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Abstract

Hazard perception skill is often related to lower crash risk, and the hazard perception test has been
widely employed to measure this ability in drivers. An increasingly popular test-variant is the hazard
prediction test: driving videos are occluded immediately prior to a hazard and participants are asked
to predict how the situation will develop. Early versions of this test asked participants to provide a
free-response answer which was subsequently coded. Later versions, however, have used a
multiple-choice format where participants are provided with four options presented on screen.
While the benefits of a multiple-choice format are obvious in terms of providing immediate feedback
without relying on subjective coding, it is unclear whether this change in format affects the
discriminative validity of the test. For the current study, a free-response test and a multiple-choice
test were created using the same video clips. The free-response test (experiment 1) was found to
successfully discriminate between novice and experienced drivers, with the latter predicting more
hazards correctly. The answers provided by participants in Experiment 1 were then used to generate
the options for a multiple-choice test (experiment 2). This second test was also found to discriminate
between novice and experienced drivers, and a comparison between the two tests failed to reveal
an advantage for one over the other. Despite this, correlations between prediction accuracy and
both years of post-license driving, and annual mileage, were only significant for the multiple-choice
test. The results suggest that the multiple-choice format is not only time- and cost-efficient, but is

ostensibly as good as the free-response test in discriminating between driver groups.
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General introduction

Hazard perception refers to the skill of detecting on-road dangers in sufficient time to avoid a
collision. Following 50 years of research in this field, there is now a general consensus that the
hazard perception (HP) skill is related to crash risk (Horswill, 2016). The hazard perception test (HPT)
has been widely employed to investigate this skill within the field of traffic and transport psychology,
and traditionally involves the presentation of video clips from a driver’s perspective, filmed from a
moving vehicle. Hazards appear during the clips (e.g. a pedestrian may step into the road, a car may
emerge from a side street, etc.), and participants are required to press a button as soon as they spot
the danger (McKenna & Crick, 1991, Scialfa et al., 2011, Wetton et al., 2011). It has been
documented over many studies that novice drivers and crash-involved drivers are slower, and less
likely, to detect hazards in these clips than safer or more experienced drivers (e.g. Cheng at al., 2011,
Horswill et al., 2010, McKenna and Horswill, 1999, Rosenbloom et al., 2011). Since the first known
hazard perception test (Spicer, 1964, cited in Pelz & Krupat, 1974) many different versions have
been developed for research purposes. In addition to the traditional speeded, push-button
responses required by the typical hazard perception test, some tests have used levers or sliding
scales for participants to indicate a level of hazardousness (Watts and Quimby, 1979, Crundall et al.,
2003). Other test variants have required drivers to locate the hazard via a mouse click or a touch
screen response (Wetton et al., 2010, 2011). An increasingly popular version requires drivers to
predict imminent hazards following sudden occlusion of the video clips (often termed the ‘What
Happens Next?’ test, or the hazard prediction test), measuring HP skill in terms of prediction

accuracy (Castro et al., 2014; Crundall, 2016; Jackson et al., 2009).

Tests also differ in the medium chosen to present hazards to participants. The majority of research-
based tests employ video clips of driving situations, filmed from a camera mounted on a moving
vehicle to record the driver’s view of the road. Other variants range from the use of computer-
generated imagery to create clips (as introduced in the official UK hazard perception test in 2015), to
the use of static road images (as used in the official hazard test in the Netherlands). Even those tests
that adopt the more traditional video-based approach can differ in the way they present these clips:
some are presented across multiple screens (e.g. Shahar et al., 2010), and have mirror information
available to participants (e.g. Ventsislavova et al., submitted), while others present a single forward
view (Horswill, Hill & Wetton, 2015). Other differences across tests include variations in instructions

given to participants (e.g. Farrand & McKenna, 2001), the method of analysis (for example, the



contentious issue of dealing with missing values; Parmet et al., 2014), the nature of the hazards
(Crundall, 2016) and even the definition of what constitutes a hazard (e.g. Pradhan and Crundall,

2017; Crundall et al., 2012).

Given that the primary aim of any HP test is to discriminate between safe and unsafe drivers (often
on the basis of surrogate measures such as previous crash history, or driving experience), then policy
makers might be unconcerned about the particular design of a specific test, providing it successfully
separates these driver groups. Certainly, at its best, hazard perception research has demonstrated
both retrospective and prospective sensitivity to crash-likelihood, and even offers great hope that
HP training may produce on-road improvements in driver safety (Chapman, Underwood and
Roberts, 2002; Pradhan et al., 2009, Horswill, 2016; Thomas, Rilea, Blomberg, Peck, and Korbelak,
2016). However, the research field is littered with examples of failed attempts to discriminate
between crash-involved, inexperienced drivers and their safer, more-experienced counterparts (e.g.
Crundall et al., 1999, Lim et al., 2013; Sagberg, and Bjgrnskau, 2006; Underwood, Ngai and
Underwood, 2013, Yeung and Wong, 2015). Given the huge variety of test designs across research
groups it has proved difficult to understand why some tests are successful and others are not.

