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ABSTRACT
The hazard perception skill of a driver refers to their ability to identify
potentially dangerous events on the road, and is one of the only driving-specific skills
that has been consistently linked to accident rates. Hazard perception tests are used in
several developed countries as part of the driver licensing curriculum, however little
research has been done in developing countries where road safety is a primary
concern. The extent to which hazard perception skill transfers to different driving
environments is also unclear. This thesis therefore has two major aims: to examine
hazard perception in a cross-cultural context, and to validate a hazard perception test
for potential use in driver licensing in lower-income, developing countries.
Most of the experiments in this thesis compare hazard perception skill in
drivers from the UK – where hazard perception testing is well established – and
drivers from Malaysia – a developing country with a high accident rate where hazards
frequently occur. Typically, hazard perception skill is assessed by showing
participants clips filmed on the road and asking them to respond as soon as they detect
a developing hazard, with shorter response times reflecting greater levels of skill.
Chapter 2 presents evidence that Malaysian drivers may be desensitized to hazardous
road situations and thus have increased response times to hazards, creating validity
issues with the typical paradigm. Subsequent chapters therefore use a predictive
paradigm called the “What Happens Next?” test that requires drivers to predict
hazards, leaving performance unaffected by hazard desensitization. Malaysian drivers
predicted hazards less accurately than UK drivers in all cross-cultural experiments,
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indicating that exposure to a greater number of hazards on Malaysian roads did not
have a positive effect on participants’ predictive hazard perception skill. Further
experiments indicated that explicit knowledge plays a minor role in the “What
Happens Next?” test, and that experienced drivers appear to compensate for reduced
visual information more effectively than novices. Experienced drivers from both
Malaysia and the UK also outscored novices in all experiments using the predictive
paradigm, suggesting the “What Happens Next?” test provides a valid measure of
hazard perception skill and may offer a practical alternative for hazard perception
testing in developing and even developed countries.
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CHAPTER 1
GENERAL INTRODUCTION

1.1

Hazard perception
In 2010, the United Nations General Assembly announced the 2011 – 2020

period as the Decade of Action for Road Safety, calling for a move to stabilize and
reduce the rising number of road traffic accidents globally. The World Health
Organization’s subsequent Global Status Report on Road Safety cited road injuries as
the eighth leading cause of death worldwide in 2012, the only one of the top ten
unrelated to health, and estimated that by 2030, it will become the fifth leading cause,
barring major interventions (Toroyan, 2013).
One point noted in the WHO report was the impact of road traffic accidents on
young people aged 15 – 29, for whom road injuries were the leading cause of death.
While many factors affect road fatalities – for instance speed, drink driving, helmets,
seat belts, and child restraints (Toroyan, 2009) – it is widely documented that young,
newly licensed drivers contribute disproportionately to road accidents (Deery, 1999;
Mayhew, Simpson, & Pak, 2003; McKnight & McKnight, 2003). Generally, accident
rates are highest for drivers immediately after licensing, after which a steep initial
decline occurs. While age and driving experience are often confounded, research
suggests that experience plays a major role in declining accident rates (McKnight &
McKnight, 2003).
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While several skills develop with driving experience, not all of them influence
accident involvement within the population. According to Horswill and McKenna
(2004), among driving-specific skills, only one has been noted to correlate with crash
risk across multiple studies: hazard perception, or the ability to identify potentially
dangerous situations on the road. Pelz and Krupat (1974) presented participants with
films of driving scenes, and instructed them to imagine they were the driver in the
film scenarios and to move a lever on a sliding scale from “safe” to “unsafe”
according to the level of danger they felt was present. They calculated participants’
response times to hazards in the scenes, and found that non-accident-involved
participants recorded faster response times compared to those who had been involved
in traffic violations or accidents. Since its conception, hazard perception has been
assessed in a variety of other ways. For instance, rating the level of risk present in
driving scenes (Finn & Bragg, 1986; Groeger & Chapman, 1996; Pelz & Krupat,
1974; Wallis & Horswill, 2007), analyzing drivers’ eye movements while watching
videos or driving (Chapman & Underwood, 1998; Mourant & Rockwell, 1972),
predicting hazards about to occur (Crundall, 2016; Vlakveld, 2014), or describing
hazards encountered during on-road drives (Soliday, 1974).
However, reaction time-based hazard perception tests remain common, where
participants are often explicitly instructed to respond to a hazard as fast as possible.
Several methods are used to record these responses; for instance, moving a lever
(Crundall, Chapman, Phelps, & Underwood, 2003; Pelz & Krupat, 1974), using a
touchscreen (Horswill, Anstey, Hatherly, & Wood, 2010; Scialfa et al., 2011; Wetton
et al., 2010), clicking on them with a mouse (Wetton, Hill, & Horswill, 2011, 2013),
or simply pressing a response button (Sagberg & Bjørnskau, 2006; Underwood,
Phelps, Wright, Van Loon, & Galpin, 2005; Wallis & Horswill, 2007). In all these
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cases, shorter response times are thought to reflect greater levels of hazard perception
skill, and there has been some evidence that this measure of performance is associated
with lower crash risk (see Section 1.1.2; (Boufous, Ivers, Senserrick, & Stevenson,
2011; Horswill et al., 2010; Horswill, Hill, & Wetton, 2015; Pelz & Krupat, 1974;
Quimby, Maycock, Carter, Dixon, & Wall, 1986; Wells, Tong, Sexton, Grayson, &
Jones, 2008). Drivers with more post-licensing experience also tend to outperform
newly qualified drivers, with driving experience considered a proxy for safety, given
that crash risk tends to decrease as experience accrues (Horswill & McKenna, 2004)
for a review; Sections 1.1.2 and 1.1.3 for more detail).
Partly due to the evidence supporting a link between hazard perception and
crash risk, several countries have incorporated some form of computer-based hazard
perception testing into their driver licensing process, including the UK, the
Netherlands, and Australia (see Section 1.1.1 for more detail on licensing in Australia
and the UK). In fact, McKenna and Crick (1997) argue that a laboratory setting
possibly allows more accurate assessment of hazard perception skill, given the greater
degree of control and variety of hazard encounters allowed over an on-road setting.
Watts and Quimby (1979) presented early evidence that simulator studies produce
similar results to on-road driving, and later research confirmed that a fully
instrumented simulator, on-road driving, and watching video clips all yielded
comparable patterns of behavior (Underwood, Crundall, & Chapman, 2011).
The current chapter will review the role of reaction time-based hazard
perception tests in driver licensing (Section 1.1.1), and the links between performance
on these tests and later accident involvement (Section 1.1.2). Since it is not always
practical to conduct the large-scale studies required to accurately gauge crash risk,
much hazard perception work uses driving experience as a proxy for safety, although
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some studies have failed to find a link between experience and response latency,
possibly due to the types of hazards used (Section 1.1.3). Several alternative tasks to
the reaction time test have therefore been proposed, although none have yet shown
direct links to accident rates (Section 1.1.4). Past research has also found that
experienced drivers’ visual strategies significantly differ from novices’, possibly
contributing to their superior hazard perception skill (Section 1.1.6). However,
hazard perception skill and to a certain extent visual strategies can be improved via
various training methods (Section 1.1.5). Finally, we will discuss the lack of hazard
perception research in developing countries, where road safety is a major concern
(Section 1.2).
1.1.1

In driver licensing
Some form of hazard perception assessment is used as part of the licensing

process in the UK, Australia, and more recently, the Netherlands. A hazard
perception test, based on the button press response latency measurement described
above, was introduced in the UK licensing process in November 2002. Prospective
UK drivers are first required to hold a provisional license, which has a minimum age
limit, but no driving-specific requirements. They then must pass a theory test, which
consists of a multiple choice test and a hazard perception test. After passing the
theory test, they may sit for the on-road practical test, which allows them to hold a
full, unrestricted license.
The hazard perception test in the UK consists of 14 videos and 15 hazards
(UK Department for Transport, 2016), and previously used filmed clips, which were
updated to computer-generated imagery in January 2015. Drivers can score a
maximum of 5 points on each hazard depending on how early in its window they
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respond, and must score at least 44 of a possible 75 points (59%) to pass the test. For
driving instructors, the pass mark increases to 57 of 75 (76%).
In Australia, the driver licensing process differs between states, but all have at
least three stages: a learner’s license (the equivalent of the UK’s provisional license),
a provisional license, and finally, a full, unrestricted license, with learner and
provisional stages sometimes split into two further stages. Of the eight states, five
require a video-based hazard perception test at some point in the licensing process,
although one of the remaining three, Tasmania, requires a hazard commentary as part
of the on-road test. While the stage at which drivers sit a hazard perception test
varies, it is always required to obtain either a first or second stage provisional license,
which must be held for at least two years before progressing to a full license. The
nature of the hazard perception test also varies depending on the state. For instance,
New South Wales, South Australia, Victoria, and Western Australia incorporate
situations that call for a variety of driving maneuvers such as slowing down,
overtaking, or taking a turn, and test-takers indicate appropriate times to commence
these actions. New South Wales also requires drivers to take a second, more
advanced hazard perception test as the last step in obtaining a full license. Some
researchers however argue that including a wider variety of actions might invoke
multiple constructs rather than hazard perception skill alone, since many of these
judgments involve some form of risk-taking (Horswill, Hill, et al., 2015; Wetton et
al., 2011). The Queensland Hazard Perception Test (QT-HPT) on the other hand
follows the traditional research paradigm described above more closely, and requires
test-takers to click on developing hazards (for more detail on this study and creation
of the QT-HPT, see Section 1.1.3; also Wetton et al., 2011).
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1.1.2

Accident involvement
Several studies have linked hazard perception test performance to accident

rates, either directly or indirectly. Pelz and Krupat (1974) found that participants with
clean safety records during the past year recorded faster response times to hazards,
compared to those involved in traffic violations or accidents respectively. Horswill et
al. (2010) also reported a link between response latency and crash involvement in
drivers aged 65 and over. However, as Horswill, Hill, et al. (2015) note, retrospective
studies allow the possibility that a driver’s hazard perception skill was altered as a
result of their accident involvement, rather than hazard perception skill, or a lack of,
being the causal factor. Furthermore, given the low frequency of accidents, it is
difficult to definitively conclude a link between hazard perception and accident
involvement without very large participant numbers (Horswill & McKenna, 2004).
Given this, several large-scale studies have linked performance on the hazard
perception licensing test to subsequent accident rates, in both the UK and Australia.
Wells et al. (2008) surveyed drivers who had taken the practical licensing
exam in the UK from 2001 to 2005; because the hazard perception component was
introduced as part of the theory test in 2002, their data allowed them to compare
accident involvement in respondents who had and had not taken the hazard perception
test. While univariate analyses were inconclusive, subsequent multivariate analyses
suggested that the hazard perception component had had a positive effect on road
safety, even controlling for age, gender, driving experience, and exposure to different
driving environments. In other words, drivers who had taken the hazard perception
test had slightly lower liability for some types of accidents in their first year of
driving, compared to drivers who had not. Wells et al. estimated that drivers who had
taken the hazard perception test showed a reduction in accident liability for non-low6

speed public road accidents where the driver accepted some blame (at least 3%), and
all non-low-speed public road accidents (reduction of at least 0.3%). They also
compared the highest and lowest scoring groups on the hazard perception test, and
estimated that for non-low-speed public road accidents where the driver accepted
some blame, the highest scoring group’s accident liability was at least 4.5% lower.
In Australia, Boufous et al. (2011) examined the crash rates of newly licensed
drivers in New South Wales in relation to their on-road and hazard perception test
results during the licensing process, with the number of failures on each test being
used as the primary variables. They obtained police crash records for study
participants, a contrast from the other studies in this section that use self-reported
data. Accident data was retrieved approximately two years after participants had
passed the on-road test, which was also approximately one year after passing the
hazard perception test (since New South Wales licensing procedure requires drivers to
wait at least one year after the on-road test before they can take the hazard perception
test). While failing the on-road test did not correlate with failing the hazard
perception test, crash risk was linked to both these tests. After controlling for
sociodemographic and behavioral factors, Boufous et al. reported that failing the onroad test at least 4 times was associated with a significantly higher later crash rate,
compared to passing the test on the first attempt. Similarly, failing the hazard
perception test at least twice was associated with a significantly higher later crash
rate. Interestingly, these effects seemed to play out differently depending on gender.
For the on-road test, slightly more females than males passed on their first attempt,
but the crash risk of those who failed the test at least 4 times was especially high for
females. In contrast, for the hazard perception test, slightly more males than females
passed on their first attempt, but failing the test at least twice was associated with
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significantly higher crash rates for males, while it was not for females. It should also
be noted that the hazard perception test administered in New South Wales differs
slightly from the ones used in the UK and Queensland (for more detail, see Section
1.1.1), but nevertheless the general results from all these studies appear similar.
Horswill, Hill, et al. (2015) conducted a study on drivers taking the QT-HPT
from 2008 to 2012. One key difference between this test and the UK hazard
perception test is that it requires test-takers to identify the source of the hazard in
question by clicking on it with a mouse, rather than simply pressing a button to
indicate a hazard has occurred; the Queensland test therefore elicits responses for both
time and location, rather than only time. A similar version of this paradigm, where
drivers used a touchscreen to identify hazards, has previously been linked to crash risk
in older drivers (Horswill et al., 2010). Immediately after taking the QT-HPT, testtakers were asked if they would like to participate in a survey; respondents were then
taken to an online survey where they then provided their hazard perception score
along with other information such as demographics and driving experience. They
received a second follow up survey one year later. After controlling for age, gender,
and driving experience, Horswill, Hill, et al. found that respondents’ HPT score was
linked to both retrospective (at the time of test-taking) and prospective crashes (one
year after test-taking). This was true for all active crashes, where a one second
increase in hazard perception reaction time corresponded to a 10% increase in the
chance of being involved in a retrospective crash, and a 21% increase for a
prospective crash. Hazard perception score also seemed to significantly affect the
chances of being involved in several sub-types of active crashes, namely ones
involving failures of attention and anticipation.
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1.1.3
1.1.3.1

Driving experience
As a proxy for safety
Road traffic deaths are the usual indicator by which overall road safety is

measured, and are relatively well documented compared to for instance, accidents or
non-fatal accident injuries. The latter two metrics are often unreported and/or poorly
documented, especially in lower-income countries. For instance, many accidents go
unreported and thus no official record of them exists. Police recording may also be
inconsistent and/or inaccurate when it does happen, especially when reporting
injuries, as police often lack the requisite training to correctly categorize injuries
(Toroyan, 2013).
However, for smaller-scale research studies, it is often impractical to use road
accidents or fatalities as a metric (Horswill & McKenna, 2004). Accidents are by
nature infrequent and complex, affected by many factors beyond a driver’s control; as
a result, in a study with a small participant pool, the difference in hazard perception
skill between a driver with three minor accidents and a driver with none might
actually be negligible. As a result, the statistical power required to gain an accurate
insight into accident/fatality rates and driver safety is extremely high.
Because of this, the majority of hazard perception studies use driving
experience rather than accident or fatality rates; since the accident propensity of
novice drivers is considerably higher than experienced drivers, experience is
considered an acceptable proxy for driver safety. Driving experience is usually
operationalized as licensing time and/or mileage. Although age and experience are
often confounded, research has shown accident rates to decrease with both; McKnight
and McKnight (2003) and Horswill and McKenna (2004) argue that experience is
crucial to reduced accident rates regardless of age.
9

1.1.3.2

Experience and response latency
Various previous studies support the notion that experienced drivers respond

faster to hazards than novices. For instance, Wetton et al. (2011) describe creating a
hazard perception test for use in the driver licensing exam in Queensland, Australia
(the QT-HPT), and propose five principles for test creation; among them, they stress
that a licensing test must meet higher standards than a test being used for research.
Their test stimuli were therefore evaluated by driving instructors from Queensland
Transport and the types of hazards contained therein reflected the types of crashes that
most commonly occur among novice drivers, resulting in 91 items in total. They also
conducted a brief validation study to confirm that the test instructions were accessible
to participants with a low level of English skill, aiming for a reading age equivalent of
a 10-year-old native English speaker. In order to minimize inappropriate and/or
ambiguous responses, participants were asked to click on the relevant road users with
the mouse and informed that clicking on non-relevant road users too many times
would result in failing the test. Wetton et al. reported that in the full 91-item test,
experienced drivers showed significantly faster response latencies and a higher
response rate than learners. Additional tests for simple reaction time and mouse skills
revealed that learner drivers were faster to respond in both tests. To create the final
version of the test used in the QT-HPT, Wetton et al. ranked each clip within its
crash-type category according to the effect size of the experience difference
(measured by Cohen’s d), and generated four 15-clip tests, with each individual test
retaining high reliability and a significant learner/experience difference.
Scialfa et al. (2011) administered a hazard perception test to novice and
experienced drivers in Canada, providing participants with a touchscreen to record the
location as well as time of their hazard responses. After removing videos where even
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experienced drivers had insufficient hit rates and those with multiple hazard onsets
occurring simultaneously, leaving 49 of 64 videos, they reported that novices missed
significantly more hazards than experienced drivers and had slower response times,
although there was no difference in false alarm rates between the two groups in videos
that did not contain hazards. Scialfa et al. also assessed their test’s discriminant
validity based on several different variables, using binary logistic regressions. Two
initial analyses to predict driver group membership were conducted with first, reaction
time alone and second, reaction time, miss rates, and false alarm rates, with mixed
results. All scenes were then removed for the reaction time and miss rate measures
except for those where experienced drives had significantly outperformed novices,
leaving 18 videos from the earlier 49. Classification accuracy was similarly high and
novice classification accuracy was slightly higher. Scialfa et al. reported that the final
18-item test had good reliability and a significant novice/experience difference for
reaction time.
Horswill et al. (2008) reported a two-experiment hazard perception study with
novice and experienced drivers, and later older drivers. In the first experiment,
experienced drivers had significantly faster response times than novices, and there
was no difference in response rate, which was near ceiling, between driver groups.
After removing scenes that failed to differentiate experience and adding several new
scenes, they administered the modified hazard perception test to older drivers (>65
years of age), along with several cognitive and visual measures. Horswill et al.
reported that while increased age correlated with declining hazard perception
performance, useful field of view and contrast sensitivity also similarly declined.
Further analyses revealed that contrast sensitivity, useful field of view, and simple
reaction time were the three primary drivers of hazard perception performance, and
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age and visual acuity had a minimal impact. Their results suggested that while hazard
perception skill does appear to decline with age, cognitive and visual skill may
account for much of the individual differences in older drivers.
1.1.3.3

Response latency inconsistencies
While many studies have found that experienced drivers respond to hazards

faster than novices (Horswill et al., 2008; Scialfa et al., 2011; Wallis & Horswill,
2007; Wetton et al., 2011), several others report no hazard perception latency
differences regardless of driver experience. For instance, Chapman and Underwood
(1998) found differences in several eye tracking measures between novice and
experienced drivers, but no difference in response latency (for a more detailed
description of this study, see Section 1.1.6). Similarly, Crundall et al. (2003) reported
no differences in hazard ratings regardless of driving experience, but found
oculomotor and physiological differences. They recruited three groups of drivers; a
novice driver group, a police driver group, and a control group that was age- and
experience- matched with the police drivers. Participants watched 48 videos, half
filmed during the daytime and half at night; those filmed from police vehicles
engaged in pursuit of other vehicles, police vehicles engaging in emergency-response
driving, and standard control drives. Their responses were measured using a sliding
scale, where they constantly adjusted a slider to reflect the hazardousness of the
current situation. Their eye movements and electrodermal responses (EDRs) were
also recorded. Crundall et al. observed no differences in either hazard ratings or
number of hazards reported regardless of driving experience, but found several
differences in fixation duration, spread of search, and EDRs. Novices had the longest
fixation durations for all clips, and showed the greatest effect of attentional narrowing
(for more detail on attentional narrowing, see Chapman & Underwood 1998; Section
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1.1.6); for instance, while all drivers showed increased fixation durations during
nighttime pursuit clips, this was especially true for novices. Novices also had a
smaller horizontal spread of search than the control and police groups, although this
was primarily driven by the police drivers having very wide horizontal scanning.
Finally, they reported no differences in mean EDR across clips for driver experience,
but police drivers produced a higher number of discrete EDRs compared to matched
controls, possibly suggesting that on a physiological level, they were responding to
more potentially hazardous events. EDRs were also higher and more frequent during
daytime clips for all drivers, which Crundall et al. attributed to a greater amount of
visual information during the day.
Sagberg and Bjørnskau (2006) administered a hazard perception test
containing 31 scenes to four groups of drivers. Three of these groups had held a
Norwegian driving license for 1, 5, and 9 months and were considered novice drivers.
The fourth group, composed of experienced drivers, had held their licenses for an
average of 27.1 years. During one of the two experimental blocks, drivers also
completed a secondary task which required them to calculate the total of several onedigit numbers that were read every 10 seconds throughout the block. Sagberg and
Bjørnskau analyzed response rates and response times for each individual hazard, and
overall response times for all hazards, replacing missing responses with the maximum
possible reaction time. They found no overall differences in response rate or response
latency between the three novice driver groups, nor between the novice and
experienced driver groups after collapsing the novice driver data. They observed
some differences in individual hazards; in one of the 31 hazards, the least experienced
group (the 1-month novices) had a significantly lower response rate than the other two
novice groups. In the novice and experienced driver comparison, novices had
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significantly lower response rates for two hazards, and significantly longer reaction
times for six hazards (including the two with lower novice response rates). Finally,
novice male drivers had longer reaction times with the secondary task compared to
both novice female and experienced male drivers, but there were no other differences
in secondary task performance.
Underwood, Ngai, and Underwood (2013) also reported no response latency
differences between novice and experienced drivers, although a third group of
experienced drivers who also rode motorcycles (rider-drivers) showed faster response
latencies. Participants viewed videos of hazards that were classified as either gradual
onset or abrupt hazards, depending on how long the involved road users were on
screen before an avoidance or braking response became necessary; hazards where the
road users were on screen for more than 3 seconds were classified as gradual onset,
while less than 3 seconds were considered abrupt hazards. For abrupt hazards all
participants had similar response times, but for gradual onset hazards, rider-drivers
were faster to respond than both the novice and experienced driver groups, while there
was no difference between the two latter groups. Participants also responded to
abrupt hazards faster than gradual onset hazards. There was no difference between
any of the driver groups for the number of hazards detected, although all participants
detected more gradual onset than abrupt hazards. Hazard selectivity was also
calculated using a ratio of hits to false alarms, where experienced drivers showed
greater selectivity than rider-drivers (i.e. fewer false alarms compared to hits), and all
participants had greater selectivity in videos with gradual onset hazards than abrupt
(i.e. fewer false alarms compared to hits), although this should not be interpreted as
greater selectivity to gradual onset hazards per se, since hazards other than the predefined ones were not classified.
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1.1.3.4

Anticipatory cues and precursors
Some researchers have suggested that the inconsistency in experience

differentiation may stem in part from the particular types of hazards used in these
studies. Sagberg and Bjørnskau (2006) noted that the elements of complexity,
surprise and anticipation were all important in the videos that did differentiate
experience, although they noted that other, non-differentiating videos also shared one
or more of these characteristics. Wetton et al. (2011) suggest five principles for
effective test creation that they used in their development of the QT-HPT, one of them
being that “a hazard perception test should discriminate between individuals on the
basis of differences in hazard perception skill, not differences in simple response
time” (p. 1760). They discuss the importance of choosing scenes where predictive
cues to the hazard are present, and argue that scenes without anticipatory cues tend to
test simple reaction time rather hazard perception skill. Predictive cues, then, become
especially important in order for drivers to demonstrate good hazard perception skill,
especially as younger, inexperienced drivers tend to have faster simple reaction times
than older, experienced drivers and so might even outperform them in abrupt-onset
hazards. This certainly seems to be the case in Underwood et al. (2013) where the
only difference in response latency between driver groups was found in gradual onset
hazards and not abrupt hazards, although this difference was found in the rider-driver
group rather than between novice and experienced drivers.
Garay, Fisher, and Hancock (2004) conducted a simulator study with novice
and experienced drivers while recording their eye movements. Participants drove two
simulated routes, one simulating daytime and one simulating nighttime. Each route
contained nine scenarios that fell into three different categories: pedestrians, traffic
control devices, and conflicting traffic. Each scenario had an advance cue, critical
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area and critical element. For example, in one pedestrian scenario, a truck is parked
in a residential area just in front of a crosswalk, potentially hiding a pedestrian about
to enter said crosswalk. The critical area is therefore the area in front of the truck,
where a pedestrian might be standing. While the truck hides the sign indicating the
crosswalk itself, drivers should still be aware of the crosswalk ahead due to a warning
sign (advance cue). The critical element in this case was a pedestrian crossing the
road several seconds before the driver reached the crosswalk; this was intentionally
timed so the pedestrian would not be a potential hazard to the driver, but instead
served to remind drivers that another pedestrian might also step into the road while
obscured by the truck. Participants were judged to have recognized the risk the
scenario posed if they looked at the critical area in front of the truck while passing it,
where a pedestrian might be standing. Garay et al. reported that all drivers recognized
risks more often in the daytime, and experienced drivers recognized risks more often
than novices did. This was true in the traffic control devices and conflicting traffic
categories; however, in the pedestrian category, novices recognized risk as often as
experienced drivers did, possibly due to their own experience as pedestrians. Finally,
while the presence of the foreshadowing elements did appear to aid all drivers in
recognizing potential risks, it seemed to benefit experienced drivers more than
novices, since they were more likely than novices to fixate the critical area given they
had first fixated the critical element. Similarly, novices were also more likely to miss
the critical area despite fixating the critical element than experienced drivers were.
These results suggest that while foreshadowing elements benefit all drivers, novice
drivers lack the experience to make full use of them.
In another simulator study, Crundall et al. (2012) examined the responses of
learner drivers, experienced drivers and driving instructors to different types of
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hazards, measuring approach speed and fixations on critical stimuli (i.e. hazards and
precursors). They defined three types of hazards: behavioral prediction (BP) hazards,
where a hazard and its precursor are the same road users (for instance, a pedestrian
walking beside the street – precursor – who then steps into the road – hazard);
environmental prediction (EP) hazards, where the hazard and precursor are two
different elements (an ice cream van parked on the roadside – precursor –, from
behind which a child steps into the road – hazard); and divide and focusing attention
(DF) hazards, where multiple precursors exist, one of which eventually develops into
a hazard (a parked bus – EP precursor – and a pedestrian – BP precursor – on opposite
sides of the road, where the pedestrian crosses the road to the bus – hazard).
Participants drove a simulated route through a virtual city where nine hazards, three of
each type, were triggered at various points. Crundall et al. reported that learner
drivers fixated fewer BP precursors and EP hazards than both experienced drivers and
instructors, but there was no difference in BP hazards and EP precursors; furthermore,
all drivers fixated more hazards than precursors. Learners were also the slowest of all
driver groups to fixate BP precursors, BP hazards, EP hazards, and DF hazards (in
fact, almost all critical stimuli except for EP and DF precursors). Dwell time analyses
also revealed that all drivers spent more time fixating on hazards than precursors, and
experienced drivers fixated critical stimuli longer than instructors, who in turn fixated
critical stimuli longer than learners. Finally, driving instructors showed different
speed signatures when approaching BP and DF events, decreasing their speed more
than the other driver groups.
The above studies indicate that, as Wetton et al. (2011) suggest, driving
experience plays a key role in whether drivers recognize anticipatory cues, and
different types of cues may also be viewed differently by drivers with varying
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experience. It seems possible that different types of hazards in a hazard perception
test may differentiate experience more or less effectively, which recent research may
indicate (Crundall, 2016; Section 1.1.4).
1.1.4

Alternative tasks
Given the potential issues with a reaction time-based paradigm, several

researchers have developed alternative paradigms to measure hazard perception skill
(Castro et al., 2014; Crundall, 2009, 2016; Huestegge, Skottke, Anders, Müsseler, &
Debus, 2010; Jackson, Chapman, & Crundall, 2009; Scialfa et al., 2012, 2012;
Scialfa, Borkenhagen, Lyon, & Deschênes, 2013; Vlakveld, 2014; Wetton et al.,
2010). Some of these tasks involve responses that are unaffected by drivers’
judgments of hazardousness, arguably decreasing subjectivity as one can be
reasonably certain these judgments are not confounding responses (Castro et al.,
2014; Crundall, 2009, 2016; Jackson et al., 2009; Wetton et al., 2010). Others employ
static rather than dynamic stimuli, which also decreases subjectivity and offers
practical advantages such as reduced time spent for both test preparation and
administration (Crundall, 2009; Huestegge et al., 2010; Scialfa et al., 2012, 2013;
Wetton et al., 2010). While none of these tasks are inherently superior to others (apart
from how well they differentiate driving experience), they serve to highlight some of
the issues with the traditional task that researchers feel are particularly important to
address. Furthermore, while other assessment methods certainly exist, such as ratings
of risk (Groeger & Chapman, 1996; Pelz & Krupat, 1974), some of these provide
fairly subjective measures of performance and in a non-research setting, can be easily
deceived by test-takers simply applying higher levels of caution than they otherwise
would. We will primarily focus on tasks that could be conceivably used in a licensing
procedure.
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Wetton et al. (2010) suggest three components of hazard perception skill as
measured by the traditional task:
(1) drivers must register the existence of the potentially hazardous event (this
step is deﬁned as hazard detection within [their] paper);
(2) drivers must then make a judgement regarding whether the trajectory of
either the potential hazard and/or their own car has the potential to cause a
conﬂict;
(3) drivers must then classify the event as to whether it warrants a response
(deﬁned as hazard classiﬁcation within [their] paper) (p. 1232).

We shall use Wetton et al.’s terms for the first and third components (hazard
detection and hazard classification, respectively), and refer to the second as trajectory
judgment. Wetton et al. argue that in the reaction time paradigm, each of these
components to a certain extent depends on the drivers’ judgment of the prior one.
Wallis and Horswill (2007) conducted a signal detection experiment that suggested
novices’ slower hazard response times may stem from having different hazard
classifications to experienced drivers; in other words, a given hazard must be more
hazardous before it passes their threshold for responding. Because of this, several
alternative tasks have focused on one or two of these components rather than all three,
although this has not always resulted in experience differentiation (Wetton et al.,
2010).
We will therefore discuss three general categories of alternative tasks. First,
those which incorporate only the first component, hazard detection, often measured
using change detection tasks (Groff & Chaparro, 2003; Wetton et al., 2010). Second,
tasks that emphasize anticipatory skill, often asking drivers to predict hazards that
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have not yet materialized, effectively eliminating the third component of hazard
classification (Castro et al., 2014; Crundall, 2016; Jackson et al., 2009; Vlakveld,
2014). Finally, tasks that use static rather than dynamic stimuli (Huestegge et al.,
2010; Scialfa et al., 2012, 2013; Wetton et al., 2010).
1.1.4.1

Change detection
Wetton et al. (2010) conducted two experiments using a change detection task

and traditional hazard perception tests (HPTs). All drivers completed three hazard
perception tests, using footage from the Australian Central Territory (ACT),
Queensland (QLD), and the UK; the latter two tests had been previously validated
with Australian and UK drivers respectively. They also completed a change detection
task which used images from only the ACT footage. Drivers viewed two images of
driving scenes that were identical, save for the presence or absence of a potential
hazard, which they had to detect as quickly as possible. In the first experiment,
Wetton et al. reported that experienced drivers responded faster than novices in the
ACT HPT, and response times for all three hazard perception tests were highly
correlated. However, reaction time for the change detection task did not correlate
with any of the three hazard perception tests; furthermore, novices responded faster
than experienced drivers, suggesting performance was not correlated with crash risk.
In contrast, in a second experiment with older drivers aged 65 and over, they found
significant positive correlations between reaction time for the ACT HPT and the
change detection task. They also found that as age increased and useful field of view
(UFOV) decreased, reaction times for both tasks also increased. Notably, however,
the QLD HPT correlated with the ACT HPT but not the change detection task.
Wetton et al. tentatively concluded that the change detection task may be appropriate
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in older drivers, although it is possible that it may measure a general ability rather
than hazard detection itself.
Groff and Chaparro (2003) conducted a change detection task with nondrivers, experienced drivers, and police drivers. Similar to Wetton et al. (2010)
above, participants viewed two images of driving scenes presented alternately,
identical except for a change target. Unlike Wetton et al. (2010) however, the change
targets were not necessarily potential hazards, but were vehicles, traffic signs, or other
objects in the environment such as buildings, trees, billboards etc. Changes to
vehicles and traffic signs were considered task-relevant, and changes to objects in the
environment were task non-relevant. There were three further types of potential
changes: presence, where the change target was present or absent (the same and only
type of change used by Wetton et al.); position, where the change target moved to a
new location; and feature (where some feature of the change target was modified, for
instance color or size). Groff and Chaparro found that all participants detected
changes to traffic signs fastest, then vehicles, then objects in the environment, and in
fact all participant groups detected task-relevant changes faster than task non-relevant.
Driving experience also played a key role in detection speed: police drivers detected
vehicle and traffic sign changes faster than experienced drivers, who in turn detected
these changes faster than non-drivers. Finally, the type of change also affected
detection times for vehicles and objects in the environment, but not traffic signs. For
vehicles, participants detected presence and position changes faster than feature
changes, while for objects, participants detected feature changes faster than both
presence and position changes. Notably, this experiment was conducted as a change
detection task using driving stimuli, rather than a test intended to differentiate driving
experience. However, it is interesting that driving experience played a role in
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detection speed, particularly considering this was not the case in Wetton et al.
(2010)’s change detection task which used actual potential hazards. While this could
stem from driving experience being more disparate, it may also be because of the
different nature of the changes, or methodological differences such as in timing or the
use of a touchscreen in Wetton et al. which may have given a disproportionate
advantage to younger drivers. It should be noted however that Galpin, Underwood,
and Crundall (2009) also found no effects of experience in another change detection
task involving driving scenes.
1.1.4.2

Anticipatory skill
Vlakveld (2014) describes two tasks where learner drivers and professional

drivers (driving instructors and examiners) had to detect overt and covert latent
hazards, analogous to Crundall et al. (2012)’s behavioral prediction (BP) and
environmental prediction (EP) hazards respectively (see Section 1.1.3 for more
detail). In Task 1, participants first watched computer-generated clips with no
particular task other than general vigilance for hazards, and then re-watched the clips
and identified the point in time and location at which they felt danger was most
imminent. In Task 2, a different set of participants completed a hazard perception
task with the same clips. After each clip, all screenshots taken at the time point of
hazard detection were displayed, and participants chose the screenshot they felt
contained the highest priority hazard. Professional drivers significantly outscored
learners on both tasks, although this difference was smaller in Task 2. Furthermore,
in Task 1, professional drivers outscored learners in detecting both BP and EP
hazards, although all drivers had higher scores for BP than EP hazards. This was not
the case in Task 2, where only learners had higher scores for BP hazards; furthermore,
professionals did not outscore novices on these hazards. Interestingly, learners who
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played computer games also outscored learners who did not, but only in Task 2.
Vlakveld concluded that Task 1 was preferable to Task 2.
Jackson et al. (2009) explored a predictive paradigm called the “What
Happens Next?” test, which traditionally has primarily been researched as a driver
training tool (Chapman, Underwood, & Roberts, 2002; Horswill, Falconer, Pachana,
Wetton, & Hill, 2015; Horswill, Taylor, Newnam, Wetton, & Hill, 2013; Wetton et
al., 2013), but has also since been employed as a potential diagnostic (Castro et al.,
2014; Lim, Sheppard, & Crundall, 2014). Novice and experienced UK drivers
watched clips filmed on the road, but unlike the traditional hazard perception test,
these clips were stopped in the middle, usually immediately before hazard onset.
Crucially, at this stopping point, the clip contained enough information for an
intelligent observer to correctly predict what would happen next. Drivers then
answered three questions: (1) What was the hazard? (2) Where was the hazard? (3)
What happens next? Two versions of this test were used: a cut to black condition,
where the screen immediately cut to black after the stopping point, and a freeze frame
condition, where the final still image remained on screen for a further 20 seconds.
Jackson et al. reported an interaction of condition and driver experience, which was
driven by novice drivers’ lower scores in the cut to black condition, both compared to
their scores in the freeze frame condition and experienced drivers’ scores in the cut to
black condition. They also found that for all drivers, scores dropped significantly
with each question; in other words, identifying the hazard was easiest, identifying its
location less so, and predicting what happened next was the most difficult. They
argued that the “What Happens Next?” test provided a finer-grained insight into
hazard perception ability; for instance, the results revealed that early detection of a
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hazard does not necessarily mean accurate later prediction, while the reaction time
paradigm primarily measures early detection.
Castro et al. (2014) validated the “What Happens Next?” paradigm with a
Spanish driving population, recruiting learners, novices and experienced drivers, as
well as a group of recidivist drivers who had multiple traffic offenses and lost all the
points on their licenses. They used a similar procedure to Jackson et al. (2009)’s cut
to black condition, except that the second, location question involved a three-option
multiple choice (the left, right, and middle parts of the scene) rather than free
response. While Jackson et al.’s study used only clips where the potential hazard did
eventually materialize, Castro et al. also included clips of quasi-hazardous situations,
where the potential hazard did not eventually materialize; for these clips, the correct
answer for the third, prediction question was that the hazard did not occur.
Furthermore, both hazardous and quasi-hazardous situations contained both
behavioral prediction (BP; where the precursor and hazard are the same road user)
and environmental prediction (EP; where the precursor and hazard are different)
situations (Crundall et al. 2012; see Section 1.1.3 for more detail). For hazardous
situations, experienced drivers outscored novices, who in turn outscored learners, but
there was no difference between recidivist and non-recidivist drivers. All participants
also had higher scores for BP than EP clips. For quasi-hazardous situations,
experienced drivers outscored learners, and non-recidivists outscored recidivists, but
there were no differences between BP and EP scores. While this generally validated
the “What Happens Next?” paradigm for a Spanish population, the results were
somewhat mixed as non-recidivists might be expected to outscore recidivists in both
types of situations. These results also suggested that the type of hazard did not
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interact with experience, which seems to refute Crundall et al. (2012) and indeed is
contradicted by the study below.
Crundall (2016) conducted three experiments using the “What Happens
Next?” test, and found that experienced drivers outperformed novices in all three.
The procedure for all experiments was similar to the ones used by Jackson et al.
(2009), but clips which did not contain a hazard also made up a quarter of the
stimulus pool. In the first experiment, Crundall varied the length of the clips, using
short, medium, and long clips. All drivers had the lowest scores on the long clips,
although there was no difference between short and medium clips. The drop in
performance from medium to long clips was also greater for novices, compared to
experienced drivers, possibly suggesting that hazard perception is more effortful for
novices. In the second experiment, the cutoff points of the clips were varied, using
early (when only the precursor was visible), intermediate (when the precursor was
developing into a hazard), and late (immediately prior to hazard onset) cutoff points.
As might be expected, clips with early cutoffs were the hardest for all drivers, then
intermediate, then late, although this did not interact with experience. In the third and
final experiment, BP and EP clips were used, building on Crundall et al. (2012)’s
results, which suggested that novice drivers are less likely to fixate BP precursors and
EP hazards than experienced drivers. All drivers had higher scores on BP clips, but
this was driven by novices’ particularly low scores on EP clips, both compared to
their scores on BP clips and experienced drivers’ scores on EP clips. While this
supports Castro et al. (2014) in terms of BP hazards being easier to predict, Castro et
al. (2014)’s results also suggested that ease of prediction for BP/EP hazards did not
vary with experience.
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1.1.4.3

Static tasks
In an eye tracking study, Huestegge et al. (2010) recruited novice and

experienced drivers to complete a static hazard perception task. Drivers viewed
pictures of different road scenes with low, medium, or high braking affordance, where
the low affordance scenes had received few braking responses in a previous study,
and the medium affordance scenes had received longer reaction times for braking
responses than the high affordance scenes. They responded to scenes that they felt
required a braking response or speed reduction with a button press as fast as possible.
As expected, low braking affordance scenes had significantly less responses than
medium affordance scenes, which in turn had less responses than high affordance
scenes; all subsequent analyses were conducted with only medium and high
affordance scenes. Additional analyses suggested that high affordance scenes
received considerably more attention than medium; all drivers responded to high
affordance scenes faster, took less time from scene onset to fixate on hazards in high
affordance scenes, and pressed the response key faster after hazard fixation. Drivers
also had fewer fixations on high affordance scenes than medium, and had longer
saccade amplitudes, showing the effect of attentional narrowing found by several
other researchers (Chapman & Underwood, 1998; Crundall & Underwood, 1998).
However, unlike past findings, attentional narrowing, and in fact all the scene-specific
effects, had no interaction with experience. Experience also showed a slightly
different pattern of results than scene type. Experienced drivers responded to scenes
faster than novices, fixated hazards after scene onset equally quickly, and crucially,
pressed the response key faster after hazard fixation, suggesting that their superior
reaction time stemmed from processing hazards faster rather than fixating them
sooner.

