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Abstract

Collisions at intersections, which involve a car driver pulling out into the path of
another road user (often a motorcycle), have generally been attributed to a failure in
the driver’s visual search. These incidents have thus been described as being the
result of ‘look but fail to see’ (LBFTS) errors. This explanation suggests that
although the car driver directs their attention towards the approaching vehicle, they
do not form a representation of this vehicle, indicating a perceptual error. Previous
theoretical frameworks used to understand these crashes have focussed on attentional
and perceptual explanations, as well as the possible influence of top-down and
bottom-up factors on drivers’ behaviour. While the investigation of the influence of
top-down factors, such as experience and attitudes, has been continued in the current
thesis by examining how these factors may affect drivers’ behaviour at junctions, the
thesis also considers other potential explanations for the LBFTS error, by breaking
down the previous framework into specific testable stages. The structure of the thesis
and the theoretical basis for it is described in an extended introduction which is
followed by six specific papers presented in the format in which they have been

published or submitted for publication.

The first paper in the thesis describes an online survey completed by 579
motorcyclists and 102 car drivers exploring their opinions about junction crashes.
The second paper describes a systematic review exploring the role of experience in
drivers’ visual search strategies. After this there are a series of four papers describing
seven different studies conducted in a high-fidelity driving simulator and a validation
of one of these studies with drivers in an instrumented car driving real roads in
Nottingham. These papers describe the development of a methodology for exploring
junction crossing behaviour in a simulator and revealed that drivers are prepared to
accept risker gaps in front of approaching motorcycles compared to cars. One critical
finding was that drivers’ representations for approaching vehicles were often
surprisingly poor. There were occasions when drivers failed to report critical
approaching vehicles, with these significantly more likely to be motorcycles than
cars. These report failures were not predicted by how long the driver fixated on the

approaching vehicle, but by drivers’ subsequent visual search after fixating on the



vehicle. One possible interpretation of these findings is that working memory may
play a critical role in understanding junction crashes, with new information
interfering with the retention of other safety critical information. A new framework
for understanding the role of working memory in such situations is presented, along

with proposals for practical interventions to prevent this crash.



Executive Summary

Intersections are a common location for traffic crashes throughout the world, with a
large number of these crashes involving motorcycles. Many crashes at junctions
involve ‘right of way’ (ROW) violations with one road user pulling out into the path
of another one without ROW. Many of these instances have been put down to ‘look
but fail to see’ (LBFTS) errors, where a car driver reports being careful and attentive
with their visual checks but nonetheless fails to see an oncoming road user. A previous
framework by Crundall, Clarke, Ward and Bartle (2008) which was created to
understand these instances divided the car driver’s visual process into three
components: Look, Perceive and Appraise. The aim of the current thesis was to
extended this framework by breaking down these stages into more distinct,
theoretically testable stages which have not been specifically investigated by previous
research. The second aim was to improve the previous methodology used to study
junction crashes, by using a more immersive driving simulator. The increased
flexibility of this driving environment allowed for all specific stages of the extended

framework to be experimentally tested.

Papers 1 and 2 include exploratory work which used online questionnaires and pre-
existing research, synthesised in a systematic review and meta-analysis. In Paper 1,
car drivers’ and motorcyclists’ opinions about junction crashes demonstrated social
aspects of in-group bias, with both groups more likely to blame the other group for
general junction crashes. However, this in-group bias was reduced when the context
became more specific. Overall, it was generally agreed that a car driver’s lack of
observation causes them to violate a motorcyclist’s ROW in typical LBFTS error
instances, indicating the crashes occur due to a visual error. Paper 2 was a systematic
review and meta-analysis to formalise previous research which has investigated
changes in drivers’ eye movements as a function of driving experience. The results
showed that differences in novice drivers’ and experienced drivers’ visual search are
not so apparent when the studies are pooled together compared to individual studies,
with novice drivers only having significantly narrower horizontal spread of search
compared to experienced drivers, with no differences in fixation durations, vertical
spread of search and sampling rate. Drivers’ visual search was also seen to be sensitive

to the additional factor of method type, with it being concluded that measuring drivers’



visual search in immersive driving environments is key to revealing potential visual

search differences between these groups.

Papers 3, 4 and 5 consist of experimental work conducted in Nottingham University’s
driving simulators. Firstly, Paper 3 investigated the effect of cycling experience on
drivers’ visual attention towards vehicles approaching a junction from constant
distances (near, medium, far). Results suggested that there was no difference in
drivers’ visual attention towards pedal cycles, or any other vehicle, as a function of
cycling experience. While all drivers did not direct as much attention towards pedal
cycles approaching from a far distance compared to other vehicles types, drivers’
broad visual search strategies suggested that they scan the junction appropriately in
order to look for potential approaching vehicles. However, this study revealed that
there was a lot of variation in drivers’ gap acceptance behaviour when vehicles are
presented at constant distances, with many drivers failing to pull out in front of

vehicles at any distance.

Therefore, in Paper 4, a more efficient gap acceptance procedure was developed to
create instances where drivers would pull out in front of approaching vehicles. A new
adaptive thresholding procedure was developed by applying methods from visual
psychophysics to a gap acceptance driving task, to estimate each individual driver’s
gap acceptance threshold for both approaching cars and motorcycles separately.
Drivers were exposed to vehicles approaching from a wide variety of distances, with
the estimated threshold representing the distance of an oncoming vehicle at which the
driver has a 50% probability of accepting the gap. It was found that drivers accepted
smaller (risker) gaps in front of motorcycles compared to cars, as well as thresholds
witnessed in the high-fidelity driving simulator being more representative of real-

world gap acceptance thresholds compared to the medium fidelity driving simulator.

Using this gap acceptance procedure, the experimental work reported in Paper 5
focussed on investigating drivers’ representations of approaching vehicles on
occasions where they chose to pull out in front of these vehicles. Drivers’ memory for
and estimated location of approaching vehicles was measured. While drivers had a
general tendency to estimate vehicles to be closer to them than they actually were,

with this bias being larger for cars compared to motorcycles, it was the occasions



where drivers completely failed to report an approaching vehicle which was the most
striking finding. It was found that drivers failed to recall vehicles on between 13% and
18% of occasions, despite the driver having already fixated on the vehicle. These
report failures were not predicted by whether drivers looked at the approaching
vehicle, but were predicted by what the driver had looked at after fixating the vehicle.
From this series of experiments, it was concluded that many junction crashes that have
been attributed to LBFTS errors on real roads may have been misclassified, and
actually occur due to a memory deficit, suggesting that these crashes should be
referred to as the result of ‘Saw but Forgot’ (SBF) errors. Due to this finding, a new
framework for understanding decision making at junctions was created, known as the
Perceive Retain Choose (PRC) model. This model emphasises the role of short-term
memory in such situations, allowing for novel countermeasures that may prevent SBF

crashes in the future.

Finally, a validation study is reported in Paper 6 which directly compares drivers’
visual search strategies on the road and in the high-fidelity driving simulator, in both
low and medium demand junction situations. Participants drove a continuous route
around Nottingham which contained junctions, with these same situations being
recreated in the simulator. The medium demand situations were uncontrolled junctions
that required an active scanning of the junction by the driver to decide whether it was
safe to pull out. In low demand situations the same manoeuvres were performed but
no active scanning was needed since the manoeuvres were required by the road
geometry, or controlled by traffic signals. It was found that the size and frequency of
drivers’ head movements were comparable in both the driving simulator and on the
road however, there were differences in subtler measures, with drivers’ mean fixation
durations being longer in the simulator compared to on-road, particularly in low
demand situations. It was concluded that while drivers’ general visual search strategies
in the simulator are representative of real-world driving, driving simulators may only
be useful tools for investigating visual attention at junctions when the demand is at

least moderate.
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1.Introduction

1.1. The Prevalence of Junction Crashes

Intersections are common locations for traffic crashes throughout the world, with
around 24% of fatal crashes occurring at junctions in Europe (European
Commission, 2015). More specifically in 2017, 36% of all fatalities on UK roads
occurred at junctions, which was the highest percentage out of all the countries in
Europe (European Commission, 2017). In the US, it is thought that approximately
50% of all injury related crashes occur at intersections, or are intersection related. In
addition, approximately 30% of fatal road traffic crashes occur at intersections
(NHTSA, 2016). Due to the prevalence of junction crashes worldwide, these road
segments have become a target for a wealth of research, with the main aim of

understanding why so many crashes occur.

The most common junction crash is known as a ‘Right of way’ (ROW) crash, with
this being not only the most common cause of multi-vehicle crashes throughout
Europe (Rumar, 1990; De Lapparent, 2006), but also worldwide. This highly
prevalent crash has been reported in the US (Hurt et al., 1981) and Australia
(Haworth et al., 2005), as well as in developing countries such as Malaysia, Taiwan
and Vietnam (Hsu, Sadullah & Dao, 2003). These ROW crashes occur when a
motorist infringes on an oncoming vehicle’s right of way, which usually occurs
when a car driver pulls out of a junction onto a main carriageway (Pai, 2011). ROW
crashes are by far the most common motorcycle crash in the UK, with them being
three times more likely to occur at junctions than any other road situation (Hole &
Langham, 1997). In these instances, on two thirds of occasions the car driver pulls
out of a junction into a main carriageway, and collides with an oncoming motorcycle
(Hurt, 1981; Clarke, Ward, Bartle & Truman, 2007). Brown (2002) stresses that in
many of these instances, the car drivers reported being careful and attentive in their
visual checks, by having looked in the appropriate direction towards the approaching
vehicle, but nonetheless failed to see the oncoming motorcycle and person which
they collided with. These instances are commonly interpreted as examples of ‘Look

But Fail To See’ (LBFTS) errors (Brown, 2002).



1.2. The ‘Look but Fail to See’ error

An in-depth study in the UK, focussing on 1790 accident cases from the Midland
police forces, identified that 38% of fatal road crashes involving a motorcycle were
categorised as ROW crashes, with the LBFTS error being one of the primary causes,
accounting for around 25% (Clarke et al., 2007). These percentages suggest that this
corresponds to approximately 90 deaths per annum in the UK. Based on international
crash statistics, it is possible to estimate that up to 100,000 fatalities per year may
come from LBFTS crashes (World Health Organisation, 2018). The name of this
crash implies that the oncoming vehicle was there to be seen by the car driver, and
has also been reported to be visible according to witnesses of these crashes
(Williams & Hoffmann, 1979). Motorcycle riders have their own term for such

events — ‘SMIDSY” (“Sorry Mate I Didn’t See You”).

