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Abstract
Hazard perception (HP) is the ability to spot on-road hazards in time to avoid a collision. This
skill is traditionally 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 culturally 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 participants, 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 nationality, 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.
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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 participant responses to
a traditional hazard perception test across three countries, and found it wanting. A second
study, however, used a variant on the traditional methodology which we found to be more

suitable for testing driver skill across geographical borders.

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 51" leading cause by 2030 unless a concerted effort is made to avert this disaster. In
response to this growing problem, 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 promise of automated

vehicles, but the Institute of Electrical and Electronics Engineers
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(http://www.ieee.org/about/news/2012/5september 2 2012.html) 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, 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. In the field of traffic
and transport psychology this will typically involve reviewing the impact 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 procedure 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 independent driving (2010), where the learner must navigate by themselves
for 10 minutes. New changes to the driving test are also being currently considered (including

the use of satnav). One of the most influential changes to driving in the UK has been the
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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 cultures.

Developed by traffic and transport psychologists, the UK HP test presents learner
drivers with a series of video clips (updated to computer-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 maximum 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 positively
related to one’s likelihood of avoiding a crash, and that by introducing 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 & Horswill,
2007; Horswill et al., 2008; Deery, 1999; Pradhan, Pollatsek, Knodler & Fisher, 2009). A few
studies have even reported that performance on a hazard perception test can predict whether a
driver will be involved in a future collision (Boufous et al., 2011; Drummond, 2000;
Horswill, Hill and Wetton, 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
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are many studies that have demonstrated that performance in detecting hazards can be trained
(e.g. Castro et al., 2016; Chapman, Underwood and Roberts, 2002; Horswill, Taylor,
Newnam, Wetton, & Hill 2013; Yamani et al., 2016). These studies suggest that, given
sufficient impetus to seek 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 McDonnald 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 McDonald
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, Rilea, Blomberg,
Peck, & Korbelak, 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.

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
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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, Ng and Lee, 2011; Cocron et al., 2014; Gau, Yu and Hou, 2015; Horswill, Anstey,
Hatherley, and Wood, 2010; Horswill, Hill and Wetton, 2015; Malone and Briinken, 2016;
Isler, Starkey and Williamson, 2008; Lim, Sheppard and Crundall, 2013; Rosenbloom,
Perlman, and Pereg, 2011, Scialfa, Pereverseff, and Bokenhagen, 2014; Shimazaki, Ito, Fujii,
and Ishida, 2017; Ventsislavova et al., 2016; Vlakveld, 2011, 2014; Wang, Peng, Liang,
Zhang, and Wu, 2007; Wetton, Hill and Horswill, 2011; Wetton, Horswill, Hatherley, Wood,
Pachana, and Anstey, 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.Wallace and Horswill, 2007; Horswill, et al., 2015), while
others fail to find this basic effect (e.g. Sagberg and Bjgrnskau, 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 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 differentiating between driver groups (Crundall et al., 2012;
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
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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. 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 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 behavioural differences between experienced and novice
drivers (e.g. Crundall et al., 1999, Underwood, Ngai and Underwood, 2013).

To our knowledge, only Lim, Sheppard and Crundall (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

1 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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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 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.
Following 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 between novice and experienced drivers,

regardless of the nationality of the participants, though the effect was only apparent with
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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 hazard
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-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.

The current experiments

The current paper describes two studies that set out to assess whether two variants of
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 studies used the
same clips and identical methodologies, 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.).

The first study compares participants’ performance across countries (both in terms of
participant nationality and clip origin) using a traditional 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 presented them
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with the same clips, but within a hazard prediction paradigm (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.

