-
ality and clip origin regarding accuracy. While in experiment 1 Chinese
drivers were observed to perform particularly poorly on the UK clips, in
experiment 2 we observed a familiraty effect. In the prediction test
drivers performed better when clips were from their own country. It is
understandable that participants are more accurate at identifying pre-
cursors in a familiar environment as they know where to look and what
cues to serach for (Groeger, 2000). Despite this, the test still dis-
criminated successfully between the experienced groups which in-
dicates that familiarity is not influencing the overall purpose of the test.
However, these results also indicate that it could be highly beneficial to
expose drivers to hazards from different countries as they can be trained
to identify precursors that maybe specific to particular environments.
For drivers who cross national borders, and drive in a wide variety of

“We have since compared hazard perception and hazard prediction test
variants using video clips filmed from fire appliances on blue-light training
runs. Once again, we found the prediction test to be the better discriminator of
driver groups (Crundall and Kroll, 2018).
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cultural contexts, training in precursor identification in different
countries may improve safety (for example, in long-haul HGV drivers).

Despite the differences in responses in experiment 1 across partici-
pant nationality and the familiarity effect in experiment 2, it was no-
table that many of the hazards across countries shared commonalities.
Vehicles emerging from side roads, pedestrians crossing in front of the
film car, and parked vehicles moving off, were all examples of a priori
hazards that appeared across the countries. China did however produce
many more overtaking hazards during filming than the UK (with 4 such
hazards included in the final Chinese clip selection, and only two in the
UK clip set). It is possible that we have previously underestimated the
potential for overtaking hazards to be included in UK hazard perception
tests, limited as we were by the self-imposed constraints of a single
forward-facing perspective (i.e. without mirror information available to
the participant). Thus, while the frequency with which hazards and
precursors might occur ostensibly changes across countries, it is easy to
identify a priori hazards that have a similar structure regardless of their
origin.

This raises the possibility of developing a cohesive and culturally
agnostic typology of hazards. Some attempts have been made in the
literature to distinguish between coarse categories of hazards (e.g. la-
tent vs. overt hazards; developing vs. abrupt hazards; behavioural vs.
environmental prediction hazards; see Pradhan and Crundall, 2017, for
areview), but there is an opportunity to classify hazards at a finer level.
It is likely that some hazards will be more effective discriminators of
driver safety than others (e.g. Crundall et al., 2012a,b; Crundall, 2016).
If a hazard typology can have a degree of consistency across cultures,
then this increases the value of developing such a system of categor-
isation.

11.2. The limitations of hazard prediction tests

The current studies suggest that the hazard prediction test is a better
discriminator of driver safety than the hazard perception test, it is not
without its limitations. For instance, it may be argued that the average
experienced-driver score of 47.8% accuracy is not very high. We
counter, however, that it is the difference between the two groups that
is more important, rather than an absolute score. While the difference
between experienced and inexperienced drivers was significant, this
could be improved with iteration of the stimuli sets, as would occur in
the development of a formal test.

Critics may also argue that, while we have criticised the hazard
perception test for its reliance on ill-defined hazard onsets, the hazard
prediction test similarly relies on an a priori hazard onset for deciding
upon occlusion points. While this is true, the precise timing of the oc-
clusion point appears to have little effect on the validity of the test, at
least within certain parameters (Crundall, 2016; Ventsislavova and
Crundall, 2018).

One other limitation is that the hazard prediction test only reflects
one sub-component of a behavioural chain that allows a driver to spot,
assess and safely respond to a hazard on the road (Pradhan and
Crundall, 2017). We are aware that this pure measure of hazard pre-
diction does not necessarily reflect the full ability of a driver to suc-
cessfully avoid a hazard. There may be drivers who may have excellent
abilities to predict, and therefore spot, hazards on the road, but whose
threshold for responding to hazards is so high, that they are still con-
sidered to be at high risk of a collision. These drivers may simply be
culturally desensitised to hazards. Alternatively, some individuals may
have a high threshold for responding due to high-regard for their own
skills, perhaps mixed with a desire to ‘teach a lesson’ to other drivers
who transgress safety boundaries (e.g. braking at the last moment to
maximise the apparent danger caused by the other driver, to demon-
strate how hazardous the other driver’s actions were). The hazard
prediction test will not identify these problems (and is not designed to).

If drivers’ individual thresholds for reporting a hazard are con-
sidered important enough to warrant assessment (and we believe they
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are), they should be measured independently of the ability to predict
the hazard. Currently, the traditional hazard perception methodology
confounds hazard prediction and hazard processing with hazard ap-
praisal (Pradhan and Crundall, 2017) and thus does not provide an
ideal assessment of any of these sub-components. We recommend that
each sub-component of the whole hazard avoidance process be assessed
by individual includi of the choice
and extent of the response (e.g. halsh brakmg, slight adjustment to lane
position, etc.). This will allow better understanding of how drivers
differ in their responses to hazards, at different stages of the hazard-
avoidance behavioural chain, as set-out by Pradhan and Crundall
(2017).

One final point to note is that the free-response format of the current
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hazard prediction test does not lend itself to widesp

testing, due to the lack of immediate feedback, and the possibility of
coding errors and subjectivity influencing the scoring. This is an issue
that we have addressed in another paper, with the development of a
multiple-choice question format that retains the ability to discriminate
between driver groups, while increasing the potential for testing on a
national scale (Ventsislavova and Crundall, 2018).

12. Conclusions

Many researchers agree that hazard perception skill is, perhaps, the
only higher-order cognitive skill to relate to crash-risk, and that hazard
perception tests have huge potential for reducing collisions around the
world. Despite this, researchers often disagree on the underlying pro-
cess of hazard perception, and how to measure it accurately, with dif-
ferent research groups each adopting slightly different methodologies.
This has made it impossible to assess the cross-cultural generalisability
of hazard perception tests.

These studies represent the first large-scale attempt to compare
identical methodologies across three countries. The results have shown
the typical hazard perception methodology to be unreliable and sensi-
tive to cultural differences. The hazard prediction test, however, de-
monstrated a clear experiential difference, and appeared more im-
pervious to the nationality of participants. The superiority of the hazard
prediction test was all the more convincing in that it used the same clips
as those presented in the hazard perception test.