Previous research has found that motorcycles are more likely to be undetected by a
car driver on the road compared to an oncoming car (Williams & Hoffmann, 1979),
hence this crash being more prevalent with motorcycles compared to other motor
vehicles (however, see Cercarelli et al., 1992 & De Craen et al., 2014 for evidence
suggesting that car drivers are just as liable to commit LBFTS errors with oncoming
cars). In 2017, motorcyclists were involved in 6043 casualty related crashes per
billion passenger miles compared to car drivers who were involved in 238 casualty
related crashes (DfT, 2017). Motorcyclists are a category of road users who are
particularly exposed to the risk of injury or death due to fatal crashes compared to a
car driver (Shinar, 2012), and often referred to as vulnerable road users. Many
research studies agree that the car driver is primarily to blame in the majority of
these crashes, with it estimated that car drivers are to blame for 65% of occasions in

the UK (Brown, 2002) and two thirds of occasions in the US (Hurt et al., 1981).

The nature of the LBFTS error in terms of police at-the-scene reporting is rather
unclear. Police officers in the UK complete STATS 19 forms when a crash occurs,
filling out an accident record, a vehicle record (for each vehicle) and a casualty
record (Haigney, 1995). The accident record contains general information on the
time/date of accident, weather, light conditions and road type. The vehicle file

contains details about the vehicle and the driver such as age, gender, vehicle type,



first impact point on the vehicle, and the vehicle manoeuvre. The casualty record
provides details about each casualty, as well as the injury severity (Pai, 2009). In
addition to this, the police officer has to provide factors that are thought to have
contributed to the crash, for example, poor turn/manoeuvre, failure to look properly
or failure to judge the other person’s path or speed. In cases which are attributed to
LBFTS instances, the contributory factor is categorised as a perceptual error, with
the driver claiming to not have seen the road user before the collision. Previous
research which analysed police post-crash interviews found that both ‘distraction’
and ‘look but fail to see’ errors were the most common perceptual errors to be made
by drivers (Sabey & Staughton, 1975). However, it is also stated very clearly on the
STATS 19 form that the contributory factors being reported reflect the officer’s
opinions at the time of reporting, and may not be the result of extensive investigation
(DfT, 2011). This reporting of crashes still raises the question of whether these
LBFTS errors recorded by police are genuine LBFTS errors, and not simply excuses
offered by drivers in order to mitigate blame. It is possible that drivers are sometimes
deliberately claiming a failure in detecting the oncoming road user when another
factor may be responsible for the crash, for example committing a driving violation

such as accepting a risky gap between traffic.

If these LBFTS errors are genuine, it is unclear whether the error is caused by a
failure to look at the vehicle, a failure to become consciously aware of the vehicle, or
a failure to correctly appraise the situation, for example by misjudging the
motorcycle’s speed or distance. Data from STATS 19 forms cannot distinguish
between these, and therefore it is possible that LBFTS errors can be sometimes used
a basket term encompassing many subsidiary explanations, ranging from perceptual,
attentional, motivational or decision-making errors. There is a general need to assess
such crashes in more depth (Pai, 2009), as causality cannot be fully established from
these subjective reports. Therefore, the LBFTS error needs to be investigated

objectively though the testing of theoretical frameworks and driving experiments.

1.3. Current Framework for Understanding Car-Motorcycle Interactions

There has been one theoretical framework developed to understand car-motorcycle

interactions on the road, helping distinguish between the potential attentional and

10



perceptual explanations which could cause junction crashes, and providing a way of
testing these individual components of driving behaviour. Crundall, Clarke, Ward
and Bartle (2008) developed a framework that described the factors that can
influence a car driver’s detection, discrimination and appraisal of a motorcycle at a
junction, by dividing the visual process into three components, see Figure 1.1. As
LBFTS crashes in particular are thought to be explained in terms of a visual error,
the framework represents this crash by highlighting the different points where the
visual process may break down, potentially leading to a crash. These causes were

represented by asking three questions.

Top-down influences

Skills and

i Knowledge
Attitude g strategies

Driving schemata
Bottom-up

influences

Car—motorcycle
interaction schemata

Behaviour

I
< A
¥

N
. 7y -
e, A N e -y
Do they look at the S Do they appraise it
motorcycle? Do they recognise it? appropriately?

Figure 1.1: A current framework developed by Crundall, Clarke, Ward and Bartle
(2008) to understand car-motorcycle interactions on the road. The main section of
this framework breaks down the visual process into three stages as a way of
investigating junction crashes that have previously been attributed to the LBFTS

error. Copyright source for this figure is the Crown.
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Firstly, did the driver look at the approaching motorcycle? This refers to whether the
driver oriented their eyes in the correct direction of the motorcycle. Secondly, did the
driver perceive the approaching motorcycle? It could be possible for the driver to
look directly at a motorcycle yet completely fail to register it, therefore failing to
form a representation. It is important that the driver identifies the vehicle as a
motorcycle before acting. Finally, did the driver correctly appraise the approaching
motorcycle in terms of the level of risk that it poses, for example in the gap
judgement decision (‘would I be able to pull out safely before the motorcycle

reaches the junction?’).

In addition, the framework indicates that a driver’s schema is the most immediate
influence on the above behaviours. A schema is a mental structure that helps guide
behaviours in the world (Bartlett, 1932). This act of categorisation has been applied
to the driving literature (Land & Furneaux, 1997), with schemata containing general
laws about driving such as where to look in a given situation, what to expect and
what to do with this information. It is also thought that there will be sub-schemata
for more specific behaviours, for example, a car-motorcycle interaction schema
(Crundall, Bibby, Clarke, Ward & Bartle, 2008). This will guide actions and
behaviour in car-motorcycle interactions. Bottom-up and top-down information can
influence these schemata, with bottom up influences referring to physical properties
of the visual world, such as colour and movement which potentially attract our
attention. Top-down influences include drivers’ attitudes such as conceptions and
misconceptions about driving, drivers’ knowledge, referring to their understanding
of the world, and drivers’ skills which are developed through training and
experience. Early driving schemata research has also pointed out that schema are
rarely taught, and are instead built up from exposure and experience of situations

(Land & Furneaux, 1997).

1.4. Previous Research investigating the LBFTS error

There have been a few studies which have specifically investigated drivers’ visual
attention towards oncoming vehicles at intersections, directly testing the different

visuals stages of the framework. In regards to the first visual stage, which focuses on
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drivers’ ability to look at an approaching vehicle, one study by Labbett and Langham
(2006) presented participants with video clips of T-junctions with approaching cars
and motorcycles, and recorded their eye movements while these videos were
playing. It was found that novice drivers fixated on oncoming motorcycles sooner
than more experienced drivers, revealing that problems may be associated with
looking at the motorcycle in the first instance. The authors suggested that this may
be related to over-learned visual strategies of experienced drivers, implying that
junction crashes could be caused by experienced drivers fixating too late on the

oncoming vehicle.

Once the current framework for understanding car-motorcycle interactions had been
developed, a series of studies were conducted which focussed on distinguishing
between the perceive and appraisal stages of the visual process. The first study by
Crundall, Humphrey and Clarke (2008) was designed to investigate where the visual
process breaks down, by comparing car drivers’ abilities to perceive and appraise the
risk of approaching motorcycles and cars. Drivers were presented with still images
of junctions for either 250ms or 5000ms, with cars and motorcycles approaching at
constant distances (near, intermediate and far). Drivers were instructed to press a
button if any vehicles were present. It was found that when the stimuli were
presented briefly i.e. 250ms, drivers were impaired in their ability to perceive
motorcycles compared to cars, demonstrated by participants spotting more cars than
motorcycles. However, when participants were given sufficient time to appraise the
situation, the type of vehicle made no difference on their judgement. They concluded
that the difficulty was not in adequately responding to a motorcycle, but due to the
first fixation, which reflects the participant’s ability to perceive the motorcycle. This
meant that drivers were failing in their ability to process the vehicle sufficiently, by

recognising and identifying the vehicle as a motorcycle.

This research was extended by Crundall, Crundall, Clarke and Shahar (2012), who
again investigated drivers’ visual attention at T-junctions by presenting participants
with video clips of cars and motorcycles approaching from near, intermediate and far
distances. An additional manipulation involved comparing car drivers with drivers
who also rode a motorcycle (dual drivers), to investigate the effect of direct

motorcycle experience. In this study, drivers had to press a button when they would
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pull out of the junction, and were given a single foot pedal to respond to hazards.
The results suggested that dual drivers had the safest responses, indicated by
increased fixation durations towards oncoming motorcycles. When comparing the
experienced and novice car drivers, it was found that experienced drivers fixated for
less time on oncoming motorcycles than novice drivers. The authors inferred that a
driver’s ability to perceive an oncoming motorcycle was the problem, with
experienced drivers not spending enough time fixating on the motorcycle in order to
identity and categorise the vehicle as a motorcycle. Their interpretation of these
results was that experienced drivers do not realise they are looking at a motorcycle
and terminate their gaze away prematurely due to decreased expectancy of
motorcycles. They concluded that junction crashes occur due to a perceptual error,
and that experience in riding a motorcycle can change car-motorcycle interactions,

resulting in safer visual search strategies.

However, the reported differences between experienced and novice drivers’ visual
attention on approaching vehicles are potentially consistent with the exact opposite
interpretation of these results, with support from both accident statistics and previous
literature. It may be the case that experienced drivers fixate for less time on
approaching vehicles because they are able to identify the oncoming vehicle as a
motorcycle in a shorter time before moving on. Previous research has found that
longer fixation durations are associated with a difficulty in processing stimuli
(Rayner, 1998), and LBFTS accident reports indicating that there are no differences
in the amount of reported fatal accidents with drivers between the ages of 17-21
years (12.90%) and 30-64 years (12.24%) (Brown, 2002), with these ages reflecting
the ages of the novice and experienced groups used in the study. Given that the study
did not find any differences between experienced and novice drivers’ appraisal,
measured by of the number of safe manoeuvres made in front of vehicles, this
behaviour does not seem to suggest that experienced drivers had problems in

identifying approaching motorcycles.