Experiment 1

The first experiment compared UK, Spanish and Chinese participants’ 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 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 7 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



CROSS CULTURAL HAZARD PERCEPTION AND PREDICTION 12

specific study, 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, 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 previously in
hazard perception clips. For instance, Borowsky, Oron-Gilad, Meir, and Parmet (2012)
included an inset rear-view mirror in their clips, though their clips did not require attention to
the mirror information. Crundall, Crundall, Clarke and Shahar (2012), Shahar, Alberti, Clarke
and Crundall (2010), and Shahar, van Loon, Clarke and Crundall (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 participants 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, providing
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 surrogate for crash likelihood). It was also considered likely that experience
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.
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Method

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 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 (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 11804 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.
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Participants from the three countries were recruited either from the respective
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Universities involved (Granada, Nottingham Trent and Tsinghua Universities), and from

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

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 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
Study 2: Hazard Prediction
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 Experience 1 5 1 21 1 7
(years)
Annual Mileage ~ 33.7 5474 28.9 20183 266.7 5587

Table 1 Mean demographic values for participants in study 1 and 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
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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 additional 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 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 addition to the actual
hazard (see Table 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 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 synchronised with the

forward view and edited into mirror placeholders that were contained in a graphic overlay of
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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 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 travelling 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 Figure 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 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.
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Figure 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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Clip

Number

Hazards

(with occlusion points for experiment 2 italicised)

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.
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

55000

57000

26000

63000
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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. It 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

57000
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50000

62000
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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
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.

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 clip 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
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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

53000

48000

42000

50000

26000
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10

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, approaching 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
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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.

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.
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42000
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9 While travelling at speed along a country road, a blind bend 70000
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.

10 While your car is slowing due to congestion ahead, a pedestrian 35000
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.

Table 2. A description of the a priori hazards selected within each clip

Design

A 2x3x3 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 participants 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 sidewalk, etc.). Offset is defined as

the point at which the hazard was no longer a threat (e.g. corrective action had been taken by
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one of the road users to avoid a collision). The average scoring window was 5350
milliseconds 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 1-7, 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.

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 degrees along
the horizontal axis, and 14.91 degrees 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 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
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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.

In total the experiment took an average of 35 minutes.

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 temporal 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 shortcomings. 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 | error rates (Judd, Westfall & Kenny, 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 continuous. A more appropriate model is therefore a multilevel

generalized linear model, that allows a discrete response to be modelled with fully-crossed
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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, Maechler, Bolker &
Walker, 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 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 responded within the
scoring window, coded 1 or 0) and number of clicks (as counts) were analysed to compare
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 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.

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). Responses were

analysed using multilevel logistic regression (with each data point modelled as a Bernouilli



CROSS CULTURAL HAZARD PERCEPTION AND PREDICTION 28

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
accounting 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 interactions, 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 informative (balancing goodness of fit and the
effective number of predictors).

The pattern of accuracy across all conditions is shown in Figure 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.
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Figure 2. The percentage of hazards correctly responded to by all participant groups across

the three countries of origin for the clips (with error bars).

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 statistically significant.? The
odds ratio (OR) of the difference between Chinese 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% ClI
[0.28, 0.57], narrowing to 0.69, p <.005, 95% CI [0.49, 0.99], between Spanish and UK

drivers. Thus the data suggest a clear pattern of differences between drivers of different

2 With only three means no correction is required for multiple testing. Type | error for the complete null
hypothesis is protected by the initial likelihood ratio test and the number of Type | errors cannot exceed one for
the three pairwise tests (Shaffer, 1986; Baguley, 2012).
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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 Figure 3.
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Figure 3. The percentage of hazards correctly responded for each block of clips across the

three groups of participants (with error bars).

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
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significant, G2 (1) = 9.6, p < .005, explaining much of the deviance in the interaction and
indicating that the Chinese drivers fared particularly poorly at detecting hazards in the UK
clips relative to UK or Spanish drivers.
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 millisecond. The resulting data
were therefore right-censored and, as is common with response times, positively skewed. To
address these features of the data a multilevel regression model treating clips and participants
as random factors and modelling response times as a right-censored lognormal distribution
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 2x3x3 factorial model was
fitted as a Bayesian model using the probabilistic programming language Stan (Carpenter et
al., 2017) via the R package brms (Blrkner, 2017) using the weakly informative default
priors. As brms does not provide frequentist likelihood ratio tests, models were compared
using the information criteria WAIC (Vehtari, Gabry, Yao and Gelman, 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.® Figure 4 shows the predicted mean response times by