26

1.1.5

Training
Many studies have reported that hazard perception can be improved through

training, although the subsequent improvements in response latency have yet to be
linked to later accident rates. Commonly used methods include commentary training
(Castro et al., 2016; Crundall, Andrews, van Loon, & Chapman, 2010; Isler, Starkey,
& Williamson, 2009; McKenna, Horswill, & Alexander, 2006; Poulsen, Horswill,
Wetton, Hill, & Lim, 2010; Wallis & Horswill, 2007; Wetton et al., 2013), the Act
and Anticipate Hazard Perception Training program (AAHPT;(Borowsky, Shinar, &
Oron-Gilad, 2010; Meir, Borowsky, & Oron-Gilad, 2014), and the risk awareness and
training program (Fisher, Pollatsek, & Pradhan, 2006; Pollatsek, Narayanaan,
Pradhan, & Fisher, 2006). For a more detailed overview, see McDonald, Goodwin,
Pradhan, Romoser, and Williams (2015).
Isler et al. (2009) explored the effects of self-generated commentary training
on novice and experienced drivers, where participants were asked to generate a
running verbal commentary while watching traffic simulations, identifying any
potential and/or immediate hazards they saw. Their performance was measured using
a dual hazard perception task, where the primary task was to detect hazards while
performing a concurrent secondary tracking task. In the primary task, participants
identified hazards by clicking the mouse and immediately saying what the hazard was
out loud. In the secondary task, they simulated the steering of a car, also via the
mouse, where they had to keep a moving target dot within a small square. Baseline
tests conducted before training found that the trained novice group had significantly
slower hazard response times and detected less hazards than the trained experienced
driver group, but improved in post-training trials, where their performance was
roughly equal. Trained novices were also faster and detected more hazards than
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untrained novices in post-training trials, despite showing similar performance in the
baseline trials. Trained novices also outperformed trained experienced drivers in the
secondary task in both pre- and post-training trials, indicating that the commentary
training improved only the hazard perception component and not the secondary
tracking task.
Wetton et al. (2013) investigated a combination of methods using a mixed
training program, with novice drivers undergoing one of four training packages: 1)
prediction-based or “what happens next” training, where drivers watched videos that
were stopped at a given point (usually immediately before hazard onset), were asked
to predict what might happen next, and subsequently received feedback on their
responses; 2) expert commentary training, where trainees watched road footage while
listening to an expert driver’s commentary on the events taking place; 3) hybrid
commentary training, where trainees first generated their own commentaries before
listening to expert commentaries on the same footage; and 4) full training, which
included all three previous interventions. A control group also watched a video
containing segments of a learner driver education DVD. To measure the effect of
these interventions, three hazard perception tests were administered: one before any
training had occurred (Baseline HPT), one immediately after training (Immediate
HPT), and a final HPT approximately one week after training, ranging from 6 to 36
days (Delayed HPT). Novice drivers who underwent the full training package
significantly improved their hazard perception response times compared to the control
group, in both the Immediate and Delayed HPTs. All three individual components
(“what happens next”, expert commentary, and hybrid commentary) also improved
response times in the Immediate HPT but not the Delayed HPT, although some
components seemed more beneficial than others. For instance, the addition of the
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self-generated commentary did not appear to have any demonstrable benefit, as the
expert and hybrid commentary groups showed roughly similar performance, although
both outperformed the “what happens next” group. Finally, there was a significant
decay in training for all groups from the Immediate to the Delayed HPT, to the point
where only the full training condition showed an improvement from baseline in the
Delayed HPT.
While many studies have used hazard response time as a primary outcome of
training effectiveness, other studies have also found improvements in other areas.
Fisher et al. (2006) trained novice drivers using a PC-based risk awareness and
training perception program (RAPT), and found that the program improved
participants’ scanning behavior, as they were more likely to check critical areas that
could reduce their likelihood of a crash (see Section 1.1.6 below for a more detailed
review). Castro et al. (2016) explored the effects of commentary training on drivers’
ability to predict hazards on the road. They recruited learner drivers, novice drivers,
and experienced drivers. Performance was measured by performance in the “What
Happens Next?” test (described above in Wetton et al. (2013); also see Section 1.1.4.2
above), where drivers watched videos of hazards that were occluded immediately
before hazard onset, and answered 3 questions at the end of each clip: (1) What is the
hazard? (2) Where is it located? and (3) What happens next? Participants completed a
pre-test and post-test version using this paradigm; both versions included gradual
onset and abrupt hazards, which used the same definition as Underwood et al. (2013):
hazards where the road users were on screen for more than 3 seconds were classified
as gradual onset, while less than 3 seconds were considered abrupt hazards. During
the training session, participants watched the full, non-occluded pre-test videos with a
voice-over describing relevant details of the scene and commenting on potential
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dangers on the road, effectively walking participants through the cues that allowed
them to predict upcoming hazards. The control group took a break during this time.
After another brief break, both groups then completed another version of the “What
Happens Next?” test, using the same procedure but with different videos. Castro et al.
reported that participants found abrupt hazards easier to detect than gradual onset
ones. While both trained and control groups improved scores from pre- to post- test,
the trained group outscored controls only on the post-test, suggesting training did
indeed have an impact. Training seemed to benefit prediction of both abrupt and
gradual hazards and the trained group showed a larger improvement in gradual hazard
scores than abrupt, although this may have been a function of the test and/or hazards
used, since the control group also significantly improved their prediction of gradual
hazards (although not as much as the trained group). Training also benefitted all
driver groups, and this effect seemed to grow with driving experience; experienced
drivers improved the most, then novices, then learners. Interestingly, however,
experienced drivers outperformed learners on only the post-test, which may suggest
that this particular test differentiated experience less effectively than past “What
Happens Next?” tests (Castro et al., 2014; Jackson et al., 2009; Lim et al., 2014).
Training one aspect of driving also may improve several others. McKenna et
al. (2006), reported three experiments where skill-based training appeared to reduce
risk-taking behavior. In Experiment 1, novice drivers completed several risk-taking
questionnaires and four video-based driving tests: the close following test, where
drivers watched a camera car approaching the back of another and indicated following
distances at which they were comfortable and uncomfortable; the video speed test,
where drivers reported their preferred driving speed relative to the camera car; the gap
acceptance test, where drivers watched footage of oncoming traffic and indicated any
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gaps they felt acceptably wide to drive into; and lastly, the hazard perception test,
where drivers’ response time to hazards was recorded. These four tests were
conducted after a short video session, where the trained group watched road footage
while listening to expert commentary and the control group watched the same footage
without commentary. The trained group had shorter response latencies on the hazard
perception test and also showed less risk-taking behavior in all relevant measures
(following distance, speed, and gap acceptance; some of the risk-taking measures
were combined due to high correlations between them). Interestingly, this was not the
case for self-perceived skill rating. In Experiment 2 the same training procedure was
conducted with another group of novice drivers, but participants completed only the
video speed test of the four original post-tests, which had been modified to include
scenes with and without explicit hazards. While all drivers responded to training and
hazard presence by reporting lower preferred speeds, an interaction was found where
trained drivers chose significantly lower speeds in the videos with a hazard present,
suggesting that training had improved drivers’ ability to detect hazards, rather than
lowering their general risk-taking propensity. Finally, Experiment 3 was conducted
with police officers who had either passed or not yet taken the advanced UK police
driver training course, which involves four weeks of theoretical and practical training,
including on-road self-generated commentary training to develop hazard perception
skills. Because the purpose of Experiment 3 was to examine whether a non-lab-based
training program produced similar results as the commentary training used in
Experiments 1 and 2, the training commentary was not used and participants
completed only the video speed test used in Experiment 2. They also rated each of
the scenarios in a second viewing of the videos. The results mirrored those of
Experiment 2’s, where the advanced police drivers chose significantly lower speeds in
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the videos with a hazard present compared to the non-advanced drivers. Hazard
ratings also largely reflected speed choices, where advanced drivers rated the hazardpresent videos as more hazardous than the hazard-absent videos. These results
suggest that hazard perception training can also decrease risk-taking behavior as well
as improve hazard perception itself.
While McKenna et al. (2006)’s results indirectly suggest that training can have
long-term effects on hazard perception skill, the advanced police driver training
course lasts four weeks, which is impractical for most drivers. In Wetton et al.
(2013)’s training program, reviewed above, training effects decayed significantly after
one week had elapsed; in fact, performance declined to its pre-training baseline for all
groups except those who had received the full training package. However, Horswill,
Falconer, et al. (2015) reported that after participating in a brief lab-based training
program, older drivers’ hazard perception scores showed improvements over baseline
1 and 3 months later, with no significant training decay. Participants were all 65 or
older, and were assigned to one of three groups: a non-booster training group, a
booster training group who received the same treatment as the first but with an
additional booster session one month after initial training, and finally a control, who
listened to a driving instructor discussing safe driving that was unrelated to hazard
perception. Both initial and booster training involved two different exercises, focused
on commentary and predictive methods respectively. Participants completed four
hazard perception tests; a baseline HPT administered before any training took place,
an HPT conducted immediately post-intervention, a 1-month HPT conducted one
month after the initial training session (after which the booster training session was
administered where appropriate), and finally, a 3-month HPT conducted three months
after the initial training session. Horswill, Falconer, et al. reported that both trained
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groups outperformed the control group in all three post-intervention HPTs relative to
baseline, showing a clear training effect. They also found that the booster session did
not appear to improve performance, as the booster and non-booster training groups
showed similar performance relative to baseline in all post-intervention HPTs.
Finally, they reported no significant training decay, as performance remained similar
relative to baseline across all post-intervention HPTs. The last two results are
somewhat unexpected, particularly the lack of training decay, given that Wetton et al.
(2013) observed significant decay after just one week. However, as Horswill,
Falconer, et al. point out, in a previous study with mid-age drivers, they similarly
observed no training decay after one week (Horswill et al., 2013). Given that Wetton
et al. (2013)’s participants were mostly university undergraduates obtaining course
credit, it seems possible that the mid-age and older drivers may simply have been
more motivated. It is also possible that training benefits may simply endure for
longer in experienced drivers, because they have a stronger foundation of skill to
build upon.
1.1.6

Visual search in novice and experienced drivers
In addition to behavioral studies of hazard perception, a number of studies

have utilized eye tracking to understand more about the cognitive mechanisms
underlying hazard perception test performance. Chapman and Underwood (1998)
showed videos of driving situations to both novice and experienced drivers while
recording their eye movements, and asked them to press a response button as soon as
they detected a hazard. The clips contained footage from rural, suburban, and urban
roads in the UK, with visual complexity generally increasing from rural to urban
areas. A “danger window” was defined for each hazard occurring in the films, which
began 1 second before the hazard appeared and ended when the road users involved
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were no longer visible; participants’ response time was measured from the beginning
of this window. They reported that during the danger windows, participants’ fixation
durations increased, particularly among novice drivers, mean saccade angular
distances decreased, and both the horizontal and vertical spread of visual search
decreased. Overall this suggests a narrowing of attention during the danger window,
which Chapman and Underwood observed was similar to that seen in other domains
such as eyewitness testimony, where the phenomenon of “weapon focus” occurs
(when one’s attention focuses on emotionally arousing objects or situations and
impairs memory for other details; e.g. (Loftus, Loftus, & Messo, 1987). Attentional
focusing seems particularly prominent among novice drivers, who also appear to
process visual scenes more slowly given their generally longer fixation durations.
Chapman and Underwood also found that for all drivers, fixation duration decreased
with road complexity while saccade angular distances increased, suggesting a strategy
of rapid, frequent fixations on urban roads and longer fixations on rural. As
mentioned in Section 1.1.3, interestingly, there was no difference between novice and
experienced drivers’ response times to hazards despite the experienced group having
held their licenses for 5 – 10 years.
In another study investigating eye movements and road complexity, Crundall
and Underwood (1998) asked participants to drive a 20-minute route while wearing a
head-mounted eye tracker. They selected three windows for analysis during this
drive, each lasting one minute and representing different degrees of complexity; from
least to most demanding, a rural single-lane carriageway, a suburban road through a
small village, and a dual carriageway with merging traffic. They found that
experienced drivers increased their horizontal spread of search on the dual
carriageway and to a lesser extent the suburban road, while novices maintained
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similar search variance for all three road types. While Chapman and Underwood
(1998)’s study above found that novices had generally longer fixation durations,
Crundall and Underwood reported different patterns for the driver groups depending
on road type; experienced drivers had the longest fixation durations on the rural road
and novices on the dual carriageway, although both driver groups showed similar (and
the shortest) fixation durations on the suburban route. Crundall and Underwood
suggested that novices’ longer fixation durations on the dual carriageway might
signify the attentional narrowing reported by Chapman and Underwood above, and
that experienced drivers had more flexible visual strategies compared to novices.
Falkmer and Gregersen (2005) conducted a similar on-road study, equipping
novice and experienced drivers with a head-mounted eye tracker as they drove a 30minute route through urban, suburban and rural areas. They selected two particular
windows for analysis: a city route, where participants drove through city traffic at low
speeds, through an area with a zebra crossing, and a rural route, where participants
drove on a dual carriageway at higher speeds, eventually passing through a four-way
intersection. Falkmer and Gregersen examined the number of fixations made by
participants in several areas. They reported that while the vast majority of fixations
were on objects further than 5m from the vehicle, experienced drivers made more
fixations on closer objects than novices in the city route but not the rural. Novices
also made more fixations on in-vehicle objects (all objects closer than 0.6 m for
analyses purposes) and the dashboard than experienced drivers did. Mirroring
Crundall and Underwood (1998)’s findings of greater flexibility, experienced drivers
appeared to adapt their dashboard fixations while novices did not, making more
dashboard fixations while driving the rural route than the city. Similarly, experienced
drivers also appeared to adapt their fixations according to the route, as they made
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relatively more fixations on the roadside immediately beside the car while driving the
city route than the rural, while novice drivers did not vary their fixations on the
roadside regardless of which route they drove. Novices also fixated the roadside
relatively more times than the experienced drivers, which in turn reduced their
number of fixations on the road ahead. Finally, novices fixated traffic-relevant
objects and potential hazards more than experienced drivers did. It should be noted
however that Falkmer and Gregersen analyzed only absolute number of fixations,
which might somewhat limit interpretation; for instance, if novice and experienced
drivers made the same number of fixations in certain areas, one group may have had
fixations of shorter duration and therefore spent less total time fixating an area.
Although novices appear to exhibit some limitations in search strategy
compared to experienced drivers, several researchers have reported that scanning
behaviors can be improved through training. Fisher et al. (2006) conducted three
novice driver experiments using a PC-based risk awareness and training program
(RAPT), which trained drivers to recognize areas that posed a particular risk and
could provide information that might prevent a potential crash. In the first
experiment, trained and untrained novices drove simulated routes while their eye
movements were recorded; this drive took place immediately after the RAPT for the
trained group. Drivers’ eye movements were then analyzed to measure fixations on
areas that contained potential threats. Fisher et al. reported that trained drivers fixated
on relevant areas significantly more than untrained drivers did. These scanning
improvements also appeared to generalize, as trained drivers showed similar
improvements in both near transfer scenarios (which were similar to scenarios they
had viewed during training), and far transfer scenarios (which were dissimilar). The
second experiment used a similar procedure except that the simulated drives took
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place 3 – 5 days after training, and produced the same results and a similar effect size
to the first experiment. The third experiment was conducted on-road, where eye
movements were monitored using a head-mounted eye tracker. Again, trained drivers
fixated areas that could reduce crash likelihood significantly more than untrained
drivers did, but showed slightly less improvement over untrained drivers for far
transfer scenarios compared to near transfer scenarios.
Chapman et al. (2002) also reported changes in novices’ scanning behavior
several months after a training intervention. The program targeted three skills:
knowledge of road situations, scanning behavior, and anticipation on the road.
Training exercises included self-generated and expert commentary, “what happens
next?” tasks, and highlighting of critical scene areas. Participants were tested at three
intervals after passing their driving test: as soon as possible (baseline test phase), three
months later (immediate test phase), and 6 – 9 months later (delayed test phase). At
each testing phase, all participants completed a hazard perception test and an on-road
drive in an instrumented vehicle while wearing a head-mounted eye tracker. The
trained group also completed their program at the three month interval. For on-road
search, the trained group showed wider horizontal search in general than the control
group in the immediate phase, although this effect did not persist to the delayed phase.
The video analyses showed within-subject effects consistent with previous studies
(Chapman & Underwood, 1998; Crundall & Underwood, 1998): during danger
windows, all participants showed longer fixation durations and narrowed horizontal
search, which was the case for all three testing phases. The trained group also had
shorter mean fixation durations than controls, but in only the immediate phase. They
also showed wider horizontal search than the controls in both immediate and delayed
phases. This suggests that the intervention had some effect, particularly because the
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control group had fairly similar fixation durations and horizontal spread during all
three phases, while the trained group showed shorter fixation durations and wider
horizontal search. However, as Chapman et al. point out, these scanning behaviors
were consistent regardless of the level of danger present, suggesting the trained
novices had adopted more conscious scanning behaviors rather than developing the
adaptability that often characterizes experienced drivers’ search strategies (Crundall
& Underwood, 1998; Falkmer & Gregersen, 2005). Training effects also seemed to
manifest more strongly when watching videos than on-road driving, suggesting that it
may be beneficial to allow a longer period for drivers to develop vehicle control skill,
before training higher-order skills. Unfortunately, Chapman et al. did not report video
hazard response times, making it difficult to judge whether the scanning
improvements accompanied similar improvements in response latency, which would
have been especially interesting given Chapman and Underwood (1998) observed
visual search differences with no latency differences.

1.2

Road safety in developing countries

1.2.1

Traffic psychology in developing countries
Notably, all the hazard perception research reviewed above has been

conducted in developed countries, where road safety is relatively mature. However,
the vast majority of road fatalities worldwide occur in developing countries (Peden et
al., 2004; Toroyan, 2009, 2013), despite having a lower proportion of registered
vehicles. Traffic psychology research in developing countries also largely focuses on
the social and practical aspects of driving, rather than the cognitive: for instance,
attitudes about seat belt use (Hauswald, 1997), speed choices (Ghadiri, Prasetijo,
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Sadullah, Hoseinpour, & Sahranavard, 2013; King, Lewis, & Abdul Hanan, 2011),
anger and aggression (Sullman, Stephens, & Yong, 2014, 2015), or evidence to
support policy changes (Mohamed et al., 2012; Yusoff et al., 2010), to name a few.
Research comparing developed and developing countries is also relatively rare; while
some cross-cultural research has been conducted, this has primarily examined risktaking behavior and/or self-reported perceptions of driving skill and traffic risk (Lund
& Rundmo, 2009; Nordfjærn & Rundmo, 2009; Özkan, Lajunen, Chliaoutakis,
Parker, & Summala, 2006a, 2006b; Sivak, Soler, Tränkle, & Spagnhol, 1989).
Hazard perception has yet to be investigated cross-culturally in depth, even within
developed countries, and little is known about the transferability of hazard perception
skills between noticeably different countries and cultures; are there crucial underlying
skills that can successfully transfer between countries, or are strategies and skills
culturally distinct?
Exploring hazard perception cross-culturally can also shed light on how
location familiarity impacts hazard perception skill. Wetton et al. (2010) found
novice/experienced latency differences in Australian participants when using footage
of both Australian and UK roads, suggesting the advantage of experience endures
even in unfamiliar environments and hazard perception abilities contain at least some
general component. However, several questions remain unanswered. For instance,
the UK and Australian settings used by Wetton et al. are very similar. Cultures, road
laws, vehicles, driving styles, and even architecture overlap considerably between the
two countries. Would similar transference of skill occur in vastly different settings?
If a locational advantage does exist, is it due to familiarity with the driving
environment itself, familiarity with hazards typically encountered in that environment,
or, likely, some combination of the two?
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1.2.2
1.2.2.1

Cross-cultural comparisons: Malaysia and the UK
Road safety statistics
In this thesis, we will investigate hazard perception skill transferability across

cultures: specifically, the UK and Malaysia. As a former British colony, Malaysia’s
road system shares some similarities with the UK; for instance, the country retains
similar road rules and uses left-hand driving. It is also a middle-income country with
a high percentage of car ownership; as of 2010, the population of the country was
28.4 million with 20.2 million registered vehicles recorded, or 711 vehicles per 1000
people (Toroyan, 2013). In contrast, in 2010 the UK had a population of 62 million
and 35.1 million registered vehicles, or 567 vehicles per 1000 people.
Vehicle composition varies considerably between the two countries, which is
roughly reflected in the categories of road user deaths. For instance, in the UK, fourwheeled vehicles account for over 90% of registered vehicles, while powered twoand three-wheelers account for 3.6%. Drivers and passengers of four-wheeled
vehicles account for 48% of UK road user deaths, and two- and three-wheelers
account for 22%. In Malaysia on the other hand, the proportion of four-wheeled
vehicles drops to 45%, and powered two- and three-wheelers make up 47% of vehicle
traffic (Toroyan, 2013). Similarly, drivers and passengers of four-wheeled vehicles
account for 26% of Malaysian road user deaths, while two- and three-wheelers
account for 59%. The greater number of two- and three-wheelers may be one
contributor to Malaysia’s drastically higher accident rate: Kilbey (2011) reported a
road fatality rate of 3 per 100,000 people in the UK in 2010, while Rohayu, Sharifah
Allyana, Jamilah, and Wong (2012) reported 24 per 100,000 people in Malaysia.
Rohayu et al. (2012) also estimated that total road fatalities would increase from
6,872 in 2010 to 10,716 in 2020. Furthermore, Malaysia does not provide death
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registration data, thus it is possible that many fatalities and accidents go
underreported. The Malaysian government has established road safety as a priority
for the country, holding a national level launch for the UN’s Decade of Action of
Road Safety 2011 – 2020 program and planning a schedule of activities accordingly.
In 2007, the Malaysian Institute of Road Safety Research (MIROS) was set up and
more recently, the Road Safety Department announced the Road Safety Plan of
Malaysia 2014 – 2020. The goal of the Road Safety Plan is to reduce the projected
road fatality rate by 50%, from the original estimate of 10,716 per 100,000 people to
5,358. The plan consists of five strategic pillars: road safety management, safer
mobility and roads, safer vehicles, safer road users, and post-crash management.
The current driver licensing process in Malaysia does not require a hazard
perception test or any form of video-based testing. Prospective drivers must first pass
a written test of road rules to obtain a learner’s license. After holding a learner’s
license for a month, they may then take a practical on-road test, which, when passed,
grants a probationary license (effectively, the equivalent of Australia’s provisional
license; the UK has no such equivalent). After two years, a probationary license may
be upgraded to a full, unrestricted license with no further requirements, assuming the
holder has not been involved in enough traffic violations to lose all the points on their
license.
1.2.2.2

Other cultural differences
A quick glance at the pillars and initiatives in the Road Safety Plan reveals

some of Malaysia’s priorities for road safety: for instance, emergency responses are
considered a high priority as one of the plan’s five pillars, with several related
initiatives such as a first responder community program, and an overall reduction in
emergency response time. Other areas highlighted for improvement involve road
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infrastructure and vehicle roadworthiness. The stated goals in the “safer road users”
pillar also provides some suggestions as to common road user infractions in Malaysia:
speeding violations, red light running, helmet use, and seat belt use. Further insight
into Malaysia’s road safety priorities can be obtained from a glance at the recent
MIROS research reports, where a large number of reports concern motorcyclists.
Other topics include crash injuries, red light violations, automated enforcement
systems, and traffic offenses during country-wide holiday periods such as Chinese
New Year and Hari Raya, when a significant proportion of the population travels
within the country.
The composition of road users in Malaysia may also contribute to its driving
environment in several ways. For instance, given the prevalence of both cars and
motorcycles in Malaysia, it is possible that a larger proportion of road users in
Malaysia have experience with both driving cars and riding motorcycles, which has
been shown to affect hazard perception positively (Underwood et al., 2013).
Furthermore, public transport effectiveness is limited in many parts of the country and
taxis are relatively inexpensive: these two factors combined with the higher vehicle
prevalence in Malaysia may lead to more people having experience riding in cars,
which might in turn affect their pedestrian behavior.
One of the recommendations highlighted in the WHO’s Global Status Report
on Road Safety concerned enforcement, with the report concluding that “enforcement
of strong road safety laws is essential for success,” and highlighting that enforcement
was considered poor in most countries, including developed. This is certainly a
concern in Malaysia, where enforcement of laws concerning key road safety risk
factors was rated moderately to not very effective. Seat belt wearing rates, an issue
previously highlighted in the Road Safety Plan, are an excellent example of both the
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importance and challenge of enforcement; for instance, the national seat belt wearing
law was expanded to include rear seat occupants in January 2009, but the WHO
reported that only 10% of rear seat passengers in Malaysia wore seat belts. Many
other areas exist where enforcement is key but may be lacking; for instance, speeding
violations, the use of mobile phones, lane changing, and parking, to name a few.
Within the context of this thesis however, we should note that the term culture
primarily applies to driving environment, and the terms “Malaysian driver” and “UK
driver” simply refer to someone who learned to drive in that country and still drives
there: in other words, a driver whose hazard perception skill arose from one of two
distinct traffic environments. While an in-depth exploration of the cultural factors
involved is beyond the scope of this thesis, we should certainly not discount their
importance in addressing road safety.

1.3

Aims and outline of this thesis
While many factors contribute to road safety, given an eightfold difference in

fatality rates between Malaysia and the UK we would expect to see at least some
difference in hazard perception skill between the populations. By comparing
Malaysia and UK drivers’ hazard perception abilities in Malaysian and UK road
environments, we should obtain further insight into hazard perception transferability
across cultures. Wetton et al. (2010)’s findings certainly suggest some amount of
transferability, although this was seen in the UK and Australia where accident rates
are very similar. In a more hazardous environment, hazard perception skills are
arguably even more critical, although it is also possible that in more disparate driving
environments, location familiarity may play a bigger role than Wetton et al. (2010)
found.
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On a practical level, applying the reaction time test in Malaysia should offer
some insight as to the feasibility of using a similar test in Malaysian licensing.
Malaysia has comparable road safety records, road rules, and income levels to other
countries in Southeast Asia (Toroyan, 2009, 2013), so it is possible that results
obtained in a Malaysian population may be generalizable to other countries with
similar profiles. Therefore, we shall also consider the practical aspects of
implementing such a test. For instance, any potential test must of course differentiate
between novice and experienced drivers in Malaysia. It must also be easily
deployable and suitable for wide-scale testing.
Chapter 2 presents the results of employing the reaction time test with a
Malaysian and UK population, using videos filmed in both countries. This was
combined with eye tracking results to assess participants’ visual strategies. Chapter 3
also employed eye tracking with UK and Malaysian participants; however, a different
paradigm was used: Chapter 3 and all subsequent chapters use the "What Happens
Next?” test, a predictive task that requires drivers to choose or describe hazards that
would have happened next (see Section 1.1.4, Anticipatory skill for more detail).
Except for Chapter 4, all chapters use a multiple choice paradigm that is suitable for
mass testing. Chapter 4 compares the multiple choice answer format with a free
response format similar to the ones used previously by Castro et al. (2014) and
Jackson et al. (2009). Chapter 5 explored the necessity of using videos for correct
predictions, and Chapter 6 investigated the effect of altering the amount of visual
information present in the videos. Finally, an item analysis was conducted in Chapter
7 after combining the results of Chapters 3, 5, and 6, since these three experiments
used the same set of videos and the same task. All experiments were conducted with
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novice and experienced drivers. Chapters 2, 3, and 5 used UK and Malaysian
participants, while Chapters 4 and 6 used only Malaysian participants.
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CHAPTER 2
PILOTING THE REACTION TIME TASK IN MALAYSIA
Adapted from: Lim, P. C., Sheppard, E., & Crundall, D. (2013). Cross-cultural effects
on drivers’ hazard perception. Transportation Research Part F: Traffic Psychology
and Behaviour, 21, 194–206.