For this reason, we argue that test design should be developed through empirical research, with
each facet compared and analysed to assess whether it contributes to the validity of the test. This
process has already begun in some research groups. For instance, Scialfa, Borkenhagen, Lyon, and
Deschénes, (2013) correlated response time performance to hazards presented in static images and

dynamic clips (though their results were inconclusive in identifying which was the better test).

Other researchers have noticed that their stimuli can produce different effects in participants
depending on the nature of the hazards. Zimasa, Jamson and Henson (2017) found that their clips
containing vulnerable road users elicited quicker response times than those involving cars. This
distinction appears particularly relevant when comparing typical drivers to individuals on the autistic
spectrum, with the latter showing reduced sensitivity for such ‘social’ hazards (Bishop-Johnson,
Biasini, and Stavrinos, 2017; Sheppard, Ropar, Underwood, and van Loon, 2010).

The underlying structure of hazards has also been explored. Crundall (2016) compared
‘environmental prediction’ and ‘behavioural prediction’ hazards, and found the former to better
discriminate between novice and experienced drivers. While ‘behavioural prediction’ hazards can be
predicted by the actions of the soon-to-be hazard (e.g. the erratic driving of the car ahead),
‘environment prediction’ refers to hazards that appear out of obscuration (e.g. an oncoming car

from around a blind bend, a pedestrian from behind a parked truck). In these scenarios, the



environment is the only clue to the possible upcoming hazard (i.e. the blind bend, the parked truck).
These types of hazards have been a particular focus of the Risk Awareness and Perceptual Training
programme designed by Fisher et al. (Fisher et al., 2010; Pradhan et al., 2009), where drivers are
trained to spot occluded objects that may hide hazards. Similar levels of detailed analysis are also
being given to the design of HP training programmes in Australia (Horswill, Garth, Hill and Watson,

2017; Wetton, Hill, & Horswill, 2013).

Despite these studies, more research is needed to provide the basic blueprint for a valid hazard
perception test. While much of a test’s validity is likely to lie with the content (i.e. the particular
hazards that form the stimuli), there are many finer points of test design that may provide significant
discriminative gains. These may include the method of presentation, the instructions given, and the

required responses, to name but a few.

The hazard prediction test

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

developing hazard.



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

drivers (Crundall and Kroll, 2018).

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

These initial studies suggest that the hazard prediction test can provide a robust and simpler
alternative to the more traditional hazard perception test. However, one of the problems with the
version of the test used by many researchers (Castro et al., 2014, 2016; Crundall 2016; Jackson et al.,
2009) is that participants give free-response answers which must be hand coded. This introduces the
potential for rater error, and renders the test impractical for use on a wide scale. An alternative is to
provide the participants with multiple options to choose from following occlusion, instead of inviting
a verbal or typed response. This approach simplifies the test further and allows for automatic and
unambiguous coding. This variant of the hazard prediction test was first employed by Lim et al
(2014), and was followed by Ventsislavova et al. (2016), but there has never been a direct
comparison between a multiple-choice test variant and hand-coded free responses. This paper aims
to make that comparison, in order to assess the impact of using the (more practical) multiple-choice

method, compared to free responses.



To this end, a new hazard prediction test was developed. This new test uses full HD video from four
cameras attached to a moving vehicle. These four video streams are then synchronised and
combined with a graphic overlay of a car interior, to provide the viewer with access to mirror
information. We believe that providing mirror information may evoke more realistic responses to
hazards, even when the hazard never appears in the mirrors (Alberti et al., 2014). Novice and
experienced drivers were then tested on this new prediction task in order to assess whether it could
discriminate between these groups. This first study (Experiment 1) required free responses to the
guestion ‘What happens next?’, which is more typical of studies in this area. The second study
(Experiment 2) presented the same videos, but participants were provided with 4 options to choose
from at the end of each clip. These options were developed from the free-response answers
provided in the first study. Finally, a matched sub-group of participants from study 1 and 2 were
compared in terms of their prediction accuracy with the only difference being the response mode:
free-response or selection of an answer from four options. We hypothesised that both test variants
would discriminate between drivers to a certain degree, but we made no prediction about which

test would be the better discriminator in the final analysis.

Experiment 1: A free-response hazard prediction test

Introduction

With both the improvement of camera technology and our evolving approach to the presentation of
hazards to participants, it is inevitable that new tests will be developed and will require validating.
The current stimuli differed from those used in Crundall (2016) both in terms of HD quality and the
amount of information provided to participants. For instance, the current test includes mirror
information that provides a more realistic level of perceptual demand on the driver, and also allows

for hazards to approach from behind (see Figure 1).