The results provide a clear steer that the hazard perception process
involves criterion differences that appear culturally-biased, and that
such threshold effects confound the traditional response time measures
of hazard perception tests. The hazard prediction test provides a purer,
culturally agnostic variant of the traditional hazard perception test, and
offers a blueprint for future test development at a global level.
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Hazard perception skill is often related to lower crash risk, and the hazard perception test has been widely
employed to measure this ability in drivers. An increasingly popular test-variant is the hazard prediction test:
driving videos are occluded immediately prior to a hazard and participants are asked to predict how the situation
will develop. Early versions of this test asked participants to provide a free-response answer which was subse-
quently coded. Later versions, however, have used a multiple<choice format where participants are provided
with four options presented on screen. While the benefits of a multiple<hoice format are obvious in terms of
providing immediate feedback without relying on subjective coding, it is unclear whether this change in format
affects the discriminative validity of the test. For the current study, a free-response test and a multiple-choice test
were created using the same video clips. The free-response test (experiment 1) was found to successfully dis-
criminate between novice and experienced drivers, with the latter predicting more hazards correctly. The an-
swers provided by participants in Experiment 1 were then used to generate the options for a multiple-choice test
(experiment 2). This second test was also found to discriminate between novice and experienced drivers, and a
comparison between the two tests failed to reveal an advantage for one over the other. Despite this, correlations
between prediction accuracy and both years of post-license driving, and annual mileage, were only significant
for the multiple-choice test. The results suggest that the multiple-choice format is not only time- and cost-

efficient, but is ostensibly as good as the fr P

test in discri between driver groups.

1. General introduction

Hazard perception refers to the skill of detecting on-road dangers in
sufficient time to avoid a collision. Following 50 years of research in
this field, there is now a general consensus that the hazard perception
(HP) skill is related to crash risk (Horswill, 2016). The hazard percep-
tion test (HPT) has been widely employed to investigate this skill within
the field of traffic and transport psychology, and traditionally involves
the presentation of video clips from a driver’s perspective, filmed from a
moving vehicle. Hazards appear during the clips (e.g. a pedestrian may
step into the road, a car may emerge from a side street, etc.), and
participants are required to press a button as soon as they spot the
danger (McKenna and Crick, 1991; Scialfa et al., 2011; Wetton et al.,
2011). It has been documented over many studies that novice drivers
and crash-involved drivers are slower, and less likely, to detect hazards
in these clips than safer or more experienced drivers (e.g. Cheng et al.,
2011, Horswill et al., 2010, McKenna and Horswill, 1999, Rosenbloom
etal., 2011). Since the first known hazard perception test (Spicer, 1964,
cited in Pelz and Krupat, 1974) many different versions have been

* Corresponding author.

developed for research purposes. In addition to the traditional speeded,
push-button responses required by the typical hazard perception test,
some tests have used levers or sliding scales for participants to indicate
a level of hazardousness (Watts and Quimby, 1979; Crundall et al.,
2003). Other test variants have required drivers to locate the hazard via
amouse click or a touch screen response (Wetton et al., 2010, 2011). An
increasingly popular version requires drivers to predict imminent ha-
zards following sudden occlusion of the video clips (often termed the
‘What Happens Next?’ test, or the hazard prediction test), measuring HP
skill in terms of prediction accuracy (Castro et al., 2014; Crundall,
2016; Jackson et al., 2009).

Tests also differ in the medium chosen to present hazards to parti-
cipants. The majority of research-based tests employ video clips of
driving situations, filmed from a camera mounted on a moving vehicle
to record the driver’s view of the road. Other variants range from the
use of computer-generated imagery to create clips (as introduced in the
official UK hazard perception test in 2015), to the use of static road
images (as used in the official hazard test in the Netherlands). Even
those tests that adopt the more traditional video-based approach can
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differ in the way they present these clips: some are presented across
multiple screens (e.g. Shahar et al., 2010), and have mirror information
available to participants (e.g. Ventsislavova et al., submitted), while
others present a single forward view (Horswill et al., 2015). Other
differences across tests include variations in instructions given to par-
ticipants (e.g. Farrand and McKenna, 2001), the method of analysis (for
example, the contentious issue of dealing with missing values; Parmet
and Borowsky, 2014), the nature of the hazards (Crundall, 2016) and
even the definition of what constitutes a hazard (e.g. Pradhan and
Crundall, 2017; Crundall et al., 2012).

Given that the primary aim of any HP test is to discriminate between
safe and unsafe drivers (often on the basis of surrogate measures such as
previous crash history, or driving experience), then policy makers
might be unconcerned about the particular design of a specific test,
providing it successfully separates these driver groups. Certainly, at its
best, hazard perception research has demonstrated both retrospective
and prospective sensitivity to crash-likelihood, and even offers great
hope that HP training may produce on-road improvements in driver
safety (Chapman et al., 2002; Pradhan et al., 2009, Horswill, 2016;
Thomas et al., 2016). However, the research field is littered with ex-
amples of failed attempts to discriminate between crash-involved, in-
experienced drivers and their safer, more-experienced counterparts
(e.g. Crundall et al., 1999; Lim et al., 2013; Sagberg, and Bjornskau,
2006; Underwood et al., 2013; Yeung and Wong, 2015). Given the huge
variety of test designs across research groups it has proved difficult to
understand why some tests are successful and others are not.

For this reason, we argue that test design should be developed
through empirical research, with each facet compared and analysed to
assess whether it contributes to the validity of the test. This process has
already begun in some research groups. For instance, Scialfa et al.
(2013) correlated response time performance to hazards presented in
static images and dynamic clips (though their results were inconclusive
in identifying which was the better test).

Other researchers have noticed that their stimuli can produce dif-
ferent effects in participants depending on the nature of the hazards.
Zimasa et al. (2017) found that their clips containing vul ble road
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2. The hazard prediction test

The hazard prediction test differs from the traditional hazard per-
ception test in that it shuns response times in favour of accuracy for
predicting what happens next following an occlusion that occurs just as
the hazard begins to develop. It is argued that this test format removes
many of the potential problems associated with recording response
times to hazards (Crundall, 2016). For instance, response-time mea-
sures require a scoring window to be defined. If a response is made
between the onset and offset of a hazard, then the response is con-
sidered to be correct. However, there are no clear guidelines on how to
define onsets and offsets, and there is always the possibility that ex-
cellent drivers will spot very subtle cues to upcoming hazards, and
respond just before the scoring window (which would be counted as a
miss). Even if drivers do press within the scoring window, we do not
know if they are responding to the actual hazard, or to some other less
hazardous aspect of the scene (see Crundall, 2016, for an argument as
to why localised hazard responses are not a suitable solution for a lack
of accuracy in the traditional test). Finally, ‘hazard perception’ is con-
founded by post-perceptual processes, such as criterion bias: expert
drivers may delay or refrain from responding to hazards because they
believe the unfolding event falls within the boundaries of their driving
skill (Pradhan and Crundall, 2017). The hazard prediction test (or
‘What happens next?” test) mitigates these confounds by removing re-
liance on response times, replacing them with the accuracy of drivers to
predict what happens next following occlusion of the developing ha-
zard.