Abstract
Hazard perception tests are used in several developed countries as part of the driver
licensing curriculum, however little research has been done in developing countries
where road safety is a primary concern. We conducted a cross-cultural hazard
perception study to examine the transferability of hazard perception skills between
Malaysia and the UK, using hazard clips filmed in both countries. The results showed
that familiarity with both the driving environment and type of hazard facilitated
drivers' ability to discriminate hazards in a timely manner, although overall drivers
viewed and responded to hazards largely similarly regardless of origin. Visual
strategies also appeared to be moderated mainly by the immediate driving
environment rather than driver origin. Finally, Malaysian drivers required a higher
threshold of danger than UK drivers before they would identify a situation as
hazardous, possibly reflecting the more hazardous road environment in Malaysia. We
suggest that hazard perception testing, particularly in developing countries, would
benefit from a paradigm where performance cannot be confounded with differing
thresholds for hazardousness.
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2.1

Introduction
The hazard perception skill of a driver refers to the ability to identify

potentially dangerous situations on the road. It is typically assessed by showing
participants video clips of hazards, and asking them to respond as soon as they detect
a developing hazard, with shorter response times reflecting greater levels of HP skill
(Chapman & Underwood, 1998; Horswill & McKenna, 2004; McKenna et al., 2006;
Sagberg & Bjørnskau, 2006; Wetton et al., 2011). According to Horswill and
McKenna (2004), hazard perception is one of the only components of driving skill
that has been consistently linked to accident involvement across multiple studies
(Horswill et al., 2010; McKenna & Horswill, 1999; Quimby et al., 1986). A
prospective study by Drummond (2000) also found that newly licensed drivers’
hazard perception performance was linked to their likelihood of being involved in a
fatal collision in the subsequent 12 months. Additionally, past research has found that
experienced drivers outperform novices in hazard perception tests (Horswill et al.,
2008; Scialfa et al., 2011; Wallis & Horswill, 2007), with driving experience
considered as a proxy for driver safety, although other studies have failed to find this
experiential difference (Chapman & Underwood, 1998; Crundall, Underwood, &
Chapman, 2002; Sagberg & Bjørnskau, 2006). It has recently been suggested that the
lack of replication may stem in part from the particular hazards used in these studies,
with certain types of hazard differentiating experience more effectively than others
(Borowsky, Shinar, & Oron-Gilad, 2007; Crundall et al., 2012). Nevertheless, the
reported predictive utility of hazard perception testing has led to the inclusion of a
hazard perception component in driver licensing in the UK, Australia and the
Netherlands, where there has been some evidence to suggest its efficacy in reducing
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accidents in new drivers (Boufous et al., 2011; Horswill, Hill, et al., 2015; Wells et
al., 2008).
Notably, the research cited has been conducted in developed countries where
road safety is relatively mature, yet the vast majority of road fatalities worldwide
occur in developing countries (Nantulya & Reich, 2002; Peden et al., 2004; Toroyan,
2009). While some cross-cultural research on driving has been conducted comparing
developed and developing countries (Lund & Rundmo, 2009; Nordfjærn & Rundmo,
2009; Özkan et al., 2006b; Sivak et al., 1989), this has primarily examined risk-taking
behavior and/or self-reported perceptions of driving skill and traffic risk. Hazard
perception has yet to be investigated cross-culturally in depth, even within developed
countries, and little is known about the transferability of hazard perception skills
between noticeably different countries and cultures; are there crucial underlying skills
that can successfully transfer between countries, or are strategies and skills culturally
distinct?
Exploring hazard perception cross-culturally can also shed light on how
location familiarity impacts on hazard perception skill. Wetton et al. (2010) found
novice/experienced latency differences in Australian participants when using footage
of both Australian and UK roads, suggesting the advantage of experience endures
even in unfamiliar environments and hazard perception abilities contain at least some
general component. However, several questions remain unanswered. For instance,
the UK and Australian settings used by Wetton et al. are very similar. Cultures, road
laws, vehicles, driving styles, and even architecture overlap considerably between the
two countries. Would similar transference of skill occur in vastly different settings?
If a locational advantage does exist, is it due to familiarity with the driving
environment itself (which we will term environmental familiarity), familiarity with
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hazards typically encountered in that environment (hazard familiarity) or, likely,
some combination of the two?
The current study aims to investigate the extent to which hazard perception
skills transfer cross-culturally, using the typical reaction time paradigm, across two
highly different settings: the UK and Malaysia. This will reveal similarities and
differences in hazard perception performance between drivers from two very different
driving cultures, and will hopefully identify whether these are specific to the context
(i.e. can UK drivers perform well on both UK and Malaysian HP clips?).
Hazard perception performance of experienced and novice drivers from both
the UK and Malaysia will be compared using the reaction time paradigm described
earlier with video footage from both the UK and Malaysia. As a former British
colony, Malaysia shares several commonalities with the UK that make it a suitable
comparison point; namely, similar road rules and left-hand driving environment. It is
also a middle-income country with a high percentage of car ownership. However,
Malaysia has drastically higher accident rates; in 2010 its road fatality rate was 24 per
100,000 people (Rohayu et al., 2012), while the UK’s was 3 per 100,000 (Kilbey,
2011), suggesting many more dangerous events and a generally more hazardous road
environment. While many factors likely contribute to this discrepancy, given an
eightfold difference in fatality rates we expect to see at least some difference in
hazard perception skills between the populations. By comparing Malaysia and UK
drivers’ hazard perception abilities in Malaysian and UK road environments, we
should obtain further insight into hazard perception transferability across cultures.
Wetton et al. (2010)’s findings certainly suggest some amount of transferability,
although this was seen in the UK and Australia where accident rates are very similar.
In a more hazardous environment, hazard perception skills are arguably even more
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critical, although it is also possible that in more disparate driving environments,
location familiarity may play a bigger role than Wetton et al. found.
While we expect to see the typical effect of experience in both locations,
similar to Wetton et al. (2010), we also expect location familiarity to confer a
significant advantage in these two distinct cultures, and we therefore hypothesize
superior performance in the form of shorter reaction times and higher response rates
when participants view clips from their home country. Furthermore, while Malaysian
drivers certainly experience more hazards than UK drivers, this effect could play out
in either direction: they may be quicker to detect hazards due to their greater
exposure to them, or equally, they may be desensitized to hazards and have a higher
criterion for hazard identification compared to UK drivers.
Additionally, we can break down pure location familiarity and infer its
subcategories of environmental and hazard familiarity, as mentioned earlier. Half of
the clips from both the UK and Malaysia were matched for hazard content. For
example, in one matched pair of clips, a car on the highway overtakes the camera car
on the inside lane. The other half of the clips consisted of unmatched hazards that are
more representative of the different countries. For instance, motorcycle and scooter
riders are relatively infrequent hazards in the UK, while in Malaysia powered twowheelers make up a significantly greater proportion of the traffic. Similarly, zebra
crossings are relatively common in the UK, but extremely rare in Malaysia compared
to pelican crossings. We expect both environmental and hazard familiarity to confer
an advantage, and hypothesize that all drivers will exhibit superior performance when
viewing matched hazards in their home country, compared to matched hazards in their
non-home country (environmental familiarity), and also when viewing matched nonhome country hazards compared to unmatched non-home country hazards (hazard
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familiarity). Furthermore, we hypothesize the greatest performance difference
between Malaysian and UK drivers when viewing unmatched hazards, as these
presumably confer both environmental and hazard familiarity.
Finally, the current study also investigates visual strategies by using eye
tracking measures for all participants. This provides a greater insight into hazard
perception skill than a measure of response time can provide. For instance, we expect
experienced drivers in particular to have shorter fixation durations in their home
environment, indicating greater processing efficiency (Crundall & Underwood, 1998),
although it is possible this might be offset by the more cluttered road environment in
Malaysia, as more complex environments may also necessitate shortened fixation
durations. Experienced drivers should also show wider search patterns along the
horizontal meridian, similar to Chapman and Underwood (1998)’s finding. We
expect to see the typical effects of attentional capture across all clips, i.e. longer
fixation durations upon hazard onset, although this should be less pronounced in
experienced drivers (Chapman & Underwood, 1998). It may also help establish
whether differences in hazard perception performance stem from differences
underlying attentional processes (how quickly participants spot the hazard) or
differences in criterion (how quickly participants judge the hazard to pose a threat).
2.2

Methods

2.2.1

Participants
Forty-five participants were recruited from the UK and 55 from Malaysia, all

of whom held either full or learner driving licenses1 from their respective countries

1

The licensing process in Malaysia and the UK uses slightly different terminology (see Sections 1.1.1
and 1.2.2). A learner’s license in Malaysia is the equivalent of a provisional license in the UK, and
upon passing the on-road test, UK drivers receive a full license while Malaysian drivers receive a
probationary license, which may be upgraded to a full license after two years with no further
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and had normal or corrected-to-normal vision. Participants were split into two further
sub-groups consisting of novice and experienced drivers, resulting in four groups in
total: 20 UK novice drivers (mean age of 18.9 years and licensing time of 9.1
months), 25 UK experienced drivers (mean age of 21.0 years and licensing time of
45.6 months), 26 Malaysian novice drivers (mean age of 18.8 years and licensing time
of 9.8 months) and 27 Malaysian experienced drivers (mean age of 21.9 years and
licensing time of 49.4 months). Participants received either monetary compensation
or course credit, where the latter was applicable.
2.2.2

Stimuli
A Panasonic HD SDC-600 and SDC-900 camera was attached to the

windscreen of various cars during journeys made around the UK and Malaysia
respectively. Footage was shot in the daytime, under clear weather conditions and
normal visibility. Twenty clips from Malaysia and 20 clips from the UK, each
containing one hazard and ranging from 6 – 54 seconds in length, were selected and
edited from the resulting footage. Table 2-1 contains clip length information for all
clip categories.
Of the 20 clips from each country, 10 were matched for hazard content and
what happened in the clip. For example, in one matched pair of clips, a pedestrian
steps out from behind a parked bus directly in front of the camera car. The other 10
clips from each country were not matched and reflected hazardous situations that were
selected without restriction, and were subsequently more representative of the
different countries. For instance, in an unmatched Malaysia clip an oncoming
motorcyclist pulls out from behind a truck and into the path of the camera car, while
requirements. For consistency, in this thesis we will refer to all drivers who have not passed the onroad test as learner drivers, and licensing time will always be given as the time since passing the onroad test.
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in an unmatched UK clip a pedestrian with a bicycle steps into the road at a zebra
crossing, forcing the camera car to stop and allow the pedestrian to pass. Matched
clip pairs and unmatched clips were selected independently by one Malaysian
researcher and one UK researcher, both of whom held a full driving license in their
respective countries. Disagreements were resolved and the final clips, both matched
and unmatched, selected via discussion between the above two researchers and a
further two who had spent a significant amount of time driving in both countries.
Table 2-1: Mean length of clips and hazard windows for all clip categories.
Malaysian clips

UK clips

Matched

Unmatched

Matched

Unmatched

Hazard window
length (s)

5.19

4.80

4.80

4.90

Clip length (s)

21.4

27.8

34.9

21.9

2.2.3

Apparatus
The stimuli were played on a 17” TFT monitor at a resolution of 1024 x 768,

presented using Tobii Studio 2.3. Participants were seated 65 cm from the screen at a
visual angle of 29.6° x 23.2 °, and their eye movements were monitored using a Tobii
T60 eye tracker in Malaysia and Tobii T1750 eye tracker in the UK, which sample at
60 Hz and 50 Hz respectively. While this results in a slightly higher margin of error
for UK participants (20 ms compared to 16.67 ms), this should not introduce any
systematic bias into the results.
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2.2.4

Design
A 2 x 2 x 2 x 2 mixed design was used. The between-groups factors were the

country of origin of the driver (Malaysia or UK), and experience level (novice or
experienced). The within-groups factors were the country where the clip was filmed
(Malaysia or UK) and whether the clip was matched or unmatched.
The stimuli were separated by country into two blocks of 20 clips, i.e. one
Malaysia block and one UK block. Within each block, the order of clips to be
presented was randomized using a Latin square. The order of the blocks was
counterbalanced across participants.
A hazard window was defined for each hazard, similar to the “danger
window” used by Chapman and Underwood (1998). A single researcher defined all
forty windows, of which a sub-sample were rated by a second researcher with a high
degree of agreement. Table 2-1 above depicts the mean length of each hazard
window for each clip category. The window began at the earliest point in time where
the hazard was detectable by the viewer and clearly on a course that would eventually
obstruct the camera car (the hazard’s onset). For instance, a pedestrian walking
beside the road would not be considered a hazard until he steps towards the road, or
makes any other movement that sets him on a collision course with the camera car.
The window ended at the point at which a braking or avoidance response by the driver
would no longer prevent a collision (the hazard’s offset). Figure 2-1 illustrates an
example with a Malaysian video.
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Figure 2-1: Video stills from a sample Malaysian clip illustrating hazard onset, offset,
and window. At the hazard onset, the pedestrians pictured have just started to walk across
the road in front of the camera car. At the hazard offset, the pedestrians are in front of the
camera car, where a braking or avoidance response would no longer avoid a collision.
The time elapsed between the offset and onset is defined as the hazard window.

2.2.5

Procedure
After giving informed consent, participants were seated in front of the eye

tracker and instructed to watch the video clips and click the left mouse button as soon
as they saw a hazard developing. Participants were told to respond to “hazardous
events, i.e. situations in which the driver may need to change speed or direction of
their vehicle to prevent a potential collision,” similar to the definition utilized by
Wetton et al. (2011), although the term “hazard” was used instead of “traffic conflict.”
They were informed that at the end of each video, they would be asked to briefly
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describe the last event they had responded to, and then rate its hazardousness on a 1 –
5 scale, where a higher rating indicated a more hazardous event. Participants were
then calibrated on the eye tracker, using a standard 9-point calibration procedure.
Before starting each 20-clip block, participants were shown two sample clips for them
to practice the task, both taken from the same country as the block they were about to
view. These practice clips were not used in the subsequent experiment and were the
same for all participants. After the practice trials were completed, participants began
the first block of clips. Participants were re-calibrated on the eye tracker in-between
blocks.
2.3

Results
Four behavioral measures were analyzed: responses to pre-defined hazards

(responses were made within the hazard window and the participant verbally reported
the appropriate hazard at the end of the clip), number of extra-hazard responses
(button presses that were not in response to the pre-defined hazard) for every predefined hazard response, reaction time, and ratings of hazardousness. Three eye
tracking measures were analyzed: time for participants to first fixate the hazard
(regardless of whether they identified it as one), the mean fixation duration prior to
and directly after hazard onset, and spread of search along the horizontal meridian
prior to hazard onset. Hazard precursors were not included in the analyses.
Unless otherwise stated, a 2 (driver origin: Malaysia or UK) x 2 (experience
level: novice or experienced) x 2 (clip country: Malaysia or UK) x 2 (matching:
matched or unmatched) mixed ANOVA was run for all measures.

56

2.3.1

Behavioral analysis

2.3.1.1

Pre-defined hazard responses
An analysis of responses to pre-defined hazards (where a correct answer is

indicated by a button response during the hazard window and a correct verbal
identification following the clip) was conducted. Data for all drivers is summarized in
Figure 2-2.

Response rate, strict (%)

100
90
80
MY Nov.

70

MY Exp.
60

UK Nov.
UK Exp.

50
40
MY
Matched

MY
UK
Unmatched Matched
Clips

UK
Unmatched

Figure 2-2: Summary data. Response rate based on verbal identification of pre-defined
hazards and a button response made during the hazard window. Error bars represent
standard error of the mean.

There were two main effects. First, UK drivers identified more hazards than
Malaysian drivers (F1,94 = 47.04, p < .001, 2 = .334) and secondly, all drivers
identified more matched hazards than unmatched (F1, 94 = 64.87, p < .001, 2 = .408).
There were two two-way interactions, depicted in Figure 2-3. Panel (a) shows an
interaction between matching and clip country (F1, 94 = 58.43, p < .001, 2 = .383),
where participants responded equally often to both matched and unmatched
Malaysian hazards, but more often to UK matched hazards than UK unmatched (t(97)
= 10.93, p < .001, d = 0.82). A second interaction, shown in panel (b), was found
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between driver origin and clip country (F1,94 = 12.39, p = .001, 2 = .116), where
participants responded to hazards filmed in their home country more often. This
effect was significant in participants from both countries (t(52) = 2.81, p = .007, d =

Response rate (%)

0.28 for Malaysian drivers and t(44) = 2.19, p = .034, d = 0.40 for UK drivers).

100
90
80
70
60
50
40

Matched
Clips
Unmatched
Clips

Response rate (%)

MY
UK
Clip country
(a)
100
90
80
70
60
50
40

MY
Drivers
UK
Drivers
MY
UK
Clip country
(b)

Figure 2-3: Response rate based on verbal identification of pre-defined hazards and a
button response made during the hazard window, showing two 2x2 interactions. Panel (a)
shows an interaction of matching and clip country and panel (b) shows an interaction of
driver origin and clip country. Error bars represent standard error of the mean.

Previous studies have however raised problems with using a restrictive
window for calculating responses to hazards, as some exceptional individuals may be
penalized for responding too soon, while some drivers may recognize the hazard but
forget to respond (Jackson et al., 2009). A second analysis was therefore undertaken
which included all trials where participants correctly identified the pre-defined hazard
in their later verbal description, regardless of when or whether they had made a button
press response during the clip. This, more liberal, analysis was chosen to ensure that
58

response time outliers did not confound the response rate measure. Data for all
drivers is summarized in Figure 2-4.

Response rate, liberal (%)
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Figure 2-4: Summary data. Response rate based on verbal identification only. Error bars
represent standard error of the mean.

As in the previous analysis, main effects of driver origin (F1,94 = 39.33, p <
.001, 2 = .295) and matching (F1,94 = 112.47, p < .001, 2 = .545) were found,
where UK drivers identified more hazards, and there were more responses to matched
hazards. There was also a main effect of clip country (F1,94 = 13.31, p < .001, 2 =
.124), where drivers identified Malaysian hazards more often. An interaction between
matching and clip country was again found (F1,94 = 71.51, p < .001, 2 = .432),
showing the same pattern as this interaction in the previous analysis. This was
subsumed by a three-way interaction between matching, clip country and driver origin
(F1,94 = 4.17, p = 0.44, 2 = .042), shown in Figure 2-5, where all drivers responded
to UK unmatched clips the least compared to the other three clip groups. While this
was significant for both groups of drivers when compared to performance on
unmatched clips filmed in Malaysia (t(52) = 6.41, p < .001, d = 0.76 for Malaysia
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drivers and t(44) = 4.41, p < .001, d = 0.77 for UK drivers), the drop in response rate
is numerically greatest in Malaysian drivers.
100

Response rate (%)
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UK Drivers
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MY
UK
Unmatched Matched
Clips

UK
Unmatched

Figure 2-5: Response rate for verbal identification only, showing a 3-way interaction of
matching, clip country, and driver origin. Error bars represent standard error of the mean.

2.3.1.2

Extra-hazard responses to pre-defined hazard responses
The extra-hazard response rate was the number of button press responses

made during an entire video that were not a response to the pre-defined hazard. The
number of extra-hazard responses made for every pre-defined hazard response, using
the initial strict measure of response rate, was calculated for each participant. A
higher number therefore means more extra-hazard responses made relative to predefined hazard responses. Data for all drivers is summarized in Figure 2-6.
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Figure 2-6: Summary data. Number of extra-hazard responses made for every pre-defined
hazard response. Error bars represent standard error of the mean.

Three main effects were found: matching, where unmatched clips had a
higher rate of responses (F1,94 = 25.15, p < .001, 2 = .211), clip country, where
Malaysia clips had a higher rate of responses (F1,94 = 6.05, p = .016, 2 = .060) and
driver origin, where UK drivers had a higher rate of responses (F1,94 = 8.76, p = .004,
2 = .085). Two two-way interactions were found, clip country and driver origin
(F1,94 = 8.61, p = .004, 2 = .084) and matching and clip country (F1,94 = 27.19, p <
.001, 2 = .224). Both these interactions were subsumed by a three-way interaction
of clip country, matching and driver origin (F1,94 = 15.05, p < .001, 2 = .138), shown
in Figure 2-7. For matched clips, all drivers made more extra-hazard responses in
UK clips and UK drivers made more extra-hazard responses than Malaysian drivers;
however, for unmatched clips, UK drivers watching Malaysian clips had a particularly
high extra-hazard response rate (t(44) = 5.93, p < .001, d = 0.90 compared to UK
unmatched clips), but there was no difference between Malaysian drivers watching
UK and Malaysian clips.
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Figure 2-8 shows an additional three-way interaction of driver origin, driver
experience level, and matching (F1,94 = 8.37, p = .005, 2 = .082), where novice
Malaysian and experienced UK drivers had a higher response rate on unmatched clips
compared to unmatched (t(25) = 4.23, p < .001, d = 0.72 and t(24) = 6.34, p < .001, d
= 0.34 respectively), but experienced Malaysian drivers and UK novices showed no
such difference.
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Figure 2-7: Number of extra-hazard responses made for every pre-defined hazard response,
showing a 3-way interaction of matching, clip country, and driver origin. Error bars
represent standard error of the mean.
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Figure 2-8: Number of extra-hazard responses made for every pre-defined hazard response,
showing a 3-way interaction of driver origin, experience level, and matching. Error bars
represent standard error of the mean.

2.3.1.3

Reaction time
Reaction times were calculated from the beginning of the hazard window,

based on the initial strict measure of response rate. Only clips that had responses to
the pre-defined hazards during the hazard window were included; all other responses
were removed, as were clips with no responses. Data for all drivers is summarized in

Response time to hazards (ms)

Figure 2-9.
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Figure 2-9: Summary data. Reaction time to hazards. Error bars represent standard error of
the mean.

Two main effects were found: matching (F1,94 = 20.44, p < .001, 2 = .179),
where drivers responded to matched hazards faster, and driver origin (F1,94 = 53.94, p
< .001, 2 = .365), with UK drivers having faster overall response times. Figure
2-10 shows a crossover interaction of clip country and matching (F1,94 = 49.63, p <
.001, 2 = .346), where drivers reacted fastest to Malaysian matched clips out of all
clips (t(97) = 5.98, p < .001, d = 0.57 compared to UK matched clips) and slowest to
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Malaysia unmatched clips (t(97) = 3.67, p < .001, d = 1.13 compared to UK
unmatched clips) but there was no difference in reaction time for UK clips regardless
of matching.

Response time to hazards (ms)
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Figure 2-10: Reaction time to hazards, showing an interaction of clip country and matching.
Error bars represent standard error of the mean.

2.3.1.4

Hazard ratings
Hazard ratings were included in all cases where the participants had correctly

identified the hazard, regardless of when or whether they made a button press
response. Ratings were removed if participants had rated a different event from the
hazard, or had not identified a hazard at all. A higher rating indicates a more
hazardous event. Data for all drivers is summarized in Figure 2-11.
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Figure 2-11: Summary data. Ratings of hazardousness. Ratings were from 1-5, with a
higher rating indicating a more hazardous event. Error bars represent standard error of the
mean.

There was a main effect of matching (F1,94 = 25.5, p < .001, 2 = .214), where
matched clips were rated as more hazardous. Two crossover interactions were found:
one between clip country and matching (F1,94 = 25.9, p < .001, 2 = .216) where all
Malaysian clips were rated equally regardless of matching, but UK matched clips
were rated as most hazardous of all clips (t(97) = -3.12, p = .002 compared to
Malaysian matched clips) and UK unmatched clips least hazardous (t(97) = 2.59, p =
.011 compared to Malaysian unmatched clips). The second interaction was between
clip country and driver country (F1,94 = 4.3, p = .041, 2 = .044), where drivers rated
hazards from their home country as less hazardous, although post hoc t-tests revealed
no significant differences. Both these interactions were subsumed by a three-way
interaction of matching, clip country and driver country (F1,94 = 8.1, p = .005, 2 =
.080), shown below in Figure 2-12. Both Malaysian and UK drivers rated UK
matched clips as more hazardous than UK unmatched clips (t(52) = 2.86, p =.006, d =
0.25 for Malaysian drivers and t(44) = 7.87, p < .001, d = 0.78 for UK drivers) and
Malaysian matched clips (t(52) = 2.28, p = .027, d = 0.21 for Malaysian drivers and
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t(44) = 2.106, p = .041, d = 0.26 for UK drivers) and found matched and unmatched
Malaysian clips equally hazardous. However, UK drivers considered UK unmatched
clips particularly non-hazardous (t(44) = 4.92, p < .001, d = 0.59 compared to
Malaysian unmatched clips), while Malaysian drivers found unmatched UK and
Malaysian clips equally hazardous.
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Figure 2-12: Ratings of hazardousness, showing a 3-way interaction of driver origin,
experience level, and matching. Error bars represent standard error of the mean.

2.3.2

Eye movement analysis
Eye movement analyses were conducted using Tobii Studio’s Dynamic Area

of Interest (AOI) tool. To ensure missing eye tracking data did not adversely affect
the analysis, only participants who had sampling rates over 65% in at least 90% of the
video clips were included. 30 participants were removed according to this criterion,
leaving 68 participants in total (16 UK novices; 19 UK experienced; 13 Malaysian
novices; 20 Malaysian experienced). All behavioral analyses were re-run with these
participants to confirm that the results followed the same pattern as above.
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2.3.2.1

Time to first fixate pre-defined hazards
The time taken to first fixate on pre-defined hazards was measured from

hazard onset, until the participant fixated on the hazard for the first time. If there
were no fixations on the hazard during the hazard window, that particular trial was

Time to first hazard fixation (ms)

removed. Data for all drivers is summarized in Figure 2-13.
1200
1100
1000
900
800

MY Nov.

700

MY Exp.
UK Nov.

600

UK Exp.

500
400
MY
Matched

MY
UK
Unmatched Matched
Clips

UK
Unmatched

Figure 2-13: Summary data. Time to first fixate hazards. Error bars represent standard
error of the mean.

Two main effects and a subsequent interaction were found. Matched hazards
(F1,64 = 18.21, p < .001, 2 = .221) were fixated faster, as were Malaysian hazards
(F1,64 = 10.31, p = .002, 2 = .139). This was driven by an interaction of matching
and clip country (F1,64 = 11.11, p = .001, 2 = .148), depicted in Figure 2-14, where
Malaysian matched hazards were fixated particularly quickly compared to both
Malaysian unmatched hazards (t(67) = 6.68, p < .001, d = 0.73) and UK matched
hazards (t(67) = 4.46, p < .001, d = 0.68), but there was no difference in time to first
fixate the hazards for all other clip types.
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Figure 2-14: Time to first fixate hazards, showing an interaction of matching and clip
country. Matched Malaysian hazards were fixated particularly quickly. Error bars represent
standard error of the mean.

2.3.2.2

Mean fixation duration
Participants’ mean fixation duration was calculated for two windows during

each clip: first from the start of the clip until hazard onset (pre-onset), and secondly
from hazard onset to offset, i.e. the hazard window described earlier (post-onset), as
in Chapman and Underwood (1998). For this particular measure, the ANOVA used
in all previous analyses was conducted but with the additional within-groups factor of
pre- or post-hazard onset, resulting in a 5-way mixed ANOVA. Figure 2-15 shows
results for all drivers pre-onset and Figure 2-16 shows results for all drivers postonset.
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Figure 2-15: Summary data. Mean fixation duration pre-hazard onset. Error bars represent
standard error of the mean.
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Figure 2-16: Summary data. Mean fixation duration post-hazard onset. Error bars represent
standard error of the mean.

A main effect of clip country was found, with shorter mean fixations during
Malaysian videos (F1,64 = 8.97, p = .004, 2 = .123). Four two-way interactions were
found, two shown in Figure 2-17. Panel (a) depicts an interaction of clip country and
driver origin (F1,64 = 5.65, p = .021, 2 = .081), where Malaysian drivers had
particularly short fixations in Malaysian clips compared to UK clips (t(32) = 4.43, p <
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.001, d = 0.41). There was also a crossover interaction of experience and pre-/posthazard onset (F1,64 = 4.71, p = .034, 2 = .069), shown in panel (b), where novice
drivers had longer fixations pre-onset, but experienced drivers showed the opposite
pattern; however, post hoc tests revealed no significant differences. The remaining
two-way interactions, pre-/post-onset and clip country (F1,64 = 10.60, p = .002, 2 =
.142) and matching and clip country (F1,64 = 24.29, p < .001, 2 = .275), were
subsumed by a three-way interaction of pre-/post-onset, matching and clip country
(F1,64 = 18.82, p < .001, 2 = .227), shown in Figure 2-18. There were no pre- or
post-onset differences in Malaysia matched or UK matched clips, but participants
showed shorter fixations post-onset than pre-onset in Malaysia unmatched clips (t(67)
= 2.25, p = .028, d = 0.15) and longer fixations post-onset than pre-onset in UK

Mean fixation duration
(ms)

unmatched clips (t(67) = 3.91, p < .001, d = 0.30).
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Figure 2-17: Mean fixation duration, showing two 2x2 interactions. Panel (a) displays mean
fixation duration across driver origin and clip country; while panel (b) displays mean
fixation duration pre-onset and post-onset, across driver experience. Error bars represent
standard error of the mean.
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Figure 2-18: Mean fixation duration, showing a 3-way interaction of driver origin,
experience level, and matching. Error bars represent standard error of the mean.

2.3.2.3

Horizontal spread of search
Analyses for horizontal spread of search were conducted for the period from

the start of the clip until hazard onset (the pre-onset window used in the above
analysis, 2.3.2.2). Data for all drivers is summarized in Figure 2-19.
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Figure 2-19: Summary data. Horizontal spread of search before hazard onset. Error bars
represent standard error of the mean.

There was a main effect of clip country (F1,64 = 8.59, p = .005, 2 = .118) and
matching (F1,64 = 12.39, p = .001, 2 = .164), where there was a wider spread of
search in Malaysian and matched clips respectively. There were two two-way
interactions; matching and clip country (F1,64 = 111.49, p < .001, 2 = .635), and
matching and driver origin (F1,64 = 6.68, p = .012, 2 = .095). All above effects were
subsumed by a three-way interaction of driver origin, matching and clip country (F1,64
= 4.87, p = .031, 2 = .071), shown in Figure 2-20. Two 2-way ANOVAs (matching
and clip country) were conducted for both Malaysian and UK drivers, which were
both significant (F1,32 = 34.63, p < .001, 2 = .520 and F1,32 = 95.49, p < .001, 2 =
.737 for Malaysian and UK drivers respectively). Further t-tests revealed that for
Malaysian drivers, horizontal search was similar for all clip types except for
unmatched UK clips, where spread of search was significantly narrower compared to
both unmatched Malaysian clips and matched UK clips (t(32) = 5.13, p < .001, d =
0.81 and t(32) = 6.77, p < .001, d = 0.75 respectively). While UK drivers also had the
narrowest horizontal search for unmatched UK clips, unlike Malaysian drivers they
72

showed a crossover interaction where all possible comparisons were significant.
Unmatched clips had narrower horizontal search than matched for clips filmed in the
UK (t(34) = 6.72, p < .001, d = 0.63), but the opposite was true for clips filmed in
Malaysia (t(34) = 6.61, p < .001, d = 0.63). Similarly, matched Malaysian clips had
narrower horizontal search than matched UK clips (t(34) = 3.81, p = .001, d = 0.49),
but the opposite was true for unmatched clips, where unmatched UK clips had
narrower horizontal search than unmatched Malaysian clips (t(34) = 5.94, p < .001, d

Horizontal spread of search (px)

= 0.74).
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Figure 2-20: Horizontal spread of search, showing a 3-way interaction of driver origin,
experience level, and matching. Error bars represent standard error of the mean.

2.4

Discussion
In this discussion, we will focus on how experience and familiarity with both

driving environment and hazard types affects drivers’ performance. We will also
review factors that appear to moderate visual strategies, and the possibility of “look
but fail to see” errors (Brown, 2002). Finally, we will discuss how different hazard
identification thresholds may affect participants’ responses, and the subsequent
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implications for hazard perception testing in both developed and developing
countries.
2.4.1

Hazard perception skill transferability and the effect of familiarity
In line with Wetton et al. (2010)’s findings, hazard perception skill appears to

be highly transferable, as Malaysian and UK drivers showed the same general
response pattern for most measures. Differences between drivers were mostly seen
when one country’s drivers had an exaggerated response to particular clip types
without changing the general response pattern; for instance, UK unmatched hazards
produced the lowest response rates across all participants, but Malaysian drivers had
particularly low response rates on these clips. Performance did vary with all
independent variables, however within-groups factors (i.e. clip country and
matched/unmatched clips) accounted for more variation than between-groups factors
(driver origin and experience), suggesting that while certain nuances of hazard
perception are affected by context, drivers view and respond to hazards largely
similarly regardless of their home driving environment.
Drivers detected more pre-defined hazards from their own country (although
only in the stricter, time-bound analysis) and also hazards that were matched for type.
One possible explanation for this is that both environmental and hazard familiarity
facilitate drivers’ ability to detect hazards in a timely manner. It is also possible that
drivers have a lower threshold for identifying hazards when the hazards and/or
environment are familiar. However, if this were the case we would also expect to see
more extra-hazard responses in home countries. In fact, all participants made more
responses, to both pre-defined and extra-hazards, in Malaysian clips, and this
tendency was especially pronounced in UK drivers, possibly reflecting a greater
general inclination for UK drivers to appraise events as hazardous, and/or the more
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hazardous road environment in Malaysia. If, then, we rule out the possibility that
drivers have lower thresholds for identifying hazards in a familiar driving
environment, we can consider that environmental familiarity facilitates drivers’ ability
to discriminate between hazards and non-hazards effectively. While Malaysian
drivers appear to discriminate equally well in both countries, UK drivers do appear to
discriminate more effectively in UK clips. Furthermore, the interaction between
driver origin and clip country is only seen in the stricter, time-bound analysis and not
the more liberal analysis; given the ability to retrospectively identify hazards with no
time pressure, the advantage of environmental familiarity disappears (in fact, it
disappears altogether for UK drivers, who detect more pre-defined Malaysian hazards
than UK hazards in the more liberal analysis). This suggests that environmental
familiarity does indeed prime drivers to react appropriately once a hazard appears,
possibly because their mental models are richer in familiar environments; having a
greater awareness of the possible hazards and precursors that may occur makes them
better equipped to detect early warning signs of dangerous situations (Underwood,
Chapman, Bowden, & Crundall, 2002).
It should be noted however that the driver origin / clip country interaction does
not occur in reaction time analyses, so environmental familiarity does not necessarily
mean that drivers react faster, simply that they react within an appropriate timeframe.
Perhaps the interaction does not stem from the advantage of a familiar environment,
but rather, the disadvantage of an unfamiliar one; it is possible that processing an
unfamiliar environment increases cognitive load to the point where drivers may
occasionally (but not consistently) fail to discriminate hazards in time.
Hazard familiarity may also affect hazard identification thresholds, although
evidence for this is inconclusive. Participants identified fewer unmatched hazards;
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this was largely driven by UK unmatched clips, which Malaysian drivers performed
particularly poorly on, suggesting that they were less likely to appraise hazards as
hazardous when they were unaccustomed to the type of event occurring. Drivers may
be more inclined to react to familiar hazards because they are aware of the possible
dangers these hazards pose and conversely, less inclined to identify unfamiliar
hazards because they lack the necessary experience to appraise them as hazards
(Groeger, 2000).
2.4.2

Experience
Contrary to our hypothesis, it appears that driving experience did not have a

significant effect on response latency. However, experience did play a role in several
interactions, suggesting it may be important cross-culturally but only within specific
hazard contexts; for instance, UK experienced drivers appear to be especially
sensitive to hazards when both location and hazard type are unfamiliar.
Finding no effect of experience in response rate and reaction time might be
explained in Malaysian drivers by the relatively hazardous Malaysian driving
environment, compared to the developed countries where previous hazard perception
research has been conducted. It is somewhat surprising that there also was no effect
of experience among drivers in the UK, where the reaction time paradigm has been
found to differentiate experience in the UK and other developed countries (Horswill et
al., 2008; Wallis & Horswill, 2007; Wetton et al., 2010). This may be due to an
overall lack of experience, as the experienced driver group in this study had an
average post-license experience of approximately four years, compared to the above
studies where the experienced groups had held their license for over ten years.
Indeed, other studies in developed countries have also failed to find significant
differences between experienced and novice drivers when the experienced group had
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held their license for a relatively short period of time (Chapman & Underwood, 1998;
Crundall et al., 2002; Underwood et al., 2013).
However, other studies have also failed to find a difference of experience even
with a highly experienced group (Crundall et al., 2003; Sagberg & Bjørnskau, 2006).
The lack of differentiation could therefore be for entirely different reasons, such as the
nature of the hazards used. For instance, (Sagberg & Bjørnskau, 2006) noted that
while their test as a whole did not differentiate experience, certain test items did
appear to do so when examined individually. It is also possible that individual
differences for identifying hazards may have superseded any difference of experience,
particularly among Malaysian drivers; for instance, they appear to have a higher
threshold for identifying hazards, and also exhibit greater variance in behavioral
metrics compared to UK drivers. This is discussed in further detail in Sections 2.4.4
and 2.4.6.
2.4.3

Visual strategies
Previous research has found that visual strategies vary by both experience and

driving environment (Borowsky et al., 2010; Chapman & Underwood, 1998;
Crundall, Chapman, France, Underwood, & Phelps, 2005; Crundall & Underwood,
1998; Konstantopoulos, Chapman, & Crundall, 2010; Underwood et al., 2002;
Underwood, Chapman, Brocklehurst, Underwood, & Crundall, 2003) and thus we
hypothesized differences for both experience level and clip country. However, for the
most part, eye tracking metrics did not differ substantially between drivers, and varied
mostly between clip country and whether the clips were matched. Again, it is
surprising to find no difference in eye movement patterns between novice and
experienced drivers, as the studies cited above all found differences in visual
strategies. However, as mentioned earlier it is possible that the experienced drivers in
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this study had not been driving long enough to have sufficiently developed visual
strategies; in all studies cited above the experienced group of drivers had held their
license for at least 4.5 years longer than the novice group, often substantially more.
Spread of search along the horizontal meridian was greater in Malaysian clips,
possibly reflecting the more cluttered, hazardous road environment in Malaysia;
Chapman and Underwood (1998) found similarly increased horizontal search for
participants watching videos filmed in urban areas, compared to rural and suburban.
Fixations were also shorter in Malaysian videos, again potentially a reflection of the
more cluttered environment, similar to Crundall and Underwood (1998)’s findings of
decreased fixation durations in demanding roadways. However, this was also driven
by Malaysian drivers having particularly short fixations in these clips; their eye
movements may have been more efficient in a familiar environment, allowing them to
process more visual information in a shorter time (Borowsky, Oron-Gilad, Meir, &
Parmet, 2011; Chapman & Underwood, 1998; Crundall et al., 2012; Konstantopoulos
et al., 2010). As the UK road environment is less cluttered than Malaysia’s and
therefore less visually demanding, it is possible that Malaysian drivers adapted their
visual strategies to the current environment, similar to the behavior Crundall and
Underwood (1998) found in experienced drivers. Interestingly, both novice and
experienced UK drivers failed to show this effect and had similar length fixations
across both countries’ clips.
Participants also had longer fixations upon hazard onset in UK unmatched
clips, showing the typical effect of attentional capture (Chapman & Underwood,
1998). Unexpectedly, this was the only clip type where this effect was found; there
was no difference in pre- and post-hazard onset in Malaysia and UK matched clips,
and in fact the opposite effect was found in Malaysia unmatched clips where fixations
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actually became shorter upon hazard onset. Furthermore, novice drivers also had
shorter fixations upon hazard onset. Both these results are striking as the effect of
attentional capture has been consistently found across several studies (Chapman &
Underwood, 1998; Chapman et al., 2002; Underwood et al., 2005), with longer
fixations during dangerous situations, and novice drivers are particularly susceptible
to this effect.
It is possible that fixation length did not increase upon hazard onset in
Malaysia because of the nature of the driving environment, which often demands
attention be divided among several hazards and possible hazards; hence defining a
“danger window” as Chapman and Underwood (1998) did may be redundant, as large
parts of the Malaysian videos could be considered as hazardous as Chapman and
Underwood’s original danger window. The frequency of extra-hazard responses to
Malaysian unmatched clips certainly seem to suggest as much. In the UK in contrast,
hazards would have been viewed as relatively more hazardous compared to the
driving environment, and hence we see a normal effect of attentional capture where
fixations increase with hazard onset. However, this does not explain why UK
matched videos do not show similar attentional focusing, nor why fixations actually
decrease upon hazard onset in the Malaysia matched clips. Further research is
required to explore this effect in more depth.
Notably, there were no main effects of driver origin in any of the eye tracking
metrics, a sharp contrast from the behavioral results where this effect was found in
every metric. This result is interesting in itself, as it suggests that visual strategies are
largely moderated by the immediate driving environment, and less so the familiarity
of the environment; although both clearly interact. As mentioned, it is possible that
the participants in this study had not been driving long enough to have sufficiently
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developed visual strategies; if this is the case, there are two possible implications.
Firstly, they may not have yet developed strategies specific to their environment
(assuming they would at all), and would therefore have more flexible search patterns.
Secondly, they might use the same search strategy across all environments (Crundall
& Underwood, 1998; Falkmer & Gregersen, 2005), although this seems unlikely as
Malaysian drivers did appear to adapt their visual strategies to the UK environment.
Regardless, drivers’ early visual strategies appear to be similar regardless of where
they learned to drive. Furthermore, the lack of driver origin differences implies that
Malaysian and UK drivers are using broadly similar visual strategies, and therefore
these cannot explain the behavioral differences in Malaysian and UK drivers.
2.4.4