More recently, Lee at al. (2015) conducted a cross cultural study whereby UK
drivers and Malaysian drivers were compared in their ability to perceive or appraise
motorcycles at junctions. Given that Malaysian drivers are exposed to more

motorcycles in everyday driving, the authors suggested that they would have
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increased expectancy of approaching motorcycles on the road. Using the same
methodology as Crundall, Humphrey and Clarke (2008), participants were presented
with static images of junctions with cars and motorcycles approaching from near,
intermediate and far distances. It was found that there were no differences between
Malaysian and UK drivers in their ability to perceive approaching motorcycles,
demonstrated by similar accuracy in spotting motorcycles. However, they did find
that Malaysian drivers were better at perceiving motorcycles at further distances.
Despite this, the accident rates involving motorcycles in Malaysia, considering the
exposure effect, are not lower than those in the UK. A potential explanation for this
was provided by a second experiment, which found that Malaysian drivers were
more likely to judge it was safe to pull out in front of the motorcycle compared to
UK drivers, suggesting that they have riskier appraisal which may contribute to the

high accident rates.

1.4.1. Problems with Research Methodology

These research studies have started to formally test possible causes for junction
crashes by using laboratory-based experiments. However, one of the most obvious
limitations of this research is the use of static images and video clips of junctions in
order to measure drivers’ gap acceptance and visual attention towards oncoming
vehicles. These methodologies fail to meet fundamental requirements when studying

drivers’ behaviour at junctions, and in particular when studying the LBFTS error.

Firstly, these methods fail to provide drivers with the additional demands which
everyday driving involves, for example vehicle control. From the previous research
studies discussed, the most methodologically advanced laboratory experiment was
the one conducted by Crundall, Crundall, Clarke and Shahar (2012) which provided
participants with a hand-held button to indicate manoeuvres, and a single foot pedal
to respond to hazards. Previous researchers who used a medium-fidelity driving
simulator with all vehicle control elements to study hazard perception (Crundall,
Chapman & Trawley, 2012) stressed the advantage of the driver remaining in control
of the vehicle at all times during testing, as the resources required to scan for hazards
are shared with resources required for normal driving. This suggests that the

simulator is not only more realistic than fixed videos, but allows for performance
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limitations to be uncovered that would not be present when testing a driving skill in

isolation.

It can be argued that previous experiments have merely been observation tasks, with
the task either not requiring drivers to decide when to pull out at the junction or
using simple button pressing measures. Given that junction manoeuvres are
associated with a multi-stage task, with drivers having to firstly direct attention to all
relevant potential hazards (look and perceive), and then act on this information by
accepting a safe gap in the traffic (appraise), drivers’ have more resources available
in these simple observation tasks compared to when the task requires drivers to make

a full manoeuvre.

Previous methodology may also underestimate the impact of some factors upon
appraisal, for example, drivers’ ability to predict the behaviour of other road users.
Previous research by Lee and Sheppard (2016) who investigated the effect of motion
on drivers’ ability to predict the intention of other road users, found that drivers are
more accurate in their judgements when they are presented with dynamic stimuli
compared to static, with drivers benefiting from the additional information such as
the deceleration of vehicles and the progression of the vehicle’s location. This is
particularly important when investigating junction manoeuvres, as once a driver has
detected an oncoming vehicle, they must judge whether they have sufficient time to
pull out, requiring an estimate of the vehicle’s time-to-arrive (Horswill et al., 2005).
Previous research has also found that object size can affect these judgements,
commonly termed the size-arrival effect (DeLucia, 1991). This illusion leads to the
prediction that larger vehicles such as cars may be judged to arrive sooner than
smaller vehicles such as motorcycles (Caird & Hancock, 1994). These potential
problems with the appraisal of approaching motorcycles highlight the need to use

dynamic immersive stimuli.

Finally, the visual field which drivers have access to while driving in real world
contexts cannot be represented by these previous methods. Although Crundall,
Crundall, Clarke and Shahar (2012) improved previous methodology by using a
multi-screen video test which provided participants with a wide view which allowed

them to turn their head left and right towards conflicting traffic, even this visual field
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is still not the same as the view in a real car. Alberti et al. (2014) found that drivers’
behaviour changes as a function of field of view, with a wide field of view reducing
the likelihood of crashes and eliciting safer responses when navigating around
hazards. This suggests that in order to generalise findings to real world driving
situations, methods which restrict the drivers’ field of view could be argued to be

insufficient.

One of the main aims of the current thesis is to improve previous methodology by
investigating junction crashes using simulated driving. Due to the simulators’ ability
to provide participants with experimental driving tasks where they can approach a
junction multiple times and decide when to complete the manoeuvre, as well as the
simulators’ flexible nature in terms of allowing vehicles to be added to the task in a
systematic and controlled way, this creates potential for the current framework to be

extended by breaking down this complex behaviour further.

1.5. Proposed Extension to the Framework

1.5.1. Justification for the Extended Framework

The framework developed by Crundall, Clarke, Ward and Bartle (2008) includes the
initial components needed to understand the potential causes of junction crashes, in
particular the LBFTS error when making a distinction between attentional and
perceptual explanations which can be experimentally tested. However, as can be
seen by the previous research studies, there has been no consensus in conclusions
when determining where a car drivers’ visual process breaks down when interacting
with a motorcycle approaching a junction. While some studies conclude that it’s the
driver’s ability to look or perceive the approaching motorcycle that is the problem,
by analysing drivers’ eye movements on and towards the approaching vehicle, others
conclude that the cause is the driver’s ability to correctly appraise the situation and

behave appropriately.
This inconsistency in results could be partly due to problems with the different types

of simple methodology as discussed above, but could also be due to the fact that this

framework only breaks down the visual process into three crude stages, without
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breaking these down further into specific cognitive errors in terms of search and
situational awareness. For example, the time course of drivers’ visual checks at the
junction could involve search that is either too early or too late. In terms of appraisal,
there are many possible explanations for a driver unsafely pulling out in front of a
motorcycle which the current framework does not distinguish between, for example,
a driver forming a distorted representation of the oncoming vehicle’s speed, a
driver’s distorted decision caused by a reduced feeling of threat for oncoming
motorcycles, or a driver failing to retain a full representation of the surrounding

environment when deciding to pull out of the junction.

For this reason, there is a need for the coarse stages in the current framework to be
broken down into more theoretically testable stages, which will allow researchers to
be more accurate in pinpointing where the failure in drivers’ visual search occurs.
This is extremely important for both the replication of results and for targeting
specific interventions. In addition, the use of a high-fidelity driving simulator to
conduct these experiential tasks also allows for the task to be more generalised i.e.
different vehicle types, vehicle distances, and numbers of vehicles. These changes
make it possible to test specific processes involved in this complex dynamic

behaviour.

An extension to the Crundall, Clarke, Ward and Bartle (2008) framework was
created, using the three initial questions which highlight the points where the visual
process may break down, along with the errors that can occur at each stage, as well
as the two outcomes that can result from successful visual search. See Figure 1.2 for

the extended flow diagram.
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Visual Process

Visual checks made too late

Did the driver look at the motorcycle? | NO Visual checks made too early
No visual checks made
YES
v
Did the driver recognise the motorcycle? LNO | Fail to form a representation
YES
v Distorted Representation
Did the driver appraise the situation NO Distorted Decision
. o — - .
appropriately? Partial Representation
YES

Perform a safe manoeuvre
OR

Failed to complete manoeuvre correctly

Figure 1.2: An extension of the Crundall Clarke, Ward and Bartle (2008)
framework which breaks down the three initial visual processes further to display

additional errors which can be experimentally tested.

1.5.2. Theoretically Testable Stages of the Extended Framework

In the initial framework, the criterion for a driver successfully looking at the
oncoming vehicle was simply whether the driver directed their gaze in the direction
of the oncoming road user. However, this aspect of visual attention could be broken
down even further by focussing on the time course of these visual checks. Current
visual processing theories suggest a distinction between two mechanisms when
viewing a natural scene, a perceptual process which extracts information about the
visual input at around 80ms, and a higher-level decision process evaluating the
relevance of this information to generate appropriate behavioural responses at around

150ms post stimulus (Vanrullen & Thorpe, 2001).
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With this in mind, firstly it could be the case that the driver fails to make any visual
checks in the direction of the oncoming vehicle, suggesting that junction crashes
categorised as LBFTS errors occur due to the driver failing to perform any visual
checks towards the oncoming road user. While this may be possible on habitually
empty roads, drivers have been seen to consistently look to the left and right of a
junction before proceeding through an intersection in both simulated environments
and on real roads (Shechtman et al., 2009). A second potential explanation is that the
driver fails to make their visual checks at the appropriate time. If the driver looks to
one side of the junction, and appraises the situation as safe it does not necessarily
mean that the situation will still be safe when they actually start their manoeuvre.
Information gained from an early look to one side may no longer be relevant after
extensive time spent looking elsewhere. Conversely, it could be possible that the
driver makes a visual check after having committed to the manoeuvre, by which time
it is too late to abort the manoeuvre if an oncoming road user is detected. A

distinction needs to be made been these possible visual search strategies.