A number of studies have demonstrated the ability of the hazard
prediction test to successfully discriminate between safer, experienced
drivers, and less-safe, inexperienced drivers (Jackson et al., 2009;
Crundall, 2016; Castro et al., 2014, 2016, Ventsislavova et al., 2016,
Gugliotta et al., 2017; Lim et al., 2014). Several of these studies have
also developed this occlusion-based methodology through a number of
targeted experiments focusing on design elements. For instance,
Jackson et al. (2009) demonstrated that an occlusion is necessary to
discri; driver groups, rather than just pausing on the final frame.

users elicited quicker response times than those involving cars. This
distinction appears particularly relevant when comparing typical dri-
vers to individuals on the autistic spectrum, with the latter showing
reduced sensitivity for such ‘social’ hazards (Bishop-Johnson et al.,
2017; Sheppard et al., 2010).

The underlying structure of hazards has also been explored.
Crundall (2016) compared ‘environmental prediction” and ‘behavioural
prediction’ hazards, and found the former to better discriminate be-
tween novice and experienced drivers. While ‘behavioural prediction’
hazards can be predicted by the actions of the soon-to-be hazard (e.g.
the erratic driving of the car ahead), ‘environment prediction’ refers to
hazards that appear out of obscuration (e.g. an oncoming car from
around a blind bend, a pedestrian from behind a parked truck). In these
scenarios, the environment is the only clue to the possible upcoming
hazard (i.e. the blind bend, the parked truck). These types of hazards
have been a particular focus of the Risk Awareness and Perceptual
Training programme designed by Fisher et al (Fisher et al., 2010;
Pradhan et al., 2009), where drivers are trained to spot occluded objects
that may hide hazards. Similar levels of detailed analysis are also being
given to the design of HP training programmes in Australia (Horswill
et al., 2017; Wetton et al., 2013).

Despite these studies, more research is needed to provide the basic
blueprint for a valid hazard perception test. While much of a test’s
validity is likely to lie with the content (i.e. the particular hazards that
form the stimuli), there are many finer points of test design that may
provide significant discriminative gains. These may include the method
of presentation, the instructions given, and the required responses, to
name but a few.
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A freeze-frame provides an unrealistic amount of time for novice drivers
to identify clues to the impending hazard, whereas an occlusion ensures
that the driver must be looking in the right place at the right time. As
safer drivers are more likely to prioritise those areas of the scene that
may develop into hazards, the occlusion is therefore more likely to
identify the safest drivers (Crundall and Kroll, 2018).

Crundall (2016) addressed a number of methodological questions,
including the impact of clip length on predictive accuracy. He found
that longer clips resulted in lower prediction accuracy, especially for
novice drivers, suggesting that novices suffer a greater vigilance de-
crement over time. In a separate experiment, Crundall manipulated the
occlusion point. The results demonstrated a decline in prediction ac-
curacy as the occlusion point became more temporally distant from the
hazard. The novice/experienced driver distinction remained however
and did not interact with the occlusion point. Thus it seems that hazards
can be extrapolated from relatively early information (in this case, over
a second prior to hazard onset), though at a reduced level of accuracy.
Participants’ confidence ratings in their predictions fall to baseline le-
vels however at the most distal occlusion points.

These initial studies suggest that the hazard prediction test can
provide a robust and simpler alternative to the more traditional hazard
perception test. However, one of the problems with the version of the
test used by many researchers (Castro et al., 2014, 2016; Crundall,
2016; Jackson et al., 2009) is that participants give free-response an-
swers which must be hand coded. This introduces the potential for rater
error, and renders the test impractical for use on a wide scale. An al-
ternative is to provide the participants with multiple options to choose
from following occlusion, instead of inviting a verbal or typed response.
This approach simplifies the test further and allows for automatic and
unambiguous coding. This variant of the hazard prediction test was first
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employed by Lim et al. (2014), and was followed by Ventsislavova et al.
(2016), but there has never been a direct comparison between a mul-
tiple-choice test variant and hand-coded free responses. This paper aims
to make that comparison, in order to assess the impact of using the
(more practical) multiple-choice method, compared to free responses.

To this end, a new hazard prediction test was developed. This new
test uses full HD video from four cameras attached to a moving vehicle.
These four video streams are then synchronised and combined with a
graphic overlay of a car interior, to provide the viewer with access to
mirror information. We believe that providing mirror information may
evoke more realistic responses to hazards, even when the hazard never
appears in the mirrors (Alberti et al., 2014). Novice and experienced
drivers were then tested on this new prediction task in order to assess
whether it could discriminate between these groups. This first study
(Experiment 1) required free responses to the question ‘What happens
next?’, which is more typical of studies in this area. The second study
(Experiment 2) presented the same videos, but participants were pro-
vided with 4 options to choose from at the end of each clip. These
options were developed from the free-response answers provided in the
first study. Finally, a matched sub-group of participants from study 1
and 2 were compared in terms of their prediction accuracy with the
only difference being the response mode: free-response or selection of
an answer from four options. We hypothesised that both test variants
would discriminate between drivers to a certain degree, but we made
no prediction about which test would be the better discriminator in the
final analysis.

3. Experiment 1: A free-response hazard prediction test
3.1. Introduction

With both the improvement of camera technology and our evolving
approach to the presentation of hazards to participants, it is inevitable
that new tests will be developed and will require validating. The current
stimuli differed from those used in Crundall (2016) both in terms of HD
quality and the amount of information provided to participants. For
instance, the current test includes mirror information that provides a
more realistic level of perceptual demand on the driver, and also allows
for hazards to approach from behind (see Fig. 1).

To validate this new version of the test we recruited experienced
and inexperienced drivers to take part. In addition to the basic vali-
dation of this test, we took the opportunity to revisit one of the ques-
tions raised by Crundall (2016): when should one occlude the clip to
maximise discriminability? As noted above, Crundall found that oc-
clusions that were proximal to the hazard resulted in the most accurate
predictions. While the most distal occlusions (an average of 1200 ms
prior to hazard onset) significantly reduced accuracy, participants were
still able to predict the hazard on 57% of trials (with a free response).
Surprisingly, the change in occlusion point did not affect the dis-
criminability of the driver groups. One might suppose that experienced
drivers would be relatively better than novices at more distal occlu-
sions, as they may make better use of weaker hazard evidence (Pradhan
and Crundall, 2017). However, as occlusions become extremely sepa-
rated from the hazard we might further predict that all drivers would
reach the same nadir, in the absence of even subtle cues to the nature of
the upcoming hazard. Neither of these eventualities occurred in the
study of Crundall (2016), possibly due to the particular occlusion points
that were chosen and the nature of the individual hazards in those clips.
Given the need to validate the new free-response version of our pre-
diction test on experienced and inexperienced drivers, we also had the
opportunity to investigate whether a novel set of stimuli produced
different findings when the occlusion points were varied across three
levels: proximal (temporally closest to the hazard), intermediate, and
distal occlusion points.
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Fig. 1. Three frames illustrating the three occlusion points for one clip. While
driving along a road, the car in front pulls over. This requires the film car to
overtake the stopping vehicle. However, a safe driver should be aware that
there is a vehidle visible in the right side mirror that might pose a problem (top
panel; distal occlusion). As the clip progresses, the car in the side mirror dis-
appears, as it moves into the blind spot ready to overtake. Thus, the evidence
that this vehicle is going to pose a problem increases considerably (middle
panel; intermediate occlusion). Finally, the overtaking car becomes visible in
the forward view confirming that the car from behind is indeed overtaking and
poses a hazard for the film car’s intended action (bottom panel; proximal oc-
clusion).