Hazard perception ability and hazard appraisal
Results for response rate and reaction time certainly suggest that UK drivers

possess superior hazard perception abilities to Malaysia drivers, as they detected predefined hazards in both countries faster and more often. However, other measures
such as extra-hazard responses and eye tracking data suggest that different hazard
identification thresholds could also be a major contributing factor to performance.
This also indicates cross-cultural differences in how dangerous Malaysian and UK
drivers perceive hazards to be.
Overall, Malaysian participants appear to have a substantially higher threshold
for hazard identification than UK participants: they had a lower response rate to both
pre-defined and extra-hazards compared to UK drivers, suggesting that an event
(regardless of whether it was actually a hazard) needed to reach a higher level of
hazardousness before Malaysian drivers would be willing to identify it as a hazard.
However, this also resulted in superior performance in discriminating between highly
hazardous and less hazardous events, as Malaysian drivers made fewer extra-hazard
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responses for each pre-defined hazard response, compared to UK drivers. These
tendencies are likely due to a greater number of hazards in Malaysia and a more
hazardous driving environment overall. Wallis and Horswill (2007) also found
evidence for a similar response criterion bias affecting hazard perception
performance, although they compared novice and experienced drivers rather than
drivers of different cultures. If Malaysian drivers do indeed have a higher threshold
for hazard identification this could explain at least in part their lower performance in
both response rate and reaction times, as hazardous situations would need to progress
further before Malaysian drivers would react, if indeed they did at all.
Interestingly, this tendency appears to apply only to hazard identification
thresholds, as there were no differences between UK and Malaysian drivers in ratings
of hazardousness for hazards they correctly identified. This suggests that although
Malaysian drivers may have a decreased tendency to identify an event as a hazard,
once it has passed their identification threshold, they view the event similarly to UK
drivers.
It is also possible that UK and Malaysian drivers have an altogether different
concept of what constitutes a hazard, making the difference one of categorization
rather than acceptable thresholds. Indeed, it is debatable as to whether the
performance exhibited by UK drivers truly represents superior hazard perception
ability, a lower threshold for hazard identification, an altogether different
categorization of hazards, or a tendency to over-respond to hazards; clearly, further
research is required to separate these effects. However, in practice, a lowered
response criterion and tendency to over-respond presumably stem from a greater
degree of cautiousness on the road, which results in safer driving overall. The
difficulty of whether hazard perception performance reflects actual skill or different
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criterion certainly has implications for future tests (see Section 2.4.6); however
superior performance likely has much the same effect, regardless of its cause, in
actual on-road situations.
2.4.5

“Look but fail to see” in a hazard perception context
An eye tracking analysis also found that when drivers failed to identify a pre-

defined hazard, in 96.5% of these cases they still fixated on the hazard during its
hazard window at least once: so the vast majority of these non-responses were not
due to a failure to visually detect the event, but rather a failure to perceive it as
hazardous. We should however distinguish between appraising events as nonhazardous and failing to process them altogether, i.e. a “look but fail to see” error
(Brown, 2002). While the latter seems unlikely as the hazards were the most salient
events in the clip and participants had only a single task, analysis of fixation length
also failed to find the effect of attentional focusing described by Chapman and
Underwood (1998) for three of the four clip types, suggesting that drivers may have
not recognized the hazardousness of the events in the clips. A further study found that
fixating on objects in a driving environment did not necessarily facilitate recall and
presumably, processing of them (Underwood, Chapman, Berger, & Crundall, 2003).
Evidence therefore supports both possibilities.
2.4.6

Hazard perception: A possible diagnostic tool in Malaysia?
The higher hazard criterion among Malaysian drivers poses a challenge to

developing a test that differentiates between experienced and novice drivers, as it is
possible that this criterion supersedes any differences of experience that might
otherwise be found. Within the present study it is difficult if not impossible to
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differentiate actual hazard perception ability from hazard identification thresholds,
raising validity issues should the test in its current form be used in Malaysia.
This has wider implications for the export of hazard perception
methodologies. If drivers in developing countries with more hazardous road
environments appraise hazards similarly to Malaysian drivers (i.e. have higher
thresholds for what constitutes a hazard), this tendency will confound hazard
perception latencies when applying the reaction time paradigm cross-culturally. It
does appear that experience can be differentiated among Malaysian drivers, as
experience did play a part in certain measures; however, while the issue of differing
hazard thresholds remains, a reaction time paradigm may not be suitable as a
diagnostic tool in Malaysia or other countries with similarly hazardous driving
environments. Furthermore, while the response bias found in the present study is
particularly relevant in developing countries, Wallis & Horswill (2007)’s results
indicate that this bias may also be present in developed countries, which carries
implications for not only future but also current hazard perception tests.
It is clear that a test is needed where performance cannot be confounded by
hazard identification thresholds. Wetton et al. (2010) have suggested breaking down
hazard perception into three components: hazard detection, hazard judgment (in terms
of interception trajectories) and hazard classification, mostly described as
identification thresholds in this chapter (see Section 1.1.4). A number of tests
examining only detection and/or judgment have previously been studied and been
found to differentiate between novice and experienced drivers in developed countries
(see Section 1.1.4 for more detail); for instance, the Deceleration Detection Flicker
Test (Crundall, 2009), which has already been applied in Malaysia with mixed results
(Lee, Sheppard, & Crundall, 2011), and the “What Happens Next?” test (Jackson et
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al., 2009), where participants are asked to predict the hazard before it actually occurs.
In the next chapter, we will be focusing on the “What Happens Next?” test.
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CHAPTER 3
A PREDICTIVE HAZARD PERCEPTION TASK: THE “WHAT
HAPPENS NEXT?” TEST IN MALAYSIA
Adapted from: Lim, P. C., Sheppard, E., & Crundall, D. (2014). A predictive hazard
perception paradigm differentiates driving experience cross-culturally.
Transportation Research Part F: Traffic Psychology and Behaviour, 26, Part A, 210–
217.

Abstract
Hazard perception (HP) tests are used in several developed countries as part of the
driver licensing process, where they are believed to have improved road safety;
however, relatively little HP research has been conducted in developing countries,
which account for 80% of the world’s road fatalities. Previous research suggests that
drivers in these countries may be desensitized to hazardous road situations and thus
have increased response latencies to hazards, creating validity issues with the typical
HP reaction time paradigm. The present study compared Malaysian and UK drivers’
HP skills when watching video clips filmed in both countries, using a predictive
paradigm where hazard criterion could not affect performance. Clips filmed in the
UK successfully differentiated experience in participants from both countries,
however there was no such differentiation in the Malaysian set of videos. Malaysian
drivers also predicted hazards less accurately overall, indicating that exposure to a
greater number of hazards on Malaysian roads did not have a positive effect on
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participants’ predictive hazard perception skill. Nonetheless the experiential
discrimination noted in this predictive paradigm may provide a practical alternative
for hazard perception testing in developing countries.

3.1

Introduction
In Chapter 2, we conducted a cross-cultural hazard perception test, using the

traditional reaction time paradigm, and found that Malaysian drivers required a higher
threshold of danger than UK drivers before they would identify a situation as
hazardous. This tendency makes it difficult if not impossible to differentiate actual
hazard perception ability from hazard identification thresholds, raising validity issues
when using this particular test paradigm. This is certainly not the first time this issue
has been raised, and similar concerns have prompted researchers to explore alternative
measures unaffected by response criterion. For instance, (Wetton et al., 2010)
proposed that in a traditional reaction time task, three distinct judgments affect
responses: hazard detection, trajectory prediction, and hazard classification. They
subsequently devised a task that required only detection, although they concluded that
this particular task might only be valid for older drivers. Similarly, (Crundall, 2009)
developed a change detection paradigm that incorporated both detection and trajectory
prediction, and found it to differentiate experience among UK drivers. Other tasks
have been used with varying degrees of success (Huestegge et al., 2010; Scialfa et al.,
2012; Vlakveld, 2014), although all arguably involve a hazard classification judgment
to some degree. (Vlakveld, 2014)
The present chapter employs a predictive paradigm that incorporates hazard
detection and trajectory prediction: the “What Happens Next?” test, which has been
found to differentiate experience among UK and Spanish drivers (Castro et al., 2014;
86

Jackson et al., 2009). In both studies, drivers watched video clips containing hazards,
but the clips were stopped and occluded immediately prior to hazard onset and drivers
were asked to predict the events that might have occurred after this point. Participants
responded by providing written answers to three questions after every video: (1) What
was the source of the hazard? (2) What was the location of the hazard? (3) What
happens next? Jackson et al. (2009) found that participants’ accuracy in each of these
questions decreased significantly, i.e. they most often correctly identified the hazard
source, then its location, then what happens next. More importantly, they also found
that experienced drivers predicted events more accurately than novices when all clip
information was removed from the screen immediately following the occlusion point.
Castro et al. (2014) observed similar results, reporting that learner drivers had lower
scores than novice and experienced drivers in clips where hazards eventually
occurred. They also used videos which did not contain eventual hazards, with a
smaller but still significant effect of experience; experienced drivers outscored
novices, and additionally, non-recidivist drivers outscored recidivist drivers who had
lost all the points on their driving license.
As the present study used the same video clips as Chapter 2, this provides an
opportunity to draw comparisons between test paradigms. More importantly, as
discussed above, it offers a measure of hazard perception that is unaffected by
response criterion. Drivers are not asked to decide whether or not a hazard has
occurred; they are merely asked to predict an event. The findings should help
establish whether the cross-cultural differences seen in Chapter 2 were entirely the
result of a criterion difference, or also reflect differences in hazard perception skill.
The present study also employs multiple choice questions unlike the original
predictive paradigm, which used a free response format; this serves to establish a
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more viable version of the paradigm for large-scale testing, should it again
differentiate experience. We hypothesize that experienced drivers will outperform
novices on all clips regardless of where they were filmed, however, as in Chapter 2,
we also expect this particular advantage to decrease when drivers view clips filmed in
their non-home country. As in Chapter 2, the current study also used eye tracking
measures for all participants, which allowed us to gauge whether the “What Happens
Next?” test necessitates different visual strategies from the reaction time task.
3.2

Methods

3.2.1

Participants
Forty participants were recruited from the UK and 37 from Malaysia, all of

whom held full or learner driving licenses from their respective countries and had
normal or corrected-to-normal vision. Participants were split into two further subgroups consisting of novice and experienced drivers, resulting in four groups in total:
19 UK novice drivers (mean age of 22.9 years and licensing time of 8.25 months,
except for three learner drivers who had held their permit for an average of 50.7
months), 21 UK experienced drivers (mean age of 23.3 years and licensing time of
54.9 months), 20 Malaysian novice drivers (mean age of 18.0 years and licensing time
of 4.5 months) and 17 Malaysian experienced drivers (mean age of 22.5 years and
licensing time of 55.8 months). Participants received either monetary compensation
or course credit, where the latter was applicable.
3.2.2

Stimuli and apparatus
The original stimuli were the same videos used in Chapter 2, consisting of 20

clips from Malaysia and 20 from the UK, each containing one hazardous event.
Examples of these video clips can be seen in Figure 3-1 and Figure 3-2. Each clip
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was edited to end immediately prior to hazard onset, while giving enough predictive
information for a viewer to deduce or make an intelligent guess as to what would
happen next (Jackson et al., 2009). The resulting clips ranged from 2.7 to 43.7
seconds in length. After each clip ended, a black screen was displayed for one
second. Four numbered options then appeared on the screen describing four different
possible scenarios that could have occurred after the occlusion point, one of which
had actually taken place.
The four options for each video were determined via discussion between one
Malaysian researcher and one UK researcher, both of whom held a full driving license
in their respective countries. Each set of four options was different and unique to the
video, and each option represented an event that could have feasibly taken place after
the occlusion point. The options were listed in complete sentences, but contained
three basic components: the hazard (e.g. “blue car”), its location (“in left lane”) and
the event that occurred (“pulls into your lane”). In almost all cases the options within
one clip differed by at least two of these components.
To ensure that it was not possible to guess the correct scenario from the text
alone, eight volunteers, three from the UK and five from Malaysia, were given the 44
sets of scenario options (40 main clips and 4 practice clips) and asked to guess the
correct answer without watching the videos. Malaysian volunteers were also asked
whether they had any difficulty understanding the scenarios described, to ensure that
the options were accessible to non-native English speakers. All volunteers scored at
or below chance in this exercise, indicating it was not possible to guess the correct
answer without watching the corresponding videos. None of the volunteers in this
exercise participated in the later experiment.
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Participants viewed the stimuli on a Tobii T60 and T1750 eye tracker under
the same conditions as in Chapter 2, Section 2.2.

Figure 3-1: Practice video for the Malaysian block of clips.

Figure 3-2: Practice video for the UK block of clips.

3.2.3

Design
A 2 x 2 x 2 mixed design was used. The between-groups factors were the

origin country of the participant (driver origin: Malaysia or UK) and experience level
(novice or experienced). The within-groups factor was the country where the clip was
filmed (clip country: Malaysia or UK). Matching was not analyzed as a factor in the
present or following chapters. Since the large number of Chapter 2 measures allowed
a detailed analysis of matched and unmatched clips, in the interest of simplicity
matching has been excluded as a factor from all studies onward in order to focus on
areas of more applied interest such as driver experience and culture.
As in Chapter 2, the stimuli were separated by country into two blocks of 20
clips, i.e. one Malaysia block and one UK block. Within each block, the order of
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clips to be presented was randomized using a Latin square. The order of the blocks
was counterbalanced across participants.
Hazard precursors, defined as a foreshadowing element that provides a cue to
the hazard (Crundall et al., 2012), and precursor windows were identified for each
hazard. A single researcher defined all forty precursors and windows, of which a subsample were confirmed by a second researcher with a high degree of agreement. The
window began when the precursor to the hazard was first visible and could be
considered a reasonable foreshadowing cue (e.g. a vehicle signaling before changing
lanes would not have been considered a precursor until the driver began signaling),
and ended when the hazard itself was detectable by the viewer, which generally but
not always corresponded to the beginning of the hazard window described in Chapter
2 (Section 2.2.4). Figure 3-3 below shows an example.
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Figure 3-3: Video stills from a sample Malaysian clip illustrating the precursor window.
In the example, the precursor window begins as soon as the pedestrians can be seen
standing on the side of the road, and ends at the same point the video ends, when the
pedestrians begin moving. This is usually the same point as the beginning of the hazard
window in Chapter 2.

3.2.4

Procedure
After giving informed consent, participants completed a brief demographic

questionnaire and were seated in front of the eye tracker. Participants were informed
that each clip contained a driving scenario leading up to a hazardous event, however
the clips would end immediately before this event actually occurred and their task was
to predict what the event was by selecting the correct scenario out of four possible
options. They were informed that in every case, one and only one of the four
92

scenarios had actually taken place and there was therefore a correct answer for each
clip. It was also emphasized that their task was not to choose the event that they felt
was the most hazardous, but the one that was most likely to have occurred.
Before starting each block of clips, participants were calibrated on the eye
tracker, using a standard 9-point calibration procedure. They then attempted two
practice clips, filmed in the same country as the block they were about to view. These
practice clips were not used in the subsequent experiment and were the same for all
participants. After the practice clips they were able to ask questions or seek
clarification. Participants were not given any feedback as to the correct scenarios at
any point during the practice clips or main experiment.
A short line of text was displayed for 1 second before each clip, indicating
participants’ progress through the block. After watching each clip, participants
selected the scenario they thought most likely to occur by pressing the corresponding
number on a numeric keypad (1, 2, 3, or 4). They were then asked to rate how
confident they were in their answer and how hazardous the situation was, on a 6-point
scale where a higher rating indicated higher confidence or hazardousness respectively.
There was no time limit imposed for participants to answer any of the three questions,
and they were able to ask the researcher questions to clarify their understanding of the
scenarios. After confirming their third and final answer, the progress text appeared to
signal the beginning of the next clip (or end of the block, if appropriate), and the
process was repeated until the end of the block. After the first block, participants
were given the opportunity to take a brief break, and the process was repeated.
3.3

Results
Accuracy scores were analyzed using a 2 x 2 x 2 mixed ANOVA. The

between-groups factors were the origin country of the participant (driver origin:
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Malaysia or UK) and experience level (novice or experienced). The within-groups
factor was the country where the clip was filmed (clip country: Malaysia or UK). The
relationship between licensing time, accuracy scores, answer confidence, perceived
hazardousness, and three self-reported measures (driving ability, awareness of other
road users, and general driving confidence) was then examined. Chi-square goodness
of fit tests were then conducted for individual clips to analyze the plausibility of the
incorrect, distractor options in each video. Finally, three eye tracking analyses were
conducted: spread of search along the horizontal meridian, mean fixation duration,
and time spent fixating on precursors in relation to accuracy.
3.3.1
3.3.1.1

Behavioral analyses
Accuracy
Accuracy results are summarized in Figure 3-4. 0.5% of participant responses

were deemed invalid due to incorrect keypresses and excluded. Main effects were
found for all three factors: driver origin, where UK drivers outscored Malaysian
drivers (F1,73 = 7.58, p = .007, 2 = .094); driver experience, where experienced
drivers outscored novices (F1,73 = 4.38, p = .040, 2 = .057); and clip country, where
participants were more accurate on Malaysian clips (F1,73 = 25.98, p < .001, 2 =
.262). The latter two effects were subsumed by an interaction of experience and clip
country (F1,73 = 7.89, p = .006, 2 = .098), driven by novices performing particularly
poorly on UK clips. Post hoc analyses revealed that experienced drivers outscored
novices only on UK clips (t(75) = 3.12, p = .003, d = 0.72) and there was no
difference of experience in Malaysian clips (t(75) = .365, p = .716, d = 0.08).
Furthermore, experienced drivers’ accuracy was similar on both sets of clips (t(37) =
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1.57, p = .125, d = 0.29), but novices were significantly better at predicting events in
Malaysian clips compared to UK clips (t(38) = 5.40, p < .001, d = 0.87).
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Figure 3-4: “What Happens Next?” scores, based on accurate predictions. Error bars
represent standard error of the mean.

3.3.1.2

Correlational analyses
Correlations were conducted across all participants to assess whether

predictive accuracy was related to a number of factors, including licensing time, two
further experimental measures (the hazard and confidence ratings that participants
gave for each clip), and three self-reported measures (driving ability, awareness of
other road users, and general driving confidence). As there were 21 correlations in
total, the false discovery rate (FDR) method was used to adjust the α-level to .009.
Table 3-1 reports the results.
As expected, all three self-rated measures were strongly correlated (all ps <
.001 and all rs > .500), suggesting that participants tended to rate themselves similarly
on all three measures. However, only driving ability and awareness of other road
users marginally correlated with participants’ accuracy scores, and this was not
significant (r = .270, p = .017 and r = .253, p = .026 respectively). Self-rated driving
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confidence correlated with the experimental measure of participants’ confidence in
their answers (r = .358, p = .001), suggesting that participants appeared to exhibit
similar levels of confidence in both their driving ability and answers in the clips.
Similar to (Jackson et al., 2009), participants that rated clips as more
hazardous were also more confident in their answers (r = .484, p < .001) . As also
observed by (Jackson et al., 2009), there was no relationship between participants’
answer accuracy and confidence (r = .024, p = .833).
Finally, licensing time was linked with only driving ability out of the three
self-rated measures (r = .300, p = .009), and also marginally correlated with accuracy
(r = .220, p = .058), although this was not significant.
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Table 3-1: Correlations for all drivers.

Accuracy
score

Hazard
rating
(clips)

Confidence
in answers
(clips)

Driving
ability

Licensing
time

.220

-.179

-.019

.300*

-.080

.118

Accuracy
score

-

-.016

.024

.270

.253

.029

Hazard
rating
(clips)

-

-

.484*

.073

.038

.030

Confidence
in answers
(clips)

-

-

-

.152

.057

.358*

Driving
ability

-

-

-

-

.560*

.720*

Awareness
of others

-

-

-

-

-

.504*

Awareness Confidence
of others
in driving

*Significant at FDR-corrected α = .009 (two-tailed)

3.3.1.3

Distractor option plausibility
To determine whether the distractor options (i.e. the three incorrect options)

were equally plausible, goodness of fit tests were performed on individual clips. Only
incorrect options chosen by participants were included in this analysis; correct
responses were excluded. Ten clips were analyzed with an exact multinominal test
due to having particularly low sample sizes (<5 expected responses in each cell), and
a chi-square goodness of fit was conducted on the remaining 30. An FDR-corrected
α-value of .0224 was used to determine significance. Results are reported in Table
3-2 and Table 3-3.
Out of 40 clips, participants’ incorrect answers were not equally distributed in
17 (10 Malaysian clips; 7 UK clips), suggesting that for these clips, one or more of the
distractor options was chosen substantially more often compared to the others. To
97

ascertain any relationship between the distribution of the distractor options and how
well a clip differentiated driving experience, effect sizes (given by Cohen’s d) of the
novice/experience difference were calculated for each clip. A Pearson’s r correlation
was then conducted using the chi-square value obtained above and its
novice/experience effect size. The correlation was not significant (r = -.258, p =
.108).
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Table 3-2: Response distribution for Malaysian clips. χ2 analysis conducted for only
distractor options.

Clip

Correct
response

Distractor
1

Distractor
2

Distractor
3

χ2

p

MY-M-01

47

11

0

19

18.20

<.001*

MY-M-02

56

14

3

3

12.10

.002*

MY-M-03

23

42

5

6

50.30

<.001*

MY-M-04

72

1

2

2

-

1

MY-M-05

25

8

20

23

7.41

.025

MY-M-06

46

18

6

7

8.58

.014*

MY-M-07

75

0

0

2

-

.333

MY-M-08

41

8

6

21

11.37

.003*

MY-M-09

66

6

2

2

-

.371

MY-M-10

60

7

9

1

6.12

.0470

MY-U-01

23

30

17

7

14.78

<.001*

MY-U-02

71

2

1

3

-

.877

MY-U-03

54

5

0

18

22.52

<.001*

MY-U-04

74

2

0

1

-

.778

MY-U-05

57

9

10

1

7.30

.026

MY-U-06

48

23

6

0

29.45

<.001*

MY-U-07

72

0

5

0

-

.012*

MY-U-08

65

3

4

4

-

1

MY-U-09

53

3

9

12

5.25

.072

MY-U-10

29

39

5

3

52.26

<.001*

* Significant at FDR-corrected α = .0224
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Table 3-3: Response distribution for UK clips. χ2 analysis conducted for only distractor
options.

Clip

Correct
response

Distractor
1

Distractor
2

Distractor
3

χ2

p

UK-M-01

56

4

5

3

-

.935

UK-M-02

47

1

14

14

11.66

.003*

UK-M-03

52

3

16

5

12.25

.002*

UK-M-04

49

7

9

11

0.89

.641

UK-M-05

65

4

4

4

-

1

UK-M-06

66

7

0

3

-

.022

UK-M-07

49

11

5

11

2.67

.264

UK-M-08

38

18

6

15

6.00

.050

UK-M-09

16

32

16

12

11.20

.004*

UK-M-10

53

6

13

5

4.75

.093

UK-U-01

61

5

10

1

7.63

.022*

UK-U-02

39

11

3

24

17.74

<.001*

UK-U-03

23

19

15

20

0.78

.678

UK-U-04

36

23

16

1

18.95

<.001*

UK-U-05

50

13

3

10

6.08

.048

UK-U-06

62

3

12

0

15.60

<.001*

UK-U-07

37

17

10

13

1.85

.397

UK-U-08

60

10

3

4

5.06

.080

UK-U-09

34

7

15

21

6.88

.032

UK-U-10

47

9

9

11

0.28

.871

* Significant at FDR-corrected α = .0224
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3.3.2

Eye tracking analyses
Eye movement analyses were conducted using Tobii Studio’s Dynamic Area

of Interest (AOI) tool. Using the same criterion as in Chapter 2, 23 participants were
removed due to missing eye tracking data, leaving 54 participants in total (15 UK
novices; 13 Malaysian novices; 18 UK experienced; 8 Malaysian experienced). The
accuracy analysis (Section 3.3.1.1) was re-run with these participants to confirm that
the results followed the same pattern as previously.
As noted in Sections 3.3.2.2 and 3.3.2.1, spread of search and mean fixation
duration were calculated for the entirety of each video, which is roughly analogous to
the pre-hazard onset window described in Chapter 2 (2.2.4; 2.3.2.2; 0).
3.3.2.1

Mean fixation duration
Participants’ mean fixation duration was calculated for the entirety of each

video. Results are summarized in Figure 3-5. A two-way interaction of clip country
and driver experience was found (F1,50 = 4.31, p = .043, 2 = .079), which was driven
by experienced drivers having particularly short fixation durations while watching
Malaysian clips. Post hoc t-tests revealed that among experienced drivers, fixation
durations were significantly shorter for Malaysian clips than UK clips (t(25) = 3.91, p
= .001, d = 0.39), but no other differences were found.
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Mean fixation duration (ms)
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Figure 3-5: Mean fixation duration for the entire clip. Error bars represent standard error
of the mean.

3.3.2.2

Horizontal spread of search
Spread of search along the horizontal meridian was analyzed for the entirety of

each video and is summarized in Figure 3-6. There was a main effect of driver origin
(F1,50 = 6.72, p = .012, 2 = .118), where UK drivers had a wider spread of search
than Malaysian drivers. All other main effects and interactions were non-significant.
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Figure 3-6: Horizontal spread of search for the entire clip. Error bars represent standard
error of the mean.

3.3.2.3

Time spent fixating precursors
Fifteen videos were excluded from this analysis because less than half of the

participants fixated the precursor. Participants’ total fixation durations on precursors
for the remaining 25 hazards were calculated and z-scored by video. Two fixation
duration z-scores were calculated for each participant; for hazards they had correctly
predicted and hazards they had incorrectly predicted. Precursors without a fixation
were excluded from these scores. A two-tailed paired t-test then compared fixation
duration for correct and incorrect videos, and found that participants spent
significantly more time fixating precursors for hazards they later predicted correctly
(M = .055, SD = .278), compared to hazards they later predicted incorrectly (M = .161, SD = .581; t(53) = 2.48, p = .016, d = 0.473).
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3.4

Discussion

3.4.1

Experience differentiation
Unlike the reaction time paradigm employed in Chapter 2, the “What Happens

Next?” test did differentiate between experienced and novice drivers, albeit only for
the UK set of clips. Furthermore, while both paradigms utilized the same set of
videos, only the predictive task differentiated experience; this is especially notable
given that the videos were selected specifically for the reaction time task, raising the
possibility that the predictive paradigm may be a more powerful differentiator of
experience. Indeed, (Jackson et al., 2009) argue that the “What Happens Next?” test
affords a more discerning accuracy measure than response latencies can provide. For
instance, a successful response in a reaction time paradigm entails detecting a hazard
in an early stage of development, while Jackson et al. (2009)’s paradigm required not
only early detection but also future prediction, asking separate questions about a
hazard’s source (“What is the hazard?”), its location (“Where is the hazard?”) and
future events relating to it (“What happens next?”). Indeed, Jackson et al. (2009)
found that a successful early detection did not necessarily entail an accurate later
prediction, as drivers’ accuracy dropped significantly with each subsequent question.
Furthermore, when using a button press paradigm, one cannot be sure that participants
are responding to the same hazard defined by the researchers or a different hazard
altogether, although this issue has been compensated for in various ways, such as
using a touchscreen or mouse to identify hazard locations, or asking drivers to
verbally identify the hazard (Chapter 2; Lim et al., 2013; Wetton et al., 2010, 2011).
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3.4.2

Cross-cultural differences
In Chapter 2, we found that both novice and experienced Malaysian drivers

were considerably slower to react to hazards than UK drivers, and speculated that this
was largely due to a difference in hazard criterion (or hazard classification; (Wetton
et al., 2010), rather than one in hazard perception ability. In a predictive paradigm
such as the “What Happens Next?” test, this possibility has been eliminated, as
drivers’ accuracy at predicting an event should be unaffected by their opinion of its
hazardousness.
However, UK drivers still outperformed Malaysian drivers on the “What
Happens Next?” test, suggesting that differences in hazard perception ability may in
fact exist between the driver groups, and the previous difference in response latency
was likely a combination of actual ability, thresholds for danger, and/or different ideas
of what constitutes a hazard. It is also possible that UK drivers’ superior performance
in both tasks stems from greater participation in hazard perception-type experiments
and relevant training, as all UK participants would have practiced for and passed the
traditional hazard perception test in order to obtain their license.
Furthermore, while we found a cultural interaction in Chapter 2 where drivers
identified more hazards from their home country, no such effect was present in this
study, suggesting that a predictive paradigm may be less affected by cultural
differences. It also implies that drivers’ familiarity with a location has a marginal at
best effect on their ability to predict hazards. This lends further evidence to hazard
perception skill being highly transferable and relatively unaffected by familiarity with
an area, similar to the results of Chapter 2 and (Lim et al., 2013; Wetton et al., 2011).
It also has implications for drivers in Malaysia and potentially other developing
countries, as the results suggest that a hazardous driving environment may negatively
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impact one’s hazard perception ability, contributing at least in part to higher accident
rates and possibly creating a self-perpetuating cycle.
Given these results and the advantages already discussed in Section 3.4.1, the
“What Happens Next” test employed in this chapter is particularly compelling for a
Malaysian population. For instance, the absence of the cultural interaction found in
Chapter 2 potentially holds implications for drivers obtaining a license outside their
home country; they may find a reaction time test disproportionately difficult due to
cultural differences, rather than their level of hazard perception skill. More
importantly however, the predictive task also circumvents any response bias that may
exist in participants, one obvious example being the higher thresholds for hazard
identification among Malaysian drivers. As demonstrated in Chapter 2, these biases
may confound the reaction time paradigm, as participants’ responses may reflect not
when they first recognize an event as a potential hazard, but rather, when it has
progressed to the point that they are willing to identify it as hazardous. This is
particularly relevant in developing countries with higher accident rates, where drivers
are more likely to be desensitized to hazards. This finding, combined with the results
of the present chapter, suggests that the “What Happens Next?” test may be a
practical alternative in countries where desensitization is likely to occur.
3.4.3

Visual strategies
Experienced drivers had particularly short fixation durations while watching

Malaysian clips compared to UK clips. This may stem from the more cluttered,
hazardous road environment found in Malaysia, similar to (Crundall & Underwood,
1998)’s finding of decreased fixation durations in demanding roadways; experienced
drivers may have adapted to the visually demanding environment by increasing their
glances (and thereby decreasing their length) around the scene. Spread of search
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along the horizontal meridian was also greater among UK drivers; while this may
reflect the general behavior of experienced drivers (Chapman & Underwood, 1998),
we would also expect to see greater horizontal search in the Malaysian clips, but it
appears neither UK nor Malaysian (or indeed, novice or experienced) drivers adapted
accordingly. The eye tracking data also revealed that when drivers fixated precursors
for a greater period of time, they were more likely to correctly predict the hazard that
later occurred. This could indicate that once participants were reasonably certain of a
precursor developing into the later hazard, they deployed their attention to focus on
the area accordingly; alternately, it could also suggest that the more time participants
spent processing the precursor, the more likely they were to identify the later hazard.
We can also compare eye tracking results directly between Chapters 2 and 3,
as the two measures employed in this chapter were also analyzed in Chapter 2, across
the entire clip and over a similar pre-hazard onset period, making them reasonably
comparable, although the analysis windows do differ slightly. Interestingly, visual
strategies employed by participants appear to differ between tasks, despite the same
videos being used. For instance, Chapter 2’s reaction time task appears to be
characterized by relatively short fixation durations and narrower horizontal search,
implying a strategy of rapid, frequent glances in a relatively curtailed area. In
contrast, drivers engaged in the “What Happens Next?” test exhibited lengthier
fixations and a greater horizontal search, suggesting longer and wider ranging
glances.
Overall however, similar to Chapter 2, we observed few differences of
experience in the eye tracking data, a sharp contrast from multiple studies that have
reported visual strategies varying with driving experience (Borowsky et al., 2010;
Chapman & Underwood, 1998; Crundall et al., 2012; Huestegge et al., 2010;
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Underwood, Chapman, Brocklehurst, et al., 2003). As was the case in Chapter 2 (see
2.4.3 for further discussion), it is possible that the experienced drivers in this study
had not been driving long enough to have sufficiently developed visual strategies.
However, in contrast to Chapter 2, experienced and novice drivers exhibited
behavioral but not eye tracking differences, raising the interesting possibility of
behavioral differences manifesting faster with experience than the corresponding
visual strategies. This is particularly interesting given that previous research has
found oculomotor and physiological differences but not behavioral (Chapman &
Underwood, 1998; Crundall et al., 2003). While at present it is unclear exactly how
quickly visual strategies develop with experience, Chapman et al. (2002) examined
participants over the course of their first year of driving and found no differences in
their control group’s visual search patterns at the end of the year. They also found
improvements in another group’s scanning behavior after training, although analysis
suggested that the scanning strategy exhibited by this group was more conscious than
the one automatically adopted by experienced drivers, which might indicate that the
training affected specific skills related to scanning behavior more than it did general
hazard perception skills.
However, it should be noted that once participants with poor eye tracking data
were removed, the remaining sample for the predictive task were biased towards UK
experienced drivers and particularly lacking in Malaysian experienced drivers. This
was not the case for the eye tracking analyses in Chapter 2, where all four groups
remained balanced after the data had been cleaned. Any conclusions or comparisons
based on the eye tracking analyses in this chapter should therefore be approached with
caution.
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3.4.4

Experience differentiation in only UK clips
While the “What Happens Next?” test seems promising thus far, one

unresolved issue is that only the UK set of clips were found to differentiate
experience, while Malaysian clips did not, and this was the case for drivers from both
countries. There are several possible explanations for this difference: a ceiling effect
may have occurred in the Malaysian clips, there may an inherent difference between
the Malaysian and UK driving clips/environment that makes them more or less
suitable for this particular paradigm, or the quality of the distractor options may be
superior in the UK set of clips. We will examine these possibilities separately.
First, drivers were considerably more accurate on the Malaysian clips (68.6 %)
compared to the UK clips (61.7 %). (Jackson et al., 2009) observed a similar effect
when using two different conditions, finding that in the more difficult condition,
experienced drivers outperformed novices, but there was no group difference in the
easier condition. It is therefore possible that a ceiling effect occurred, and the relative
ease of the clips meant that there was no difference between experienced and novice
driver performance. However, it should also be noted that 68.6% seems rather low to
constitute a ceiling effect, especially given that Jackson et al. (2009) observed scores
of 80% under similar conditions with a free response paradigm.
There may also be an inherent difference between the UK and Malaysian clips
beyond simple ease of prediction, which makes the Malaysian clips less suited for
differentiating experience given a multiple choice predictive paradigm. One obvious
difference is that the clips used to reflect the driving environment in Malaysia were
generally more hazardous and more visually cluttered (see Figure 3-1 and Figure 3-2
for a comparison). It may be the case that the Malaysian driving environment
necessitates a more even spread of attention compared to driving in the UK; in other
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words, a strategy that retains a high level of awareness of the various developing
hazards in the environment – and therefore better readies the driver to deal with any
of them – while deploying only limited attention to an immediate hazard, may be
more conducive in Malaysia.
Finally, the quality of the distractor options for individual hazards may play a
role in experience differentiation; of the seventeen clips where incorrect answers were
unevenly distributed, ten were filmed in Malaysia while seven were filmed in the UK.
This suggests that when all distractor options appear equally plausible, clips may
differentiate experience more successfully. This conclusion is somewhat tentative as
experience differentiation for clips (as measured by effect size) did not significantly
correlate with their chi-square values, and the difference between ten and seven clips
is arguably minor. However, it is notable that the correlation was negative (r = -.258),
suggesting that if a relationship does indeed exist, it is likely to be that clips with
more plausible distractor options are more effective at differentiating experience.
This possibility is particularly relevant given that this same predictive
paradigm has differentiated experience successfully, but using a free response rather
than multiple choice format. It may be the case that all else equal, a free response
format may be more successful in differentiating experience than a multiple choice
one, given the difficulties of devising three alternate, equally plausible responses.
From a practical standpoint however, a free response test takes considerable time to
score; while (Castro et al., 2014; Jackson et al., 2009) successfully employed the free
response format as a diagnostic tool, thus far the “What Happens Next?” test has
primarily been used for training (Chapman, Van Loon, Trawley, & Crundall, 2007;
Poulsen et al., 2010; Wetton et al., 2013), and a multiple choice format is necessary if
the paradigm is to be a viable option for widespread testing.
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3.4.5

Further research
The following three chapters (4, 5, 6) detail three “What Happens Next?”

projects designed as direct follow-ups to the present experiment, which were all
conducted simultaneously. Although none of the following study designs were
informed by the results of the others, we have chosen the most logical order in which
to describe these studies, and will compare and contrast results of all previous
chapters as we progress through this thesis. Chapter 4 directly compares the original
free response format used by Jackson et al. (2009) and the multiple choice format
used in the present chapter. Chapter 5 explores how important a role drivers’ explicit
knowledge plays in the “What Happens Next?” task, compared to cognitive processes
such as attention and perception. Finally, Chapter 6 examines these cognitive
processes in more detail by observing drivers’ “What Happens Next?” performance
under conditions with limited visual information.
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CHAPTER 4
COMPARING “WHAT HAPPENS NEXT?” RESPONSE
FORMATS
Abstract
Cross-cultural work on hazard perception has suggested that the standard reaction
time test may be less effective in developing countries due to decreased response
sensitivity. A predictive paradigm, the “What Happens Next?” test, has been
suggested as a possible alternative, however it has usually been researched using a
free response format, which has limited practical effectiveness because responses
need to be interpreted. The present study compared the free response “What Happens
Next?” format to a four-option multiple choice test format, and found that the free
response format was a more powerful differentiator of experience. While this is
certainly due at least in part to its greater statistical power, it also seems possible that
highlighting potential precursors in the multiple choice task benefits novices more
than it does experienced drivers.