In regards to a driver’s ability to perceive an approaching vehicle, the framework
developed by Crundall, Clarke, Ward and Bartle (2008) suggests that a driver may
make the correct visual checks towards the vehicle but completely fail to identify it.
Previous measures that have been used to determine whether a driver has identified
an oncoming vehicle as a motorcycle include the amount of visual attention drivers
devote towards the approaching vehicle, as well as laboratory experiments
instructing participants to behaviourally acknowledge an oncoming vehicle by
pressing one of two buttons to report whether an oncoming vehicle was present in
the scene or not (Crundall, Humphrey & Clarke, 2008). This previous behavioural
method of testing drivers’ ability to perceive an oncoming vehicle does not explicitly
test drivers’ categorisation of the vehicle, e.g. motorcycle, pedal cycle, car or large
vehicle, with drivers only acknowledging an approaching stimulus. The framework
by Crundall, Clarke, Ward and Bartle (2008) highlights that for a driver to form an
accurate representation of the stimulus, it is important that the driver identifies and
categorises the vehicle as a motorcycle before acting. Therefore, an explicit
categorisation of the approaching vehicle, as well as the direction the vehicle is

approaching from are important in regards to the future appraisal of the situation.
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The final visual stage of the framework is the appraisal stage, which refers to
whether the driver appraises the situation correctly in terms of the risk the oncoming
vehicle poses, and whether they can safety pull out in front of the vehicle. This
visual phase can be broken down into three potential errors, with the first referred to
as a distorted representation. A distorted representation refers to when a driver has
formed a representation of the approaching vehicle however, this representation is
misleading due to other possible factors. It may be that a distorted representation
occurs when a driver misinterprets an approaching motorcycle’s speed or distance.
An established finding by DeLucia (1991) is that smaller objects are perceived to
arrive later than larger objects, suggesting that a motorcycle’s estimated time-to-
arrive will be later than that for a car. This finding is similar to the concept of visual
looming, with the rate of expansion of a car being easier to detect (above detection
threshold) than that of a smaller motorcycle (Wann et al., 2011). In order to
investigate drivers’ distorted representations in more depth, more explicit tests of
drivers’ situational awareness need to be experimentally investigated such as

estimating the location and speeds of vehicles approaching the junction.

The second possible explanation for incorrect appraisal is a distorted decision. It is
possible for a driver to decide, based on a distorted motorcycle schema, to behave
differently around oncoming motorcycles compared to other vehicles. As highlighted
by Crundall, Clarke, Ward and Bartle (2008), as well as additional perceptual models
such as the Neisser's perceptual cycle model (Neisser, 1976), schemata play a key
role in determining behaviour, which are influenced by both the physical properties
of the world and drivers’ attitudes in terms of their knowledge and experience. These
influences can, either singly or in combination, distort a car drivers’ decision when
pulling out in front of a motorcycle at a junction. Previous research has found strong
differences in car drivers’ and motorcyclists’ schemas, indicating that at an
intersection, car drivers focus on the intersection itself and in front of the vehicle,
whereas cyclists and motorcyclists had a strong focus on other traffic approaching
the junction and their behaviour around the intersection (Salmon at al., 2014). With
this in mind, car drivers’ attitudes and experience may elicit a distorted decision
around motorcycles, for example, a car driver believing they have ROW over a
smaller road user at an intersection and therefore choosing to accelerate out of the

junction. This behaviour could also be explained in terms of an assessment of risk,
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with a car driver choosing to accept a smaller gap in front of an approaching
motorcycle due to perceiving them to be less threatening compared to cars (Simmel,

1944).

Finally, the third possible explanation is termed a partial representation. A partial
representation invites the possibility that drivers may have initially formed a
complete representation of all vehicles approaching the junction however, these
representations may be incomplete or absent at the time they chose to pull out. This
could be because information has changed since the time of acquisition, or because
the driver has forgotten relevant information. Given that a junction manoeuvre is a
short, dynamic behaviour that requires the integration of information across head and
eye movements, it likely that relevant information is stored in drivers’ working
memory, which has been argued to have a limited capacity (Baddeley, 1974).
Therefore, it is possible that information which has previously been fixated could be
subject to decay or interference from other traffic in the visual scene. Again, in order
to investigate whether drivers have a full representation of all vehicles surrounding
them, drivers’ memory for vehicles at the time they pull out of the junction could be

explicitly investigated.

For completeness of the model, there are two potential outcomes that could occur
when the driver has made all the necessary visual checks and has decided to pull out
of the junction. More often than not, a driver will perform a safe manoeuvre at the
junction. However, it could also be possible that the driver simply fails to perform
the manoeuvre correctly due to problems with vehicle control (e.g. attempting to pull
out in the wrong gear). In such cases a LBFTS error may be simply an excuse

offered by the driver to cover their incompetence in basic vehicle control.

1.6. Thesis Overview

The following section will give a brief overview of the six papers and their included
studies that make up the core content of the thesis, as well as an overview of how
each of these papers contribute to the new extended framework, which is
summarised in Figure 1.3. In addition, this section will also detail how each study

evolved through the development of methodology and theory.
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As previously highlighted, police at-the-scene reporting appears to agree that car
drivers are primarily to blame when colliding with a motorcycle, particularity in
situations which are thought to resemble the LBFTS error, with the car driver having
violated the oncoming motorcyclist’s ROW. However, much of this opinion has
been generated from accident stories which are interpreted by the police officer
(Clarke et al., 2004). Although this is an important source of data, it is also useful to
investigate whether the road users involved in such collisions (car drivers and
motorcyclists) agree with this attribution of blame. Given that these collisions are
caused by some level of interaction between both a car driver and motorcyclist, these
road user groups may differ in their attribution of blame depending on the situation

that is being presented.

Paper 1 therefore investigates the possibility of a distorted decision, by using an
online questionnaire to directly compare car drivers’ and motorcyclists’ opinions
about the blameworthiness of junction crashes, as well as the reasoning behind these
choices, for example, the car driver was at fault as the motorcycle has ROW. Given
that human behaviour has been seen to be largely influenced by a person’s attitudes
towards a given object (Fishbein & Ajzen, 1975), or in this case road user, this may
determine their behaviour when interacting with this road user on the road, with their
responses highlighting possible reasons behind a distorted decision, see Figure 1.2.
More specifically, this questionnaire is related to a distorted decision in terms of
drivers’ assessment of risk, as a car driver may believe they can force their way out

into a junction in front of a relatively unthreatening motorcycle.

The questionnaire included both general questions about the cause of and blame for
junction crashes, as well as questions about specific situations which included ROW
violations and overtaking crashes near junctions. It was found that road users’
opinions regarding blame attribution in collisions changed depending on how
specific the situation was that was being presented. When asked generally about
junction crashes, car drivers’ and motorcyclists’ responses significantly differed,
demonstrating an in-group bias. However, when the situation was more specific, this
in-group bias was reduced with car drivers more likely to blame car drivers and

motorcyclists more likely to blame motorcyclists. This basic finding reflects one of
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the classic reported biases in social psychology, with people favouring their own
group, however, these judgements can be seen to be context dependent (Ratner et al.,
2014). In regards to ROW crashes, both categories of road users highlighted the most
common cause was a lack of observation by car drivers, therefore, given the previous
literature and the findings presented in Paper 1, the following studies in the thesis
focus on car drivers’ behaviour and visual attention towards oncoming vehicles

when approaching a junction in an experimental setting.

Paper 2 was a systematic review and meta-analysis, which was conducted to
investigate whether drivers’ eye movements differed as a function of driving
experience. Given that junction crashes categorised as LBFTS have previously been
explained by a visual deficit, this systematic literature search was able to find
relevant papers which focus on drivers’ visual search while driving. As eye
movements are the best indicator of interpreting whether a driver looked in the
direction of an approaching vehicle at a junction, as well as fixated on the vehicle
long enough to form a representation, Paper 2 focuses on these first two sections of

the extended framework, see Figure 1.2.

A large number of previous research studies which investigate junction crashes have
also compared the visual attention of drivers that differ in experience. More
specifically, there have been studies which have investigated the effect of experience
on drivers’ visual attention towards vulnerable road users (Crundall, Crundall,
Clarke & Shahar, 2012; Beanland & Hansen, 2017). The rationale behind these
studies, which is included in the original framework by Crundall, Clarke, Ward and
Bartle (2008), suggests that experience and training have an immediate influence on
drivers’ schemata, which should ultimately influence how they behave in particular

situations.

Despite a wealth of studies claiming that novice drivers’ visual search differs from
experienced drivers’ visual search in a number of ways, the systematic review found
only limited differences. When the data from individual studies was synthesised, it
was found that novice drivers had a narrower spread of horizontal search compared
to experienced drivers however, there was no evidence to suggest differences in

fixation durations, vertical spread of search and sampling rate. Visual search
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measures, particularly fixation durations and horizontal spread of search, were
sensitive to the inclusion of extreme experience groups i.e. learner drivers and
driving instructors or police pursuit drivers, as well as the method type. It was
apparent that the majority of studies included in the systematic review used simple
methodology as previously discussed however, differences between novice drivers’
and experienced drivers’ visual search was more likely to be seen in immersive

driving environments, i.e. driving simulators and on-road.

The studies in Paper 3 were the first in this series of studies to be conducted using
the Nottingham Integrated Transport and Environment Simulation (NITES) facility’s
high fidelity driving simulator. The primary aim was to investigate whether drivers’
visual search behaviour at junctions towards pedal cycles, motorcycles and cars
differed, with these vehicles placed at near, medium and far distances. This
particular paper was broken down into two studies, whereby in Study 1 drivers were
exposed to a ‘Give Way’ sign and in Study 2 drivers were exposed to a ‘Stop’ sign at
the end of the junction. This road sign manipulation was incorporated in order to
develop a method where drivers would approach the junction cautiously and make an

informed decision on when to pull out of the junction, based on approaching traffic.

An additional goal for the studies in Paper 3 was to investigate whether experience in
a specific mode of transport alters car drivers’ visual attention towards this specific
road user. Given that previous research has investigated how experience on a
motorcycle can alter drivers’ visual attention towards motorcycles for the better
(Magazzu at al., 2006; Crundall, Crundall, Clarke & Shahar, 2012), these studies
aimed to extend this line of research to pedal cyclists, an often-neglected vulnerable
road user in the LBFTS literature. The aim was to recruit cyclists and non-cyclists,
and compare their visual attention towards approaching pedal cycles, but also to
investigate whether this experience can also influence visual attention towards other
road users. Given the scope of the project, cyclists were also an accessible group due

to students and staff regularity cycling to work every day.