3 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 likelihood ratio (or, more accurately, Bayes factor). In this case a
change in WAIC of 6.2 is equivalent to a Bayes factor of e3> = 22.2 (with a posterior probability of .96 in favour
of the main effects model).
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condition. The two way model (WAIC = 56551.6) provided only a modest additional

improvement in fit (AWAIC = 1.9). Accordingly only main effects were followed up further.
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Figure 4. Response times across all participants nationality, experience groups and 3 clips

sets recorded in each country (with error bars).

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 nationalities. This pattern is clear from Figure 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].
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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 correctly 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 - potentially 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 7m 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 generalized linear model,
which included participant and clip as random factors, therefore estimated the extra hazard
responses per minute (EHR/m) and was fitted using Ime4. 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
Figure 5. Main effects were found for nationality, G? (2) = 16.9, p < .0001, and clip origin, G?
(2) = 11.5, 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].
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Figure 5. Extra hazard responses across all participant groups and 3 sets of clips (with error

bars)

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%
C1[0.87, 1.66].

A significant interaction was found across clip origin and nationality, G (4) = 21.2, p
< .0005, and across clip origin and driver experience, G? (2) = 9.7, p < .01. However no
experience by nationality interaction was detected, G? (2) = 1.3, p = .53. These interactions

are plotted in Figure 6a and Figure 6b.
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Figure 6a. Extra hazard responses across clip origin vs nationality (with error bars)

Figure 6b. Extra hazard responses across clip origin vs experience (with error bars)
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Figure 6 helps clarify the patterns of extra hazard responses. Panel (a) indicates that the lower
rate of hazard responses for Chinese participants 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 between the Chinese and UK clips is larger
for the experienced than inexperienced drivers. Simple main effects for the Chinese versus
Spanish 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 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).

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 analysed with a three-way factorial design (participant experience vs.
nationality vs. clip origin) using multilevel ordinal logistic regression via the ordinal package
(Christensen, 2018). The intercept only model (G? (8) = 14226) 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) = 1.8, p = .78).
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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, G2 (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, however, produced a significant main effect, G2 (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 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), G? (1) = 1.4, p = 0.23.

An interaction was noted between clip origin and participant nationality , G2 (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.

Discussion
Experiment 1 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. Thus it is hard to conclude that the hazard perception

methodology is suitable for export to other countries when we cannot identify differences
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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 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 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), 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 between experienced
and inexperienced drivers (e.g. Wallis & 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 Bjgrnskau, 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 approach 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 sensitive to (or more accepting of) hazards from all three

countries. Chinese drivers were also slower to respond to hazards across all three countries
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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
exposed 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 responses 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 hazard responses per
minute across all participants, suggesting that both Chinese and Spanish clips are more
complex, and contain more precursors 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’ nationality 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 complexity, while the

Spanish environment appears on a par with the Chinese one to our participants.
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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 literature.
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
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; Gesinger, 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 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 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
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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 relies on a non-locational hazard click, in order to
minimise the probability 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 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, Kong and Ren, 2004), age and gender differences in mouse and touch screen use
(e.g. Hertzum and Hornbaek, 2010; Wahlstrom 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. 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
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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 influenced by the context of clips. We recognise 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 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 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 threaten systematically to mask any experiential
benefit. To this end we have turned to a purer test of hazard prediction for the second

experiment.

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
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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. 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 perceived skill, may
influence the response. With such a nebulous definition 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 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-process, one of which is the act
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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. We
believe 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. In order to assess this
prediction 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
process, 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 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
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traditional approach of recording the maximum possible RT in otherwise empty cells
(McKenna et al., 2006) has been argued to distort results (cf. Parmet, Meir and Borowsky,
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 instructions are
interpreted differently across the cultures. We know that 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 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 remove 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 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 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).
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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 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. 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.