To validate this new version of the test we recruited experienced and inexperienced drivers to take
part. In addition to the basic validation of this test, we took the opportunity to revisit one of the
guestions raised by Crundall (2016): when should one occlude the clip to maximise discriminability?
As noted above, Crundall found that occlusions that were proximal to the hazard resulted in the
most accurate predictions. While the most distal occlusions (an average of 1200 ms prior to hazard
onset) significantly reduced accuracy, participants were still able to predict the hazard on 57% of

trials (with a free response). Surprisingly, the change in occlusion point did not affect the



discriminability of the driver groups. One might suppose that experienced drivers would be relatively
better than novices at more distal occlusions, as they may make better use of weaker hazard
evidence (Pradhan and Crundall, 2017). However, as occlusions become extremely separated from
the hazard we might further predict that all drivers would reach the same nadir, in the absence of
even subtle cues to the nature of the upcoming hazard. Neither of these eventualities occurred in
the study of Crundall (2016), possibly due to the particular occlusion points that were chosen and
the nature of the individual hazards in those clips. Given the need to validate the new free-response
version of our prediction test on experienced and inexperienced drivers, we also had the
opportunity to investigate whether a novel set of stimuli produced different findings when the
occlusion points were varied across three levels: proximal (temporally closest to the hazard),

intermediate, and distal occlusion points.

Method
Participants

Sixty-one participants took part in this experiment. The sample was divided into experienced and
inexperienced drivers. Experienced drivers (N =30, mean age = 21.5 years) had a minimum of 1 year
of driving experience since passing their driving test and inexperienced drivers (N = 31; mean age =
19.5 years) had less than 1 year of post-test driving experience, and included 14 learner drivers.
Mean mileages for experienced and inexperienced drivers were 4553.3 miles and 290.9 miles in the
year prior to the study, respectively. All participants had normal or corrected-to-normal vision and

were University students and staff.

Design

A 2 x 3 between-group factorial design was employed, where the independent variables were the
driving experience of participants (experienced vs. inexperienced) and the occlusion points (proximal
vs. intermediate vs. distal). Five cells contained 10 participants, with the distal/inexperienced group
containing 11 participants. The proximal occlusion point was the closest to the onset of the hazard,
and would typically show several frames of the hazard following onset. This meant that participants
who were looking in the right place at the right time, would have their predictions confirmed. For
instance, if the participant believed the pedestrian ahead may step into the road, a fixation on this
pedestrian immediately prior to occlusion (proximal condition only) would confirm this, as the
pedestrian would be seen to move a leg in the direction of the road. Intermediate occlusion points
were an average of 618 ms earlier than the proximal occlusion points, and would contain evidence
of precursors, but without any confirmation of the hazard triggering. In this case, the pedestrian

might be seen walking towards the edge of the pavement, perhaps turning her head in the direction



of the film car. Finally, the distal occlusion points were an average of 1222 ms earlier than the
proximal points. Typically, these would still contain precursors to the hazard, but the evidence of
hazardousness would be weak. For instance, the pedestrian may be visible on the pavement, but still
be walking parallel to the road with no obvious intention to cross. See Figure 1 for an alternative

example of these three occlusion points.

The dependent variable was the percentage of the accuracy with which participants correctly
identified the hazards across a total of 15 clips. Following occlusion, participants were presented
with a free-text entry box to provide their answer. These typed responses were subsequently coded
with one point awarded for a correct answer. Participants were instructed to consider the identity of
the hazardous object, it’s location within the scene, and how the event would unfold (e.g. “the
pedestrian on the left is about to step into the road in front of me”). Where participants failed to
report the three suggested items in their answer, but it was still unambiguously correct, they were
still awarded the point. For instance, the response “The pedestrian is about to step into the road”
could still be awarded the point if this was the only visible pedestrian, even though the response
failed to locate the hazardous object as being on the left-side pavement. Two independent
evaluators scored each answer. Cohen’s kappa was 0.88 for the distal occlusion point, 0.88 for the
intermediate occlusion point, and 0.80 for the proximal occlusion point. Where raters disagreed in

their initial rating, a final score was agreed via discussion.



Figure 1 Three frames illustrating the three occlusion points for one clip. While driving along a
road, the car in front pulls over. This requires the film car to overtake the stopping vehicle.
However, a safe driver should be aware that there is a vehicle visible in the right side mirror
that might pose a problem (top panel; distal occlusion). As the clip progresses, the car in the
side mirror disappears, as it moves into the blind spot ready to overtake. Thus, the evidence
that this vehicle is going to pose a problem increases considerably (middle panel; intermediate



occlusion). Finally, the overtaking car becomes visible in the forward view confirming that the
car from behind is indeed overtaking and poses a hazard for the film car’s intended action
(bottom panel; proximal occlusion).