By extending this research to pedal cycles as opposed to motorcycles, this paper
provides advances in regards to the look and appraise sections of the extended

framework, see Figure 1.2. The studies in Paper 3 focus on all the possible errors that
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drivers may have in regards to looking in the direction of the approaching vehicle,
with these studies being the first experimental studies to investigate drivers’ broad
visual search strategies towards oncoming vehicles as they approach a junction and
perform a manoeuvre. In addition, given that pedal cycles are typically smaller and
slower than other motor vehicles, these studies address the possible explanations of a
distorted representation and a distorted decision. The results of the studies in Paper 3
found that drivers approached the junction at higher speeds and had more near
crashes with approaching pedal cycles compared to motor vehicles, with it being
concluded that drivers were more likely to take a chance in front of a pedal cycle
compared to a motorcycle or car. This finding could be due to a distorted
representation, with drivers underestimating the speed of pedal cycles. Although all
vehicles were approaching the junction at identical speeds in this particular study, it
is common for pedal cycles to travel at slower speeds compared to motor vehicles. It
could also be possible that drivers made a distorted decision based on their opinions
about pedal cyclists, for example, thinking that pedal cyclists are not rightful road

users compared to larger motor vehicles and should not be sharing the road.

The main design of the studies in Paper 3 was based around previous research, with
many studies studying junction behaviour using the method of constant stimuli, i.e.
placing vehicles at near, medium and far distances from the junction, as this method
has been seen to provide a range of responses from the driver (Crundall, Humphrey
& Clarke, 2008; Crundall, Crundall, Clarke & Shahar, 2012). This method also
allowed for the three vehicle types (car, motorcycle, pedal cycle) to be repeatedly
presented at the three distances to participants, in order to average visual attention
variables over multiple trials. The distances where chosen to elicit a range of
responses from drivers, where the majority of participants would not pull out in front
of a near vehicle but would pull out in front of a far vehicle. The medium vehicles
were believed to be placed at a critical distance where participants had to decide

whether to pass before or after the vehicle.

Although these constant distances may have been sufficient in producing a variation
in responses when presenting drivers with static images of vehicles approaching a
junction, this did not seem to be the case for a simulator study, causing problems for

later analysis. This method produced some instances where a driver pulled out before
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the vehicle on all occasions, or conversely pulled out after the vehicle on all
occasions. For the participants who did vary their behaviour, it did not always vary
enough to compare instances where drivers pulled out in front of the vehicle as
opposed to when they waited for the vehicle to pass. This meant that although
general conclusions were able to be made about drivers’ broad visual search towards
differing road users, our conclusions were limited. The trials of particular interest
were ones where drivers were willing to pull out in front of approaching vehicles, as
this is ultimately what happens when a crash occurs. This limitation required the
development of a more efficient and suitable method to investigate the LBFTS

phenomenon.

Given the limitations of the methodology described in Paper 3, a new way of testing
was devised which would elicit multiple instances where drivers would pull out in
front of closely approaching vehicles. The study described in Paper 4 therefore
compared drivers’ gap acceptance behaviour towards oncoming motorcycles and
cars at junctions, using an adaptive psychophysical technique to calculate each
individual driver’s gap acceptance threshold. These thresholds represent an estimate
of the distance of oncoming vehicles at which the driver has a 50% probability of
accepting the gap. This adaptive probit estimation approach from Watt and Andrews
(1981) 1s based on the classical method of constant stimuli described in Paper 3, but
differs as it adjusts the placement of the stimuli during the trials according to the
outcome of the probit analysis (Treutwein, 1995). The specific thresholding
procedure used was a QUEST Bayesian adaptive staircase procedure (Watson and

Pelli, 1983).

Given that we know there is variability both within and between drivers in their gap
acceptance behaviour from the previous study, this design allowed for each
individual driver’s gap acceptance threshold to be measured, collecting data when
the participant passed before and after the target vehicle, as well as tightly measuring
around the threshold decision region, where the driver may go before or after the
vehicle. This threshold region is of high interest as this is where active decisions are
being made by the driver, and behaviour could subtly differ as a function of
approaching vehicle type. In addition, not only does estimating drivers’ gap

acceptance thresholds show subtle differences in how drivers are reacting around
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different approaching vehicles, it also gives important information itself in regards to
what stimuli are equivalent for drivers in terms of their elicited behaviour, for

example, a motorcycle at 60 metres may be equivalent to a car at 70 metres.

In regards to the extended framework, Paper 4 addresses two possible appraisal
explanations, a distorted decision and distorted representation, see Figure 1.2. As
alluded to in the framework developed by Crundall, Clarke, Ward and Bartle (2008),
junction manoeuvres can be explained as a two-fold task, with drivers having to
firstly direct attention to all relevant objects in the traffic scene, and the second is to
act on this information, accepting a safe gap in the traffic. While many of the studies
in this thesis focus on the former by investigating the different visual search
strategies towards motorcycles and cars at intersections, Paper 4 focuses on the latter
by simply focusing on drivers’ behaviour at intersections in terms of accepting a

suitable gap in traffic.

The study revealed that drivers generally accepted smaller gaps in front of
motorcycles compared to cars. In terms of the extended framework this could be
seen as a distorted decision. It could be possible that drivers have reduced feelings of
threat for motorcycles compared to cars, or a false belief that they have ROW over
the smaller oncoming road user. Alternatively, it is a possibility that this is a result of
a distorted representation, with drivers misjudging the motorcycle’s speed or
distance from the junction. If drivers believe the motorcycle is further away than it
actually is, this may result in drivers accepting risker gaps in front of motorcycles

compared to cars.

An additional manipulation in Paper 4 was the fidelity of the driving simulator,
comparing drivers’ gap acceptance behaviour in the NITES high-fidelity driving
simulator and in the NITES medium fidelity driving simulator. As there is limited
research investigating drivers’ behaviour at junctions using a driving simulator, it
was important to investigate whether there were marked differences in drivers’ gap
acceptance behaviour in simulators that differ in fidelity, and how these gap
acceptance estimates compared to on-road research. It was found that drivers
accepted shorter gaps in the medium fidelity driving simulator compared to the high-

fidelity driving simulator, with gap acceptance estimates in the high-fidelity
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simulator being more comparable to on-road driving studies. This suggests that the
medium fidelity driving simulator was not eliciting comparable behaviour to real
world driving compared to the high-fidelity simulator and therefore due to this
finding, the subsequent studies in the thesis were conducted in the high-fidelity
driving simulator. The possible reasons for the differences in drivers’ gap acceptance
behaviour in the two simulators are discussed in Paper 4, with one of the possible
explanations relating to the previously mentioned limitation of a restricted field of

view (Alberti et al., 2014).

In addition, the studies in Papers 3 and 4 both used a single target vehicle in all
scenarios of interest when investigating drivers’ gap acceptance thresholds and
visual attention towards these vehicles. This has also been the most common
approach for previous research (Crundall, Humphrey & Clarke, 2008; Crundall,
Crundall, Clarke & Shahar, 2012). Although this design has its benefits in regards to
simplifying the environment in order to understand the potential visual deficits that
may occur towards approaching road users, this is not representative of many real
world situations. When approaching and scanning a junction, visual attention often
has to be distributed between multiple vehicles. Although the use of a single target
vehicle approaching the junction could be argued to be necessary with the previous
methodologies using static images of junctions (Crundall, Humphrey & Clarke,
2008), the flexible nature of a driving simulator allows for multiple vehicles to be
added to scenarios and systemically varied. By including scenarios which contain
multiple vehicles, this advances all stages of the extended framework, by firstly
investigating whether drivers are still able to correctly look and perceive all potential
sources of danger. It also creates an environment to test the possibility of a partial
representation, investigating whether drivers have an accurate representation of their
surrounding environment as multiple vehicles have the potential to act as a source of

interference.

The methodology developed in Paper 4 was successful in creating instances where
drivers would pull out in front of oncoming vehicles approaching at threshold. By
using this method, it was of great interest to investigate drivers’ representations of
oncoming vehicles at the point where they were willing to pull out of the junction.

Paper 5 consisted of a series of simulation studies which measured drivers’
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situational awareness for oncoming vehicles by looking at drivers’ memory for and
estimated location of approaching vehicles. Given that junction manoeuvres are a
complex behaviour, requiring the driver to retain task relevant information in
working memory while simultaneously making head and eye movements to scan
around the environment (Baddeley, 2007), these studies are able to investigate the
accuracy of drivers’ temporary storage of visuospatial information about vehicles

around them (Salway & Logie, 1995).

By investigating drivers’ memory for oncoming vehicles, this explored the possible
explanation of a partial representation in the extended framework, as drivers may fail
to recall all approaching vehicles and therefore not have a full representation of the
surrounding environment, see Figure 1.2. As drivers were also asked to estimate the
location of correctly recalled vehicles, this measure also explores the possibility of a
distorted representation, as drivers may have a bias in estimating certain vehicles to

be closer, or further away than they actually are.

In Paper 5, there are a series of studies labelled 1, 2 and 3. Study 1 used the method
of constant stimuli to investigate drivers’ representations of approaching cars,
motorcycles and large vehicles, with vehicles presented at near, medium and far
distances, similar to the studies in Paper 3. The most surprising finding from this
study was that drivers in a memory test condition failed to recall an approaching
vehicle on 7.4% of trials, despite there always being two vehicles approaching the
junction. On the occasions where drivers failed to recall an approaching vehicle, it
was found that drivers failed to recall significantly more motorcycles than cars and
large vehicles. This finding was a striking one, with clear potential relevance for
understanding the LBFTS crash. However, in Study 1 there was no way of knowing
whether the driver would have pulled out before or after the approaching vehicles,
due to the simulation being terminated for the memory tests when the driver reached
the junction, and due to the previously discussed limitations with the method of
constant stimuli. The study was thus modified to make use of the thresholding

procedure developed in Paper 4.

Studies 2 and 3 were designed to investigate whether memory failures still occur

when a driver is willing to pull out in front of approaching vehicles. This was
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achieved by estimating each driver’s individual threshold over a series of fixed
distance trials, and then subsequently testing drivers’ memory for vehicles at

threshold, on occasions where they began to pull out in front of the vehicles.