Method

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 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 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 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 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 1 year of post-license experience,
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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 1 year of post-licensure 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 participants were volunteers.

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 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 ms 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
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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.

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 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 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
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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. 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 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 (i.e. which country’s

clips they saw first) and the order of the clips within the block was randomised.

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 2x2x3 factorial design was analysed as in Experiment 1
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using a multilevel logistic regression with participant and clip as random factors. 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). 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 accounting for the majority (72%) of level 2 variance.
This indicates that a traditional ANOVA analysis — that treats variation between clips as zero
— would substantially underestimate standard errors. The deviance (likelihood ratio Chi
Square, 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, G2 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, AG2 (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 Figure 7. A main effect of
drivers’ experience was found, AG?(1) =7.1, 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? (2) = 2.2, p = .33.
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Figure 7. Percenatges of accuracy in prediction across driving groups, participant’s

nationality and clips (with error bars).

A nationality by clip origin interaction was also detected, AG? (4) = 21.4, p <.001
(see Figure 8). The pattern of accuracy across these conditions is complex — but generally

performance is superior for drivers when the clip origin is consistent with the participant
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nationality (with the exception that UK drivers are slightly better with the Spanish clips than

Spanish drivers). To confirm this we followed up the significant interaction with an
interaction contrast comparing own nationality clips with other nationality clip conditions.

This contrast was statistically significant, G2 (1) = 16.7, p <.001, likely explaining the bulk

of the variation in accuracy contributing to the interaction.
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Figure 8. Accuracy in prediction across different nationality vs clip origin (with error bars).

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). Again a multilevel 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) = 15252) 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 marginally

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
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Spanish clips and the UK clips (3.73 vs. 3.63). Hochberg corrected post hoc tests revealed
significant 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
respectively), 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; G2 (1) =
0.2, p = .64), driver experience did interact with clip origin (G2 (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).

Discussion
Unlike the hazard perception test of experiment 1, the hazard prediction 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 robust
discriminator of driver experience than the traditional hazard perception test (Lim, 2014,
Castro, 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
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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 familiarity 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 precurosrs (Crundall, 2016;
Underwood. Chapman, Bowden and Crundall, 2002). Although this might suggest that
hazard prediction is affected by context, it did not influence 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 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 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 potential 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 experiment
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.
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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 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 2x2x3x3 factorial design using a
multilevel logistic regression model 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). For these models the main
effects only model was more informative 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 (77.2% vs. 47.8%). A significant interaction was also found for test-

type and experience, G2 (1) = 168.0, p < .0001. Despite the prediction test appearing more
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difficult than the perception test, it is clear that the benefit of experience only holds for

hazard prediction rather than hazard perception (see Figure 9).
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Figure 9. Percentages of prediction accuracy for test type across experience (with error bars).

A significant interaction was found for test type and nationality, G? (1) = 10.3, p <
.01. As can be seen from Figure 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).
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Figure 10. Percentage of prediction accuracy for test type across nationality (with error bars).

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).

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
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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; 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 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 presumably desensitises the Chinese drivers to the relative

seriousness of some hazardous events, increasing their thresholds for reporting them. This is
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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 already 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 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 perception 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 percentage accuracy, respectively. However, as the

4 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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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 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

differences, were ameliorated to a large extent in experiment 2.

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 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 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
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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 demanding and cluttered.

Both experiments yielded significant interactions between nationality 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 precursors in a familiar
environment as they know where to look and what cues to serach for (Groeger, 2000).
Despite this, the test still discriminated successfully between the experienced groups which
indicates 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 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 participant nationality and
the familiarity effect in experiment 2, 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 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
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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 and 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.

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
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occlusion 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
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 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 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).
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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. 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).

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 process of hazard perception, and how to measure it accurately, with different
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 sensitive to cultural differences. The hazard prediction test,
however, demonstrated a clear experiential difference, and appeared more impervious 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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