4.1

Introduction
In Chapter 3, we used a predictive paradigm, the “What Happens Next?” test,

and found that only the UK set of video clips differentiated driving experience, while
the Malaysian set of clips did not. Thus far, the “What Happens Next?” test has been
validated with only clips filmed in Spain and the UK (Chapter 3; (Castro et al., 2014;
Jackson et al., 2009; Lim et al., 2014), raising the question of whether, as discussed in
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the previous chapter, the Malaysian driving environment in general is less suitable for
use with this paradigm compared to more developed countries, given its higher
unpredictability, visual clutter, and hazard frequency, particularly abrupt-onset
hazards. This would also explain in part the poorer performance of Malaysian drivers
on the “What Happens Next?” test, as the unpredictable driving environment and
frequent, often simultaneous, hazard occurrences in Malaysia may necessitate a more
even spread of attention than driving on UK roads might. Notably, this distinction
only applies to the environment and not the drivers themselves, as the “What Happens
Next?” test appears to be a valid measure of driving ability among Malaysian and UK
drivers alike given the results of Chapter 3.
It is also possible that the test used in Chapter 3 may have been a weaker
differentiator of experience in general compared to the Jackson et al. (2009) study due
to the format of the task, namely its utilization of multiple choice. Although this still
does not explain the UK clips differentiating experience when the Malaysian ones did
not, it is possible that the Malaysian clips are simply less effective, which results in no
experience differentiation when combined with a less powerful test format. Previous
“What Happens Next” studies have used only a free response format (Castro et al.,
2014; Jackson et al., 2009), which allows a broader range of scores for each
hazard/clip and thus, presumably, a more powerful test for differentiation compared to
the binary of multiple choice.
Unfortunately, an open response format is more time-consuming to score
compared to a multiple choice test because responses must be interpreted, often by
multiple individuals. While interesting for research purposes, this makes the free
response format much less practical for mass testing; thus far, most researchers have
used the “What Happens Next?” test for training rather than a diagnostic tool
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(Chapman et al., 2007; Poulsen et al., 2010; Wetton et al., 2013). However, given
that the quality of a clip’s distractor options may affect how well it differentiates
experience, a free response paradigm may still be useful to inform the creation of the
distractor options. It may also reveal some insight into the differences between the
two response formats, as the tasks are ostensibly similar but could actually involve
different skillsets, given that the multiple choice task effectively highlights potential
precursors for participants while the free response task does not. Past research
indicates that highlighting potential precursors might benefit novices substantially
more, because they have greater difficulty identifying potential risks in the driving
environment. For instance, Garay-Vega and Fisher (2005) tracked drivers’ eye
movements in a simulator and reported that novices fixated both potential precursors
and subsequent areas of risk less often than experienced drivers. Furthermore, the
precursors were specifically designed to foreshadow and highlight areas of risk (for
instance, a pedestrian using a crosswalk, part of which was obscured by a parked
truck), but novices often failed to make use of these cues; even after fixating a
precursor, they were still less likely to later fixate the relevant risk area compared to
experienced drivers. In another simulator study, Crundall et al. (2012) found that
learner drivers fixated behavioral prediction (BP) precursors – precursors that were
the same stimulus as the hazard – less often than more experienced drivers, and were
slower to fixate the eventual hazard after its onset. This suggests that while novices
might be peripherally aware of certain road users, they may not think of them as
precursors and be unaware of the potential danger they pose.
It is therefore possible that novices find it disproportionately harder to
generate potential hazards on their own compared to experienced drivers (free
response “What Happens Next?”), but are better at choosing the hazard that
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eventually develops out of potential precursors that have already been identified for
them (multiple choice “What Happens Next?”). While novices still remain at a
disadvantage in this second task, the performance gap is somewhat smaller. This
possibility is especially interesting because it might partly explain why the set of
Malaysian clips in Chapter 3 failed to differentiate experience (see Chapter 3, 3.4.4):
hazard precursors in the Malaysian clips are generally more salient compared to those
in the UK, and the average Malaysian clip has more precursors than the average UK
clip, which often has only one.
The purpose of the present study is therefore twofold: first, to use participants’
unrestricted responses to create the distractor options for a multiple choice format,
and second, to directly compare the free response and multiple choice paradigms. We
conducted two experiments with different participants, using the same set of videos
for both. The first experiment employed the free response procedure similar to
(Castro et al., 2014; Jackson et al., 2009), while the second experiment employed the
multiple choice format similar to Chapter 3, but used participants’ responses from the
first experiment wherever possible when creating the multiple choice scenario
options.
Because this study was conducted with a new set of Malaysian clips, it had the
added potential benefit of validating the “What Happens Next?” test with Malaysian
videos, and may help establish whether the videos used in Chapter 3 are simply
unsuitable for this particular paradigm, or the problem instead lies in the nature of the
driving environment. While we expect experienced drivers to outscore novices in
both experiments, we hypothesize greater experience differentiation using the free
response paradigm. We also expect higher overall scores in the multiple choice
paradigm; as mentioned above, novices should benefit substantially more than
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experienced drivers from the switch to multiple choice, although experienced drivers
should still outscore them. Finally, while correct responses will almost certainly
increase in the multiple choice paradigm, given that the free responses will be used to
create the multiple choice distracter options, we anticipate response distribution
among the incorrect distractor options being roughly similar between paradigms.
4.2

Experiment 1

4.2.1

Methods

4.2.1.1

Participants
Forty participants were recruited from Malaysia, all of whom held full or

learner driving licenses obtained in Malaysia, and had normal or corrected-to-normal
vision. Participants were split into two groups, consisting of 20 novice drivers (mean
age of 18.0 years and mean licensing time of 3.6 months) and 20 experienced drivers
(mean age of 27.2 years and licensing time of 95.2 months). Participants received
chocolate as compensation.
4.2.1.2

Stimuli and apparatus
Twenty clips, ranging 5 to 10 seconds in length, were selected and edited from

the Malaysian footage described in Chapter 2 (Section 2.2.2), each containing one
hazardous event. As in Chapter 3, each clip was edited to end immediately prior to
hazard onset, while giving enough predictive information for a viewer to deduce or
make an intelligent guess as to what would happen next (Jackson et al., 2009). After
each clip ended, a black screen was displayed for one second. The following three
questions were then displayed on the screen: (1) “What was the hazard?”; (2) “Where
was the hazard?”; (3) “What happens next?”. The stimuli were played on a 60”
projector screen at a resolution of 1368 x 768, using PsychoPy 1.77 (Peirce, 2009).
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4.2.1.3

Design
A 2 x 3 mixed design was used, where the between-groups factor was the

experience level of the participants (novice or experienced), and the within-groups
factor was the question answered (hazard, location, prediction). The two practice
clips were always the same, while the clips used in the main experiment were played
in a different, random order every time.
4.2.1.4

Procedure
Participants were tested in groups of up to four at pre-arranged times. After

giving informed consent, participants completed a brief demographic questionnaire.
They were then given an answer booklet and seated approximately 2m from the
screen. As in Chapter 3, participants were informed that they were about to watch a
series of video clips filmed from a driver’s point of view, each of which contained one
hazardous event; however the clips would end immediately before this event actually
occurred and their task was to predict what the hazard was. After each clip ended, the
image cut to a black screen and participants were asked to provide answers to the
questions “What was the hazard?” (hazard), “Where was the hazard?” (location) and
“What happens next?” (prediction) in their answer booklet. Participants were given
up to one minute to write down their responses to all three questions, and were
notified by the experimenter when they had ten seconds remaining.
To ensure participants fully understood the procedure and instructions, all
participants first watched two practice clips. After writing down their responses, the
experimenter then described the hazard that had actually happened and played the full
video clip containing the hazard, allowing participants to compare their answer to the
actual event. They did not receive any such feedback for the main experiment.
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4.2.2
4.2.2.1

Results
Experiment 1: Accuracy
Scoring. The same scoring system employed by Jackson et al. (2009) was

used. Two points were awarded for each question that was correctly answered, with a
score of 1 for a partially correct answer and 0 for a completely incorrect answer. A
maximum score of 2 was therefore possible per question, with a maximum total of 6
points per video and a total hazard score of 120. Two researchers independently
marked the score sheets and the means of these scores were used in the analysis. A
Pearson’s correlation was conducted to check inter-rater reliability and found that
r(800) = .815, p < .001.
Analysis. Three clips were excluded from the original 20 as further scrutiny at
a later date suggested that multiple potential events might have occurred after the
occlusion point. A 2 (experience level: novice or experienced) x 3 (question type:
hazard, location, prediction) mixed ANOVA was conducted on the hazard scores for
the remaining 17 clips. This ANOVA was re-run for the original 20 clips to confirm
that the results followed the same pattern. Figure 4-1 shows the mean score for each
question type for each group. There was a main effect of experience, where
experienced drivers outscored novices (F1, 38 = 10.08, p = .003, 2 = .210), and an
interaction of question type and experience (F1, 76 = 3.74, p = .028, 2 = .090). Two
one-way ANOVAs were run on the novice and experienced data respectively, and a
significant effect of question type was found for novices (F1, 38 = 4.98, p = .012, 2 =
.208) but not for experienced drivers (F1, 38 = 1.55, p = .226, 2 = .075). Paired ttests revealed that novices had the highest scores on the hazard question compared to
both other questions (t(19) = 3.33, p = .004, d = 0.48 compared to location; t(19) =
2.25, p = .037, d = 0.36 compared to prediction), but there was no difference between
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the location and prediction questions (t(19) = -.501, p = .622, d = 0.08). Additionally,
experienced drivers outscored novices on every question type (t(38) = 2.47, p = .018,
d = 0.80; t(38) = 3.62, p = .001, d = 1.17; t(38) = 2.89, p = .006, d = 0.94 for hazard,
location, and prediction respectively).

40
35

Accuracy (%)

30
25
20

Novice
Drivers

15

Exp.
Drivers

10
5
0
Hazard

Location
Question type

Prediction

Figure 4-1: Hazard score for the three question types, for both novice and experienced
drivers. Error bars represent standard error of the mean.

4.3

Interim discussion
Overall accuracy was extremely low (22.9% for novices and 34.4% for

experienced drivers) and somewhat more varied compared to (Jackson et al., 2009),
where average scores ranged from 72% to 80%. (Castro et al., 2014) observed scores
that were somewhat more comparable but still higher than the present experiment,
finding average scores of 34.5% for hazardous situations and 48.6% for quasihazardous situations. Notably, both these studies also found main effects of driver
experience. This further validates the “What Happens Next?” free response
paradigm, as it has now been found to successfully differentiate driving experience
with Malaysian, Spanish, and UK drivers in their respective countries.
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While the present experiment replicates the overall experience differentiation
reported by Jackson et al. (2009), there are several interesting differences otherwise.
Lower overall scores are somewhat unsurprising, since Malaysian drivers had lower
scores than UK drivers in Chapter 3’s “What Happens Next?” experiment, although
of course this was using a multiple choice format. However, the novice/experience
performance gap in both Chapter 3 and in Jackson et al.’s study was much smaller
than the gap between the present experiment and Jackson et al., so this is unlikely to
be the whole explanation. The lower scores in the present experiment are most likely
due, at least in part, to the videos being more difficult for a predictive task.
The higher video difficulty may also partly explain the two studies’ differing
pattern of results for question type. Jackson et al. (2009) found a main effect of
question type but no interaction, and observed that all drivers’ scores significantly
dropped with each question, from hazard to location to prediction. This contrasts with
the present study, where driving experience interacted with question type: while
experienced drivers had similar scores on all three questions, novices found the
hazard question easiest but were equally accurate in the location and prediction
questions. It seems the videos were challenging to the point that participants had
difficulty noticing even the eventual hazard; however, it appears that if they did notice
it, it was then relatively easy to then discern its location and what might have
happened, although novices still found the latter two tasks relatively difficult
compared to experienced drivers.
The different pattern of results for question type may also stem from
differences in driver origin, the driving environment in the clips, or some combination
thereof. As discussed in previous chapters, the driving environment in Malaysia is
more unpredictable and has a higher frequency of hazards compared to the UK,
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especially abrupt-onset and simultaneously occurring hazards. This necessitates a
more reactive than proactive driving strategy, because drivers often have less
forewarning and/or may face several dangerous situations developing simultaneously.
It may also mean that drivers in Malaysia spread their attention more evenly, and
therefore devote less cognitive resources to any particular situation at any one time
compared to drivers in the UK, except for the most salient hazards. This could result
in drivers in Malaysia only fully processing the most salient hazards and therefore
being able to identify a hazard, its location, and predict what might happen next with
similar accuracy. In contrast, drivers in the UK may be able to identify hazards and
their location more easily due to less hazards/precursors on the road, but may find it
relatively more difficult to predict what might happen next.
It should be noted however that any comparisons between the present findings
and Jackson et al.’s are somewhat tentative, due to the contrast in difficulty and
cultural settings between the two studies. The responses from Experiment 1 indicate
that participants often were unsure as to the hazard, and frequently responded with
“no hazard / I did not see anything” or gave a response that was not appropriate for
the task; for instance, potentially hazardous events that had occurred earlier in the clip
but had clearly passed the point where they might have materialized, or events that
were hazardous to another road user but not the camera car. Given the responses to
the easier practice videos and the fact participants did respond correctly to a small
number of videos, it is unlikely that these responses stem from a failure to understand
the task; rather, they are most likely due to participants failing to see the correct
hazard and responding with any hazardous event, regardless of how appropriate it
may be. While the videos are certainly valid for use in the free response paradigm,
since they did differentiate experience, it is somewhat difficult to draw conclusions
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about the free response paradigm in Malaysia based on only this set of results, as
different sets of videos may produce different patterns of results, at least regarding
question type.
Experiment 2 used the same videos as Experiment 1 and a similar procedure,
but used the same multiple choice format described in Chapter 3 instead of open
responses. Whenever possible, the four options for each video were based on the
most frequent responses given in Experiment 1, although due to the low number of
usable responses described above, it was usually not possible to create all four options
using this method. Table 4-2 under Results shows a comparison of response formats
(described in Section 4.4.2.3) and therefore the number of options carried over from
Experiment 1.
4.4

Experiment 2

4.4.1

Methods

4.4.1.1

Participants
Thirty-eight participants were recruited from Malaysia, all of whom held full

or learner driving licenses obtained in Malaysia, and had normal or corrected-tonormal vision. Participants were split into two groups, consisting of 19 novice drivers
(mean age of 18.2 years and licensing time of 8.1 months, except for 5 learner drivers
who had held their permit for an average of 4.8 months) and 19 experienced drivers
(mean age of 26.7 years and licensing time of 106 months). Participants received
chocolate as compensation. None of the participants in this experiment had
previously participated in Experiment 1.

122

4.4.1.2

Stimuli and apparatus
The stimuli were the same videos used in Experiment 1, except after each clip

ended, instead of the three open-ended questions described in Section 4.2.1.2, four
numbered options then appeared on the screen. As in Chapter 3, each option
described a different scenario that could have occurred after the occlusion point, one
of which had actually taken place. Only the 17 clips that were analyzed in
Experiment 1 were used in this experiment.
The four options for each video were determined by participants’ responses in
Experiment 1, where the four most common and appropriate responses were selected
to create the options. If there were less than four common responses for a particular
video, two researchers determined the remaining options via discussion. As in
Chapter 3, each set of four options was different and unique to the video, and each
option represented an event that could have feasibly taken place after the occlusion
point. The options were listed in complete sentences, but contained three basic
components: the hazard (e.g. “blue car”), its location (“in left lane”) and the event
that occurred (“pulls into your lane”). In almost all cases the options within one clip
differed by at least two of these components.
As in Experiment 1, the stimuli were played on a 60” projector screen at a
resolution of 1368 x 768, using PsychoPy 1.80. The order of presentation was
randomized every time, as was the order of the four options presented after each clip.
4.4.1.3

Procedure
The procedure was the same as for Experiment 1, except for the following

details. To account for the multiple choice component, the answer booklet given to
participants contained a list of video numbers with the numbers 1, 2, 3, and 4 printed
after every video in the list; participants were instructed to pick the option they
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thought was correct by circling the corresponding number. Participants were given up
to one minute to finalize their decision, although they were informed that if they so
wished, they could signal to the experimenter to continue to the next clip instead of
waiting the full minute. When there were multiple participants in a session, the
experimenter did not proceed to the next clip until all participants had indicated they
were satisfied with their answer.
As in Experiment 1, participants also watched two practice videos before
beginning the experiment. After choosing their answers, the experimenter informed
participants of the correct answer, and played the full video clip containing the
hazard. They did not receive any such feedback throughout the main experiment.
4.4.2
4.4.2.1

Results
Experiment 2: Accuracy
A two-tailed independent t-test compared accuracy scores for novice (M =

7.63; 44.89%, SD = 1.54; 9.03%) and experienced drivers (M = 8.58; 50.46%, SD =
2.12; 12.45%). The maximum possible score was 17. No significant difference was
found (t(36) = 1.58, p = .123, d = 0.53).
4.4.2.2

Experiment 2: Distractor option plausibility
To determine whether the distractor options (i.e. the three incorrect options)

were equally plausible, goodness of fit tests were performed on individual clips. Only
incorrect options chosen by participants were included in this analysis; correct
responses were excluded. Five clips were analyzed with an exact multinominal test
due to having particularly low sample sizes (<5 expected responses in each cell), and
a chi-square goodness of fit was conducted on the remaining 12. An FDR-corrected
α-value of .0206 was used to determine significance. Results are reported in Table
4-1.
124

Out of 17 clips, participants’ incorrect responses were not equally distributed
in 7, suggesting that for these clips, one or more of the distractor options was chosen
substantially more often compared to the others. To ascertain any relationship
between the distribution of the distractor options and how well a clip differentiated
driving experience, t-tests were conducted for each clip comparing novice and
experienced drivers’ scores. A Pearson’s r correlation was then conducted using the
chi-square value obtained above and the effect size (given by Cohen’s d) of the t-test.
The correlation was not significant (r = -.101, p = .700).
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Table 4-1: Response distribution for individual clips in Experiment 2. χ2 analysis conducted
for only distractor options.

Clip no.

Correct
response

Distractor
1

Distractor
2

Distractor
3

χ2

p

01

21

8

6

7

0.29

.867

02

8

29

1

4

41.71

<.001*

03

22

4

7

9

1.90

.387

04

20

11

3

8

4.45

.108

05

14

21

2

5

22.36

<.001*

06

14

7

8

13

2.21

.331

07

6

7

10

19

6.50

.039

08

25

14

3

0

19.18

<.001*

09

27

1

3

11

11.20

.004*

10

39

1

2

0

-

.778

11

21

15

5

1

14.86

.001*

12

7

25

6

4

23.03

<.001*

13

34

1

5

2

-

.296

14

10

19

8

5

10.19

.006*

15

34

4

2

2

-

.744

16

10

17

6

9

6.06

.048

17

29

4

8

1

-

.062

* Significant at FDR-corrected α = .0206

4.4.2.3

Experiment comparison: Response distribution
To investigate whether response distribution was affected by the change in

format from free response to multiple choice, chi-square tests of independence were
conducted for each individual clip comparing Experiment 1 and Experiment 2, using
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options for each clip and response format as variables. Because not all the responses
in Experiment 1 were used as eventual options in Experiment 2, the contingency
tables used varied between clips depending on the number of options that had been
carried over from Experiment 1, with either a 2 x 2 (two options; 6 videos total), 2 x 3
(three options; 10 videos total), or 2 x 4 (four options; 1 video total) table. An FDRcorrected α-value of .0176 was used to determine significance. Results are reported in
Table 4-2. Of 17 clips, 6 had a significantly different response distribution between
Experiments 1 and 2, suggesting that for these clips, response format considerably
affected participants’ answers.
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Table 4-2: Comparison of response distribution between Experiments 1 and 2.
Clip no.
01
02
03
04
05
06
07*
08
09
10
11
12*
13
14
15
16
17

FR1 / MC2

Option 13 Option 2 Option 3 Option 4

χ2

p

11.42

.003**

FR

9

15

7

-

MC

21

8

1

-

FR

5
8

23
29

-

-

0.14

.707

2
22

2
4

-

-

2.60

.107

6
20

27
8

3
3

-

17.58

<.001**

2
14

31
21

1
5

-

13.19

.001**

1
14

1
13

1
8

-

0.17

.918

12
6

10
10

9
19

3
7

6.40

.094

3
25

6
14

-

-

2.85

.091

2
27

31
11

-

-

30.88

<.001**

34
39

1
2

1
0

-

1.36

.507

20
21

14
15

-

-

0

.967

-

0
7

22
25

9
4

8.79

.012**

36
34

2
1

1
2

-

0.67

.715

4
10

7
19

3
5

-

0.33

.846

23
34

7
2

-

-

4.39

.036

5
10

7
6

-

-

1.20

.274

9
29

9
4

2
1

-

9.81

.007**

MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC
FR
MC

1

Free response; 2 Multiple Choice; 3 Correct answer unless otherwise noted (see below)
* None of the responses given in Experiment 1 for this clip were correct
** Significant at FDR-corrected α = 0.0176
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4.4.2.4

Experiment comparison: Experience differentiation
To measure how well each video differentiated experience in each response

format, the effect size of the novice/experienced score difference (measured by
Cohen’s d) was calculated for each video in both Experiment 1 and Experiment 2. A
Pearson’s r correlation was then conducted comparing videos in Experiment 1 and
Experiment 2, using each video’s effect size The correlation was not significant (r = .176, p = .498). All effect sizes are listed in Table 4-3.
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Table 4-3: Effect size of the novice/experience difference for individual clips, in both free
response (Experiment 1) and multiple choice (Experiment 2) formats.

Clip
no.

4.5

Experiment 1

Experiment 2

Free response

Multiple choice

% correct,
novices

% correct,
exp.
drivers

d

% correct,
novices

% correct,
exp.
drivers

d

01

22.9

39.6

0.46

42.1

52.6

0.21

02

8.3

7.9

-0.02

21.1

15.8

-0.13

03

5.0

12.5

0.43

47.4

57.9

0.21

04

11.7

25.8

0.46

36.8

57.9

0.42

05

3.3

15.0

0.49

26.3

42.1

0.33

06

14.6

22.9

0.44

42.1

26.3

-0.33

07

14.6

32.5

0.62

15.8

10.5

-0.15

08

47.1

45.0

-0.07

42.1

73.7

0.66

09

10.4

21.3

0.38

57.9

68.4

0.21

10

55.8

70.8

0.48

89.5

94.7

0.19

11

15.4

36.3

0.68

42.1

52.6

0.21

12

4.6

12.5

0.62

15.8

21.1

0.13

13

82.5

91.7

0.32

73.7

84.2

0.25

14

2.1

17.1

0.60

36.8

10.5

-0.63

15

30.8

65.8

0.88

84.2

89.5

0.15

16

11.3

20.0

0.28

21.1

26.3

0.12

17

26.7

21.3

-0.15

68.4

73.7

0.11

Discussion
It is difficult to draw any definite comparisons between Experiment 2 and

Chapter 3, given the apparent difference in task difficulty. There was again no
correlation between how well a clip differentiated experience and how evenly its
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distractor responses were spread, although this is an uncertain conclusion because the
novice/experienced performance gap in the present study did not reach significance,
whereas in Chapter 3 the UK set of videos differentiated experience and there was
still a main effect of experience overall.
As expected, overall scores in Experiment 2 were higher than Experiment 1,
and novices benefitted substantially more than experienced drivers by switching from
free response to multiple choice formats, as the performance gap between the two
groups decreased considerably between experiments; in fact, although experienced
drivers still outscored novices in Experiment 2, this did not reach significance. As
discussed earlier, this is unsurprising given the greater range of scores and therefore
power of the free response format over multiple choice; however, it is disappointing
that the novice/experienced performance gap decreased to the point where the
multiple choice clips failed to differentiate experience at all. It seems likely that
novice drivers found it extremely difficult to detect and predict potential hazards at all
in Experiment 1, while experienced drivers also found this task difficult but
significantly less so. However, having potential hazards highlighted in Experiment 2
reduced most of the advantage experienced drivers may have had, to the point where
their scores were only numerically and not statistically higher than novices’. This
likely contributes to the higher scores in Experiment 2; while all participants may
have found it difficult to discern potential hazards on their own in Experiment 1, once
these potential threats were highlighted in Experiment 2, they were better at deciding
which of these eventually developed into hazards.
Interestingly, the switch in format appears to affect clips inconsistently with
regards to experience differentiation, as there was no correlation between the relative
ability of clips to differentiate experience in both experiments. In other words, there

131

was no relationship between the clips that best differentiated experience in
Experiment 1 and the clips that best differentiated experience in Experiment 2.
Although this conclusion is moderated by the difficulty of the clips and Experiment
2’s lack of experience differentiation, this suggests that while ostensibly similar, the
“What Happens Next?” paradigm may index slightly different skills depending on the
response format used. This is somewhat supported by the response distribution
analysis, as the change in response format appears to affect response distribution for
at least some clips.
While the results of Experiment 1 are encouraging, the lack of experience
differentiation in Experiment 2 again raises the question of whether the driving
environment in Malaysia lends itself to effective “What Happens Next?” multiple
choice clips, especially given that these clips better differentiated experience by
simply changing the response format. Again, however, it is difficult to draw any
definite conclusions given the higher difficulty of the clips compared to Chapter 3 and
Jackson et al.’s study; it is certainly possible that yet another set of Malaysian clips
may differentiate driving experience more successfully. It is also possible that the set
of Malaysian clips used in Chapter 3 may yet differentiate experience, given the
manipulations described in Chapter 6.
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CHAPTER 5
ARE VIDEOS NECESSARY IN A HAZARD PERCEPTION TEST?
Abstract
The hazard perception skill of a driver refers to the ability to identify potentially
dangerous situations on the road. Drivers with greater levels of experience tend to
outperform newer drivers in tests of hazard perception skill, and past research has
linked hazard perception test performance to on-road crash rates. Thus far, almost all
hazard perception tests use visuals of on-road scenarios, usually either actual footage
recorded on the road or computer-generated imagery (CGI), which can be both timeconsuming and expensive to generate. The current study explored to what extent
videos are necessary in a multiple choice predictive hazard perception task, the “What
Happens Next?” test, by asking drivers to predict events on the road both with and
without viewing the associated video scenarios. Both novice and experienced drivers
were unable to predict the later video events without having watched the videos first,
suggesting that knowledge of common road hazards is unlikely to affect performance
on the predictive task, and that videos are necessary for this version of the hazard
perception test.

5.1

Introduction
In Chapter 2, we found no experience differentiation in a hazard perception

reaction time task using both Malaysian and UK videos. In Chapter 3, we found
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experience differentiation in the “What Happens Next?” test, where participants
predicted what event was most likely to happen next. In all versions of this test
participants have either generated their own responses (Chapter 4; (Castro et al., 2014;
Jackson et al., 2009) or selected one event out of four possible options (Chapter
3;(Lim et al., 2014). This task is relatively unusual among hazard perception-type
tests because having to generate or choose future events potentially allows
participants to draw on their prior knowledge of road events more heavily than other
tasks (e.g. (Huestegge et al., 2010; Scialfa et al., 2012; Wetton et al., 2010).
However, most of these tasks involve rapid hazard identification, which
arguably requires less knowledge of prior road events than the “What Happens Next?”
test, which asks participants to predict possible road events. Interestingly, while
explicit knowledge may play a role in both variations of the “What Happens Next?”
test, the different response formats may emphasize it in slightly different ways (see
Chapter 4, Section 4.1). For instance, the free response task requires participants to
generate their own ideas of future hazards, where a lack of knowledge of common
hazards and situations in which they might occur might hinder their ability to think of
possibilities; if participants have rarely encountered a certain type of hazard before, it
will be fairly difficult to predict it. The multiple choice component on the other hand
involves an element of intelligent guesswork, where prior knowledge might play an
even greater role; since participants lose nothing from guessing an answer they are not
sure of, a driver could eliminate certain options with knowledge of road events that
are more or less likely to occur, narrowing their options more effectively.
If experienced drivers’ superior performance in the “What Happens Next?”
test relies on prior knowledge of likely road events to a greater extent than other
hazard perception-type tasks, this may partly explain the lack of group differences
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found in Chapter 3’s eye tracking data. Because experienced drivers outscored
novices in Chapter 3, one might expect that the experienced group would also exhibit
more efficient visual search patterns, especially given that previous research has
found clear group differences (Borowsky et al., 2010; Chapman & Underwood, 1998;
Chapman et al., 2002; Crundall et al., 2003, 2002). However, eye tracking data in
Chapter 3 showed no differences in novice and experienced drivers’ visual strategies
when performing the task. While this might be caused by a relatively small gap in
experience between driver groups, or possibly behavioral differences manifesting
before visual strategies develop (see Sections 2.4.3, 3.4.3), Huestegge et al. (2010)
and Underwood et al. (2002) found group differences with similarly low licensing
time differences, although these were still higher than in Chapter 3. Since the primary
task is to predict the correct event out of four, experienced drivers may have more
accurate knowledge of events that are more likely to happen on the road and use this
to their advantage over novices. Therefore, it's conceivable that at least in part, the
experience effect found in Chapter 3 may be driven by different prior knowledge of
events that are likely to happen on the roads (regardless of circumstances), as opposed
to what has been perceived.
If experienced drivers do outscore novices on the “What Happens Next?” test
due to greater knowledge of likely road events, even in part, this could have
implications for hazard perception testing. Thus far, almost all hazard perception tests
present drivers with videos or stills of road scenarios, either recorded on the road or
computer-generated (see Section 1.1.4 for examples). However, both these methods
can be time-consuming and/or expensive; for instance, Wetton et al. (2011) reported
that after recording 190 hours of road footage, 182 scenes were selected as suitable.
We would expect similar results in countries with comparable accident rates, although
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it should be noted that Wetton et al. were developing a test to be used in Queensland
driver licensing and therefore clip selection would have been particularly stringent. In
countries with higher accident rates such as Malaysia, hazards certainly occur more
frequently; however, this often presents a different set of problems, such as other
potential hazards arising in close temporal proximity to pre-defined hazards for
testing (see Chapter 2, Sections 2.3.1.2 and 2.4.1 for examples).
The format of the “What Happens Next?” test allows an opportunity to explore
an alternative measure of hazard perception; namely, a hazard perception test that is
questionnaire-only. Because drivers are asked to choose one event out of four, doing
this without watching the associated video requires participants to rely solely on their
prior knowledge of likely road events. If this prior knowledge plays a role on its own,
we would expect experienced drivers to outscore novices, although possibly by a
smaller margin than in other video and/or still-based hazard perception tests. While
this is certainly a consideration, if a test that discriminates experienced and novice
drivers could indeed be developed without the use of videos and/or stills, this would
significantly reduce preparation time and resources.
The current study therefore presented participants with two different tasks. In
Part I, the first task, participants read four brief descriptions of hazardous events that
could potentially happen on the road; in other words, the scenarios from the videos
used in Chapter 3, but without the corresponding videos. They were asked to pick the
event out of the four they felt most likely to happen. In Part II, the same participants
completed the multiple choice “What Happens Next?” task with the same videos that
were used in Chapter 3 and a similar procedure.
As in Chapters 2 and 3, the present study has a cross-cultural aspect. Drivers
from both Malaysia and the UK completed the study, which allowed us to investigate
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whether Malaysian and UK drivers differ significantly in their idea of what events are
more or less likely to happen on the road in both countries. This is particularly
relevant in the Malaysian clips, where the nature and type of hazards vary more than
they would in the UK.
If explicit knowledge plays a comparable role to perceptual skill in the “What
Happens Next?” test, experienced drivers should outscore novices in both Part I and
Part II. We would tentatively expect drivers to have higher scores in Part I for their
home country, as some Chapter 2 results indicate that drivers’ mental models are
richer in familiar environments (Section 2.4.1); similarly, we would expect to find
response pattern differences between Malaysian and UK drivers in Part I. In Part II,
we expect to find similar results to the “What Happens Next?” test run in Chapter 3;
in other words, experienced drivers should outscore novices, but only in the UK set of
clips, and UK drivers should outscore Malaysian drivers.
5.2

Methods

5.2.1

Participants
Thirty-seven participants were recruited from the UK and 36 from Malaysia,

all of whom held full or learner driving licenses from their respective countries, and
had normal or corrected-to-normal vision. Participants were split into two further
sub-groups consisting of novice and experienced drivers, resulting in four groups in
total: 19 UK novice drivers (mean age of 21.2 years and licensing time of 6.8
months, except for 11 learner drivers who had held their permits for an average of 3.3
months), 18 UK experienced drivers (mean age of 24.8 years and licensing time of
86.1 months), 18 Malaysian novice drivers (mean age of 18.2 years and licensing time
of 5.1 months, except for 2 learner drivers who had held their permits for an average
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of 3.5 months) and 18 Malaysian experienced drivers (mean age of 25.4 years and
licensing time of 88.4 months). Participants received either monetary compensation
or course credit, where the latter was applicable. None of the participants in this
study had previously participated in either experiment described in Chapters 2 and 3.
5.2.2

Stimuli and apparatus
Part I of the experiment employed only the text options describing four

potential hazardous events for all videos used in Chapter 3. Part II employed both
videos and their corresponding text options, i.e. the same procedure used in Chapter 3,
although without the hazard and confidence ratings. The videos were displayed at a
resolution of 1280 x 720. Both parts of the experiment were written in Matlab using
the Psychophysics Toolbox extensions (Brainard, 1997; Kleiner, Brainard, & Pelli,
2007; Pelli, 1997), and were presented using Matlab R2013a on a 13.3” laptop with
the screen set to maximum brightness.
5.2.3

Design
A 2 x 2 x 2 x 2 mixed design was used. The between-groups factors were the

origin country of the participant (Malaysia or UK), and experience level (novice or
experienced). The within-groups factors were the country where the scenario was
based (Malaysia or UK), and whether the driving scenarios consisted of only text
(Part I), or both text and video (Part II).
For both Parts I and II, stimuli were separated by country into 2 blocks of 20
trials, i.e. one Malaysia block and one UK block. Except for the practice trials, the
order of presentation was randomized within each block, so participants read the Part
I scenarios in a different order from which they viewed the corresponding Part II
videos. Within each set of four options, the order of presentation was also
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randomized. The order of the blocks was counterbalanced across participants,
although this was consistent across both parts of the experiment; i.e. if a participant
completed the Malaysian block first in Part I, they also completed the Malaysian
block first in Part II, and vice versa.
5.2.4

Procedure
After giving informed consent, participants completed a brief demographic

questionnaire and were then seated in front of the laptop. Instructions for Part I of the
experiment were given first and without disclosing details of Part II. Participants
were informed that they would be reading descriptions of possible hazardous events
that could happen on the road from a driver’s point of view, and they would read
about these events in sets of four. They were instructed to select the event of these
four that they thought most likely to happen by pressing the corresponding number on
the laptop keyboard (1, 2, 3, or 4). As in Chapter 3, it was emphasized that their task
was not to choose the event they felt was the most hazardous, but the one they felt
was most likely to happen. Participants were also informed that the block of events
they were viewing were set in either Malaysia or the UK, and that the road traffic
flow in both countries was left-hand, in which traffic keeps to the left side of the road.
Before beginning each block, participants were informed whether they would be
reading about Malaysian or UK events, and then attempted two practice trials set in
the same country as the block they were about to complete. After these trials they
were able to ask questions or seek clarification.
After completing Part I, the experimenter explained to participants that the
events they had just read about were related to specific traffic scenarios that had
actually occurred, and in Part II they would watch videos of these scenarios. As in
Chapter 3, participants were informed that each clip contained a driving scenario
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leading up to a hazardous event, however the clips would end immediately before this
event actually occurred and their task was to predict what the event was by selecting
the correct scenario out of four possible options; additionally, these four options were
ones they had already read about in Part I of the experiment. They were informed that
in every case, one and only one of the four scenarios had actually taken place and
there was therefore a correct answer for each clip. As in Part I, at the beginning of
each block participants attempted two practice clips set in the same country as the
upcoming block, which corresponded to the practice text-only trials they had
completed earlier in Part I. Participants were not given any feedback as to the correct
scenarios at any point during the practice clips or main experiment.
In both parts a short line of text was displayed before each trial, indicating
participants’ progress through the block. There was no time limit imposed for
participants to respond, and they were able to ask the researcher questions to clarify
their understanding of the scenarios.
5.3

Results

5.3.1

Part I performance against chance
One-sample t-tests compared how accurately the four participant sub-groups

(novice Malaysian drivers, experienced Malaysian drivers, novice UK drivers, and
experienced UK drivers) guessed the later, correct video answers against a chance
level of 1 out of 4, or 25%. Malaysian and UK videos were analyzed separately,
resulting in eight t-tests in total. An FDR-corrected α-value of .00625 was used to
determine significance. Generally, drivers were not able to guess the correct video
scenarios at better than chance levels; the only exception was UK novices picking UK
events. Results are reported in Table 5-1.
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Table 5-1: Participants’ accuracy in Part I for guessing the later, correct video answers.
Mean scores for all participant sub-groups and comparisons to chance performance.