Materials

In order to create the hazard prediction test, new video stimuli were recorded on roads in and
around Nottingham (UK). Four HD mini cameras were attached to the car. The first camera was
attached on the inside of the front window, with the second camera attached on the inside of the
rear window to obtain the footage for the rear-view mirror. The two remaining cameras were
attached externally to the driver and passenger side windows to capture side-mirror footage. All
clips were recorded in the daytime during fine weather conditions. We extracted a selection of
hazard perception clips from the footage, each containing a naturally occurring hazard as judged by
two traffic and transport psychologists (see Table 1 for a description of the hazards). Only fully
developed hazards were selected (i.e. we did not select a clip with a pedestrian who looked like she
might step into the road; we only selected the clip if she did step into the road, and at a close
enough distance to be hazardous, as assessed by our judges). The duration of each clip varied

between 31s and 64s prior to editing the occlusions.

Following selection, the four video streams were synchronised, with the three rear-facing video
streams edited into mirror placeholders contained in a graphic overlay of the inside of a car. The A-
pillars and roof were designed to be semi-transparent, allowing the forward view to be seen through
these sections of the overlay and the dashboard and mirror placeholders were fully opaque. The
reason behind the semi-transparent design is that real-world obscuration by A-pillars is offset
somewhat by stereopsis and small head movements. A fully opaque overlay could therefore over-

exaggerate the obscuration that a car frame causes.

The clips were edited to occlude (i.e. cut to an immediate black screen) at three separate points:
proximal, intermediate and distal from the fully developed hazard. A proximal cut would allow
several frames of the actual hazard to be seen (providing the participant was already looking at the
location of the imminent hazard), confirming the participant’s prediction. Intermediate occlusions
and distal occlusions occurred an average of 618 and 1222 ms earlier than the proximal occlusion,
respectively.

Clips were displayed on a Lenovo (ThinkPad) computer running E-Prime 2.0 Software (Psychology
Software Tools, 2012), with a resolution of 1920x1080 and screen size of 34.5cm x 19.5cm.

Participants responded using the keyboards and the mouse.



Procedure

Once participants gave consent, they were seated 60 cm from the screen and asked to answer
demographic questions, including age, sex, year of obtaining driving license, driving collisions in the
past 24 months, and miles driven in the past 12 months. Participants were then given both verbal
and on-screen instructions for the test. They were told that they would watch 15 short video clips
from a driver’s perspective. They were asked to watch each clip carefully, as at some point the clip
would stop and be occluded by a black screen. Following this, they were asked to describe “What
happens next?” (i.e. how the driving situation was going to develop), by typing their answer in a
free-response box on the screen (with a 150 character limit). They were instructed to include in
their answer any source of potential hazard, the location of that source, and how the situation was
going to develop. Following each answer, participants were asked to rate how hazardous they
thought the predicted event would be for them, using a 7-point Likert scale (where 1 is ‘not

hazardous at all’, and 7 is ‘extremely hazardous’).

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

they began the experiment. In total, the experiment took an average of 20 minutes.

N° Video clips Duration Last sketch prior the clip occlusion Hazard
(ms)

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

begins to enter the junction, the reversing light of the car ahead 64000
illuminates, and this car then reverses towards you to get out of the

junction. The clip occludes following initial illumination of the

reversing light.

As you are driving, the car indicates and pulls over blocking your A car from behind overtakes you

path. As you try to overtake the car and continue your path, a car 34000
from behind overtakes you (passing from the right mirror, into the
blind spot, before emerging into your forward view). The clip
occludes at the point where the overtaking car enters the blindspot.

The pedestrian from the left crosses the
You are driving along a narrow urban street and the head of a street
pedestrian is visible above the parked cars on the left. The clip 34000
occludes as the pedestrian moves between the parked cars to step

into the road.

A pedestrian from the left crosses the
You come to a standstill due to congestion in an urban street with street
shops and parked vehicles. A pedestrian exits a shop and then 49000
steps out from between two parked cars on the left, just as the traffic
moves and you begin to accelerate. The clip occludes when the

pedestrian turns his head to look at you, while stepping forward.




A distracted pedestrian crosses the street

A distracted pedestrian is walking towards the street. The 54000 from the right

pedestrian crosses the road from the right without looking. The clip
occludes as the pedestrian begins to cross.

The car from the left undertakes the
Acar behind you is visible in the rear-view mirror and left side mirror. Camera car
As you approach traffic lights, this car undertakes you and pulls in

front of you, forcing you to brake. The clip occludes when the car is 43000

just emerging from the blind spot.

A pedestrian with a child’s pushchair enters

There are pedestrians on both side of a narrow street. A pedestrian the road from the right without looking

with a child’s pushchair enters the road from the right without

looking. Her entrance is partially obscured by pedestrians standing 32000
on the right. The clip occludes when the pushchair is partially visible

among the pedestrians.

A pedestrian from the right crosses the

8 You are driving along a narrow urban road. A pedestrian > . S
street without looking for upcoming cars

approaches from the right with shopping bags. He is temporally

obscured by a large plant pot, before he steps outinto the road. The 46000
clips occludes just as he begins to step out from behind the plant

pot.