3.2. Method

3.2.1. Participants

Sixty-one participants took part in this experiment. The sample was
divided into experienced and inexperienced drivers. Experienced dri-
vers (N = 30, mean age = 21.5years) had a minimum of 1 year of
driving experience since passing their driving test and inexperienced
drivers (N = 31; mean age = 19.5 years) had less than 1 year of post-
test driving experience, and included 14 learner drivers. Mean mileages
for experienced and inexperienced drivers were 4553.3 miles and 290.9
miles in the year prior to the study, respectively. All participants had
normal or corrected-to-normal vision and were University students and
staff.

3.2.2. Design

A 2 x 3 between-group factorial design was employed, where the
independent variables were the driving experience of participants (ex-
perienced vs. inexperienced) and the occlusion points (proximal vs.
intermediate vs. distal). Five cells contained 10 participants, with the
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distal/inexperienced group containing 11 participants. The proximal
occlusion point was the closest to the onset of the hazard, and would
typically show several frames of the hazard following onset. This meant
that participants who were looking in the right place at the right time,
would have their predictions confirmed. For instance, if the participant
believed the pedestrian ahead may step into the road, a fixation on this
pedestrian immediately prior to occlusion (proximal condition only)
would confirm this, as the pedestrian would be seen to move a leg in the
direction of the road. Intermediate occlusion points were an average of
618 ms earlier than the proximal occlusion points, and would contain
evidence of precursors, but without any confirmation of the hazard
triggering. In this case, the pedestrian might be seen walking towards
the edge of the pavement, perhaps turning her head in the direction of
the film car. Finally, the distal occlusion points were an average of
1222 ms earlier than the proximal points. Typically, these would still
contain precursors to the hazard, but the evidence of hazardousness
would be weak. For instance, the pedestrian may be visible on the
pavement, but still be walking parallel to the road with no obvious
intention to cross. See Fig. 1 for an alternative example of these three
occlusion points.

The dependent variable was the percentage of the accuracy with
which participants correctly identified the hazards across a total of 15
clips. Following occlusion, participants were presented with a free-text
entry box to provide their answer. These typed responses were subse-
quently coded with one point awarded for a correct answer.
Participants were instructed to consider the identity of the hazardous
object, it’s location within the scene, and how the event would unfold
(e.g. “the pedestrian on the left is about to step into the road in front of
me”). Where participants failed to report the three suggested items in
their answer, but it was still unambiguously correct, they were still
awarded the point. For instance, the response “The pedestrian is about
to step into the road” could still be awarded the point if this was the
only visible pedestrian, even though the response failed to locate the
hazardous object as being on the left-side pavement. Two independent
evaluators scored each answer. Cohen’s kappa was 0.88 for the distal
occlusion point, 0.88 for the intermediate occlusion point, and 0.80 for
the proximal occlusion point. Where raters disagreed in their initial
rating, a final score was agreed via discussion.

3.2.3. Materials

In order to create the hazard prediction test, new video stimuli were
recorded on roads in and around Nottingham (UK). Four HD mini
cameras were attached to the car. The first camera was attached on the
inside of the front window, with the second camera attached on the
inside of the rear window to obtain the footage for the rear-view mirror.
The two remaining cameras were attached externally to the driver and
passenger side windows to capture side-mirror footage. All clips were
recorded in the daytime during fine weather conditions. We extracted a
selection of hazard perception clips from the footage, each containing a
naturally occurring hazard as judged by two traffic and transport psy-
chologists (see Table 1 for a description of the hazards). Only fully
developed hazards were selected (i.e. we did not select a clip with a
pedestrian who looked like she might step into the road; we only se-
lected the clip if she did step into the road, and at a close enough dis-
tance to be hazardous, as assessed by our judges). The duration of each
clip varied between 31s and 64 s prior to editing the occlusions.

Following selection, the four video streams were synchronised, with
the three rear-facing video streams edited into mirror placeholders
contained in a graphic overlay of the inside of a car. The A-pillars and
roof were designed to be semi-transparent, allowing the forward view
to be seen through these sections of the overlay and the dashboard and
mirror placeholders were fully opaque. The reason behind the semi-
transparent design is that real-world obscuration by A-pillars is offset
somewhat by stereopsis and small head movements. A fully opaque
overlay could therefore over-exaggerate the obscuration that a car
frame causes.
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The clips were edited to occlude (i.e. cut to an immediate black
screen) at three separate points: proximal, intermediate and distal from
the fully developed hazard. A proximal cut would allow several frames
of the actual hazard to be seen (providing the participant was already
looking at the location of the imminent hazard), confirming the parti-
cipant’s prediction. Intermediate occlusions and distal occlusions oc-
curred an average of 618 and 1222 ms earlier than the proximal oc-
clusion, respectively.

Clips were displayed on a Lenovo (ThinkPad) computer running E-
Prime 2.0 Software (Psychology Software Tools, 2012), with a resolu-
tion of 1920 x 1080 and screen size of 34.5cm X 19.5cm. Participants
responded using the keyboards and the mouse.

3.2.4. Procedure

Once participants gave consent, they were seated 60 cm from the
screen and asked to answer demographic questions, including age, sex,
year of obtaining driving license, driving collisions in the past
24 months, and miles driven in the past 12 months. Participants were
then given both verbal and on-screen instructions for the test. They
were told that they would watch 15 short video clips from a driver’s
perspective. They were asked to watch each clip carefully, as at some
point the clip would stop and be occluded by a black screen. Following
this, they were asked to describe “What happens next?” (i.e. how the
driving situation was going to develop), by typing their answer in a
free-response box on the screen (with a 150 character limit). They were
instructed to include in their answer any source of potential hazard, the
location of that source, and how the situation was going to develop.
Following each answer, participants were asked to rate how hazardous
they thought the predicted event would be for them, using a 7-point
Likert scale (where 1 is ‘not hazardous at all’, and 7 is ‘extremely ha-
zardous’).

Participants then watched a practice trial where they had the op-
portunity to familiarise themselves with the task. This practice trial also
included feedback: following occlusion and their answer, the clip was
replayed without an occlusion allowing participants to see what the
hazard actually was. This practice trial was the only time when they
received feedback about their performance. Once participants felt
comfortable with the instructions and the practice, they began the ex-
periment. In total, the experiment took an average of 20 min.