Participant group

Clip country

Mean %
correct guesses

p

MY

25.8

.743

UK

26.4

.688

MY

27.9

.069

UK

32.6

.005*

MY

23.8

.470

UK

25.5

.825

MY

23.4

.475

UK

29.0

.052

MY
Novice
UK

MY
Experienced
UK
* Significant at FDR-corrected α = .00625

5.3.2

Consistency with video answers
Participants’ responses in both Parts I and II were compared to the correct

video answers (i.e. accuracy, for Part II) and analyzed using a 2 x 2 x 2 x 2 mixed
ANOVA. Between-groups factors were the origin country of the participant (driver
origin: Malaysia or UK), and experience level (novice or experienced). Withingroups factors were the country where the clip or text was based (country setting:
Malaysia or UK), and whether the scenario consisted of only text (Part I), or both text
and video (Part II). Figure 5-1 summarizes Part I data, and Figure 5-2 summarizes
Part II data.
There was a main effect of driver origin, where UK drivers outscored
Malaysian drivers (F1,69 = 18.29, p < .001, 2 = .210). There was also a main effect
of scenario, where drivers had considerably higher scores in Part II (F1,69 = 562.53, p
< .001, 2 = .891). Finally, there were two significant two-way interactions and a
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third trending, all involving the scenario factor. The first interaction was of scenario
and driver experience (F1,69 = 9.29, p = .003, 2 = .119), where in Part I, novices and
experienced drivers had similar scores (although novices were numerically higher;
t(59.04) = 1.74, p = .087, d = 0.45), but in Part II experienced drivers had higher
scores (t(71) = 2.48, p = .016, d = 0.59). There was also an interaction of scenario
and country setting (F1,69 = 8.12, p = .006, 2 = .105), where in Part I, participants’
scores for UK scenarios trended higher (t(72) = 1.95, p = .055, d = 0.31), but the
opposite was true in Part II as participants performed better on Malaysian clips than
UK (t(72) = 2.52, p = .014, d = 0.31). Finally, an interaction of scenario and driver
origin trended towards significance (F1,69 = 3.70, p = .058, 2 = .051); while UK
drivers outperformed Malaysian drivers in both Part I and Part II, this difference was
significant only in Part II (t(71) = 1.78, p = .080, d = 0.42 for Part I; t(59.60) = 3.48, p

Consistency with video answers
(%)

= .001, d = 0.90 for Part II).
40
35
30
25
20
MY Trials

15

UK Trials

10
5
0
MY
Novice

MY
UK
Experienced Novice
Drivers

UK
Experienced

Figure 5-1: Consistency with video answers for all drivers in Part I (text options only).
Error bars represent standard error of the mean.
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UK Clips
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MY
Novice

MY
UK
Experienced
Novice
Drivers

UK
Experienced

Figure 5-2: Accuracy for all drivers in Part II (videos and text options). Error bars represent
standard error of the mean.

5.3.3

Prediction accuracy for videos
To analyze only prediction accuracy in the videos, a second ANOVA was

conducted on Part II, i.e. only the video section. While this analysis was
encompassed within the omnibus ANOVA above, this was done to allow a clearer
direct comparison with the accuracy analysis run in Chapter 3 (Section 3.3.1.1). A 2
x 2 x 2 mixed design was used, analogous to the analysis run in Chapter 3. The
between-groups factors were the origin country of the participant (driver origin:
Malaysia or UK) and experience level (novice or experienced). The within-groups
factor was the country where the clip was filmed (clip country: Malaysia or UK).
Mean scores for all groups of drivers are depicted above in Figure 5-2. All
three possible main effects were found: experienced drivers outscored novices (F1,69 =
7.07, p = .010, 2 = .093), UK drivers outscored Malaysian drivers (F1,69 = 13.25, p =
.001, 2 = .161), and finally, all participants were better at predicting hazards in
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Malaysian videos (F1,69 = 6.25, p = .015, 2 = .083). There were no significant
interactions (all ps > .19).
5.3.4

Answer distribution (Part I only)
A chi-square goodness of fit test was conducted for individual trials in Part I.

Because Part I contained no incorrect answers in and of itself, the analysis was done
across all four response options to determine whether all answers were equally likely
to be chosen given no other context. An FDR-corrected α-value of .0338 was used to
determine significance. Table 5-2 reports results for Malaysian trials and Table 5-3
reports results for UK trials. Out of 40 trials, response options were not equally
distributed in 27 (13 Malaysian trials; 14 UK trials), suggesting that more often than
not, participants felt one of the options was particularly likely or unlikely based on
previous driving experience.
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Table 5-2: Response distribution for Malaysian trials, Part I. Analysis conducted for all
options, although Option 1 is the later, correct option in Part II.
Clip

Option 1

Option 2

Option 3

Option 4

χ2

p

MY-M-01

11

18

15

29

9.79

.020*

MY-M-02

19

23

22

9

6.73

.081

MY-M-03

18

5

31

19

18.56

<.001*

MY-M-04

15

12

8

38

29.85

<.001*

MY-M-05

14

20

25

14

4.64

.200

MY-M-06

29

11

26

7

19.44

<.001*

MY-M-07

21

8

32

12

18.67

<.001*

MY-M-08

26

12

17

18

5.52

.137

MY-M-09

18

24

25

6

12.53

.006

MY-M-10

9

10

23

31

18.56

<.001*

MY-U-01

26

19

18

10

7.05

.070

MY-U-02

18

28

5

22

15.60

.001*

MY-U-03

28

13

13

19

8.26

.041

MY-U-04

21

4

15

33

24.04

<.001*

MY-U-05

27

18

21

7

11.55

.009*

MY-U-06

1

50

15

7

79.05

<.001*

MY-U-07

11

23

19

20

4.32

.229

MY-U-08

27

11

12

23

10.45

.015*

MY-U-09

19

10

27

17

8.04

.045

MY-U-10

10

25

11

27

13.30

.004*

* Significant at FDR-corrected α = .0338
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Table 5-3: Response distribution for UK trials, Part I. Analysis conducted for all options,
although Option 1 is the later, correct option in Part II.
Clip

Option 1

Option 2

Option 3

Option 4

χ2

p

UK-M-01

39

18

8

8

35.11

<.001*

UK-M-02

21

18

12

22

3.33

.344

UK-M-03

12

15

31

15

12.21

.007*

UK-M-04

16

24

19

14

3.11

.375

UK-M-05

14

22

18

19

1.79

.616

UK-M-06

28

7

16

22

13.19

.004*

UK-M-07

17

19

11

26

6.29

.098

UK-M-08

19

16

20

18

0.48

.923

UK-M-09

16

24

30

3

22.40

<.001*

UK-M-10

9

14

5

45

54.51

<.001*

UK-U-01

16

29

13

15

8.70

.034*

UK-U-02

5

36

15

17

27.55

<.001*

UK-U-03

16

27

23

7

12.64

.005*

UK-U-04

31

19

7

16

16.15

.001*

UK-U-05

31

8

14

20

15.82

.001*

UK-U-06

23

16

24

10

7.05

.070

UK-U-07

12

32

21

8

18.67

<.001*

UK-U-08

31

19

19

4

20.10

<.001*

UK-U-09

32

8

15

18

16.70

.001*

UK-U-10

25

11

8

29

17.47

.001*

* Significant at FDR-corrected α = .0338

To investigate whether novice and experienced drivers differed in their
prediction of what was likely to happen next, chi-square tests of independence were
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conducted for individual trials in Part I, using driver experience and the four options
for each clip as variables in a 2 x 4 contingency table for each trial. Table 5-4 below
shows the results.
Out of 40 trials, none survived an FDR correction, suggesting that for this
experiment, there was no relation between a driver’s experience level and likelihood
of picking any particular traffic scenario.
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Table 5-4: Tests of independence for whether experience was a factor in Part I predictions.
Item
MY-M-01
MY-M-02
MY-M-03
MY-M-04
MY-M-05
MY-M-06
MY-M-07
MY-M-08
MY-M-09
MY-M-10
MY-U-01
MY-U-02
MY-U-03
MY-U-04
MY-U-05
MY-U-06
MY-U-07
MY-U-08
MY-U-09
MY-U-10

Novice /
Exp.
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E

Option 1

Option 2

Option 3

Option 4

6
5
10
9
11
7
10
5
6
8
15
14
12
9
12
14
14
4
6
3
11
15
8
10
14
14
10
11
12
15
1
0
4
7
17
10
10
9
6
4

8
10
9
14
2
3
7
5
8
12
2
9
5
3
4
8
11
13
4
6
7
12
12
16
5
8
1
3
7
11
24
26
12
11
6
5
3
7
10
15

8
7
14
8
13
18
1
7
18
7
17
9
12
20
14
3
9
16
12
11
11
7
4
1
5
8
6
9
12
9
9
6
7
12
3
9
10
17
6
5

14
15
3
6
10
9
18
20
4
10
2
5
7
5
6
12
2
4
14
17
7
3
12
10
12
7
19
14
5
2
2
5
13
7
10
13
13
4
14
13

χ2

p

0.40

.940

3.76

.288

1.93

.586

6.59

.086

8.49

.037

8.22

.042

3.25

.355

10.59

.014

8.34

.040

1.72

.632

4.41

.221

2.76

.430

2.69

.442

2.39

.495

2.92

.404

2.95

.399

3.96

.265

5.28

.152

8.22

.042

1.51

.679
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Item
UK-M-01
UK-M-02
UK-M-03
UK-M-04
UK-M-05
UK-M-06
UK-M-07
UK-M-08
UK-M-09
UK-M-10
UK-U-01
UK-U-02
UK-U-03
UK-U-04
UK-U-05
UK-U-06
UK-U-07
UK-U-08
UK-U-09
UK-U-10

Novice /
Exp.
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E
N
E

Option 1

Option 2

Option 3

Option 4

19
20
7
14
4
8
9
7
9
5
13
15
8
9
12
7
8
8
4
5
10
6
1
4
7
9
15
16
17
14
9
14
7
5
15
16
21
11
17
8

10
8
8
10
10
5
13
11
14
8
4
3
9
10
4
12
15
9
7
7
16
13
20
16
15
12
8
11
3
5
7
9
14
18
10
9
2
6
5
6

2
6
8
4
17
14
8
11
8
10
9
7
4
7
10
10
11
19
3
2
4
9
9
6
11
12
2
5
7
7
13
11
11
10
9
10
8
7
1
7

5
3
13
9
5
10
6
8
5
14
10
12
15
11
10
8
2
1
22
23
6
9
6
11
3
4
11
5
9
11
7
3
4
4
2
2
5
13
13
16

χ2

p

2.73

.434

4.60

.203

4.94

.176

1.16

.762

7.25

.064

0.70

.872

1.53

.675

5.53

.137

3.95

.267

0.32

.956

3.82

.282

4.30

.231

0.76

.860

4.03

.258

0.98

.807

3.09

.378

0.87

.833

0.12

.989

8.74

.033

8.13

.043
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To investigate whether Malaysian and UK drivers differed in their prediction
of what was likely to happen next, the above procedure was repeated using driver
origin as a variable instead of experience. Table 5-5 shows the results.
Out of 40 trials, none survived an FDR correction, suggesting that for this
experiment, there was no relation between a driver’s country of origin and likelihood
of picking any particular traffic scenario.
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Table 5-5: Tests of independence for whether driver origin was a factor in Part I predictions.
Item
MY-M-01
MY-M-02
MY-M-03
MY-M-04
MY-M-05
MY-M-06
MY-M-07
MY-M-08
MY-M-09
MY-M-10
MY-U-01
MY-U-02
MY-U-03
MY-U-04
MY-U-05
MY-U-06
MY-U-07
MY-U-08
MY-U-09
MY-U-10

Driver
origin
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK

Option 1

Option 2

Option 3

Option 4

4
7
10
9
7
11
8
7
5
9
15
14
10
11
12
14
9
9
1
8
13
13
9
9
11
17
15
6
15
12
1
0
8
3
10
17
8
11
6
4

13
5
14
9
1
4
6
6
12
8
7
4
7
1
9
3
16
8
6
4
11
8
19
9
8
5
4
0
4
14
23
27
10
13
10
1
6
4
10
15

5
10
8
14
15
16
5
3
10
15
9
17
16
16
4
13
8
17
17
6
10
8
1
4
11
2
3
12
14
7
9
6
10
9
8
4
13
14
4
7

14
15
4
5
13
6
17
21
9
5
5
2
3
9
11
7
3
3
12
19
2
8
7
15
6
13
14
19
3
4
3
4
8
12
8
15
9
8
16
11

χ2

p

6.06

.109

2.87

.411

5.29

.152

0.97

.807

4.07

.254

4.59

.205

7.54

.057

8.80

.032

5.89

.117

12.67

.005

4.28

.232

8.27

.041

10.78

.013

14.00

.003

8.35

.039

2.05

.562

3.50

.320

12.63

.006

0.96

.812

3.13

.372
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Item
UK-M-01
UK-M-02
UK-M-03
UK-M-04
UK-M-05
UK-M-06
UK-M-07
UK-M-08
UK-M-09
UK-M-10
UK-U-01
UK-U-02
UK-U-03
UK-U-04
UK-U-05
UK-U-06
UK-U-07
UK-U-08
UK-U-09
UK-U-10

Driver
origin
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK
MY
UK

Option 1

Option 2

Option 3

Option 4

14
25
9
12
7
5
11
5
8
6
10
18
10
7
6
13
7
9
8
1
8
8
3
2
10
6
13
18
9
22
12
11
8
4
12
19
12
20
9
16

13
5
10
8
9
6
8
16
10
12
3
4
8
11
9
7
16
8
7
7
14
15
20
16
16
11
12
7
6
2
9
7
11
21
10
9
5
3
7
4

5
3
9
3
12
19
8
11
9
9
11
5
8
3
9
11
10
20
2
3
7
6
8
7
5
18
3
4
9
5
12
12
9
12
10
9
9
6
5
3

4
4
8
14
8
7
9
5
9
10
12
10
10
16
12
6
3
0
19
26
7
8
5
12
5
2
8
8
12
8
3
7
8
0
4
0
10
8
15
14

χ2

p

7.15

.067

5.27

.153

2.57

.463

6.52

.089

0.51

.917

4.85

.183

4.65

.199

5.02

.171

9.24

.026

6.72

.081

0.16

.983

3.58

.310

10.55

.014

2.25

.522

9.38

.025

1.88

.598

12.88

.005

5.67

.129

3.31

.346

3.30

.348
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5.3.5

Distractor option plausibility (Part II only)
To determine whether the distractor options (i.e. the three incorrect options)

were equally plausible, chi-square goodness of fit tests were performed on individual
clips in Part II; the same analysis conducted in Chapter 3 (3.3.1.3). Ten clips were
analyzed with an exact multinominal test due to having particularly low sample sizes
(<5 expected responses in each cell), and a chi-square goodness of fit was conducted
on the remaining 30. An FDR-corrected α-value of .0188 was used to determine
significance. Table 5-6 reports results for Malaysian trials and Table 5-7 reports
results for UK trials.
Out of 40 clips, participants’ incorrect responses were not equally distributed
in 15 (9 Malaysian clips; 6 UK clips), suggesting that for these clips, one or more of
the distractor options was chosen substantially more often compared to the others. To
ascertain any relationship between the distribution of the distractor options and how
well a clip differentiated driving experience, effect sizes (given by Cohen’s d) of the
novice/experience difference were calculated for each clip. A Pearson’s r correlation
was then conducted using the chi-square value obtained above and its
novice/experience effect size. The correlation was not significant (r = -.096, p =
.554).
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Table 5-6: Response distribution for Malaysian clips, Part II. χ2 analysis conducted for
distractor options only.

Clip

Correct
response

Distractor
1

Distractor
2

Distractor
3

χ2

p

MY-M-01

42

24

5

2

27.55

<.001*

MY-M-02

44

24

2

3

31.93

<.001*

MY-M-03

25

35

7

6

33.88

<.001*

MY-M-04

60

5

5

3

-

.831

MY-M-05

13

27

22

11

6.70

.035

MY-M-06

49

10

12

2

7.00

.030

MY-M-07

69

1

0

3

-

.333

MY-M-08

29

6

27

11

16.41

<.001*

MY-M-09

68

3

0

2

-

.383

MY-M-10

65

2

2

4

-

.744

MY-U-01

35

12

19

7

5.74

.057

MY-U-02

65

5

1

2

-

.296

MY-U-03

52

17

0

4

22.57

<.001*

MY-U-04

70

2

0

1

-

.778

MY-U-05

55

4

1

13

13.00

.002*

MY-U-06

45

19

9

0

19.36

<.001*

MY-U-07

61

3

7

2

-

.267

MY-U-08

57

5

7

4

0.88

.646

MY-U-09

48

1

20

4

25.04

<.001*

MY-U-10

28

32

8

5

29.20

<.001*

* Significant at FDR-corrected α = .0188
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Table 5-7: Response distribution for UK clips, Part II. χ2 analysis conducted for distractor
options only.

Clip

Correct
response

Distractor
1

Distractor
2

Distractor
3

χ2

p

UK-M-01

52

5

8

8

0.86

.651

UK-M-02

42

9

20

2

15.94

<.001*

UK-M-03

52

3

10

8

3.71

.156

UK-M-04

37

8

16

12

2.67

.264

UK-M-05

61

6

1

5

-

.178

UK-M-06

68

3

1

1

-

.630

UK-M-07

49

13

7

4

5.25

.072

UK-M-08

52

10

6

5

2.00

.368

UK-M-09

59

4

5

5

-

1

UK-M-10

46

18

6

3

14.00

.001*

UK-U-01

55

2

7

9

4.33

.115

UK-U-02

39

19

9

6

8.18

.017*

UK-U-03

25

11

18

19

2.38

.305

UK-U-04

35

27

7

4

24.68

<.001*

UK-U-05

40

12

16

5

5.64

.060

UK-U-06

51

21

1

0

38.27

<.001*

UK-U-07

48

10

8

7

0.56

.756

UK-U-08

32

4

1

36

55.07

<.001*

UK-U-09

26

19

18

10

3.11

.212

UK-U-10

45

9

8

11

0.50

.779

* Significant at FDR-corrected α = .0188
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5.4

Discussion

5.4.1

Hazard prediction with and without videos
There was very little overlap between the scenarios drivers selected in Part I,

where they chose the most likely scenarios based on only text, and Part II, where they
watched the associated videos before predicting the scenarios they thought would
happen. We can safely conclude that participants were unable to guess the events that
actually occurred by reading the scenarios alone, given that in Part I almost all driver
groups selected the later, correct video scenarios at roughly chance levels. There does
appear to be some consensus in the events thought most likely to happen, since
participants’ responses were unevenly distributed in 27 of 40 Part I trials; in other
words, certain events were deemed particularly likely or unlikely in the majority of
the Part I trials.
Driver experience and origin also have very little to do with the events drivers
deem most likely to happen. There was no significant difference between driver
groups, whether split by experience or origin, in choosing the later, correct video
scenarios. Additionally, none of the chi-square tests conducted indicated any relation
between drivers’ level of experience and likelihood of picking any scenario, or
drivers’ country of origin and likelihood of picking any scenario. While these tests
are generally underpowered, these findings do complement the Part I ANOVA results.
Novice UK drivers did select correct UK events significantly above chance levels in
Part I; however, it is difficult to conclude that they were generally better at predicting
events than other driver groups, given the above chi-square results and the fact no
group differences were highlighted in the omnibus ANOVA. Therefore, it seems
likely that without contextual information, driving experience and culture have little
to no effect on the events drivers deem most plausible.
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5.4.2

Participants usually do not deem video scenarios the most likely to

happen
While participants may agree somewhat on which events are most (and/or
least) likely to happen on the road, these events are usually not the later, correct video
scenarios. We can conclude that there is very little overlap between the two tasks,
and given no other context, the correct scenario in the videos is usually not the one
that participants deem most likely to happen.
However, this does not necessarily suggest that drivers are not choosing the
events that are most likely to happen on the road; simply that their choices do not
reflect the actual events that happen in the videos. It is possible that the scenarios
represented in the videos are not necessarily the ones that are most likely to happen,
since the clips selected for this experiment represented a wider variety of road
situations and hazards than one might typically expect. The unmatched clips for
instance were picked without restriction and thus included relatively unique hazards –
particularly in Malaysia – such as a garbage bag falling off the back of a truck. The
matched clips on the other hand represent roughly the same ten hazards in the UK and
Malaysia – in other words half the total video hazards – again potentially skewing the
proportion of hazards one might typically encounter. Additionally, because the
hazards had to be salient to someone watching the videos, this adds a further element
to the selection process; for instance, while a car braking ahead of a driver might be a
common hazard on the road, it is often less salient in a video unless the braking is
relatively abrupt. Conversely, vehicles coming from behind the driver are particularly
common hazards in Malaysia, but are generally unsuitable for a hazard perception test
because they have no precursor.
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It is also possible that the scenarios depicted in the videos are indeed the ones
most likely to happen, and participants simply did not choose these events with any
consistency, although this seems less likely given the selection bias described above.
However, the frequency of certain hazard types is certainly a factor to be considered
when developing a test for licensing; the Queensland Transport Hazard Perception
Test (QT-HPT) for instance largely focuses on hazards from the most frequent crash
types involving young drivers in Queensland.
5.4.3

Specific task differences
Several interactions occurred in the analysis, mostly driven by the larger main

effects occurring in Part II compared to Part I. We will discuss these three effects
separately.
Firstly, drivers predicted Malaysian hazards more accurately than UK hazards
in Part II, which is unsurprising given this was the case in the previous experiment
using these videos (Chapter 3). However, drivers were slightly more likely to choose
the correct UK scenarios in Part I. While this difference only trends towards
significance, it was also consistent across all driver groups. Although some of these
differences were negligible (notably, UK novices in Part II and Malaysian novices in
Part I), all groups, without exception, had higher scores on the Malaysian videos
compared to UK videos in Part II, and chose the correct UK video scenarios more
often than Malaysian video scenarios in Part I. This pattern was fairly consistent
regardless of drivers’ country of origin, suggesting that the difference may stem from
the different driving environments in general, and/or the particular scenarios chosen
for this experiment. The higher unpredictability of the Malaysian driving
environment and/or a self-selection bias for the Malaysian clips are likely
contributors. More specifically, hazards are both more frequent and varied in
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Malaysia compared to the UK, with more extreme examples occurring due to both
higher hazard frequency and general driving environment. For instance, ten of the
Malaysian hazards were selected without restriction, and include examples such as a
garbage bag falling off the back of a truck, and pedestrians with luggage jaywalking
in front of the camera car: events that are relatively unique for any driver, whether in
Malaysia or the UK, and are unlikely to be chosen as the most plausible. In fact, very
few participants chose these particular scenarios in Part I; 10 participants out of 73
selected the garbage bag option, and only 1 out of 73 selected the pedestrian option.
These differences are large enough that they could alone could be driving the Part I
effect, although as mentioned the general driving environment in Malaysia is likely to
contribute as well.
Secondly, experienced drivers outscored novices in Part II, another
unsurprising finding consistent with the previous experiments. However, there was
no difference between these groups in Part I, where both groups chose the correct
video scenario equally often, and roughly at chance levels. While novice UK drivers
chose UK events above chance levels, as discussed above, it is difficult to conclude
that they were significantly better than other driver groups given that no group
differences emerged in the omnibus ANOVA nor chi-square tests. As discussed
earlier, the correct scenario in the videos is usually not the one that participants think
most likely to happen. It therefore seems likely that neither group of drivers was able
to guess the correct video scenarios to any significant degree.
Lastly, UK drivers significantly outscored Malaysian drivers in Part II, another
finding consistent with Chapter 3. However, there was no difference between these
groups in Part I, where, again, both groups chose the correct video scenario equally
often and roughly at chance levels (with the exception of UK novice drivers and UK
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events, as described above). As with the above interaction, the correct scenario in the
videos is usually not the one that participants think most likely to happen, and this
particular interaction is primarily driven by the main effect found in Part II.
5.4.4

Implications
As discussed, the correct scenario in the videos is usually not the one

participants deem most likely to happen. This suggests that prior knowledge of road
events plays a minor role in hazard perception performance, at least as measured by
the “What Happens Next?” test. This finding is perhaps unsurprising, given that the
results of Chapter 3 indicated that familiarity with a country’s hazards was not a
primary driver of performance compared to the ability to extrapolate events from
video scenarios, regardless of familiarity. If this were the case, we would have
expected some cultural differences in Chapter 3; for instance drivers should have been
better at predicting hazards in their country of origin. However there were no cultural
interactions; in fact, UK drivers outscored Malaysian drivers, and all drivers were
better able to predict Malaysian hazards compared to UK hazards, suggesting that the
“What Happens Next?” test in a multiple choice format is reasonably independent of
culture.
The results indicate that neither driving experience nor culture greatly
influence which hazards drivers deem most likely to happen. However, when data
from all drivers was pooled, there did appear to be some consensus among all drivers
about which events are likely to happen, suggesting drivers in general may have
similar ideas about hazard frequency, but driving experience and/or driving
environment do not play a major part in this. On the other hand, data from Chapter 3
indicated that both driving experience and to a lesser extent environment affects
drivers’ hazard perception skill. Combined with the above observations, we can
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conclude that without viewing actual road scenarios, drivers generally agree on which
events are likely to happen regardless of environment or experience; however, once
drivers view road scenarios, experience in particular plays a much larger role in their
ability to anticipate events.
From a practical perspective, it appears that a questionnaire-only hazard
perception test, at least one based on this particular paradigm, has limited utility.
However, other questionnaire-based tasks may still be viable. For instance, one might
argue that this particular task is an unsuitable measure of hazard perception; since
crashes are relatively rare events, being aware of infrequently occurring hazards may
be as important, or even more so, than being aware of frequently occurring hazards.
An alternative task could be one where participants predict all hazards regardless of
plausibility and discount impossible ones, rather than picking the hazards that seems
most likely.
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CHAPTER 6
CAN REDUCED RESOLUTION VIDEOS EFFECTIVELY
MEASURE HAZARD PERCEPTION ABILITY?
Abstract
The hazard perception skill of a driver refers to the ability to identify potentially
dangerous situations on the road. It is typically tested by presenting drivers with
videos filmed on the road, and asking them to press a response button as soon as they
detect developing hazards. In the UK and Australia, drivers must pass a hazard
perception test as part of the licensing procedure, and research has suggested hazard
perception testing may also be effective in lower-income countries with higher crash
rates such as Malaysia. While almost all hazard perception research has been
conducted in person and with high definition videos, it is not always feasible to
replicate laboratory conditions; for instance, in Queensland, Australia, an online
hazard perception test is used for driver licensing, which requires much lower quality
videos. In the present study, drivers viewed clips of driving scenes that had been
visually degraded to different degrees and predicted events that were likely to happen
after the clips had been occluded, a hazard perception task called the “What Happens
Next?” test. Similar to previous versions of this test, experienced drivers
outperformed novices, suggesting that videos of greatly reduced quality can still
differentiate driving experience.
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6.1

Introduction
In the three previous chapters, we found that different versions of the “What

Happens Next?” test differentiated experience in Malaysian and UK drivers. Chapters
3 and 5 differentiated experience in both Malaysian and UK drivers using Malaysian
(Chapter 3) and UK (both Chapters 3 and 5) videos, and Chapter 4 differentiated
experience in Malaysian drivers using Malaysian videos. These results are promising
for hazard perception testing in Malaysia, particularly Chapters 3 and 5, as these tests
used a multiple choice response format which allows for wide-scale deployment.
Furthermore, in Chapter 5 both Malaysian and UK videos differentiated experience
for Malaysian and UK drivers, suggesting that the current version of the test may be
suitable for use in both these countries.
As with almost all hazard perception research, all experiments thus far have
been administered under controlled conditions, usually with a researcher present
during test-taking. While these are ideal conditions for research purposes, it is not
always possible to conduct large-scale tests under similar conditions. For instance, in
Queensland, Australia, 10.5% of the population live in rural and remote areas, where
residents may have difficulty visiting a driving center in person (Queensland Treasury
and Trade, 2012). The Queensland Transport Hazard Perception Test (QT-HPT) can
therefore be taken online, on an applicant’s own computer. Similar issues may arise
in developing countries where rural populations tend to be high; for example, 26% of
Malaysia’s population resides in rural areas, compared to Queensland’s 10.5%
(Toroyan, 2013).
While a general lack of control in online testing is certainly cause for concern,
another issue this creates is the quality of the videos used in hazard perception tests.
The QT-HPT requires a 30 – 60 MB download: for a 15-item test, this averages a
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maximum of 4 MB per video, far smaller than most videos used in hazard perception
research, which are usually presented in high definition. As a comparison, the 40
videos used in Chapter 3 averaged 25.7 MB a clip, and were presented at a resolution
of 1280 x 720. While it is certainly possible to achieve some degree of compression
without a significant loss in video quality, compression to an acceptable level for
online testing would likely require a noticeable drop in quality. Furthermore, internet
access in Malaysia and other developing countries may be more limited in rural areas
compared to Queensland, possibly necessitating an even greater degree of
compression.
The present chapter therefore explores the effectiveness of the “What Happens
Next?” test when videos of much lower quality are used. The visual quality of the
clips used in Chapters 3 and 5 was degraded to two different degrees (medium quality
and low quality), and presented to experienced and novice Malaysian drivers in a
mixed design. While it seems highly likely that overall accuracy scores will decrease
with lower quality videos, degrading the videos may also affect novice and
experienced drivers differently. The first possibility is that degraded videos make the
task particularly difficult for novice drivers, in which case scores should decrease for
all drivers but especially for novices, widening the gap between driver groups.
Alternatively, degrading clips may obscure some of the cues that experienced drivers
use to make predictions, which would remove some of the advantages that they would
normally be able to exploit; this would therefore result in scores decreasing for all
drivers but especially for experienced drivers. The final possibility is that degradation
makes prediction more difficult but affects all drivers equally, in which case overall
scores should decrease but the gap between the novice and experienced driver groups
should remain fairly constant.
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6.2

Methods

6.2.1

Participants
Thirty-seven participants were recruited from Malaysia, all of whom held full

or provisional driving licenses. Participants were split into two groups based on their
driving experience, resulting in 19 novice drivers (mean age of 17.9 years and
licensing time of 4.7 months) and 18 experienced drivers (mean age of 28.2 years and
licensing time of 127.1 months). All participants received monetary compensation.
None of the participants in this study had participated in any of the previous
experiments.
6.2.2

Stimuli and apparatus
The original stimuli were the same videos and their corresponding text options

used in Chapter 3, consisting of 20 clips from Malaysia and 20 from the UK, as well
as two practice clips from each country. In Chapters 3 and 5, all clips were presented
at a resolution of 1280 x 720, which we will refer to as high quality. The videos were
subsequently edited to reduce the amount of visual information present in the clips.
This was done by reducing the original clips to a considerably lower resolution of 320
x 180 (low quality condition) and 480 x 270 (medium quality condition), and then resaving these low resolution clips at a final resolution of 1280 x 720 for use in the
experiment. Examples can be seen below in Figure 6-1 and Figure 6-2. The clips
were presented using PsychoPy 1.76 on a 13” laptop with the screen set to maximum
brightness .
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Figure 6-1: Comparison stills from a video filmed in Malaysia. From top to bottom: low
quality, medium quality, high quality.
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Figure 6-2: Comparison stills from a video filmed in the UK. From top to bottom: low
quality, medium quality, high quality.
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6.2.3

Design
A 2 x 2 x 2 mixed design was used. The between-groups factor was the

experience level of the drivers (novice or experienced) and the within-groups factors
were the country where the clip was filmed (clip country: Malaysia or UK), and the
quality of the clip (clip quality: low or medium). From the original set of 20, the
Malaysian and UK clips were split into two further sub-groups of 10 clips each,
resulting in four total sub-groups: Malaysia

Group A, Malaysia Group B, UK

Group A, and UK Group B. Both sub-groups for each country were equated for
accuracy and standard deviation for both Malaysian and UK drivers, based on the
scores obtained in Chapter 3 (all ps > .94); in other words, the mean score and
standard deviation for UK drivers on Malaysia Group A clips (for instance) was as
close as possible to the mean score and standard deviation for UK drivers on Malaysia
Group B clips. Mean scores and standard deviations for all clip sub-groups are
reported in Table 6-1. Each participant viewed either all Group A clips at low quality
and Group B clips at high quality, or vice versa; this was counterbalanced across
participants. All participants also viewed four practice clips, one from each possible
sub-group, using the same counterbalancing as above.
The stimuli were presented in two blocks of 20 clips, using mini-blocks of
four that each contained one clip from every possible sub-group. No two videos from
the same sub-group were shown directly after each other. Within these restrictions,
the order of presentation was randomly generated for each participant, as were the
corresponding multiple choice options shown after the video ended.
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Table 6-1: Mean scores (%) and standard deviations for each clip sub-group, based on
participants’ scores in Chapter 3.
Malaysian clips

UK clips

Group A

Group B

Group A

Group B

Malaysian
drivers

66.2 (23.7)

66.2 (23.8)

57.6 (21.3)

57.6 (20.7)

UK drivers

71.0 (24.8)

70.8 (24.9)

65.3 (19.7)

65.3 (20.3)

6.2.4

Procedure
After giving informed consent, participants completed a brief demographic

questionnaire and were then seated in front of the laptop. Participants were given the
same instructions as in Chapter 3. Participants were informed that each clip contained
a driving scenario leading up to a hazardous event, however the clips would end
immediately before this event actually occurred and their task was to predict what the
event was by selecting the correct scenario out of four possible options. They were
informed that in every case, one and only one of the four scenarios had actually taken
place and there was therefore a correct answer for each clip. It was also emphasized
that their task was not to choose the event that they felt was the most hazardous, but
the one that was most likely to have occurred.
Before starting the main experiment, participants attempted four practice clips,
two from Malaysia and two from the UK. These practice clips were not used in the
subsequent experiment. After the practice clips they were able to ask questions or
seek clarification. Participants were not given any feedback as to the correct
scenarios at any point during the practice clips or main experiment.
A short line of text was displayed for 1 second before each clip, indicating
participants’ progress through the block. After watching each clip, participants
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selected the scenario they thought most likely to occur by pressing the corresponding
number on the laptop keyboard (1, 2, 3, or 4). After selecting their answer, the
progress text appeared to signal the beginning of the next clip (or end of the block, if
appropriate), and the process was repeated until the end of the block. After the first
block, participants were given the opportunity to take a brief break, and the process
was repeated.
6.3

Results

6.3.1

Accuracy
Accuracy scores are summarized in Figure 6-3. To confirm that splitting the

clips into sub-groups had not affected performance, two independent t-tests were
conducted for the Malaysian and UK clips comparing both counterbalanced
participant groups; in other words, participants who had viewed high quality Group A
clips and low quality Group B clips, and those who had viewed low quality Group A
clips and high quality Group B clips (both ps > .55). Accuracy scores were then
analyzed using a 2 x 2 x 2 mixed ANOVA. The between-groups factor was the
experience level of the drivers (novice or experienced) and the within-groups factors
were the country where the clip was filmed (clip country: Malaysia or UK), and the
quality of the clip (clip quality: low or high). Two main effects were found:
experienced drivers outscored novices (F1,35 = 7.60, p = .009, 2 = .178), and all
drivers had higher scores on Malaysian clips compared to UK clips (F1,35 = 13.88, p =
.001, 2 = .284). There were no significant interactions.
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Accuracy (%)

70
65
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55
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Nov. Drivers
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35
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UK
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Low
Videos and quality

UK
High

Figure 6-3: Accuracy scores for all drivers across video conditions. Error bars represent
standard error of the mean.