The bus pulls out into your lane
A bus in a bus lane signals to pull away from a bus stop. Due to

parked vehicles ahead in the bus lane, it pulls out into your lane 31000
forcing you to stop. The clip occludes following one flash of the

indicator from the bus.

10 The car in front cuts across your lane

An oncoming car cuts across your lane to park in a layby on your
left. The clip occludes just before the car starts to cross your lane, 42000
following one flash of its indicator.

1 A car behind you is visible in the rear-view mirror and right-side The car behind overtakes on a blind bend

mirror. The car from behind overtakes your vehicle on a blind bend.

The appearance of an oncoming car in the opposite lane forces the 34000
overtaking vehicle to pull back into your lane immediately in front of

you. The clip occludes when the overtaking car begins to emerge

from your blind spot, and the oncoming car becomes obvious.

Queue of standing traffic
While travelling at speed along a country road, a blind bend ahead

reveals a queue of standing traffic, forcing you to slow and stop. 70000
The clip occludes immediately after passing the blind bend, when

the brake lights of the cars ahead are partially visible

12

; . ) ! ) A pedestrian crosses the street from the left
While your car is slowing due to congestion ahead, a pedestrian

13 looks over his shoulder before deciding to run in front of your vehicle
forcing you to slow more abruptly than otherwise required. The clip 35000
occludes at the moment when the pedestrian looks directly at you,
as he steps forward.

Pedestrians from the right cross the street
Driving through a school area, two pedestrians are visible on the after indicating to the camera car
14 right. You can see that the woman is looking at the car. The clip

occludes at the moment she gesticulates with her arm, thinking that

you have given way for her and her child to cross.

42000

A van appears suddenly behind parked

You are driving along a narrow road with parked cars on both sides, cars

15 which are obscuring the view ahead. Suddenly an oncoming van 46000
appears ahead. The clip occludes at the moment the white van is

partially visible.

Table 1: A description of the a priori hazards selected within each clip

Results

All participants were given a score out of 15 clips for the accuracy of their predictions. The scores
were based on the interpretation of the typed free responses by two expert raters. Cohen’s Kappa
for each condition was acceptable (=>.8), with disagreements reconciled through discussion.
Participants’ scores were converted to percentages and subjected to a 2 x 3 Analysis of Variance
(ANOVA; experienced vs. inexperienced drivers x 3 levels of occlusion point). A main effect was
found for driving experience with experienced drivers being more accurate when predicting hazards

than inexperienced (54.9% vs. 45.6%; F(1,55) = 7.13,MSe = 161.2, p < .01, npz =.11). A main effect



was also found across all levels of occlusion point, with the distal, intermediate and proximal
conditions producing average accuracy rates of 28.6%, 50.7%, and.72.3%, respectively (F(2,55) =
60.6,MSe =161.2, p <.001, an =.69). Planned repeated contrasts were conducted comparing distal
to intermediate, and intermediate to proximal occlusion points. Both were significant (ps < .001).
Despite a visible trend to suggest that the distal condition is the weakest discriminator of the driver
groups (see Figure 2), no significant interaction was found between experienced group and occlusion

point (F(2,55) =.94,MSe = 151.2, p = .39, 1)p> =.03).

Ratings of hazardousness were also subjected to a 2x3 ANOVA but no differences were found across
experience or occlusion points. The average hazard rating of experienced and inexperienced drivers
for the distal clips was 3.46 and 3.40, respectively. For the intermediate clips, experienced drivers
gave a rating of 3.76 while inexperienced drivers rated them at 3.72. Finally, for the proximal clips,

the ratings for experienced and inexperienced drivers were 3.25 and 4.04.
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Figure 2: Percentage of correct responses across all 3 occlusion points and experienced groups

(with standard error bars added)

Discussion



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

The occlusion-point factor ostensibly produced identical findings to those of Crundall (2016), with
declining accuracy as the temporal separation between occlusion and hazard increases. Crundall
(2016) failed to find an interaction, and the current interaction between experience and occlusion
point also failed to reach significance. However, a closer look at the data is suggestive that the ability
of clips to discriminate between the driver groups at the most distal level of occlusion is noticeably
degraded. While the data do not support any strong conclusions, there is a clear suggestion that
cutting the clip too early reduces the link between precursors and hazards to such an extent that all
drivers approach a floor. Note however that the overall accuracy to the distal condition in the
current study is far below the 57% score in the comparable condition of Crundall (2016). This
suggests that the distal occlusions in the current study are cut more severely in relation to the actual
hazards. This cannot be due to absolute differences in distal occlusion points across the Crundall
study (2016) and the current one (1200 ms vs. 1222 ms), so must therefore be due to differences in
unfolding nature of the hazard precursors. It is likely that the lag between first evidence of a hazard,
and the actual hazard beginning to develop, was greater in the Crundall (2016) clips, than in the

current selection.