3.3. Results

All participants were given a score out of 15 clips for the accuracy of
their predictions. The scores were based on the interpretation of the
typed free responses by two expert raters. Cohen’s Kappa for each
condition was acceptable (= >.8), with disagreements reconciled
through discussion.

Participants’ scores were converted to percentages and subjected to
a 2 x 3 Analysis of Variance (ANOVA; experienced vs. inexperienced
drivers x 3 levels of occlusion point). A main effect was found for
driving experience with experienced drivers being more accurate when
predicting hazards than inexperienced (54.9% vs. 45.6%; F
(1,55) = 7.13,MSe = 161.2, p < .01, quz .11). A main effect was
also found across all levels of occlusion point, with the distal, inter-
mediate and proximal conditions producing average accuracy rates of
28.6%, 50.7%, and.72.3%, respectively (F(2,55) = 60.6,MSe = 161.2,
p < .001, n,%=.69). Planned repeated contrasts were conducted
comparing distal to intermedi; and inter to proximal occlu-
sion points. Both were significant (ps < .001).

Despite a visible trend to suggest that the distal condition is the
weakest discriminator of the driver groups (see Fig. 2), no significant
interaction was found between experienced group and occlusion point
(F(2,55) = .94, MSe = 151.2, p = .39, n,> = .03).

Ratings of hazardousness were also subjected to a 2 X 3 ANOVA but
no differences were found across experience or occlusion points. The
average hazard rating of experienced and inexperienced drivers for the

341



P. Ventsislavova, D. Crundall

Table 1
A description of the a priori hazards selected within each clip.
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N

Video clips

Duration(ms)  Last sketch prior the clip occlusion

Hazard

10

1

12

13

14

15

A car ahead overshoots a red traffic signal. As the cross-traffic begins to
enter the junction, the reversing light of the car ahead illuminates, and this
car then reverses towards you to get out of the junction. The clip occludes
following initial illumination of the reversing light

As you are driving, the car indicates and pulls over blocking your path. As
you try to overtake the car and continue your path, a car from behind
overtakes you (passing from the right mirror, into the blind spot, before
emerging into your forward view). The clip occludes at the point where the
overtaking car enters the blindspot

You are driving along a narrow urban street and the head of a pedestrian is
visible above the parked cars on the left. The clip occludes as the pedestrian
moves between the parked cars to step into the road

You come to a standstill due to congestion in an urban street with shops and
parked vehicles. A pedestrian exits a shop and then steps out from between
two parked cars on the left, just as the traffic moves and you begin to
accelerate. The clip occludes when the pedestrian turns his head to look at
you, while stepping forward

A distracted pedestrian is walking towards the street. The pedestrian crosses
the road from the right without looking. The clip occludes as the pedestrian
begins to cross

A car behind you is visible in the rear-view mirror and left side mirror. As
you approach traffic lights, this car undertakes you and pulls in front of you,
forcing you to brake. The clip occludes when the car is just emerging from
the blind spot

There are pedestrians on both side of a narrow street. A pedestrian with a
child’s pushchair enters the road from the right without looking. Her
entrance is partially obscured by pedestrians standing on the right. The clip
occludes when the pushchair is partially visible among the pedestrians

You are driving along a narrow urban road. A pedestrian approaches from
the right with shopping bags. He is temporally obscured by a large plant
pot, before he steps out into the road. The clips occludes just as he begins to
step out from behind the plant pot

A bus in a bus lane signals to pull away from a bus stop. Due to parked
vehicles ahead in the bus lane, it pulls out into your lane forcing you to stop.
The clip occludes following one flash of the indicator from the bus

An oncoming car cuts across your lane to park in a layby on your left. The
clip occludes just before the car starts to cross your lane, following one flash
of its indicator

A car behind you is visible in the rear-view mirror and right-side mirror.
The car from behind overtakes your vehicle on a blind bend. The
appearance of an oncoming car in the opposite lane forces the overtaking
vehicle to pull back into your lane immediately in front of you. The clip
occludes when the overtaking car begins to emerge from your blind spot,
and the oncoming car becomes obvious

While travelling at speed along a country road, a blind bend ahead reveals a
queue of standing traffic, forcing you to slow and stop. The clip occludes
immediately after passing the blind bend, when the brake lights of the cars
ahead are partially visible

While your car is slowing due to congestion ahead, a pedestrian looks over
his shoulder before deciding to run in front of your vehicle forcing you to
slow more abruptly than otherwise required. The clip occludes at the
moment when the pedestrian looks directly at you, as he steps forward

Driving through a school area, two pedestrians are visible on the right. You
can see that the woman is looking at the car. The clip occludes at the
moment she gesticulates with her arm, thinking that you have given way for
her and her child to cross

You are driving along a narrow road with parked cars on both sides, which
are obscuring the view ahead. Suddenly an oncoming van appears ahead.
The clip occludes at the moment the white van is partially visible

64,000

49,000

43,000

32,000

31,000

42,000

70,000

35,000

42,000

Reversing car ahead

A car from behind overtakes you

The pedestrian from the left crosses the
street

A pedestrian from the left crosses the
street

A distracted pedestrian crosses the street
from the right

The car from the left undertakes the
camera car

A pedestrian with a child’s pushchair
enters the road from the right without
looking

A pedestrian from the right crosses the

street without looking for upcoming cars

The bus pulls out into your lane

The car in front cuts across your lane

The car behind overtakes on a blind bend

Queue of standing traffic

A pedestrian crosses the street from the
left

Pedestrians from the right cross the
street after indicating to the camera car

A van appears suddenly behind parked
cars
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distal clips was 3.46 and 3.40, respectively. For the intermediate clips,
experienced drivers gave a rating of 3.76 while inexperienced drivers
rated them at 3.72. Finally, for the proximal clips, the ratings for ex-
perienced and inexperienced drivers were 3.25 and 4.04.

3.4. Discussion

The primary finding of the current experiment is that this new
version of the hazard prediction test, using a new set of clips from those
used by Crundall (2016), has successfully discriminated between ex-
perienced and inexperienced drivers. With appropriate occlusion
points, the clips successfully elicit more accurate responses from ex-
perienced drivers compared to inexperienced drivers.

The occlusion-point factor ostensibly produced identical findings to
those of Crundall (2016), with declining accuracy as the temporal se-
paration between occlusion and hazard increases. Crundall (2016)
failed to find an interaction, and the current interaction between ex-
perience and occlusion point also failed to reach significance. However,
a closer look at the data is suggestive that the ability of clips to dis-
criminate between the driver groups at the most distal level of occlusion
is noticeably degraded. While the data do not support any strong con-
clusions, there is a clear suggestion that cutting the clip too early re-
duces the link between precursors and hazards to such an extent that all
drivers approach a floor. Note however that the overall accuracy to the
distal condition in the current study is far below the 57% score in the
comparable condition of Crundall (2016). This suggests that the distal
occlusions in the current study are cut more severely in relation to the
actual hazards. This cannot be due to absolute differences in distal
occlusion points across the Crundall study (2016) and the current one
(1200 ms vs. 1222 ms), so must therefore be due to differences in un-
folding nature of the hazard precursors. It is likely that the lag between
first evidence of a hazard, and the actual hazard beginning to develop,
was greater in the Crundall (2016) clips, than in the current selection.