Again, it was found that drivers often failed to report approaching vehicles at the
junction, failing to report significantly more motorcycles than cars. It was also found
that there was no difference in drivers’ fixations on forgotten and remembered
motorcycles however, their subsequent visual behaviour after fixating on the
approaching vehicle did predict recall failures. From this series of studies, it was
concluded that the results provide support for the idea of ‘Saw but Forgot’ (SBF)
errors, with drivers fixating on, but failing to subsequently recall approaching
motorcycles. In Paper 5 we propose that these findings are in at least part due to
drivers’ subsequent visual behaviour interfering with the previously encoded
information, causing the driver to forget this when immediately tested. This proposes
the novel explanation that some junction crashes could occur due to failures in short
term memory, with many crashes that have previously been attributed to LBFTS
errors being misclassified. While genuine LBFTS errors remain likely, it is possible
that many crashes that have received this label were not the result of a failure in

visual attention, but were instead caused by a failure in memory.

Finally, as aforementioned the majority of studies in this thesis have been conducted
in a high-fidelity driving simulator, improving and extending previous research
methodologies which investigate drivers’ behaviour at junctions. However, in order
to generalise these findings to real world driving behaviour, it is important to
compare drivers’ visual attention at junctions in the simulator to real on-road driving.
Paper 6 thus reports a study which was conducted to compare drivers’ visual
attention on real roads with their behaviour in the simulator. The study used a
within-participants design measuring visual attention at low and medium demand
junctions, on the road and in the simulator, by matching the road geometries in the
two environments. The NITES high fidelity driving simulator was used, as well as a
fully instrumented on-road car with tracking of head and eye movements in both

environments done using a head-mounted eye-tracker.
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This study explores the basic visual checks that drivers make at genuine everyday
junctions, see Figure 1.2, by comparing drivers’ visual search strategies on the real
roads to the driving simulator. In all instances throughout this experiment, drivers
always made a successful manoeuvre at the junction. It was found that drivers’ broad
visual search patterns in terms of head movements were similar in the two
environments. However, there was a difference in drivers’ mean fixation durations in
the two environments, with mean fixation durations being longer in the simulator
compared to on-road, particularity in low demand situations. These findings suggest
that a driving simulator can be a useful tool for investigating drivers’ visual attention

at junctions, particularly when the driving task is of at least moderate demand.

In summary, there are two key questions motivating the research described in the
papers. The first question concerns general ways in which drivers’ visual search and
crossing behaviour might differ at junctions depending on the type of vehicles that
are approaching. The second question concerns the types of representations that
drivers might have of oncoming vehicles when they pull out at a junction. One
surprising conclusion is that some junction crashes that have been traditionally
attributed to LBFTS errors may be cases where a relevant oncoming vehicle has
been seen, but has been forgotten by the time the driver actually pulls out into the

junction.
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ABSTRACT

Motorcyclists are involved in a disproportionate number of crashes given the distance they travel, with a high
proportion of these crashes occurring at junctions. Despite car drivers being solely responsible for many road
crashes involving a motorcycle, previous research has mostly focussed on understanding motorcyclists’ attitudes
towards their own safety.

We compared car drivers’ (n = 102) and motorcyclists’ (n = 579) opinions about junction crashes using a
web-based questionnaire. Motorcyclists and car drivers were recruited in similar ways so that responses could be
directly compared, accessing respondents through driver/rider forums and on social media. Car drivers’ and
motorcyclists’ opinions were compared in relation to who they believe to be blameworthy in situations which
varied in specificity, ranging from what road user they believe is most likely to cause a motorcyclist to have a
road crash, to what road user is at fault in four specific scenarios involving a car and motorcycle at a junction.
Two of these scenarios represented typical ‘Right of way’ (ROW) crashes with a motorcycle approaching from the
left and right, and two scenarios involved a motorcycle overtaking another vehicle at the junction, known as
‘Motorcycle Manoeuvrability Accidents’ (MMA). Qualitative responses were analysed using LIWC software to
detect objective differences in car drivers’ and motorcyclists’ language.

Car drivers’ and motorcyclists’ opinions about the blameworthiness of accidents changed depending on how
specific the situation was that was being presented. When respondents were asked about the cause of motorcycle
crashes in a general abstract sense, car drivers’ and motorcyclists’ responses significantly differed, with mo-
torcyclists more likely to blame car drivers, demonstrating an in-group bias. However, this in-group favouritism
was reduced when asked about specific scenarios, especially in MMA situations which involve motorcyclists
manoeuvring their motorcycles around cars at a junction. In the four specific scenarios, car drivers were more
likely to blame the car driver, and motorcyclists were more likely to blame the motorcyclist. In the typical ROW
scenarios, the responses given by both road users, as analysed by the LIWC, show that the law is taken into
account, as well as a large emphasis on the lack of observation given around junctions, especially from car
drivers. It is concluded that the perception of blameworthiness in crashes is very much dependent on the details
of the crash, with a more specific situation eliciting a fairer evaluation by both car drivers and motorcyclists.

1. Introduction

road crashes given the distance they travel (e.g. DfT, 2015a). Moreover,
when they are involved in these crashes they are more likely than car

Research into road safety has increasingly focused on road users’
attitudes, opinions, values and beliefs which are important in under-
standing how they perceive and accept different levels of risk on the
road (O’Connell, 2002; Musselwhite et al., 2010). Despite this, there has
been little research investigating road users’ opinions towards common
hazardous road situations, which could provide an important insight
into why crashes occur. In the current paper, we are particularly in-
terested in the opinions different types of road users (car drivers and
motorcyclists) have towards the same road situations.

Motorcyclists represent a specific and important issue for road
safety, as motorcyclists are involved in a remarkably high number of
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drivers to be injured and killed in the crashes, with motorcyclists being
typically referred to as one category of vulnerable road users (Shinar,
2012). The combined effect of frequency and severity is shown in crash
statistics that reveal that in the U.K. motorcyclists in 2014 were in-
volved in 122.3 fatalities per billion miles travelled compared with 1.8
fatalities per billion miles for car drivers (DfT, 2015a).

In the U.K., the most common motorcycle crash occurs at junctions,
typically with another road user violating an oncoming motorcyclist’s
‘right of way’ (ROW), by pulling out of a side junction onto a main
carriageway (Clarke et al., 2007). In many of these instances it is a car
that is pulling out into the junction. Afterwards the car driver often
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reports being careful and attentive with their visual checks but none-
theless having failed to see the approaching motorcycle. This is com-
monly termed the ‘Look But Fail To See’ error (Brown, 2002), and
motorcycle riders have their own term for such events — ‘SMIDSY’
(“Sorry Mate I Didn’t See You”). Although it is possible that the driver
in these cases has failed to see an oncoming motorcyclist, it is also
possible that they are sometimes deliberately claiming a failure in vi-
sual attention when another factor may be responsible for the crash.
One possibility is that the car driver does not want to admit to a de-
liberate driving violation, such as accepting a risky gap between traffic.
For this reason, research efforts have focussed on understanding mo-
torcycle crashes at junctions by investigating both car drivers’ gap ac-
ceptance behaviour around motorcycles (Keskinen et al, 1998;
Mitsopoulos-Rubens and Lenné, 2012) and car drivers’ visual attention
towards motorcycles (Crundall et al., 2008a, 2012; Lee et al., 2015).

A framework used to understand car-motorcycle interactions was
developed by Crundall et al. (2008b). This framework suggests that a
top-down influence of car drivers’ attitudes will determine how they
will behave in a given situation. Road users’ attitudes can include at-
titudes that concern themselves, other road users, or the environment.
These attitudes can therefore guide car drivers’ actions during car-
motorcycle interactions on the road, and are thought to subsequently
influence measurable cognitive strategies such as drivers’ visual atten-
tion allocation. It must be noted that attitudes, opinions and values all
have an interconnectedness, and are all powerfully shaped by our past
history, group memberships, and by our context-dependent experience
of the given moment (Bergman, 1998).

The majority of research focusing on attitudes has been used as an
attempt to understand human behaviour (Ajzen and Fishbein, 1975) by
investigating whether a person responds favourably or unfavourably to
a given object. However, attitudes can be very variable and dependent
on many aspects such as whether the object of thought is specific or
intangible (Augoustinos and Walker, 1995). Attitudes have also been
found to be very susceptible to the influence of context effects (Turner,
1985).

One of the classic biases found in human attitudes is that of in-group
bias. More than 40 years of research has shown that people favour
members of their own group in their opinions, attitudes, and behaviours
(Ratner et al., 2014). In a road safety context, it may be that car drivers
have more negative attitudes towards an outgroup, in this case mo-
torcyclists, compared to their in-group, which would be fellow car
drivers. A common example of this might be ‘motorcyclists are risk
takers’ which is a misconception which many car drivers hold (Crundall
et al., 2008b). Although such an attitude might be widely held among
car drivers, motorcyclists are likely to have a much more finely nuanced
understanding of their behaviour in risky situations. Of course, it is
possible that if car drivers thought more specifically about the contexts
in which motorcyclists accept risk, they might modify their attitudes. In
many areas of social psychology, social judgements have been deemed
to be context-dependent as they depend on the frame of reference in
which they are made (Haslam et al., 1992), with in-group bias also
being shown to be dependent on the context (Jost and Major, 2001).

Despite car drivers being solely at fault in many motorcycle acci-
dents (ACEM, 2009), many previous studies have focussed on under-
standing motorcyclists’ attitudes towards their own safety (Clarke et al.,
2004; Musselwhite et al., 2012). Wong et al. (2010) conducted a large
motorcycle study with 623 motorcyclists, with the aim to understand
why young motorcyclists may be involved in a high number of colli-
sions. They concluded that there were three important personality
characteristics in young motorcyclists which were sensation seeking,
amiability and impatience. The amiable riders were relatively mature
and safe riders, whereas the sensation-seeking riders were more com-
fortable with unsafe riding, and interested in the utility gained from it.

Conversely, a research study by Crundall et al. (2008c) looked to
identify potential gaps in car drivers’ schemata in relation to mo-
torcyclists that may account for their increased probability of being
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involved in a crash with a motorcycle. Drivers filled in a questionnaire
which comprised of 26 general and motorcycle-related items and the 24
items of the reduced Driver Behaviour Questionnaire (Parker et al.,
1995). It was found that when car drivers were compared to a dual
driver group (drivers who also hold a motorcycle licence), they showed
more negative attitudes towards motorcyclists and also self-reported
more driving violations. This study is unusual in directly comparing car
drivers’ and motorcyclists’ attitudes, although the motorcyclists in this
study were also car drivers. The majority of comparison studies have
focussed on comparing the two road users’ behavioural responses in
simulation tests (Horswill and Helman, 2003; Shahar et al., 2011) and
natural on-road driving/riding (Walker et al. (2011).