6.3.2

Distractor option plausibility
To determine whether the distractor options (i.e. the three incorrect options)

were equally plausible, goodness of fit tests were performed on individual clips. Only
incorrect options chosen by participants were included in this analysis; correct
responses were excluded. Thirteen clips were analyzed with an exact multinominal
test due to having particularly low sample sizes (<5 expected responses in each cell),
and a chi-square goodness of fit was conducted on the remaining 27. An FDRcorrected α-value of .02 was used to determine significance. Results are reported in
Table 6-2 and Table 6-3.
Out of 40 clips, participants’ incorrect answers were not equally distributed in
16 (10 Malaysian clips; 6 UK clips), suggesting that for these clips, one or more of the
distractor options was chosen substantially more often compared to the others. To
ascertain any relationship between the distribution of the distractor options and how
well a clip differentiated driving experience, effect sizes (given by Cohen’s d) of the
novice/experience difference were calculated for each clip. A Pearson’s r correlation
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was then conducted using the chi-square value obtained above and its
novice/experience effect size. The correlation was not significant (r = -.188, p =
.246).

172

Table 6-2: Response distribution for Malaysian clips. χ2 analysis conducted for only distractor
options.

Clip

Correct
response

Distractor
1

Distractor
2

Distractor
3

χ2

p

MY-M-01

11

18

15

29

9.79

.020*

MY-M-02

19

23

22

9

6.73

.081

MY-M-03

18

5

31

19

18.56

<.001*

MY-M-04

15

12

8

38

29.85

<.001*

MY-M-05

14

20

25

14

4.64

.200

MY-M-06

29

11

26

7

19.44

<.001*

MY-M-07

21

8

32

12

18.67

<.001*

MY-M-08

26

12

17

18

5.52

.137

MY-M-09

18

24

25

6

12.53

.006

MY-M-10

9

10

23

31

18.56

<.001*

MY-U-01

26

19

18

10

7.05

.070

MY-U-02

18

28

5

22

15.60

.001*

MY-U-03

28

13

13

19

8.26

.041

MY-U-04

21

4

15

33

24.04

<.001*

MY-U-05

27

18

21

7

11.55

.009*

MY-U-06

1

50

15

7

79.05

<.001*

MY-U-07

11

23

19

20

4.32

.229

MY-U-08

27

11

12

23

10.45

.015*

MY-U-09

19

10

27

17

8.04

.045

MY-U-10

10

25

11

27

13.30

.004*

* Significant at FDR-corrected α = .02
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Table 6-3: Response distribution for UK clips. χ2 analysis conducted for only distractor
options.

Clip

Correct
response

Distractor
1

Distractor
2

Distractor
3

χ2

p

UK-M-01

56

4

5

3

-

.935

UK-M-02

47

1

14

14

11.66

.003*

UK-M-03

52

3

16

5

12.25

.002*

UK-M-04

49

7

9

11

0.89

.641

UK-M-05

65

4

4

4

-

1

UK-M-06

66

7

0

3

-

.022

UK-M-07

49

11

5

11

2.67

.264

UK-M-08

38

18

6

15

6.00

.050

UK-M-09

16

32

16

12

11.20

.004*

UK-M-10

53

6

13

5

4.75

.093

UK-U-01

61

5

10

1

7.63

.022*

UK-U-02

39

11

3

24

17.74

<.001*

UK-U-03

23

19

15

20

0.78

.678

UK-U-04

36

23

16

1

18.95

<.001*

UK-U-05

50

13

3

10

6.08

.048

UK-U-06

62

3

12

0

15.60

<.001*

UK-U-07

37

17

10

13

1.85

.397

UK-U-08

60

10

3

4

5.06

.080

UK-U-09

34

7

15

21

6.88

.032

UK-U-10

47

9

9

11

0.28

.871

* Significant at FDR-corrected α = .02
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6.4

Discussion
The first section of this discussion focuses on the present results but in the

context of both the present and previous studies, given that this is the third study in
this thesis that uses the same videos and task. The second section specifically
compares and summarizes the results of all three studies.
The first section of this discussion focuses on the present results but in the
context of both the present and previous studies, given that this is the third study in
this thesis that uses the same videos and task. The second section specifically
compares and summarizes the results of all three studies using the same videos
(Chapters 3, 5, and 6).
6.4.1
6.4.1.1

Degradation effect
Present chapter only
Accuracy analyses showed no effect of the degradation manipulation; videos

presented at both low and medium quality differentiated driving experience equally
well, and there was no main effect of degradation. This suggests that the information
lost from medium to low levels of degradation was equally important – or rather,
unimportant – for all participants, regardless of their driving experience.
From a practical perspective, this corroborates the results reported by
Horswill, Hill, et al. (2015), which linked drivers’ reaction times on the Queensland
Transport Hazard Perception Test (QT-HPT) to their later crash rates. The QT-HPT
is conducted online, and thus uses videos that are significantly reduced in quality;
however, Horswill, Hill, et al.’s results suggest this does not affect its validity as a
measure of hazard perception. Similarly, the present study confirmed that “What
Happens Next?” test retains its effectiveness as a measure of hazard perception, even
when videos are significantly reduced in quality. This is especially promising
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because the “What Happens Next?” test and the QT-HPT use different paradigms to
measure hazard perception, suggesting that future hazard perception tests using either
paradigm can be conducted online and remain effective.
6.4.1.2

Combined chapter results
The results of the present chapter alone suggest the degradation manipulation

had no effect, when comparing low and medium quality videos. However, if we also
consider the results of Chapters 3 and 5, where the same videos were used but in high
quality, this suggests that reducing video quality may have some effects after all.
First and most obviously, overall accuracy scores are much lower in the present study
than in previous chapters (51.2%, compared to 61.9% and 60.1% for Malaysian
drivers in Chapters 3 and 5 respectively), which presumably reflects the increased
difficulty of the task when using reduced quality videos. More interestingly, the
experienced/novice group differences in the present study are considerably larger than
either of the previous experiments (2 = .178, compared to 2 = .057 and 2 = .093
in Chapters 3 and 5 respectively). However, this could also be explained by greater
levels of driving experience in the present study, as the effect sizes above also
correspond with mean licensing time for the experienced driver group (127.1 months
in the present study; 55.2 and 87.2 months in Chapters 3 and 5 respectively). The
greater experience differentiation in the present chapter could therefore be due to
either reduced quality videos, greater driver experience, or more likely, some
combination thereof; while it is not possible to separate these effects with the data
currently available, this presents an obvious avenue for future work.
Given the above observations, it seems likely that the effects of degrading
video quality also depend on the level of degradation that is applied. It also appears
that the reduction in video quality, from high to medium/low, removed information
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that is necessary for hazard perception (while the reduction from medium to low
quality videos did not, as discussed in Section 6.4.1.1), as accuracy scores in the
present chapter are considerably lower than in previous chapters. At present, it is
unclear whether the information that was removed by the reduction in video quality
was being used by both novice and experienced drivers to an equal extent.
Finally, we should note that the terms high/medium/low have been applied
largely for ease of use, and represent ordinal rather than interval measurements: the
high quality videos presented in Chapters 3 and 5 had original resolutions of 1280 x
720, while the medium and low quality videos used in the present experiment had
reduced resolutions of 480 x 270 and 320 x 180 respectively (although all videos were
presented at 1280 x 720; see Section 6.2.2 for details). Consequently, the drop in
quality from high to medium/low videos is fairly noticeable, while the difference
between the medium and low quality videos is much subtler; see Figure 6-1 and
Figure 6-2 for visual examples. We might therefore expect greater differences
between high and medium/low quality videos – i.e. Chapters 3 and 5 vs. the present
chapter –, compared to medium and low quality videos – i.e. the experiment in the
present chapter. This does indeed seem to be the case, as discussed above.
6.4.2

Overall comparison to previous chapters
The main effects in the present study are entirely consistent with the two

previous experiments using these videos; experienced drivers outscored novices, and
scores were higher in the Malaysian set of videos than in the UK set. Interestingly,
similar to Chapter 5, there was again no interaction of experience and clip country,
and the Malaysian and UK videos differentiated experience equally well, as opposed
to Chapter 3 where only the UK videos differentiated experience. This may be due to
the larger experience gap between driver groups in the latter two experiments; it is
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possible that the UK videos may be more sensitive overall, but given enough
experience the Malaysian videos are also capable of differentiating driver groups.
This corresponds with several studies that have reported differences between
experienced drivers and ‘expert’ drivers such as police drivers or driving instructors
(Crundall et al., 2012, 2003; Groff & Chaparro, 2003; Underwood et al., 2002),
suggesting that task performance does improve with greater levels of experience.
Previous research indirectly supports this idea, where generally, differences have been
found with larger experience gaps between groups (Horswill et al., 2008; Wallis &
Horswill, 2007; Wetton et al., 2010), and several studies using a relatively small
experience gap have failed to find a group difference (Chapman & Underwood, 1998;
Crundall et al., 2002; Underwood et al., 2013), although there have been some
exceptions where no differences were found with even a highly experienced group
(Crundall et al., 2003; Sagberg & Bjørnskau, 2006).
Given the present results and those of Chapters 3 and 5, we can tentatively
conclude that both video quality and level of experience affect this test’s experience
differentiation. We can infer this from comparing the effects of experience in all
three studies; the effect is smallest in Chapter 3 (55.2 months mean licensing time for
experienced group; normal video quality; 2 = .057), slightly higher in Chapter 5
(87.2 months; normal video quality; 2 = .093), and by far the largest in the present
chapter (127.1 months; lower video quality; 2 = .178). (Note that in all three
studies, the mean novice licensing time was under a year.) As discussed above, it
seems possible that the degradation manipulation also influenced these results, but
overall, given the present results, it is difficult to come to a more specific conclusion
than both these factors likely affect test differentiation. It is also possible that the
additional Part I task in Chapter 5 was another factor, and reading the various
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scenarios before watching the corresponding videos affected drivers’ responses;
however, this seems unlikely as most driver groups had similar scores in each clip
group in Chapters 3 and 5, i.e. both chapters with normal quality clips.
Distractor response distribution is also similar between experiments; 25 of 40
clips have similar response distribution (i.e. one of the distractor options was
particularly likely or unlikely) in all three studies (Chapters 3, 5, and 6), and 30 of 40
have similar distribution between Chapters 3 and 5, with normal quality clips. Given
the present and previous results, it seems unlikely that response distribution among
distractors has a major influence on a clip’s ability to differentiate experience. It may
be the case that as long as some of the distractors are reasonably plausible, this is
sufficient to create a good test item.
The distractor and accuracy results both suggest that clips are viewed
relatively consistently and retain their individual characteristics regardless of slight
differences in presentation. This implies that, as discussed in previous chapters,
although various factors such as visual information can affect experience
differentiation, the individual properties of a clip contribute largely to its success in
differentiating experience.
Overall, the results are encouraging in their general consistency, especially
given that all three experiments using these videos have differed slightly in
presentation. The next and final empirical chapter collapses data from Chapters 3, 5,
and the present one to analyze the effectiveness of the present “What Happens Next?”
test across all participants.
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CHAPTER 7
PSYCHOMETRIC PROPERTIES OF THE “WHAT HAPPENS
NEXT?” TEST USED IN THIS THESIS
Abstract
An item analysis was conducted using data from three “What Happens Next?”
experiments that had used the same videos (Chapters 3, 5, and 6). Reliability and
validity were analyzed, as well as how effectively individual test items differentiated
driving experience. After selecting the clips that best discriminated experience and
overall performance, the original item pool of 40 was narrowed to 15. The final
group of 15 clips showed a large effect size for experience differentiation, but internal
reliability was somewhat low. While not meeting the standards for a high-stakes test
such as licensing, the results seem promising for future hazard perception test
development using the “What Happens Next?” paradigm.

7.1

Introduction & Methods
While the experiments described in this thesis have largely utilized the “What

Happens Next?” test as an experimental paradigm, one of the key practical issues is
its viability for use in driver licensing. Since a large number of drivers participated
across the three experiments described in Chapters 3, 5, and 6, this provided the
opportunity to evaluate the performance of the test used in these experiments as a
potential driver licensing tool.
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In order to gauge consistency of the results across all three experiments,
measures from Chapters 3, 5, and 6 were first correlated. Following this, an item
analysis was conducted; participant data across the three experiments was collapsed
and the test was analyzed as a four-item multiple choice test, with all 40 videos (or
test items) included. As in a standard item analysis, reliability and validity were
analyzed, as well as individual items to gauge their contribution to test effectiveness.
Performance for novice and experienced drivers is also reported for each item,
collapsed across all experiments. For all Chapter 5 analyses, only Part II results were
used since Part I did not incorporate videos.
7.2

Results
187 drivers in total participated across the three experiments, with no repeat

participants. The total number of items was 40 and each item had four options in total.
In Chapters 5 and 6, all participants answered all items; in Chapter 3, there were 16
invalid responses due to incorrect keypresses (0.5% of the total responses for that
experiment and 0.2% for all three experiments combined). These were deemed
incorrect for all analyses except those involving distractor options, where they were
treated as non-answers and excluded from analysis.
Section 7.2.1 reports consistency for individual videos by comparing the
following three measures across all three experiments: how accurately participants
predicted hazards (measured by mean accuracy), how well videos differentiated
experience (measured by effect size), and the plausibility of the three distractor
options for each video (measured by chi-square value).
Section 7.2.2 collapses participant data across all three experiments and
reports the item analysis. Sections 7.2.2.2 and 7.2.2.3 report test-wide statistics such
as mean scores and reliability and validity measures, and the remaining sections
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report measures for individual items. The following measures are included for each
item: Item Difficulty, biserial correlation coefficient (rbis), mean scores for both
novice and experienced drivers, effect size of the novice/experienced driver score
difference, and answer frequency for each item option (with the first option always
being correct). These measures are explained in more detail in their individual
sections. All effect sizes of the novice/experience difference are reported as Cohen’s
d; positive d-values indicate that experienced drivers had higher scores for that item,
and negative d-values indicate that novices had higher scores.
Finally, 7.2.3 summarizes the results of eliminating less useful test items,
which was done on the basis of how effectively clips differentiated experience and
general test performance.
7.2.1

Consistency across experiments
Data from all three analyses is summarized in Table 7-1 and Table 7-2.

Pearson’s r correlations were conducted for all three measures.
7.2.1.1

Accuracy
Mean scores for each individual video for all drivers were compared across all

three experiments. All experiments showed strong positive correlations (all ps <
.001): for Chapters 3 and 5, r = .749; Chapters 3 and 6, r = .818; Chapters 5 and 6, r =
.742.
7.2.1.2

Experience differentiation
Experience differentiation was measured by the effect size of the

novice/experience performance gap. None of the correlations were significant.
Chapter 3’s experiment showed a non-significant positive correlation with both
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Chapter 5 and 6 (r = .094, p = .563; r = .196, p = .225 respectively), and Chapters 5
and 6 showed a non-significant negative correlation (r = -.076, p = .640).
7.2.1.3

Distractor plausibility
Distractor plausibility was measured by the goodness of fit chi-square value

that was obtained by comparing the three distractor options (see Sections 3.3.1.3,
5.3.5, and 6.3.2 for further detail). All experiments showed strong positive
correlations: for Chapters 3 and 5, r = .546, p < .001; Chapters 3 and 6, r = .477, p =
.002; Chapters 5 and 6, r = .452, p = .003.
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Table 7-1: Various measures for individual Malaysian clips in each experiment from Chapters 3, 5, and 6.
Effect size (Cohen’s d)

Accuracy (%)

χ2 for distractor options

Item / Clip
MY-M-01
MY-M-02
MY-M-03
MY-M-04
MY-M-05
MY-M-06
MY-M-07
MY-M-08
MY-M-09
MY-M-10
MY-U-01
MY-U-02
MY-U-03
MY-U-04
MY-U-05
MY-U-06
MY-U-07
MY-U-08
MY-U-09
MY-U-10

Chap. 3

Chap. 5

Chap. 6

Chap. 3

Chap. 5

Chap. 6

Chap. 3

Chap. 5

Chap. 6

61.0
72.7
29.9
93.5
32.5
59.7
97.4
53.2
85.7
77.9
29.9
92.2
70.1
96.1
74.0
62.3
93.5
84.4
68.8
37.7

57.5
60.3
34.2
82.2
17.8
67.1
94.5
39.7
93.2
89.0
47.9
89.0
71.2
95.9
75.3
61.6
83.6
78.1
65.8
38.4

48.6
62.2
18.9
75.7
29.7
70.3
89.2
29.7
78.4
51.4
18.9
86.5
51.4
91.9
54.1
54.1
78.4
37.8
62.2
24.3

-0.02
0.65
-0.38
-0.11
-0.15
0.58
0.32
-0.34
0.06
-0.20
-0.04
-0.20
0.38
-0.14
0.10
0.03
-0.11
0.13
0.21
-0.36

0.37
0.61
0.08
0.06
0.68
0.33
0.23
-0.03
0.10
0.16
-0.03
0.34
0.16
-0.14
0.24
0.32
0.13
0.39
0.04
0.25

0.26
-0.04
0.16
0.34
-0.57
-0.39
0.71
-0.08
0.50
0.61
-0.11
0.13
0.38
0.60
0.06
-0.15
-0.29
0.74
0.40
-0.09

18.20
12.10
50.30
7.41
8.58
11.37
6.12
14.78
22.52
7.30
29.45
5.25
52.26

27.55
31.93
33.88
6.70
7.00
16.41
5.74
22.57
13.00
19.36
0.88
25.04
29.20

14.63
15.20
0.08
10.23
2.33
15.00
21.00
7.18
19.18
4.26
6.50
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Table 7-2: Various measures for individual UK clips in each experiment from Chapters 3, 5, and 6.
Effect size (Cohen’s d)

Accuracy (%)

χ2 for distractor options

Item / Clip
UK-M-01
UK-M-02
UK-M-03
UK-M-04
UK-M-05
UK-M-06
UK-M-07
UK-M-08
UK-M-09
UK-M-10
UK-U-01
UK-U-02
UK-U-03
UK-U-04
UK-U-05
UK-U-06
UK-U-07
UK-U-08
UK-U-09
UK-U-10

Chap. 3

Chap. 5

Chap. 6

Chap. 3

Chap. 5

Chap. 6

Chap. 3

Chap. 5

Chap. 6

84.4
61.0
67.5
63.6
84.4
85.7
63.6
49.4
20.8
68.8
79.2
50.6
29.9
46.8
64.9
81.8
48.1
77.9
44.2
61.0

71.2
57.5
71.2
50.7
83.6
93.2
67.1
71.2
80.8
63.0
75.3
53.4
34.2
47.9
54.8
69.9
65.8
43.8
35.6
61.6

70.3
62.2
67.6
43.2
78.4
81.1
43.2
62.2
24.3
43.2
43.2
21.6
35.1
16.2
37.8
59.5
29.7
48.6
35.1
35.1

0.13
0.64
0.61
0.09
0.58
0.06
0.42
-0.08
0.14
0.21
-0.01
0.39
0.19
0.34
0.14
-0.01
0.18
-0.20
0.02
0.08

0.41
0.03
0.16
0.19
0.44
-0.11
0.21
0.82
-0.01
-0.08
-0.02
-0.03
0.19
-0.25
0.48
0.10
-0.19
-0.09
-0.21
0.32

0.32
-0.04
0.68
-0.39
0.81
-0.16
0.26
0.40
0.68
0.26
0.26
0.29
0.38
0.31
0.26
-0.37
0.39
0.26
0.15
0.62

11.66
12.25
0.89
2.67
6.00
11.20
4.75
7.63
17.74
0.78
18.95
6.08
15.60
1.85
5.06
6.88
0.28

0.86
15.94
3.71
2.67
5.25
2.00
14.00
4.33
8.18
2.38
24.68
5.64
38.27
0.56
55.07
3.11
0.50

1.14
13.71
4.79
1.14
3.43
28.41
1.00
8.19
1.65
14.80
4.92
7.68
0.75
1.75
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7.2.2

Item analysis

7.2.2.1

Overall test statistics
The mean score across all participants was 24.9, or 62.3%, and the median

score was 26 or 65%. Minimum and maximum scores for participants were 12 (30%)
and 34 (85%) respectively, while for test items, scores ranged from 26.2% to 95.2%.
The standard deviation of the entire test was 4.96, or 12.4%.
7.2.2.2

Reliability and validity
Cronbach’s alpha was used to measure internal consistency; because this test

used dichotomous items, this gives the same result as the Kuder-Richardson Formula
20 (KR-20). Across all participants, α = .69. Validity was not measured directly,
since convergent validity with driving experience is implicit in all previous accuracy
analyses using these items (Chapters 3, 5 and 6). There has been a significant
performance difference between novice and experienced drivers in all instances of
this test’s administration, suggesting that the test as a whole does indeed index some
aspect of driving ability.
7.2.2.3

Item Difficulty
Item Difficulty is the proportion of participants who answered correctly for a

particular question. Thompson and Levitow (1985) suggest an ideal item difficulty
lies midway between a chance (25%) and ceiling (100%) score, which for a four-item
multiple choice test is 62.5%, or .625. Interestingly, this is almost exactly the mean
score across all items (62.3%, or .623), although it varies considerably for individual
items, with mean scores ranging from 26.2% to 94.7% (.262 to .947).
7.2.2.4

Item discrimination
Biserial correlation coefficients (rbis) were calculated to measure item

discrimination, which correlate overall test scores with the response for a particular
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test item. In other words, the lowest possible rbis, -1.0, indicates that all those who
answered the question correctly obtained low test scores, and the highest possible rbis,
+1.0, indicates that all those who answered the question correctly obtained high test
scores. This measure was chosen because it is not sensitive to item difficulty, unlike
point-biserial or item-total correlations (Attali & Fraenkel, 2000). rbis is reported for
all individual items.
The Educational Testing Service, which develops many of the standardized
tests for K-12 and higher education in the United States such as the SAT and GRE
(Graduate Record Examinations), uses an rbis threshold of +.30 (Zieky, personal
communication, cited in (Colbert, 2001), and reviews test items that do not meet this
threshold. Some past hazard perception research has also used a point-biserial
correlation cutoff of 0.30, for instance (Castro et al., 2014, 2016), and removed any
clips not reaching this threshold. All test items had a positive rbis and rbis > +.30 for
31 of 40 items, suggesting that the majority of items in the test were adequate
discriminators of high and low scorers.
7.2.2.5

Experience effect
Mean scores for novice and experienced drivers for each item are reported.

Cohen’s d is reported as a measure of effect size for each item. A single independent
t-test compared driver groups across all items, finding that experienced drivers
outscored novices overall (t(182.42) = 3.81, p < .001, d = 0.56). This is consistent
with the findings from the previous three experiments.
7.2.3

Truncated clip pool
Following the above two analyses (7.2.2.4, 7.2.2.5), the 15 clips with the

greatest novice/experience effect size (d > 0.16) that also had an rbis above +.30 were
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reanalyzed as a single clip pool. An independent t-test confirmed that experienced
drivers still significantly outscored novices (t(174.71) = 5.42, p < .001). For these 15
clips, d = 0.82 and Cronbach’s α = .63.
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Table 7-3: Various measures for individual Malaysian clips, collapsing all participants across the three experiments in Chapters 3, 5, and 6.
Item /
Clip*

Overall
score (%)

rbis†

Nov. driver
score (%)

Exp. driver
score (%)

Cohen’s d ‡

Correct
responses

Distr. 1

Distr. 2

Distr. 3

MY-M-01*
MY-M-02*
MY-M-03
MY-M-04

57.2
65.8
29.4
85.6

.352†
.342†
.165
.575†

52.6
54.7
31.6
84.2

62.0
77.2
27.2
87.0

0.19‡
0.49‡
-0.10
0.08‡

107
123
55
160

57
51
97
12

20
5
19
7

3
7
15
8

MY-M-05
MY-M-06
MY-M-07*
MY-M-08
MY-M-09*
MY-M-10

26.2
64.7
94.7
43.3
87.2
77.0

.040
.256
.547†
.381†
.398†
.437†

25.3
57.9
90.5
47.4
84.2
74.7

27.2
71.7
98.9
39.1
90.2
79.3

0.04
0.29‡
0.38‡
-0.17
0.18‡
0.11

49
121
177
81
163
144

55
20
3
15
16
18

54
38
2
64
2
7

28
8
5
26
5
18

MY-U-01
MY-U-02
MY-U-03*
MY-U-04
MY-U-05
MY-U-06

34.8
89.8
66.8
95.2
70.6
60.4

.203
.562†
.448†
.584†
.372†
.356†

35.8
88.4
60.0
94.7
67.4
57.9

33.7
91.3
73.9
95.7
73.9
63.0

-0.04
0.10
0.30‡
0.04
0.14‡
0.11

65
168
125
178
132
113

62
11
50
7
19
56

41
5
0
0
3
18

19
3
12
2
33
0

MY-U-07
MY-U-08*
MY-U-09*
MY-U-10

86.6
72.7
66.3
35.3

.532†
.801†
.317†
.236

87.4
65.3
62.1
36.8

85.9
80.4
70.7
33.7

-0.04
0.35‡
0.18‡
-0.07

162
136
124
66

8
21
5
86

13
18
42
22

4
11
16
12

†

Indicates rbis > .300
‡ Indicates one of the 20 clips with largest novice/experience effect size
* Indicates the 15 clips with the highest novice/experience effect size and rbis > .300
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Table 7-4: Various measures for individual UK clips, collapsing all participants across the three experiments in Chapters 3, 5, and 6.
Item /
Clip*

Overall
score (%)

rbis †

Nov. driver
score (%)

Exp. driver
score (%)

Cohen’s d ‡

Correct
responses

Distr. 1

Distr. 2

Distr. 3

UK-M-01*
UK-M-02
UK-M-03*
UK-M-04

76.5
59.9
69.0
54.5

.434†
.294
.358†
.426†

70.5
53.7
58.9
53.7

82.6
66.3
79.3
55.4

0.29‡
0.26‡
0.45‡
0.04

143
112
129
102

15
27
10
20

14
42
35
34

15
5
12
30

UK-M-05*
UK-M-06
UK-M-07*
UK-M-08*
UK-M-09*
UK-M-10

82.9
87.7
61.0
60.4
44.9
61.5

.325†
.322†
.582†
.356†
.368†
.440†

72.6
88.4
53.7
52.6
41.1
58.9

93.5
87.0
68.5
68.5
48.9
64.1

0.58‡
-0.04
0.31‡
0.33‡
0.16‡
0.11

155
164
114
113
84
115

11
17
27
22
47
40

8
1
27
30
25
17

13
4
18
22
30
15

UK-U-01
UK-U-02*
UK-U-03
UK-U-04
UK-U-05
UK-U-06

70.6
46.0
32.6
41.2
55.6
72.7

.485†
.575†
.249
.431†
.250
.311†

69.5
41.1
27.4
38.9
48.4
73.7

71.7
51.1
38.0
43.5
63.0
71.7

0.05
0.20‡
0.23‡
0.09
0.30‡
-0.04

132
86
61
77
104
136

12
66
41
67
30
45

22
13
41
32
36
2

21
22
44
10
16
4

UK-U-07
UK-U-08
UK-U-09
UK-U-10*

51.3
58.8
39.0
56.1

.319†
.318†
.110
.514†

49.5
60.0
40.0
49.5

53.3
57.6
38.0
63.0

0.08
-0.05
-0.04
0.28‡

96
110
73
105

33
12
47
25

24
7
43
28

34
58
24
28

†

Indicates rbis > .300
‡ Indicates one of the 20 clips with largest novice/experience effect size
* Indicates the 15 clips with the highest novice/experience effect size and rbis > .300
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7.3

Discussion
This discussion primarily focuses on the 40-item pool, and the 15-item version

of the test will be discussed in 7.3.5.
7.3.1

Experience differentiation
First and foremost, the test as a whole does appear to index some measure of

driving ability, given that the previous three experiments all found differences of
experience and that experienced drivers clearly outscored novices across all
experiments (d = 0.56). This serves as a type of convergent validity; if there were no
differences in experience, it would be dubious that the test measured any drivingrelated skill. As might be expected, individual clips have relatively little power and
the efficacy of clips varies greatly within the test. For instance, in nine clips, novices
actually outscored experienced drivers, although it should be noted that only one of
these clips, MY-M-08, had even a marginal effect size (d > 0.10 in favor of novices),
so we may consider the difference negligible for the other clips. Of the remaining 31
clips, the difference in performance was again negligible in 16 (d < 0.20), leaving 15
of 40 clips where experienced drivers outscored novices by any kind of margin.
7.3.2

Item difficulty
We can also see that difficulty for individual items varies considerably, with

the hardest item, MY-M-05, having a mean score barely above chance (26.2%), and
the easiest, MY-M-07, with a score of 94.7%. Despite being near ceiling, the latter
clip was nevertheless a reasonable differentiator of experience (d = 0.38) as its
incorrect responses came from almost exclusively novices. While several of the
individual clips that differentiate experience would normally be considered too
difficult or easy for a standard four-option test (tending towards difficult), it is
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interesting to note that the mean score for the ‘best’ 15 clips mentioned earlier is
63.8%, very close to the overall test score of 62.3% and to the recommended item
difficulty of 62.5% for a four-option test.
7.3.3

Reliability
The Cronbach’s alpha for the test was .69 which, while reasonable, is lower

than similar hazard perception tests (Castro et al., 2014; Scialfa et al., 2011; Vlakveld,
2014; Wetton et al., 2011), although in all cases but one this was after less effective
clips had been removed from the item pool. Reliability would need to be
considerably higher for a high-stakes test such as one used in licensing (for instance,
in the QT-HPT, α = .93, although this is with 60 items), but this is perhaps an
acceptable result given the clip pool has not been modified in any way. The slight
differences between tasks in each experiment may also have influenced reliability;
had all 187 participants completed the test under the same conditions, it is possible
that reliability would have been higher.
7.3.4

Item discrimination
Thirty-one of 40 clips had an rbis of +.30 or higher, indicating they are good

differentiators of high and low performers. Interestingly, in four of these clips novice
drivers outscored experienced drivers, suggesting that factors other than experience
contribute to “What Happens Next?” performance. While experienced drivers likely
make up the majority of high performers and vice versa for novices, there is
inevitably some overlap between the groups and individual differences certainly play
a role. For instance, UK drivers outscored Malaysian drivers by a considerable
margin in both cross-cultural experiments, which certainly contributes to the
variability in performance among participants; in fact, the difference between UK and
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Malaysian drivers was greater than the difference between experienced drivers and
novices, indicated by the main effect sizes in the accuracy analyses (see 8.3.1 and
sub-sections for more detail and discussion). Furthermore, the item discrimination
measure adds a level of analysis that could not be achieved when investigating driver
experience alone; as stated above, high-performing novices and low-performing
experienced drivers certainly exist, and the biserial correlation coefficient allows
items to be eliminated that do not discriminate performance, rather than purely
experience.
7.3.5

Summary
Overall, the results of these experiments are certainly promising and suggest

that this version of the “What Happens Next?” test provides a reasonably valid and
reliable test of driving ability, even in its initial form and before refining the clip pool.
Refining the clip pool also results in improvements in experience differentiation.
After selecting the 15 clips with the largest novice/experience difference that were
also adequate discriminators of high and low scorers, the effect size was slightly
higher (d = 0.82, up from d = 0.56); although this is still considerably lower than in
the QT-HPT where d > 1.18 for all 15-item tests. Internal reliability measured by
Cronbach’s α decreased slightly to .63 from .69, although this is perhaps unsurprising
given the smaller clip pool and the nature of a binary response format. While the
truncated clip pool still does not meet the standard of a high-stakes test such as one to
be used in licensing, the results are certainly promising should one specifically aim to
create a high-stakes test using the “What Happens Next?” multiple choice paradigm.
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CHAPTER 8
GENERAL DISCUSSION

8.1

Aims of this thesis
The research presented in this thesis had two main aims. The first was to

examine hazard perception in a cross-cultural context, namely how a driver’s
environment might affect their hazard perception ability. The experiments described
have therefore used videos filmed in both the UK and Malaysia (with the exception of
Chapter 4, which used only Malaysian videos), and where possible, participants from
both the UK and Malaysia (Chapters 2, 3, and 5), to investigate any cultural
interactions that arose. The general conclusions from this strand of research are
discussed in Section 8.3. The second goal of the work in this thesis was to validate a
hazard perception test for potential use in driver licensing, with a particular view
towards implementation in lower-income, developing countries. While the reaction
time test has been researched in many countries previously (Australia, Canada, the
UK, Israel, and Norway, to name a few) , these have all been high-income countries
with relatively low accident rates, and this thesis describes the first published research
conducted on hazard perception in both a developing country and a cross-cultural
context (Lim et al., 2013, 2014). The general conclusions and practical considerations
for hazard perception testing in developing countries are discussed in Section 8.4.
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8.2

Summary of data presented
This thesis employed two video-based hazard perception tasks: the traditional

reaction time task that requires drivers to respond as soon as they detect developing
hazards (Chapter 2), and the “What Happens Next?” test, a predictive task that
requires drivers to choose or describe hazards that would have happened next
(Chapters 3 – 6). We concluded that the reaction time task may have validity issues
in countries with high accident rates, where drivers appear to be desensitized to
hazards (Chapter 2); ironically, the very countries that arguably need a hazard
perception test the most. The “What Happens Next?” test was examined as a possible
alternative and found to differentiate experience in drivers from both the UK and
Malaysia (Chapter 3); therefore all subsequent thesis chapters (4 – 6) use this
paradigm. All subsequent chapters also use the same videos, with the exception of
Chapter 4. Chapter 4 was also the only chapter to additionally incorporate a free
response format, which was compared directly to the multiple choice format (the sole
format used in all other “What Happens Next?” experiments in this thesis). Results
indicated that the free response format was more powerful than multiple choice,
although free response was noted to be less feasible from a practical perspective, since
its responses require interpretation and a potential licensing test would require largescale scoring. However, while the multiple choice format does appear statistically
weaker, it is certainly possible to create an acceptable test using this format: the UK
set of videos used in Chapter 3 differentiated experience, and the Malaysian and UK
sets of videos differentiated experience equally well in subsequent chapters (Chapters
5, 6). Furthermore, the results of these three chapters (3, 5, and 6) may indicate that
recruiting drivers with greater levels of experience improved the test’s experience
differentiation. Chapter 6 also indicated that reducing video quality did not affect test
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effectiveness, a potential concern for online hazard perception testing. Finally, an
item analysis (Chapter 7) suggested that the “What Happens Next?” videos used
throughout most of this thesis (i.e. Chapters 3, 5, 6) had acceptable reliability and
validity when taken as a whole test, although the capacity for individual videos to
differentiate experience seemed inconsistent from experiment to experiment.
On the more theoretical side, we concluded that culture certainly plays a role
in how drivers view hazards; for instance, drivers accustomed to more dangerous
environments (i.e. Malaysians, in the context of this thesis) not only have increased
thresholds for identifying hazards (Chapter 2), they also predict near-imminent
hazards less accurately (Chapters 3, 5). Chapter 4 tentatively indicates that Malaysian
drivers have and/or develop different levels of hazard awareness to UK drivers,
although this conclusion is based on an indirect comparison with a previous “What
Happens Next?” UK study (Jackson et al., 2009). Overall, however, hazard
perception ability of an individual seems relatively stable across cultures, as UK and
Malaysian drivers reacted fairly similarly to hazards filmed in both their home and
non-home country (Chapter 2), and other than some minor effects in Chapter 2 (see
2.4.1) there were no cultural interactions; for instance, the Malaysian set of hazards
were universally easier to predict for all drivers regardless of origin (Chapters 3, 5).