In regards to hazardousness ratings, no differences were noted
across either factors, mirroring the results of Jackson et al. (2009), who
also failed to find significant differences regarding the hazardousness of
the future situation. A possible explanation for this is that drivers are
basing their ratings more on the nature of the scene that they do see (for
more than 30s prior to occlusion), rather than the predicted hazard
itself which predominantly remains unseen.

In conclusion, the current study has validated the new set of pre-
diction clips by demonstrating an experiential difference in predictive
accuracy. Furthermore, we have demonstrated that the choice of oc-
clusion point has limited influence upon the discriminability of the test,
within reasonable boundaries. If set too early however, none of the
participants are likely to score highly due to the removal of all pre-
cursors to the upcoming hazard.

An additional advantage of the current study however is that the
free responses provided by participants offer a range of incorrect pre-
dictions that can be developed into multiple-choice distracter answers
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for Experiment 2. The reduced accuracy of the intermediate and distal
conditions was very useful in this regard, as the greater number of in-
correct responses was concomitant with a greater variety of response,
providing us with sufficient plausible answers to provide three dis-
tracter options for each clip in the following study.

4. Experiment 2: A multiple-choice hazard prediction test
4.1. Introduction

There have been several previous attempts to create a multiple-
choice version of the hazard prediction test. Lim et al. (2014) used a
multiple-choice hazard prediction test with Malaysian and UK drivers.
Their results showed that experienced drivers were able to predict more
hazards in comparison to the novices (though only for the Malaysian
clips). While this result was in contrast to a previously unsuccessful
study using response-time hazard perception clips (Lim et al., 2013),
they did not directly compare the two datasets across the studies. More
recently, Ventsislavova et al. (2016) created a multiple-choice Spanish
prediction test in order to test the differences between experienced and
novice drivers, asking both “What was the hazard” and “What happens
next?”. They found that experienced drivers were more accurate in
identifying and predicting the hazard than novices.

Two recent studies have also compared multiple-choice prediction
tests directly to response-time tests (Crundall and Kroll, 2018; Malone
and Briinken, 2016). Malone and Briinken (2016) described their two
test variants as differing on ecological validity, with the response-time
test representing high ecological validity, while the multiple-choice
version represented low ecological validity. Even though they expected
that the high ecological validity test would discriminate better between
experienced groups, the multiple-choice version of the hazard percep-
tion test also yielded a significant difference between experienced and
novice drivers. It should be noted however that Malone et al. used
hazards that fully materialised. As participants saw the whole hazard,
this test did not isolate the act of prediction, and is therefore less ap-
plicable to the current discussion. Crundall and Kroll (2018) compared
a response-time HP test and a multiple-choice prediction test across
groups of fire appliance drivers (with clips filmed from fire appliances
on blue-light training runs). They found the multiple-choice test to be
more sensitive to group differences.

Multiple-choice formats have also been employed in the training of
hazard perception (Cockerton and Isler, 2003; Isler and Cockerton,
2003; Petzoldt et al., 2013). Petzoldt et al. (2013) compared a paper-
based intervention with computer-based training using a multiple-
choice format, with the latter being more beneficial for participants to
spot earlier critical cues and scan relevant areas in the visual field.

One concern that has been raised regarding the development of
multiple-choice tests relates to the plausibility of the distracters
(Andrich and Marais, 2014). Poor or implausible distracter options can
be easily rejected allowing the participant to choose the correct re-
sponse by default. For this reason, we followed the guidelines of
Worthen et al. (1999), creating the distracter items using the incorrect
answers that were provided by the participants in Experiment 1. In
order to test this new format, we divided our sample into four groups:
learners, novices, moderately experienced drivers and highly experi-
enced drivers. We predicted that there would be clear differences in
prediction accuracy across our driving groups.

4.2. Method

4.2.1. Participants

Fifty-one participants were split into four different experienced
groups: 12 learner drivers (L), 10 novice drivers (N), 15 drivers that
have driven for less than 6years (E < 6y) and 14 drivers that have
driven more than 6years (E > 6y) (see Table 2 for demographics). All
participants had normal or corrected-to-normal vision and were
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Table 2
Mean age, mileage and driving experience for the different driving groups.

Participants Mean age  Mean driving experience ~ Mean mileage in the
since test (in years) previous 12 months

Learner drivers 183 0 9

Novice drivers  18.4 11 months 555

E < Gyears 21.4 3years 4933.3

E > 6years 35.9 16 years 7857.1

identified as University students and staff.

4.2.2. Design, materials and procedure

The proximal occlusion clips from Experiment 1 were edited to in-
clude a multiple-choice question, with the most frequent incorrect an-
swers from the previous experiment chosen as the three distracters for
each clip. Both the correct answer and all distracter options were
written in short, simple sentences, following guidelines provided by
Haladyna (1999). All apparatus remained the same as that used in
Experiment 1.

A 1 x 4 between-subjects design was employed, where the in-
dependent variable was the level of experience of the participants and
the dependent variable was the percentage accuracy of hazards pre-
dicted. The procedure was identical to that used in Experiment 1 with
the only difference being that this time participants were asked to
predict the driving situation by choosing one of 4 options after each of
15 clips (see Fig. 3). Participants were aware that only one option
would be correct and, if they had been looking in the correct place at
the time of occlusion, that they would have seen very brief confirmation
that their prediction was correct. Following their selection of an option,
participants were asked to rate how hazardous the predicted situation
would have been for them, by selecting a point on a 1-7 Likert Scale
(where 1 is ‘not at all hazardous’ and 7 is ‘extremely hazardous’). Prior
to the actual experiment, all participants saw a practice trial. The ex-
periment took an average of 20 min to complete.

4.3. Results

Accuracy was analysed using a 1 x 4 ANOVA, where the between-
group factor was driver experience. A main effect was found (see

What will happen next?
A pedestrian walks into the road from between the parked cars on the left

Awhite van, hidden by parked vehicles, appears from around the bend heading towards you
A car reverses from a driveway on the left and emerges from between the parked vehicles

The parked car on the right indicates and begins to pull off as you are passing
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Fig. 4. Percentage accuracy (white bars) and ratings (from 1 to 7; black bars)
across all experienced groups: learners, novices, experienced drivers with less
than 6 years of driving experience, and experienced drivers with more than
6 years of driving experience. Standard error bars are added.