In regards to hazardousness ratings, no differences were noted across either factors, mirroring the
results of Jackson et al. (2009), who also failed to find significant differences regarding the
hazardousness of the future situation. A possible explanation for this is that drivers are basing their
ratings more on the nature of the scene that they do see (for more than 30 seconds prior to

occlusion), rather than the predicted hazard itself which predominantly remains unseen.

In conclusion, the current study has validated the new set of prediction clips by demonstrating an
experiential difference in predictive accuracy. Furthermore, we have demonstrated that the choice
of occlusion point has limited influence upon the discriminability of the test, within reasonable
boundaries. If set too early however, none of the participants are likely to score highly due to the

removal of all precursors to the upcoming hazard.

An additional advantage of the current study however is that the free responses provided by

participants offer a range of incorrect predictions that can be developed into multiple-choice



distracter answers for Experiment 2. The reduced accuracy of the intermediate and distal conditions
was very useful in this regard, as the greater number of incorrect responses was concomitant with a
greater variety of response, providing us with sufficient plausible answers to provide three distracter

options for each clip in the following study.

Experiment 2: A multiple-choice hazard prediction test

Introduction

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

than novices.

Two recent studies have also compared multiple-choice prediction tests directly to response-time
tests (Crundall and Kroll, 2018; Malone et al., 2016). Malone et al (2016) described their two test
variants as differing on ecological validity, with the response-time test representing high ecological
validity, while the multiple-choice version represented low ecological validity. Even though they
expected that the high ecological validity test would discriminate better between experienced
groups, the multiple-choice version of the hazard perception test also yielded a significant difference
between experienced and novice drivers. It should be noted however that Malone et al. used
hazards that fully materialised. As participants saw the whole hazard, this test did not isolate the act
of prediction, and is therefore less applicable to the current discussion. Crundall and Kroll (2018)
compared a response-time HP test and a multiple-choice prediction test across groups of fire
appliance drivers (with clips filmed from fire appliances on blue-light training runs). They found the

multiple-choice test to be more sensitive to group differences.

Multiple-choice formats have also been employed in the training of hazard perception (Cockerton

and Isler, 2003; Isler and Cockerton, 2003, Petzoldt et al., 2013). Petzoldt et al. (2013) compared a



paper-based intervention with computer-based training using a multiple-choice format, with the
latter being more beneficial for participants to spot earlier critical cues and scan relevant areas in

the visual field.

One concern that has been raised regarding the development of multiple-choice tests relates to the
plausibility of the distracters (Andrich and Marais, 2014). Poor or implausible distracter options can
be easily rejected allowing the participant to choose the correct response by default. For this reason,
we followed the guidelines of Worthen et al, (1999), creating the distracter items using the incorrect
answers that were provided by the participants in Experiment 1. In order to test this new format, we
divided our sample into four groups: learners, novices, moderately experienced drivers and highly
experienced drivers. We predicted that there would be clear differences in prediction accuracy

across our driving groups.

Method

Participants

Fifty-one participants were split into four different experienced groups: 12 learner drivers (L), 10
novice drivers (N), 15 drivers that have driven for less than 6 years (E<6y) and 14 drivers that have
driven more than 6 years (E>6y) (see Table 2 for demographics). All participants had normal or

corrected-to-normal vision and were identified as University students and staff.

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

Table 2: Mean age, mileage and driving experience for the different driving groups

Design, Materials & Procedure

The proximal occlusion clips from Experiment 1 were edited to include a multiple-choice question,
with the most frequent incorrect answers from the previous experiment chosen as the three
distracters for each clip. Both the correct answer and all distracter options were written in short,
simple sentences, following guidelines provided by Haladyna et al. (1999). All apparatus remained

the same as that used in Experiment 1.



A 1 x 4 between-subjects design was employed, where the independent variable was the level of
experience of the participants and the dependent variable was the percentage accuracy of hazards
predicted. The procedure was identical to that used in Experiment 1 with the only difference being
that this time participants were asked to predict the driving situation by choosing one of 4 options
after each of 15 clips (See Figure 3). Participants were aware that only one option would be correct
and, if they had been looking in the correct place at the time of occlusion, that they would have seen
very brief confirmation that their prediction was correct. Following their selection of an option,
participants were asked to rate how hazardous the predicted situation would have been for them,
by selecting a point on a 1 to 7 Likert Scale (where 1 is ‘not at all hazardous’ and 7 is ‘extremely
hazardous’). Prior to the actual experiment, all participants saw a practice trial. The experiment took

an average of 20 minutes to complete.

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

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

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

Figure 3: Three panels represent the end of a clip: the first panel is the final frame (where the
impending hazard is an oncoming white van, hidden by parked vehicles). This is followed by an
occlusion panel, before four multiple-choice options are displayed on screen.