Shahar et al. (2011) is the only study to have compared car drivers’
and motorcyclists’ opinions towards general hazardous situations as
well as comparing them in a behavioural simulation task. Car drivers
and motorcyclists were compared on the degree to which 9 vignettes of
various hazardous road situations were reported to be realistic and
dangerous. Half of the car drivers and half of the motorcyclists were
told to imagine they were driving a car through the scenario and the
other half were told to imagine they were riding a motorcycle. It was
found that while the participants who were told to imagine riding a
motorcycle rated the vignettes to be more realistic, the real-life mo-
torcycle riders rated the scenarios more dangerous, suggesting that
their specific motorcycle experience influenced their criterion for
danger. Although this was one of the first studies to compare drivers’
and motorcyclists’ opinions, only one of the vignettes was specifically
concerned with car-motorcycle junction crashes. In addition, in some
instances, participants may have been asked to imagine situations
which were very unrealistic, for example, asking a car driver to imagine
riding a motorcycle. If the car driver had never ridden a motorcycle
before, their opinions in this condition may not be useful as the parti-
cipant has no previous relevant information to draw from. A previous
meta-analysis has revealed that attitudes predict behaviour better when
they rely on information relevant to a behavioural decision (Glasman
and Albarracin, 2006).

The use of an online questionnaire which includes both quantitative
and qualitative aspects can be beneficial in providing in-depth in-
formation on road users’ opinions which may guide these behaviours.
Therefore, the current study’s main purpose was to compare the opi-
nions of car drivers and motorcyclists towards crashes at junctions, in
particular, crashes that specifically occur with a car driver and a mo-
torcyclist. This is the first research study to ask both car drivers and
motorcyclists their opinions on the most common accidents that occur
between these two road users, therefore although it may be assumed
that, in general, road users blame the other road user for the crash, this
has not been directly tested. By identifying and comparing the opinions
of car drivers and motorcyclists, this may clarify the beliefs about
nature and blameworthiness of these crashes, and therefore have im-
portant implications for road safety in terms of guiding researchers and
policy makers to suggest new practical applications and interventions.
Car drivers’ and motorcyclists’ opinions are important in regards to the
framing and acceptability of road safety interventions, with these opi-
nions influencing their engagement in such interventions.

In light of the previous research, we would expect to find evidence
for in-group biases for abstract questions such as “what road user is
most likely to cause a motorcyclist to have a road accident”, or “what
road user is most likely to be to blame for car-motorcycle junction ac-
cidents”. In contrast, we would predict that if more scenario-specific
information is provided for an example of a crash in a particular con-
text, the degree of in-group bias should be reduced and car drivers’
opinions about motorcyclists should be found to be more balanced.

1.1. The selection of scenarios

The specific scenarios which were presented to car drivers and
motorcyclists in the online questionnaire were chosen from a
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Table 1
Shows the for main types of motorcycle crash and their frequencies found in a
review conducted in the U.K. by Clarke et al. (2004).

Type of Crash Percentage of Motorcycle

crashes in Sample (n = 1790)

Right of Way Crashes (ROW)

Losing control on Bends

Motorcycle Manoeuvrability Accidents (MMA)
Other motorcycle crashes

38% (n = 681)
15% (n = 268)
17% (n = 304)
30% (n = 537)

motorcycle review conducted in the U.K. by Clarke at al. (2004). The
review involved the analysis of over a thousand real world crash cases,
and questionnaire responses from over 100 experienced motorcyclists.
Motorcycle crashes were divided into 4 categories which can been seen
in Table 1 along with their frequencies.

The four categories of motorcycle crash, as found by Clarke et al.,
(2004), are explained below. Right of way (ROW) crashes are by far the
most common motorcycle crash in the UK, being three times more
likely to occur at junctions than any other road situation (Hole and
Langham, 1997). Clarke et al. (2004) found that in over 65% of ROW
crashes, these were typical ‘look but fail to see’ instances as described
above where the driver reports failing to see an oncoming motorcycle
and pulls out into its path (Brown, 2002). This review also reported that
such crashes are more likely to be considered as the car driver’s fault. In
contrast, when a motorcyclist loses control on a bend, previous studies
have found that this crash is usually a result of over braking, speeding
or cutting the corner, with most road users accepting that such crashes
are the fault of the motorcyclist (Hurt et al., 1981). According to Clarke
et al. (2004), this crash is believed to be related to inexperience in
riding a motorcycle, with the main emphasis on the loss of vehicle
control rather than a cognitive error. The third category, Motorcycle
Manoeuvrability Accidents (MMA) provides a more mixed picture. This
can include many types of crash which have in common the fact that
motorcyclists can manoeuvre their bikes in ways which are not avail-
able to larger vehicles. In the majority of these crashes, motorcyclists
overtake another vehicle, which subsequently causes a crash. In these
instances, the other driver is more than twice as likely to be considered
at fault for the crash compared to the motorcyclist involved, though
there is also evidence for an increased proportion of ‘combined fault’
accidents in this category (Clarke et al., 2004). The road user con-
sidered to be at fault for each crash type in Clarke et al. (2004) was
based upon police accident files, which included a brief accident story
as interpreted by the attending police officer. For the current study, we
were particularly interested in exploring car drivers’ opinions in cases
where they are likely to be at fault (e.g. ROW Accidents) and situations
where blame is harder to define, but where there is a high likelihood
that the car driver was at least partly at fault (MMA).

ROW crashes have also been seen to be the most prevalent motor-
cycle crash in the U.S., with an analysis of 900 motorcycle crashes re-
vealing that 75% involved another vehicle violating the ROW of the
motorcycle at an intersection, usually by turning left in front of the
oncoming motorcycle (Hurt et al., 1981). A comparison of motorcycle
crashes from Malaysia, Taiwan and Vietnam also found that non-sig-
nalised intersections were one of the most hazardous locations for
motorcycle crashes as well as crashes involving a motorcycle overtaking
or filtering other traffic (Hsu et al., 2003).

In light of this, the scenarios given in our questionnaire reflect the
most common junction crashes that occur with cars and motorcycles.
Two scenarios which represent typical ROW crashes were given, with
the blame commonly given to the car driver in these instances. Both of
these scenarios included a car driver waiting at a junction to turn right,
with a motorcycle approaching from the right in the first instance and
the left on the second instance. Since our participants were U.K. dri-
vers/riders all scenarios have driving/riding taking place on the left-
hand side of the road. The next two scenarios were chosen to represent
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MMA and included two common crashes which involve motorcyclists
overtaking other vehicles near a junction. The first common MMA oc-
curs when a driver is waiting to pull out of a junction however, the
visibility of an oncoming motorcycle is reduced due to them overtaking
a slower vehicle approaching the junction. The second MMA is when a
driver is waiting to turn right into a junction while a motorcycle is
overtaking them. These 4 scenarios were selected as they are the most
common crashes involving both a car driver and motorcyclist at an
intersection and provide the opportunity for debate on who is at fault in
these situations (Clarke et al., 2004).

2. Methods
2.1. The questionnaires

Our goal in the current study was to recruit motorcyclists and car
drivers in similar ways, with them both being recruited through UK
driving/riding forums and online. Respondents recruited via forums,
both motorcyclists and car drivers, are likely to have an affinity towards
that mode of transport, therefore respondents could be directly com-
pared. In order to obtain a sufficient sample size, we chose to use a web-
based questionnaire. We advertised these questionnaires on car driving
forums which included the RAC Driving Forum, Advanced Driving
Forum and The Car Expert Forum, and on motorcycle forums which
included the RAC Motorcycle Forum, Advanced Motorcycle Forum and
The Motorbike Forum. To increase the sample size, we additionally
advertised the questionnaires on social media.

There were two linked questionnaires, one for car drivers and one
for motorcyclists. Both of the questionnaires consisted of seven main
sections, which in general had an identical format with the exception of
slight changes in the wording to make it more comprehensible and
relevant to the audience.

The first two sections asked participants for personal details such as
age, gender and recruitment details, as well as details about their
driving/riding experience in terms of training, mileage and main pur-
pose of transport. These two sections were mainly included for re-
spondent demographic purposes.

This was then followed by three on-road safety sections, with the
first concerned with respondents’ opinions about vulnerable road users
in general, and any personal or family member road accidents. Family/
friend road accidents were investigated, as previous research shows
that road users who have family or close friends that ride motorcycles
are less likely to collide with motorcyclists (Brooks and Guppy, 1990).
The second on-road safety section was more specifically concerned with
motorcycle crashes, asking respondents who they believe who is more
likely to cause a motorcyclist to have a crash, what people believe to be
the most common motorcycle crash, and whether the road is seen to be
a shared or competitive space. The last on-road safety section was
specifically concerned with who they believe is most to blame for
junction crashes that involve a car and a motorcycle.

The next two sections contained four scenarios which reflect the
most common car-motorcycle junction crashes as reviewed in Clarke
et al. (2004). These four common motorcycle junction crashes were
displayed to participants in the form of a diagram, where they had to
choose what road user would be most at fault in the situation if a crash
was to occur and explain why, see Fig. 1.

The final section included two optional open questions, giving re-
spondents an opportunity to express any other opinions regarding
junction crashes involving motorcycles. The main questions of interest
and the possible responses for both the questionnaires are reported in
Table 2.

2.2. The Linguistic Inquiry and Word Count (LIWC)

A quantitative analysis of the data was conducted, with the addition
of the Linguistic Inquiry and Word Count (LIWC) to analyse the
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a. ROW- Right Approaching
Motorcycle

Motorcycle

¢. MMA- Motorcycle
Overtaking on Approach

b. ROW- Left Approaching
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Fig. 1. The four situations shown to participants in the ques-
tionnaire. Respondents had to decide whether the green car or the
red motorcycle would be at fault in these situations, if a crash were
to occur. 1a and 1b were intended to represent standard situations
typical of ROW (Right of Way) crash with a motorcycle ap-
proaching from the left and right, while 1c and 1d represent MMA
(Motorcycle Manoeuvrability Accidents) involving a motorcycle
overtaking another vehicle at the junction. (For interpretation of
the references to colour in this figure legend, the reader is referred
to the web version of this article).

d. MMA- Motorcycle
Overtaking Turning Vehicle

qualitative responses the respondents gave. The LIWC was used as a
formal way of presenting data, to extend the previous qualitative pre-
sentation of motorcyclists’ motivations and opinions in the literature
(Christmas et al., 2009).