Fig. 4), with performance improving in line with increasing experience
across the four groups (71.7%, 79.3%, 88.9% and 89.5% for learners,
novices, moderately experienced and highly experienced drivers, re-
spectively; F(3,47) = 6.9, MSe = 134.2, p < .001, qu = .31). Planned
contrasts were undertaken to unpack this main effect. The first contrast
pooled the learners and novices and compared them to the pooled ex-
perienced driver groups (mirroring the analysis in experiment 1 which
just compared inexperienced drivers to experienced drivers). The dif-
ference was found to be significant with the experienced drivers out-
performing the learner/novice group (t(47) = 4.2, p < 0.001). Re-
peated contrasts (learners vs. novices, novices vs. moderately-experi-
enced drivers, and moderately-experienced vs. highly-experienced dri-
vers) were also conducted to identify whether the test was sensitive to
more subtle changes in experience, but the only significant comparison
was found between novices and moderately-experienced drivers (t
(47) = 2.0, p < 0.05). This suggests a clear experiential boundary in
the ability of the test to discriminate between groups at the transition
between novice and moderately-experienced drivers.

Ratings were also analysed and a main effect was found for driving
experience across the four groups (F(3,47) = 2.9, MSe = .85, p < .05,

Fig. 3. Three panels represent the end of a clip: the first panel is the final frame (where the impending hazard is an oncoming white van, hidden by parked vehicles).
This is followed by an occlusion panel, before four multiple-choice options are displayed on screen.
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np2 =.16). While learners gave the highest risk ratings for the clips
(4.5) and the highly-experienced group gave the lowest ratings (3.7),
the experiential effect was not sufficient for any of the pl d con-
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Table 3
Pearson correlations for accuracy vs. years of driving and accuracy vs. miles for
both types of tests (multiple-choice and fi type).

trasts (L/N vs. all experienced drivers; Lvs. N;Nvs.E < 6 y; E < 6yr
vs. E > 6yrs) to reach significance (see Fig. 4).

4.3.1. Comparison of the two tests

A third additional analysis was conducted in order to directly
compare the two tests and investigate whether there were differences
between the test types in terms of accuracy and discrimination. For that
purpose, all the participants that took part in the proximal occlusion
condition of Experiment 1 (N = 20; 10 novices and 10 experienced)
were matched to participants with the most similar driving experience
(in terms of passing the driving test and annual mileage) from
Experiment 2 (N = 20; 10 novices and 10 experienced). The average
difference between matched pairs in terms of mileage was 76 miles for
the novices and 400 miles for the experienced drivers, while the
average difference in years’ experience since passing the driving test
was of 0.4 years for the novice drivers and 0.2 for the experienced.

A 2 x 2 between-groups ANOVA was conducted on the two data
sets. A marginal difference was found between the tests (F(1,36) = 3.5,
MSe = 152.8, p = .07, qu .09), with performance on the multiple-
choice test being ostensibly higher than that on the free-response ver-
sion. The main effect of driving experience remained with experienced
drivers outperforming novices (82.3 vs. 69.7; F(1,36) = 10.5,
MSe = 1528, p < .01, qu = .23), although there was no interaction
between the test type and the experienced groups (see Fig. 5). No dif-
ferences were found for the ratings. The hazards were not rated as more
hazardous in terms of test type. These results suggest that the tests do
not differ regarding their ability to discriminate on the basis of driving
experience, and that the type of question does not influence perceived
hazardousness.

Pearson correlations were conducted to assess the relationship be-
tween the accuracy of responses, annual mileage and years of driving
(post-license) for both types of test. Significant correlations were found
for accuracy and years of driving (r(18) = 0.51, p < .05), and accu-
racy and miles driven (r(18) = 0.56, p < .05), but only with the data
from the multiple-choice test. Neither of these correlations was sig-
nificant for the free-response data from Experiment 1 (see Table 3).

5. Discussion

The multiple-choice hazard prediction test was able to discriminate
between the driving groups on the basis of experience. Experienced
drivers (E < 6y and E > 6y) outperformed the learner and novice
drivers in predicting hazards. Planned contrasts revealed that the
threshold for performance differences lies between the novice and
moderately-experienced group, suggestive of a step change in the
ability to predict hazards following 1-2 years of post-license driving
experience.

This is in keeping with the literature that consistently reports novice

100
90
80
R 70 M Experienced
7 e
E 50 O Novice
40
30
20
10
Written responses Multiple Choice
Test type

Fig. 5. Percentage accuracy of correct responses across experience groups and
test type (with standard error bars added).
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Multiple-choice test Free-response test

Accuracy Years Miles  Accuracy Years Miles
Accuracy - -
Years 512 = 382 -
(p < .05) (p =.09)
Miles 562 697 - 395 531 -
(p<.0) (p<.01) (p=.085) (p < .05

drivers, especially within the first 12months of post-license driving, to
be overrepresented in crashes. This suggests that safety-relevant skills
are still developing in this first year of independent driving (Foss et al.,
2011; McCartt et al., 2003; Williams and Tefft, 2014; Pradham and
Crundall, 2017).

When overall accuracy rates for the two tests are examined, the
multiple-choice test is ostensibly easier (though this effect did not reach
conventional levels of statistical significance; p = 0.07). Such an effect
can be understood in terms of the opportunity for participants to guess,
or infer, the correct answer out of the multiple-choice options.
Arguably, an act of inference may still tap into hazard prediction skill
(as participants may choose the most likely response on the basis of the
evidence they had gathered up to the point of occlusion). Pure guesses
are potentially more problematic, but as the ostensible increase in ac-
curacy did not negatively impact on the ability of the test to dis-
criminate between our driver groups, we argue that it is of little con-
sequence.

The ability of the multiple-choice test to discriminate between the
driver groups suggests that it might have similar validity to that of the
free-response test. Considering the correlation analyses, one might be
tempted to argue that the multiple-choice test is even more sensitive to
driving experience than the free response test, with years of driving
(post-license) and mileage only correlating with the former but not the
latter.

On the basis of the current results, it appears that the multiple-
choice test is no worse than the free response test at discriminating
between our driver groups. Given the positive correlations with mea-
sures of experience, and the pragmatic advantages that a multiple-
choice format offers (objective marking, immediate feedback, quick
administration, etc.), we argue that providing participants with four
options to choose between should be the preferred format.

5.1. General discussion

The current study compared two different versions of the hazard
prediction test: free response and multiple-choice formats. The results
suggest that both versions are able to discriminate between experienced
and novice drivers, however significant relationships between both
driving experience and mileage with prediction accuracy were only
found for the multiple-choice format.