Results
Accuracy was analysed using a 1 x 4 ANOVA, where the between-group factor was driver experience.
A main effect was found (See Figure 4), with performance improving in line with increasing

experience across the four groups (71.7%, 79.3%, 88.9% and 89.5% for learners, novices, moderately



experienced and highly experienced drivers, respectively; F(3,47) = 6.9,MSe = 134.2, p <.001, npz
=.31). Planned contrasts were undertaken to unpack this main effect. The first contrast pooled the
learners and novices and compared them to the pooled experienced driver groups (mirroring the
analysis in experiment 1 which just compared inexperienced drivers to experienced drivers). The
difference was found to be significant with the experienced drivers out-performing the
learner/novice group (t(47) = 4.2, p < 0.001). Repeated contrasts (learners vs. novices, novices vs.
moderately-experienced drivers, and moderately-experienced vs. highly-experienced drivers) were
also conducted to identify whether the test was sensitive to more subtle changes in experience, but
the only significant comparison was found between novices and moderately-experienced drivers
(t(47) = 2.0, p < 0.05). This suggests a clear experiential boundary in the ability of the test to

discriminate between groups at the transition between novice and moderately-experienced drivers.

Ratings were also analysed and a main effect was found for driving experience across the four
groups (F(3,47) = 2.9,MSe = .85, p < .05, npz =.16). While learners gave the highest risk ratings for the
clips (4.5) and the highly-experienced group gave the lowest ratings (3.7), the experiential effect was
not sufficient for any of the planned contrasts (L/N vs. all experienced drivers; L vs. N; N vs. E<6yr;

E<6yr vs. E>6yrs) to reach significance (See Figure 4).
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Figure 4: Percentage accuracy (white bars) and ratings (from 1-7; black bars) across all experienced
groups: learners, novices, experienced drivers with less than 6 years of driving experience, and
experienced drivers with more than 6 years of driving experience. Standard error bars are added.

Comparison of the two tests

A third additional analysis was conducted in order to directly compare the two tests and investigate
whether there were differences between the test types in terms of accuracy and discrimination. For
that purpose, all the participants that took part in the proximal occlusion condition of Experiment 1
(N=20; 10 novices and 10 experienced) were matched to participants with the most similar driving
experience (in terms of passing the driving test and annual mileage) from Experiment 2 (N=20; 10
novices and 10 experienced). The average difference between matched pairs in terms of mileage
was 76 miles for the novices and 400 miles for the experienced drivers, while the average difference
in years’ experience since passing the driving test was of 0.4 years for the novice drivers and 0.2 for

the experienced.



A 2x2 between-groups ANOVA was conducted on the two data sets. A marginal difference was found
between the tests (F(1,36) = 3.5,MSe = 152.8, p=.07, an =.09), with performance on the multiple-
choice test being ostensibly higher than that on the free-response version. The main effect of driving
experience remained with experienced drivers outperforming novices (82.3 vs. 69.7; F(1,36) = 10.5,
MSe = 152.8, p<.01, np2 =.23), although there was no interaction between the test type and the
experienced groups (See Figure 5). No differences were found for the ratings. The hazards were not
rated as more hazardous in terms of test type. These results suggest that the tests do not differ
regarding their ability to discriminate on the basis of driving experience, and that the type of

guestion does not influence perceived hazardousness.

Pearson correlations were conducted to assess the relationship between the accuracy of responses,
annual mileage and years of driving (post-license) for both types of test. Significant correlations were
found for accuracy and years of driving (r(18)=0.51, p <.05), and accuracy and miles driven
(r(18)=0.56, p <.05), but only with the data from the multiple-choice test. Neither of these

correlations was significant for the free-response data from Experiment 1 (See Table 3).
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Figure 5: Percentage accuracy of correct responses across experience groups and test type (with
standard error bars added).



Multiple-Choice test Free-Response test

Accuracy Years Miles Accuracy Years Miles
Accuracy - -
Years .512 (p < .05) - .382 (p =.096) -
Miles .562(p<.01) .697 (p<.01) - .395 (p =.085) .531 (p < .05) -

Table 3: Pearson correlations for accuracy vs. years of driving and accuracy vs. miles for both types
of tests (multiple-choice and free-response type)

Discussion

The multiple-choice hazard prediction test was able to discriminate between the driving groups on
the basis of experience. Experienced drivers (E<6y and E>6y) outperformed the learner and novice
drivers in predicting hazards. Planned contrasts revealed that the threshold for performance
differences lies between the novice and moderately-experienced group, suggestive of a step change
in the ability to predict hazards following 1-2 years of post-license driving experience.

This is in keeping with the literature that consistently reports novice drivers, especially within the
first 12 months of post-license driving, to be overrepresented in crashes. This suggests that safety-
relevant skills are still developing in this first year of independent driving (Foss et al., 2011, McCartt

et al., 2003; Williams and Tefft, 2014; Pradham and Crundall, 2017).