8.3

Influences on hazard perception

8.3.1

Hazard perception in a cross-cultural context
In Chapter 3, we found that Malaysian drivers were slower to identify hazards

than UK drivers. Other analyses suggested this was due to a higher threshold for
identifying hazards; for instance, in the same experiment, Malaysian drivers identified
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less hazards overall than UK drivers, for both pre-defined and non-pre-defined events.
They also fixated hazards at the same time as UK participants, raising the possibility
that non-responses were not due to a failure to visually detect the event, but rather a
failure to perceive it as hazardous. We concluded that the differing hazard thresholds
likely stem from driving in different environments; the higher accident rate and more
hazardous environment in Malaysia likely lead to drivers in this environment being
desensitized to hazards.
Altogether, the results of Chapter 2 indicated significant cross-cultural
differences in how dangerous Malaysian and UK drivers perceive hazards to be,
providing the main impetus to explore other test paradigms. The results of Chapters
3, 4 (to a certain extent), 5, and 6 indicate that the “What Happens Next?” test is a
viable alternative for hazard perception testing, particularly in Malaysia or other
countries where drivers may be similarly desensitized to hazards. Additionally, it is
arguably a more powerful test than the traditional reaction time paradigm, since the
same videos failed to differentiate experience in the traditional paradigm (Chapter 2)
but did in the “What Happens Next?” test (Chapters 3, 5, 6), despite being selected
specifically for the reaction time test.
However, although hazard criterion does not play a role in the “What Happens
Next?” test, UK drivers outscored Malaysian drivers in all relevant experiments
(Chapters 3 and 5). Furthermore, they outscored them by a wider margin than
experienced drivers outscored novices, indicated by the main effect sizes in the
accuracy analyses (Chapter 3: 2 = .094 for country, 2 = .057 for experience;
Chapter 5: 2 = .161 country, 2 =.093 experience). This suggests that although
experience certainly plays a role in hazard perception ability, other factors also
contribute significantly. While a driver’s country of origin is an obvious factor, it is
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difficult to pinpoint a precise cause beyond general ‘environment’; for instance, while
the higher rate of accidents and different driver training in Malaysia has been
discussed (also see Section 8.3.2), its infrastructure and enforcement almost certainly
contribute as well, if to lesser degrees.
8.3.2

Driver training
One obvious difference between Malaysian and UK drivers is the driver

training received in their respective countries; almost all UK drivers tested would
have practiced for, and passed, a hazard perception test in order to obtain their license.
Novices in particular would have undergone their training less than a year prior to
participating in the experiment, possibly resulting in artificially higher scores on the
reaction time test (Chapter 2) in particular, as they were practicing for the very same
test. These immediate practice effects may partly explain the lack of experience
differentiation among UK drivers in Chapter 2’s reaction time test, given that similar
tests have differentiated experience among UK drivers in the past (Mckenna & Crick,
1991; Watts & Quimby, 1979), although this is still debatable since other studies
conducted before the UK hazard perception test’s implementation have failed to find
experience differences (Chapman & Underwood, 1998; Crundall et al., 2003).
However, while UK drivers’ faster response latencies in Chapter 2 may be partly
attributed to having more specific and recent training than Malaysian drivers, training
effects have been noted to generalize (Fisher et al., 2006; Isler, Starkey, & Sheppard,
2011; McKenna et al., 2006), and UK participants were also better able to predict
hazards in both the UK and Malaysia in both Chapters 3 and 5, suggesting that
specific training effects are unlikely to be a major contributor to the performance
difference between UK and Malaysian drivers.
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It seems possible that in the UK, the major benefit of the hazard perception
test requirement stems not from the test itself, but from the emphasis it places on
different aspects of driver training. For instance, during lessons, UK driving
instructors regularly caution their students to keep watch for potential hazards and
point out any relevant precursors, a technique akin to commentary training, which has
been shown to improve hazard perception among other driving behaviors (Castro et
al., 2016; Isler et al., 2009; McKenna et al., 2006; Wetton et al., 2013). This
explicitly teaches them common hazards and potential precursors, enriching any
related schema. While this is done with the immediate goal of preparing their
students for the hazard perception test, it also instills a hazard-aware mindset in new
drivers; effectively, associating driving with keeping alert for potential hazards. In
contrast, in Malaysia the focus remains largely on the mechanical aspects of driving,
for instance changing gears and parallel parking, and less if any emphasis is placed on
watching for other road users. While some common driving situations are
incorporated into the written exam, this does not interact with the on-road test at any
point; this likely results in drivers acquiring declarative rather than procedural
knowledge, which, as the results of Chapter 5 seem to suggest, may be of limited use.
Another interesting finding is that UK drivers’ behavioral data in Chapter 2
tended to be more consistent than those of Malaysian drivers. For instance, there is
much less variability among UK drivers in reaction time, accuracy, and hazard
ratings. This was not the case in Chapter 3, where out of the three primary measures
of accuracy, confidence, and hazard ratings, only hazard ratings showed less
variability among UK drivers (consistent with Chapter 2), while variability in
accuracy was somewhat equal and there was actually more variability among UK
drivers in the confidence measure. More interestingly, the consistency in UK drivers’
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responses is mostly evident in the behavioral data; in contrast, the eye tracking data
shows that variability was fairly comparable between both groups of drivers for all
three of the major measures (time to first fixation, mean fixation duration, and
horizontal search).
The greater consistency among UK drivers in accuracy and reaction time may
be another effect of training; because all UK participants had practiced for and taken
the hazard perception test, this effectively acts as hazard calibration, giving test-takers
a more uniform idea of what constitutes a hazard (accuracy) and an appropriate time
to respond (reaction time). In Malaysia on the other hand, there is no such calibration.
While it is highly unlikely that no driving instructors in Malaysia caution their
students to watch for hazards, this is entirely up to the instructor and therefore
inconsistent; furthermore, individual differences for hazard tolerance also exist in
instructors and likely to a greater extent than in the UK, creating even more variation
in a given driver’s learning experience in Malaysia. Some theory test questions in
Malaysia do involve various driving situations and common responses, but this is
naturally no substitute for on-road or video depictions of hazards. It is difficult if not
impossible to achieve a uniform definition of hazardousness with language alone, as
descriptions of common road situations may be interpreted differently by different
individuals; one person’s idea of another road user “driving too fast” or “getting too
close” could be perfectly acceptable to another driver with a higher tolerance for
danger and/or better judgement of distance.
The eye tracking data on the other hand showed similar consistency among
both UK and Malaysian drivers; neither group exhibited more or less variability than
the other. This observation mirrors the results reported in Chapter 2, where there
were fewer differences between UK and Malaysian drivers in the eye tracking data
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compared to the behavioral data. As discussed in several chapters (2.4.3, 3.4.3), it is
possible that behavioral differences manifest faster than their corresponding visual
strategies, although past research on this point seems somewhat mixed, with some
studies reporting eye tracking differences without corresponding behavioral
differences (Chapman & Underwood, 1998; Crundall et al., 2003) and some reporting
relatively few scanning differences but finding behavioral differences (Borowsky et
al., 2010).
8.3.3

Driving environment
Both empirical (Chapter 2, Section 2.3; see reaction time, accuracy, and eye

tracking measures) and anecdotal data indicate that drivers in Malaysia are
desensitized to hazards; for instance, during all three experiments involving both
countries (Chapters 2, 3, and 5), many Malaysian participants made statements along
the lines of “that’s normal for here” regarding the Malaysian videos, while UK
participants often commented on the higher hazardousness of the events in Malaysia.
As discussed earlier (see 2.4.4, 3.4.2, 8.3.1), this desensitization almost certainly
contributes to Malaysian drivers being generally slower to identify hazards, as events
need to reach a higher level of danger before Malaysian drivers would identify them
as hazardous (Chapter 2). This corresponds with the findings of Wallis & Horswill
(2007), who reported that trained and experienced drivers responded to hazards both
faster and more often than untrained and novice drivers respectively, suggesting a
response bias largely drove the differences in hazard perception skill. Notably
however, there are considerable individual differences among drivers’ thresholds for
hazardousness, as there were a number of Malaysian drivers who responded with
similar speed to UK drivers (also leading to greater variance among them, as
discussed in 8.3.2 above).
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It is interesting however that Malaysian drivers also predict hazards with
lower accuracy compared to UK drivers (Chapters 3, 5). As discussed in Chapter 3
(see 3.4.2), perhaps a hazardous driving environment negatively impacts one’s hazard
perception ability, contributing at least in part to higher accident rates; this is
especially concerning because it could potentially create a self-perpetuating cycle,
where a hazardous environment causes people to develop riskier driving habits that in
turn cause more accidents or near-accidents, and so on. It is possible that because of
the higher hazard frequency, drivers in Malaysia deploy their attention more evenly
but also more shallowly, which while more suited to keeping track of simultaneous
potential hazards, would make drivers less able to predict any one particular hazard
(see 3.4.4). The results of Chapter 4’s free response experiment suggest this
somewhat; Malaysian drivers identified imminent hazards, their locations, and what
might happen next with equal accuracy, in contrast to Jackson et al.’s 2009 study
where UK drivers’ accuracy dropped with each question (hazard, location, and
prediction respectively). However, we also would have expected to find Malaysian
drivers’ visual search patterns to reflect this strategy in Chapters 2 and/or 3, although
again, the general lack of differences between even novice and experienced drivers
may mean that visual strategies had not yet developed fully; alternately, perhaps other
eye tracking metrics such as those measuring scan paths might have revealed
differences. If a strategy of shallow attentional deployment does indeed exist, it
seems somewhat detrimental to performance in both the reaction time test and the
“What Happens Next?” test, but may be a necessary adaptation in Malaysia. In fact,
in the Chapter 4 results described above (also see 4.2.2.1), novice drivers had the
highest scores on the hazard question but the location and prediction questions were
equal; in contrast, experienced drivers had similar scores on all three questions,
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suggesting that a strategy of more diffuse attentional deployment might develop with
greater exposure to the Malaysian driving environment.
The possibility that Malaysian drivers deploy their attention more widely but
consequently more shallowly is an interesting one. In Chapter 4 (see 4.1) we
discussed the possibility that novices found it harder to generate potential hazards on
their own compared to experienced drivers in the “What Happens Next?” free
response format, but were relatively better at choosing a hazard if potential precursors
had already been highlighted for them, as in the multiple choice format. Crundall et
al. (2012) reported that novices were more likely to miss fixating behavioral
prediction precursors (BP; where the hazard and precursor were the same), which
suggests they may be less aware of the potential danger posed by these precursors.
While this may explain why the free response format differentiates experience better
than the multiple choice format, the free response format is also more statistically
powerful than multiple choice, so at present it is difficult to separate these effects.
The difference between generating one’s own responses and choosing from
possible precursors/hazards somewhat parallels a general difference between the UK
and Malaysian videos. One might argue the nature of the multiple choice task
changes subtly between UK and Malaysian clips. Because the average UK clip has
less potential hazards and precursors than a Malaysian clip, the task in a UK clip
arguably amounts to detecting what is often the sole precursor. In contrast, in a
Malaysian clip, predicting a hazard might be more similar to choosing which of
several highly salient precursors develops into an eventual hazard. While this does
not appear to affect experience differentiation when the experienced driver group has
held their licenses for a longer time (Chapters 5 and 6), it may make a difference with
a slightly less experienced group (Chapter 3), where only the UK videos differentiated
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experience. Somewhat resembling the difference between UK and Malaysian (and
free response and multiple choice) clips, (Vlakveld, 2014) reported two tasks where
participants first had to report the highest priority potential hazard after watching a
clip, then reported all potential hazards while watching a clip and later chose the one
with the highest priority. The second task showed less experience differentiation, also
suggesting that novice drivers were relatively better at picking the highest priority
precursor out of a pool of several.
8.3.4

Skill transferability
Research conducted by Wetton et al. (2010) has suggested that hazard

perception skill is highly transferable, finding high correlations between Queensland
drivers’ response latencies to hazards filmed in two different parts of Australia and
the UK. Chapter 2 confirmed this transferability with more disparate driving
environments and used participants from both countries, allowing for potential
cultural interactions. The most notable cultural interaction was that drivers detected
more pre-defined hazards from their home country, suggesting that environmental
familiarity primes them to react appropriately once a hazard appears; this is likely due
to having richer mental models in familiar environments (Underwood et al., 2002).
Apart from this, drivers showed the same general response pattern for most measures;
for instance, although Malaysian drivers detected less hazards than UK drivers as a
whole, all drivers responded to UK unmatched hazards the least of any clip group.
We concluded that overall, while certain nuances of hazard perception are affected by
context, drivers view and respond to hazards similarly regardless of their home
driving environment. In other words, relative danger stays the same regardless of
context.
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Chapters 3 and 5, the two cross-cultural “What Happens Next?” chapters,
provided further evidence for hazard perception skill being highly transferable, as
none of the analyses indicated any cultural interactions. As in Chapter 2, drivers
responded similarly regardless of their country of origin; for instance, all drivers
found Malaysian hazards easier to predict than UK hazards. Along with predictive
accuracy, experience differentiation across cultures also remained consistent; in
Chapter 3 only the UK set of videos differentiated experience, while in Chapter 5 both
sets of videos differentiated experience equally well, and this was the case for both
Malaysian and UK drivers. These observations are of course based on quantitative
data restricted to the laboratory, and qualitative research, on-road observation or
simulator work may uncover many cultural differences that are beyond the scope of
these experiments; however, hazard perception skill at least remains fairly consistent.
It is perhaps unsurprising that drivers view and respond to hazards similarly
across different cultures; while the same action can often be perceived differently in
different cultures, hazards are arguably an exception because a given hazard generally
presents a certain amount of danger with little variation. For instance, higher speeds
are almost always considered more hazardous, as are larger vehicles; it is difficult to
think of a situation where a leisurely bicyclist might be more dangerous than a
speeding truck. Furthermore, driver licenses are somewhat transferable; for instance,
holding a license from one country often allows one to drive in many other countries,
and one country’s license can often be converted to another’s without having to take a
new licensing exam. These policies assume at least some degree of standardization
among licensed drivers.
However, while hazards may be perceived similarly on a relative scale, culture
and/or driving environment appear to affect hazard perception skill considerably on
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an absolute scale, which has certain practical implications; namely, that drivers from a
country with high accident rates may exhibit lesser hazard perception skill compared
to drivers from countries with better road safety records. Perhaps reflecting this, only
certain countries can convert driver licenses to other countries’. One obvious
example is that licenses obtained in Malaysia cannot be converted to UK licenses;
while drivers can convert say, an Australian license, drivers with only a Malaysian
license must take the UK licensing exam to obtain a UK license. Based on the data
presented in this thesis, these policies may be well-founded.
One interesting possibility this raises is how much a driver’s current road
environment affects their hazard perception skill. In the experiments presented in this
thesis, all participants had learned to drive in either the UK or Malaysia, and with few
exceptions, had also lived in that country for their entire life. We would therefore
expect the observed levels of hazard perception skill to be a reasonable representation
of the general population, particularly in the UK, due to greater standardization of
driver training and the hazard perception test providing a more uniform idea of what
constitutes a hazard (discussed in 8.3.2 above). The data presented in this thesis has
established that UK drivers trained and living in the UK generally predict and react to
hazards better and faster than Malaysian drivers trained and living in Malaysia;
however, what is not clear is whether UK drivers would maintain the same level of
skill if they relocated to Malaysia, or vice versa for Malaysian drivers relocating to
the UK. While various types of training have been shown to improve hazard
perception (Castro et al., 2016; Isler et al., 2009; McKenna et al., 2006; Wetton et al.,
2013), none have been conducted cross-culturally. This would be especially
interesting as it could shed some light on how stable hazard perception abilities are,
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and give some insight into the separate effects of training and the surrounding
environment.

8.4

Validating a hazard perception test for driver licensing
The second primary goal of this thesis was to explore a test for potential use in

driver licensing, as a way of improving road safety in developing countries with high
accident rates such as Malaysia. These tests, and other driving-related tasks, are
generally validated by a correlation between driving experience and task performance,
with experience considered a proxy for driver safety. While a direct link between a
driver’s road safety record and test performance would be ideal, this is generally not
reliable without very large sample sizes (Horswill & McKenna, 2004).
Similar to many other countries, novice drivers in Malaysia have
disproportionately poor road safety records, making driver experience a valid proxy
for safety; therefore in this thesis, we have also used experience as a proxy. Ideally,
any test paradigm that may be eventually used in the licensing exam (and even more
ideally, the test itself), will also be validated by directly correlating driver safety and
test performance in Malaysia, although this is work beyond the scope of this thesis.
8.4.1

Paradigm comparisons
The reaction time test is the de facto test for hazard perception ability and is

used in the driver licensing exam in the UK and Australia. Many researchers have
found response latency on this test to correlate with driving experience and/or
accident involvement (Horswill et al., 2008; Scialfa et al., 2011; Wallis & Horswill,
2007; Wetton et al., 2010), although other studies have failed to find this experiential
difference (Chapman & Underwood, 1998; Crundall et al., 2002; Sagberg &
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Bjørnskau, 2006). More directly, several prospective studies have indicated a link
between response latency and driver safety; for instance, Boufous et al. (2011)
reported that drivers who had failed the New South Wales hazard perception test
multiple times had higher crash rates, Wells et al. (2008) found that UK drivers who
had taken a hazard perception test had slightly reduced accident rates for some
categories of accidents, and most recently, Horswill, Hill, et al. (2015) reported that
drivers’ response latencies in the QT-HPT corresponded with later accident rates.
However, these studies have all been conducted in Australia or the UK, and at
the time of this work, the reaction time paradigm had not yet been studied in
Malaysia; Chapter 2 describes the first use of the reaction time paradigm in a
developing country. As discussed in Chapters 2 and 3, despite its advantages in the
UK and Australia, the traditional reaction time test faces some validation issues in
Malaysia and likely, other countries with similar accident rates. For this reason, this
thesis has focused on the “What Happens Next?” test; however, this paradigm also
faces its own set of advantages and disadvantages. This section therefore compares
the two paradigms.

8.4.1.1

General considerations for hazard perception testing
Unlike the reaction time paradigm (Chapter 2), the “What Happens Next?”

task differentiated between experienced and novice drivers in all three studies
(Chapters 3, 5, and 6) using the same clips. This is especially encouraging given that
two of these studies, Chapters 3 and 5, used both UK and Malaysian participants,
suggesting the task differentiates experience while remaining largely culture-agnostic.
Furthermore, while both paradigms utilized the same set of videos, only the predictive
task differentiated experience, which is notable given that the videos were selected

208

specifically for the reaction time task, raising the possibility that the predictive
paradigm may be a more powerful differentiator of experience.
While some of these points have already been discussed in earlier chapters
(2.4.6, 3.4.1), there are some issues with the reaction time paradigm that a predictive
paradigm circumvents. For instance, when using a button press paradigm one cannot
be sure that participants are responding to the same hazard defined by the researchers
or a different hazard altogether. It is also easier to deceive a button press paradigm
than a predictive task; for instance, while the UK test attempts to circumvent cheating
by failing participants who respond at particularly high rates, some participants may
attempt to press the response button at a speed just below the one which would be
flagged. Both these issues have been compensated for in various ways, such as using
a touchscreen, asking drivers to click on the hazard with a mouse, or asking drivers to
verbally identify the hazard (Chapter 2; (Lim et al., 2013; Scialfa et al., 2011; Wetton
et al., 2010, 2011), although the former solutions may be more suitable for mass
testing since the last requires responses to be interpreted. Finally, some exceptional
participants may also detect a hazard and respond before its window opens,
effectively penalizing them for responding early.
One might argue that scoring the reaction time test is more subjective because
hazard onsets have to be defined; when does a precursor become a hazard? An offset
must also be defined if using a hazard window, which adds another layer of
subjectivity. On the other hand, the “What Happens Next?” task requires more pretest preparation because the four options for each video must be decided and worded
appropriately. Furthermore, since the test requires some level of literacy, it may be
disproportionately challenging for those with lower English proficiency, which is an
especial concern in countries like Malaysia. While translating the text is certainly an
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option and may in fact be necessary in Malaysia, since the written theory test is
offered in both English and Bahasa Malaysia, it would considerably increase
preparation time, especially during the validation phase as videos would need to be
validated in both languages.
8.4.1.2

Hazard criterion and desensitization
Initially we hypothesized that Malaysian drivers would either be desensitized

or highly responsive to hazards compared to UK drivers, and Chapter 2 presents fairly
clear evidence for the former conclusion. While it is possible that drivers in other
developing countries may be highly sensitive to hazards due to greater exposure, it
seems more likely that they will display similar desensitization to Malaysian drivers
given the similar crash records, although of course this will first need to be confirmed.
A reaction time test therefore presents a validation issue in Malaysia, as individual
differences in hazard criterion (hazard classification, the third component of hazard
perception; (Wetton et al., 2010) are much larger than in Australia or the UK and thus
greatly influence response latency. However, Crundall and Chapman (2014) reported
that modifying test instructions for UK drivers reduced non-hazard responses without
reducing a priori hazard responses, so it certainly seems possible that a reaction time
paradigm could be successfully calibrated. This provides an evident avenue for future
work.
One might argue that the issue of hazard criterion does not make the reaction
time test unworkable and in fact, may actually be a point in its favor over the “What
Happens Next?” task. After all, desensitization to hazards almost certainly
contributes to higher accident rates, and part of the reaction time test’s utility in the
UK has been raising new drivers’ awareness of hazards; in other words, perhaps the
issue we would avoid by using a different licensing test is precisely the one that needs
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to be addressed. As discussed earlier (8.3.2), the implementation of the hazard
perception test in the UK has certainly had some advantages, the foremost among
them being heightened awareness of hazards among new drivers. It is reasonable to
imagine that implementing a test that uses the reaction time paradigm would
eventually have similar trickle-down effects in Malaysia. However, as we will
discuss later in more detail, road safety is a complex issue with many different factors
to consider. While this thesis mainly addresses the cognitive aspects of driving, other
factors undoubtedly play a role such as enforcement, road infrastructure, and attitudes
toward road safety, all of which interact. Introducing a new component to the
licensing exam represents a major change that comes with its own set of challenges,
and while one of the ultimate outcomes should indeed be greater sensitivity to
hazards, this is arguably a side effect of the primary goal, which is improved road
safety. What is certain is that introducing a new test and trying to change drivers’
attitudes and ideas about hazards will be challenging at best, and it may be especially
difficult if the success of the first partly relies on the second. Therefore, it might be
wise to focus on changes that are less sweeping (and theoretically offer less
resistance), but have the potential to have the same effect; introducing a test that does
not rely on changing people’s ideas of hazards may be a smaller and therefore more
viable step.
8.4.1.3

Empirical support
One potential concern with adopting the “What Happens Next?” test is that it

is a less established paradigm compared to the reaction time test, which may pose
some potential difficulties in attaining government buy-in. While the reaction time
test has been researched in Australia, the UK and even Singapore (Yeung & Wong,
2015), as of late 2015, there has been little published data on the “What Happens
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Next?” test (Jackson et al 2009, Castro et al 2014, Lim et al 2014), with (Castro et al.,
2016; Crundall, 2016) forthcoming, and of those five, only one study uses the
multiple choice paradigm. Arguably, neither paradigm has been researched
extensively in developing countries, but this is certainly a practical consideration.
8.4.2

“What Happens Next?”: Methodological considerations
This section discusses some methodological considerations of adopting the

“What Happens Next?” test. Note that we focus exclusively on the multiple choice
test rather than free response, due to its practical viability for mass testing. When
comparisons are made between experiments, unless otherwise stated, they concern the
three chapters that used the same set of videos (Chapters 3, 5, and 6).
8.4.2.1

Statistical power
In Chapter 4, we discussed how the free response format of “What Happens

Next?” was statistically more powerful than the multiple choice format, but the need
for response interpretation makes it undesirable as a mass testing paradigm.
Similarly, the reaction time test offers more statistical power than “What Happens
Next?”, since, like the free response format, performance is measured on a continuous
scale while the multiple choice format uses a binary scale. As an example, the current
UK licensing exam uses 15 hazards in 14 videos, and test-takers score 0 – 5 points for
each hazard depending on how early in the hazard window they respond, allowing a
maximum score of 75 points (UK Department for Transport, 2016),. The current
Queensland licensing test also uses 15 hazards/videos. A multiple choice paradigm,
on the other hand, allows only a 0 or 1 score on each question and only one scoring
opportunity per video, giving a maximum of 15 points with 15 videos, a much lower
score range. It is therefore possible that more than 15 videos will be necessary to
achieve reasonable levels of reliability if the “What Happens Next?” test is used,
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adding to both the time spent by drivers to sit the test and the amount of time taken to
prepare it.
8.4.2.2

General consistency
Several correlations were conducted across the three experiments that used the

same “What Happens Next?” videos (Chapters 3, 5, and 6; see 7.2.1). A Pearson’s
correlation was run to compare accuracy (% of participants who answered a video
correctly), experience differentiation (measured by effect size in Cohen’s d), and
balance of distractor options (measured by the goodness of fit chi-square test value
comparing the three distractor options). Accuracy was highly correlated across all
three experiments (all rs > .74, all ps < .001), suggesting that the relative difficulty of
each video remained constant regardless of the conditions under which participants
viewed it. Chi-square test value also significantly correlated although not as strongly
as accuracy (all rs > .45, all ps ≤ .003), suggesting that the distribution of responses
among distractor options also stayed reasonably constant.
It should be noted that because the chi-square value measures only how
unevenly responses were distributed among the three distractors, this does not
necessarily mean that responses were skewed towards the same distractors every time;
only that they were distributed among all three similarly. For instance, in one
experiment, responses could have been distributed like so: Option 1, 30 responses;
Option 2, 20 responses; Option 3, 60 responses. In another experiment, they could
have been distributed the same way but among different options, for example: Option
1, 20 responses; Option 2, 60 responses; Option 3, 30 responses. In both cases the
chi-square value would be the same. However, in practice, this seems less likely than
the same distractors drawing similar responses, and a quick glance at the response
distribution confirms this is generally not the case.
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We can therefore conclude that accuracy and distractor responses stay roughly
similar across experiments; in other words, overall response distribution is somewhat
consistent. However, this is not the case for experience differentiation. There was no
significant correlation in a video’s effect size across any of the three experiments,
although Chapters 5 and 6 showed a non-significant negative correlation, unlike the
other correlations which were positive.
8.4.2.3

Distractor options
In a classroom multiple choice test, it is fairly intuitive that more plausible

distractor options lead to a higher quality question; if students can easily eliminate
two options in a four-option test, this gives them a 50% chance of guessing the correct
answer, effectively doubling the usual 25%. In the “What Happens Next?” test, it
stands to reason that if one distractor option was chosen disproportionately more or
less often than the others, this might signify a poorer quality item. It is debatable
whether this was the case across these experiments, as none of the three experiments
showed a significant correlation between how well a clip differentiated experience
(measured by effect size, Cohen’s d) and how balanced its distractor options were
(measured by chi-square test value). However, it is perhaps notable that in every
experiment, there was a negative correlation between these two variables (r = -.258, .096, -.188 for Chapters 3, 5, and 6 respectively); in other words, clips that
differentiated experience better tended to have distractor options that were more
evenly distributed. This might tentatively suggest that if there is indeed a link,
plausible distractor options contribute to a clip’s experience differentiation, but the
correlation is fairly weak and likely not a high priority factor.
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8.4.2.4

Online testing
The results of Chapter 6 indicate that the “What Happens Next?” test remains

effective even after reducing the quality of the videos used in the test, as videos that
had been considerably degraded still differentiated experience effectively. Indeed, it
seems possible that degradation may actually improve test effectiveness, given that
experience differentiation was greater in Chapter 6 (where medium and low quality
videos were used) compared to Chapters 3 and 5 (where only high quality videos were
used); see Section 6.4.1.2 for details. However, this particular conclusion is tentative
and will certainly require further testing.
More importantly, the results of Chapter 6 have implications for online hazard
perception testing. Because some drivers may have limited internet speed and/or
access, it may sometimes be necessary to use small file sizes and therefore lower
quality videos in online tests. This was indeed the case in the Queensland Transport
Hazard Perception Test, (QT-HPT: Horswill, Hill, et al., 2015). Horswill, Hill, et al.
reported that test scores on the QT-HPT were linked to both retrospective crashes and
prospective crashes within a year of test-taking, confirming that the QT-HPT was still
an effective index of crash risk despite the reduced quality of the videos used in the
test. Given that both Horswill et al. and Chapter 6 report experience differentiation
with reduced quality videos, this is promising news for online hazard perception
testing. The fact both studies used different hazard perception test paradigms but
reported similar results is especially encouraging, as this suggests that reduced quality
videos remain effective across the board.
8.4.2.5

Clip selection and creation
It is difficult to ascertain qualities that make a clip suitable for differentiating

experience, especially because of the inconsistencies mentioned earlier in Section
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8.4.2.2. It may be that individual clips have less power and are perhaps less
consistent in how well they differentiate experience, but their cumulative effect results
in an entire test that does reliably differentiate experience. The analyses described in
Chapter 7 certainly suggest this, as a truncated 15-item pool showed better experience
differentiation than the 40-clip pool, although internal reliability decreased (see
7.2.2.5 and 7.2.3 for more detail). Perhaps, then, a better strategy for test creation is
to focus on excluding poor differentiators, rather than increase the number of good
differentiators. As discussed in 8.4.2.1, it is also possible that the experiments
described in Chapters 3, 5, and 6 lack the statistical power to effectively distinguish
individual clips, given that the test uses a binary measure of performance. While the
nature of individual clips certainly plays a role (Sagberg & Bjørnskau, 2006), it is not
feasible with the present data to reliably distinguish characteristics of effective “What
Happens Next?” clips, beyond the general strategy of choosing clips with appropriate
precursors (Wetton et al., 2011).

8.5

Other considerations for driver safety in Malaysia
Road safety is a complex issue with many different factors to consider. While

we have discussed some of the cognitive aspects of driving, specifically those related
to hazard perception, other factors also play a major role. For instance, anger, fatigue,
and seat belt use have been studied among Malaysian drivers (Hauswald, 1997;
Mohamed et al., 2012; Sullman et al., 2014, 2015). A glance at the recent research
reports of the Malaysian Institute of Road Safety Research (MIROS) may give us a
general idea of the government’s road safety priorities; there are a large number of
reports concerning motorcyclists in particular, but other topics include crash injuries,
red light violations, automated enforcement systems, and traffic offenses during
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country-wide holiday periods such as Chinese New Year and Hari Raya. The
emphasis on motorcyclists likely stems from the fact that motorcyclists generally
cause a disproportionate number of accidents; additionally, motorcycles make up a
significant amount of traffic in Malaysia (47%; Toroyan, 2013), likely adding to the
already high accident rate.
The focus on automated enforcement systems also highlights that this is a
significant problems in Malaysia; consistent enforcement, or rather lack of, is a
recurring issue in the country in many areas beyond road safety. As a result, traffic
violations occur on a regular basis. In fact, the vast majority of the Malaysian videos
filmed for this thesis include several if not dozens of minor breaches. Some of the
violations that occur include illegally parked vehicles, cars stopped in the middle of
the road, overtaking in the wrong lane, and jaywalking pedestrians, to name a few.
While some automated systems have been implemented, their effectiveness is limited
to certain areas; for instance, they are used primarily for traffic light and speeding
violations, but cannot be easily applied to any of the common aforementioned
violations. Furthermore, even with automated systems, enforcement is inconsistent
and delayed; a driver who regularly exceeds the speed limit on the way to work every
day will possibly receive one speeding ticket in a month, notification of which often
arrives several months after the violation.
Another issue that can be seen in some experimental videos is one of
infrastructure. Although still considered a developing country, Malaysia has
undergone rapid industrialization, particularly in and around its capital, Kuala
Lumpur. The expansion of Greater Kuala Lumpur has resulted in city planning being
somewhat reactive at times, making it difficult for drivers to navigate the city. For
instance, signage is often confusing or lacking altogether. This also applies to road

217

markings; lane markings for instance are often inconsistent, as can be seen in some of
the videos, and one common issue is a lane that has been marked as straight-ahead
later becomes turn-only. Another example is generally unforgiving road planning,
where if a driver takes a wrong turn, they might drive twenty minutes before finding a
route that lets them turn around. These idiosyncrasies all contribute to create an
environment where some road users accept a certain amount of danger as second to
convenience; for instance, while not common per se, it is certainly not unheard of to
see drivers or particularly motorcyclists driving the wrong way on a road in order to
avoid a long detour.
Another concern that is implicit in most of the issues described in this section,
as well as parts of this thesis, is the population’s attitude toward road safety. As
discussed earlier (8.3.1, 8.3.3), it is possible that a hazardous driving environment
leads to driving behaviors that encourage greater danger, which leads to a more
hazardous environment, and so on. This attitude was indeed observed in many
Malaysian participants, where drivers commented that the kind of hazards presented
in the videos were “normal for here.” Again anecdotally, many Nottingham staff who
grew up and obtained their drivers license in the UK have also commented that their
driving habits have deteriorated significantly since moving to Malaysia. (Incidentally,
this has been indirectly confirmed by the reactions of drivers in the UK when they
have returned home and driven there!) Indeed, most of the factors described above
likely contribute to a generally lackadaisical attitude toward driving safety. When
roads are so poorly maintained cars often get nicks and scratches, and drivers know
they will likely not receive any penalties for minor violations, they are likely to adopt
a more careless attitude; “what’s one more scratch, after all?”
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The issues discussed above are a few of many that add to the complexity of
improving road safety in Malaysia. Given the government’s goal of reducing road
fatalities by 50% by 2020, it seems clear that major and rapid action is necessary to
achieve these targets. The data presented in this thesis lays the groundwork for a
licensing test that we hope will be of use in Malaysia and similar countries aiming to
improve road safety.
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