While several studies have reported finding significant differences
in accuracy between novice and experienced drivers when using mul-
tiple-choice formats (Lim et al, 2014, Ventsislavova et al., 2016),
others have failed to find these differences (Malone and Briinken,
2013). However, when Malone and Brunken (2016) compared the
traditional reaction time paradigm with the multiple-choice format,
they found that experienced drivers outperformed novices in both test
types. Following these results, they concluded that the ability of a test
to discriminate between driver groups is more likely to be due to the
scenario type (i.e. the particular videos used) rather than the assess-
ment methodology employed.

On the basis of the current results, and those of other researchers
reported in the literature, it appears that the multiple-choice format is
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no less discriminative than other test formats, yet pragmatically it offers
a range of other advantages. For instance, the multiple-choice format
allows quick administration and objective scoring of the answers. In
contrast, a free response prediction test can take much longer to ad-
minister, and, without the development of natural language processing
algorithms, must be scored offline by hand. Not only is this time con-
suming and risks errors during subjective coding, but it also means that
participants cannot receive an immediate score for their performance.
For research purposes, participants do not need to be given a score at
the end of the test (though they typically prefer this). However, if the
prediction format was to be used in driver training or licensing proce-
dures, then the immediate feedback that can be provided with a mul-
tiple-choice format is a necessity.

There are other potential concerns however regarding the use of
multiple-choice formats. Malone and Brunken (2016) argued that pro-
viding multiple options for drivers to choose between might simply tap
into memory processes rather than driving skill. This was particularly
pertinent for their study which only presented the options after a ha-
zard clip had been viewed in its entirety. In this case, drivers might
have to choose an option that refers to a hazard that they had seen tens
of seconds ago. While such a short temporal gap might not be con-
sidered to place a huge strain on memory, the point remains valid: any
gap between the target event and the probe question might produce
results confounded by memory processes. However, in the current
study, the clip occludes just as the hazard begins to develop, and the
options are immediately provided. The safest drivers will be aware of
this hazard at the point of occlusion, and thus this answer should be
readily available in working memory.

One further concern with the multiple-choice format is the gen-
eration of incorrect options that provide plausible alternatives to the
correct answer. If the distracter options are too unlikely, then the
viewer may be able to guess the correct answer by rejecting the im-
plausible options. For this reason, our distracters were developed using
the responses given by participants in Experiment 1. We recommend
this as a method for generating plausible and realistic distracters. While
this process is time consuming, it helps ensure that the correct answer
does not stand out.

In addition to supporting the development of a multiple-choice
format, the current studies have provided additional insight into the act
of hazard prediction. First, the fact that we have two further experi-
ments that demonstrate the effectiveness of the hazard prediction test
serves to bolster the standing of this methodology, adding to the
growing literature that has successfully employed the occlusion format
(Castro et al., 2014; Crundall, 2016; Jackson et al., 2009; Lehtonen
et al., 2017; Lim et al,, 2014; Ventsislavova et al., 2016). This is espe-
cially important given the more equivocal nature of the findings in the
field when using more traditional response-time hazard perception tests
(Wetton et al., 2010; Horswill et al., 2015).

Specifically, the results from Experiment 1 again demonstrate the
robustness of the discriminative validity across varying occlusion points
(see also Crundall, 2016). Admittedly, the gap between experienced
and novice driver performance appears at its weakest with the distal
occlusion, though this is understandable: if the clip is cut before there is
any evidence to point towards the impending hazard, then neither
group should be able to provide a correct answer. Conversely, if the clip
is cut after the hazard has fully appeared, one might expect all driver
groups to get the answer correct (though, interestingly, Malone and
Briinken, 2016, still found experiential differences using probes that
were presented after the hazard had fully developed).

Experiment 2 also provided new insight via the comparison of four
experiential groups. The experiential differences lay between novices
and the moderately-experienced driver group. The fact that novices
were not significantly better than learners, could suggest that hazard
prediction is a skill that is still developing during the first year of in-
dependent driving. This lack of improvement in novice drivers over
learners is surprising given that all of our novices trained for, and
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passed, the official UK hazard perception test within (at most)
12 months prior to taking part in the study. This raises the possibility
that the introduction of the UK hazard perception test in 2002 into the
licensing procedure has not reached its full potential for improving the
hazard detection skills of our new drivers. Certainly, the young driver
problem has not been eradicated in the UK, with one recent report from
the Department of Transport noting that young car drivers are involved
in 18% of road collisions, despite only accounting for 5% of the total
miles driven (DfT, 2015). It is possible that the focus on responding to
hazards in the UK test, rather than predicting them, may have missed an
opportunity to ensure learners are trained in the most important aspects
of hazard avoidance (Pradhan and Crundall, 2017).

It should be noted however that any test is only as good as the
stimuli that comprise it, and vagaries in stimuli may always prevent
wider generalisation of effects. In this particular study, for example, 7
out of 15 clips contained pedestrian hazards. This may be considered to
place too much emphasis on this particular type of hazard. In defence of
the clip selection, we draw attention to the fact that all stimuli were
collected naturalistically, across a variety of roadways (rural, dual
carriageway, urban and suburban). Furthermore, other studies have
demonstrated the discriminative validity of the hazard prediction
paradigm using different clips and different hazards (e.g. Lim et al.,
2014, Castro et al., 2014), and the current results are consistent with
the emerging pattern in the literature. Nonetheless, the need to assess
the hazard prediction test across a wider range of hazards should be
addressed in future research, and ideally with larger samples.

In conclusion, the results suggest that a multiple-choice format of
the hazard prediction test can provide an efficient and effective tool for
discriminating between driver groups on the basis of driving experi-
ence. It is particularly sensitive to the boundary between novice and
moderately-experienced drivers, which accords with the literature that
identifies the first 12 months post-license as being particularly proble-
matic for young drivers. With the growing evidence-base for hazard
prediction tests as a valid method of discriminating driver groups, this
study has demonstrated how such a test could be designed for wide-
spread automated deployment, thus providing a valid alternative to the
current UK hazard perception test that still relies on confounded re-
sponse-time measures.
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APPENDIX E: Data output, Hazard frames of clips,

Informed Consent and Debrief forms

Appendix E contains a link to a folder that contains the SPSS outputs for each
experiment, hazard frames of the videos featured for each experiment, and consent
forms and debriefs.

All the materials can be accessed via the following link: tiny.cc/PetyaPhD
-The SPSS outputs are in separate folders named after each experiment. Each output
is named after the respective analysis for each experiment.
-The folders containing the hazard frames are placed in the following sub-folders:
e Chinese clips
e Israeli clips: Hazardous clips and Quasi-hazardous clips
e Spanish clips
e UKclips
The number of each clip is identical to those representing each hazard in Table 2.1
(UK Clips), Table 2.2 (Chinese clips), Table 2.3 (Spanish clips), Table 2.4 (Israeli
clips).
-Informed consent and Debrief forms for each experiment have been placed in the

respective folder containing sub-folders for each experiment.
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