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

The ability of the multiple-choice test to discriminate between the driver groups suggests that it
might have similar validity to that of the free-response test. Considering the correlation analyses,
one might be tempted to argue that the multiple-choice test is even more sensitive to driving
experience than the free response test, with years of driving (post-license) and mileage only

correlating with the former but not the latter.



On the basis of the current results, it appears that the multiple-choice test is no worse than the free
response test at discriminating between our driver groups. Given the positive correlations with
measures of experience, and the pragmatic advantages that a multiple-choice format offers
(objective marking, immediate feedback, quick administration etc.), we argue that providing

participants with four options to choose between should be the preferred format.

General discussion

The current study compared two different versions of the hazard prediction test: free response and
multiple-choice formats. The results suggest that both versions are able to discriminate between
experienced and novice drivers, however significant relationships between both driving experience

and mileage with prediction accuracy were only found for the multiple-choice format.

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

methodology employed.

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

with a multiple-choice format is a necessity.



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

available in working memory.

One further concern with the multiple-choice format is the generation of incorrect options that
provide plausible alternatives to the correct answer. If the distracter options are too unlikely, then
the viewer may be able to guess the correct answer by rejecting the implausible options. For this
reason, our distracters were developed using the responses given by participants in Experiment 1.
We recommend this as a method for generating plausible and realistic distracters. While this process

is time consuming, it helps ensure that the correct answer does not stand out.

In addition to supporting the development of a multiple-choice format, the current studies have
provided additional insight into the act of hazard prediction. First, the fact that we have two further
experiments that demonstrate the effectiveness of the hazard prediction test serves to bolster the
standing of this methodology, adding to the growing literature that has successfully employed the
occlusion format (Castro et al., 2014; Crundall, 2016; Jackson et al., 2009; Lehtonen et al., 2017; Lim
et al.,, 2014; Ventsislavova et al., 2016). This is especially important given the more equivocal nature
of the findings in the field when using more traditional response-time hazard perception tests

(Wetton et al., 2010; Horswill, Hill & Wetton, 2015).

Specifically, the results from Experiment 1 again demonstrate the robustness of the discriminative
validity across varying occlusion points (see also Crundall, 2016). Admittedly, the gap between
experienced and novice driver performance appears at its weakest with the distal occlusion, though
this is understandable: if the clip is cut before there is any evidence to point towards the impending
hazard, then neither group should be able to provide a correct answer. Conversely, if the clip is cut

after the hazard has fully appeared, one might expect all driver groups to get the answer correct



(though, interestingly, Malone and Briinken, 20186, still found experiential differences using probes

that were presented after the hazard had fully developed).

Experiment 2 also provided new insight via the comparison of four experiential groups. The
experiential differences lay between novices and the moderately-experienced driver group. The fact
that novices were not significantly better than learners, could suggest that hazard prediction is a skill
that is still developing during the first year of independent driving. This lack of improvement in
novice drivers over learners is surprising given that all of our novices trained for, and passed, the
official UK hazard perception test within (at most) 12 months prior to taking part in the study. This
raises the possibility that the introduction of the UK hazard perception test in 2002 into the licensing
procedure has not reached its full potential for improving the hazard detection skills of our new
drivers. Certainly, the young driver problem has not been eradicated in the UK, with one recent
report from the Department of Transport noting that young car drivers are involved in 18% of road
collisions, despite only accounting for 5% of the total miles driven (DfT, 2015). It is possible that the
focus on responding to hazards in the UK test, rather than predicting them, may have missed an
opportunity to ensure learners are trained in the most important aspects of hazard avoidance

(Pradhan and Crundall, 2017).

It should be noted however that any test is only as good as the stimuli that comprise it, and vagaries
in stimuli may always prevent wider generalisation of effects. In this particular study, for example, 7
out of 15 clips contained pedestrian hazards. This may be considered to place too much emphasis on
this particular type of hazard. In defence of the clip selection, we draw attention to the fact that all
stimuli were collected naturalistically, across a variety of roadways (rural, dual carriageway, urban
and suburban). Furthermore, other studies have demonstrated the discriminative validity of the
hazard prediction paradigm using different clips and different hazards (e.g. Lim et al., 2014, Castro et
al., 2014), and the current results are consistent with the emerging pattern in the literature.
Nonetheless, the need to assess the hazard prediction test across a wider range of hazards should be

addressed in future research, and ideally with larger samples.

In conclusion, the results suggest that a multiple-choice format of the hazard prediction test can
provide an efficient and effective tool for discriminating between driver groups on the basis of
driving experience. It is particularly sensitive to the boundary between novice and moderately-
experienced drivers, which accords with the literature that identifies the first 12 months post-license

as being particularly problematic for young drivers. With the growing evidence-base for hazard



prediction tests as a valid method of discriminating driver groups, this study has demonstrated how
such a test could be designed for widespread automated deployment, thus providing a valid
alternative to the current UK hazard perception test that still relies on confounded response-time

measures.
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