The LIWC analyses the contents of text files and calculates the
percentage of words that fall within a series of dictionary dimensions
and linguistic categories (Tausczik and Pennebaker, 2010). The pro-
gram has different dimensions such as summary language variables and
psychological constructs (Pennebaker et al., 2015). The LIWC has been
used in a large body of research with psychological constructs, for ex-
ample, being established as a valid measure of understanding behaviour
(Cohn et al., 2004). This indicates that quantitative methods can be
effective in analysing the linguistic and emotional contents of text.

2.3. Analysis

All quantitative questionnaire responses for both car drivers and
motorcyclists were subject to a non-parametric chi-square test of
goodness-of-fit. This analysis was conducted to determine whether
there was a relationship between group (car drivers vs. motorcyclists)
and the response given to the question. Chi-squared tests were per-
formed on questions with forced choice responses, where the re-
spondent could only choose one answer. The possible responses that
could have been given by car drivers and motorcyclists were identical
on both questionnaires. In order to ensure that the assumptions for Chi-
squared analyses were met, response options with very low frequencies
were removed from the analysis. In addition, for selected questions,
only certain responses were analysed. The responses marked with a (*)
in Table 2 show responses to each question that were not analysed due
to making the analysis more focussed, with the main hypotheses in-
vestigating whether car drivers and motorcyclists are more likely to
blame their in-group or out-group depending on the situation pre-
sented. The responses marked with a (**) in Table 2 show the responses
that were not included in the subsequent analysis due to low fre-
quencies.

The chi-squared tests compared the primary identification of the

respondents (car drivers vs. motorcyclists), by which questionnaire they
chose to fill out. It was noted however, that some respondents may also
be dual road users (drive a car and ride a motorcycle). Multinomial
logistic regressions were performed to model the relationship between
five key predictors and attribution of blame for abstract questions and
four specific scenarios questions, with one of the predictors dividing the
respondents down further into car drivers, motorcyclists and dual road
users (drive a car and ride a motorcycle). The five predictors were
gender, age, road user type (car drivers, dual road users and motorcy-
clists), personal accident and family/friend accident, and the attribu-
tion of blame was either car driver, motorcyclist or both. No violations
of goodness of fit were found in overall Pearson chi-square statistics. As
there are three possible values of the outcome variable, the reference
group for all models was blaming the car driver. Although we did not
correct for multiple comparisons, we report the statistics in Tables 3-5,
indicating significance at p < 0.5, p < 0.01 and p < 0.001 and the
test statistics.

All qualitative questionnaire responses were processed using the
LIWC. Any linguistic dimensions or psychological categories where less
than half of the participants had produced a response were removed
from analysis. Although LIWC can calculate more than 90 separate
linguistic variables from text, for the purposes of our research only
summary language variables and words associated with psychological
processes believed to be relevant to driving were selected, which in-
cluded words related to affective, cognitive, perceptual and motiva-
tional (drive) processes. These psychological constructs were selected
as they have been previously established as valid in understanding
behaviour, with emotional language changing according to situational
valence (Eid et al., 2005), and cognitive language related to traumatic
events (Cohn et al., 2004), all of which are relevant to driving. Al-
though it is possible within LIWC to break down the data further, the
sub-categories within these psychological processes did not have over
half of the participants producing a response. For example, cognitive
processes could not be broken down into the sub-categories of ‘insight’,
‘causation’, ‘discrepancy’, ‘tentative’, ‘certainty’ and ‘differentiation’
and therefore had to be analysed under overall cognitive processes. In
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regards to the chosen psychological processes, cognitive processes re-
flect how much respondents are actively thinking about the given topic,
affective processes refer to the detection of positive and negative
emotions (e.g. anxiety, anger, sadness), perceptual processes refer to
sensory processes (e.g. seeing, hearing, feeling) and motivational pro-
cesses refer to the respondents drives and needs (e.g. achievement,
reward, risk).

Most variables are expressed as a percentage of the amount of words
used in that particular question that fall within a particular category.
However, total word count and words per sentence were expressed as
an exact number. In cases where there was a significant difference in
the language used for motorcyclists and car drivers, the LIWC was used
to select quotes from the three respondents who expressed the highest
percentage of words that fell within that particular category, to give
examples of the most expressive answers given.

3. Results
3.1. Respondents

In total, there were 1813 participants who viewed the ques-
tionnaire, with 681 completing the questionnaire. In regards to the
analysis, only fully completed responses were included. There were 102
completed car driver responses and 579 completed motorcyclist re-
sponses. As can be seen by these figures, the majority of the overall
sample were motorcyclist responses. Both of the questionnaires were
available to complete for 8 months. A post hoc power analysis was
conducted using the software package, G*Power 3.1 (Faul and
Erdfelder, 1992). The overall sample size of 681 had more than ade-
quate power (.95) to detect a medium effect (w = .3) with the alpha
level used for analysis being p < .05.

In regards to the 102 car drivers, there were 47 females (46%) and
55 males (54%). The average age was 39.37 years (SD = 15.38) with an
age range of 18-74 years. The sample of car drivers had held a driving
licence for between 1 year and 53 + years (Mode = 4-12 years). Their
annual mileage also ranged from 0 to 30,000 miles (Mode = 7000-
15,000 miles). In terms of recruitment, car drivers were recruited from
car driving forums (19.6%, n = 20), through friends or relatives
(23.5%, n = 24) and through social media (56.9%, n = 58).

In regards to the 579 motorcyclists, there were 74 females (13%)
and 505 males (87%). The average age was 44.73 years (SD = 11.95)
with an age range of 17-79 years. The sample of motorcyclists had held
a driving licence for between 1year and 53 + years (Mode = 4-12
years). Their annual mileage also ranged from 0 to 30,000 miles
(Mode = 5000-7000 miles). Motorcyclists were recruited from mo-
torcyclist forums (9.3%, n = 54), through friends or relatives (4.3%,
n = 24) and through social media (86.4%, n = 501).

As a large proportion of the motorcyclists were male and the car
drivers had a fairly equal split of males and females, the analysis could
be confounded by gender. It could be possible that any difference be-
tween car drivers’ and motorcyclists’ opinions are due to a gender
difference. For this reason, chi-squared tests were conducted for all
questions to investigate the gender differences within and between car
drivers and motorcyclists, as well as gender being included as a pre-
dictor in the multinomial logistical regression models.

All responses to the qualitative questions were initially combined
and analysed using the LIWC. It was found that motorcyclists had a
significantly higher word count (m = 37.5) compared with car drivers
(m = 23.7) (t (679) = 4.17, p < .001) and used a greater number of
words per sentence (m = 12.56) compared to car drivers (m = 10.30) (t
(677) = 2.04,p < .05).

3.2. Purpose of transport

As car drivers and motorcyclists were asked to indicate their annual
mileage, the median mileage was 7000 miles therefore a chi-square was
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performed to see if there was a relationship between group and annual
mileage, above and below 7000 miles. Car drivers’ annual mileage was
more likely to be over 7000 miles compared with motorcyclists, and
motorcyclists’ annual mileage was more likely to be under 7000 miles
than car drivers, x? (1) = 36.78, p < .001. This may be explained, in
part, by the reasons the two groups gave for their main purpose of using
a car or a motorcycle.

Car drivers and motorcyclists were asked what the main reason for
using their mode of transport was. A chi-square test found a relation-
ship between group and transport purpose, with car drivers more likely
to use their car for commuting, as part of their job or personal reasons,
whereas motorcyclists were more likely to use their motorcycle for
leisure purposes- See Table 5 for results of statistical tests.

In regards to gender, there was a significant difference in male
motorcyclists’ and female motorcyclists’ responses, male car drivers’
and male motorcyclists’ responses and female car drivers’ and female
motorcyclists’ responses. The former group from these comparisons
were more likely to use their motorcycles for commuting, as part of
their job and personal reasons, whereas the latter were more likely to
use their motorcycles for leisure purposes — See Table 5.

3.3. Blameworthiness of motorcycle crashes

3.3.1. Cause

Both groups were asked “what road user do you think is most likely
to cause a motorcyclist to have a road accident?”. It was found that car
drivers and motorcyclists significantly differed in their responses such
that more motorcyclists blamed car drivers. In regards to gender dif-
ferences, it was found that female car drivers and female motorcyclists
significantly differed in their responses- See Table 3 for results of sta-
tistical tests.

When asked to explain their choice, there was a significant differ-
ence in overall affective language use, with motorcyclists using more
affective language (m = 5.5%) than car drivers (m = 3.9%) (t
(679) = 2.36, p < .05). The three motorcyclists that expressed the
most affective language all thought car drivers were likely to cause a
motorcyclist to have a crash due to the following reasons, ‘Bad
Awareness’, ‘Carelessness’ and ‘Poor Observation’.

A multinomial logistic regression found that by adding the five key
predictors of gender, age, road user type (car drivers, dual road users
and motorcyclists), personal accident and family/friend accident to a
model that contained only intercept, this significantly improved the fit
between the model and the data, ¥2(12, N =681) = 53.26,
Nagelkerke R2 = .09, p < .001. As shown in Table 4, significant con-
tributions to the model were made by road user type (car drivers vs
motorcyclists and dual road users) and personal accident. It was found
that car drivers are more likely than motorcyclists and dual road users
to blame motorcyclists for the cause of accidents compared to blaming
car drivers. In addition, car drivers are more likely than motorcyclists
and dual road users to blame both (car driver and motorcyclist) com-
pared to blaming car drivers. In regards to personal accident, re-
spondents who have been involved in a personal accident are less likely
to blame motorcyclists compared to car drivers.

3.3.2. Blame

When both groups were asked “who do you think is mostly to blame
for car-motorcycle junction accidents?” there was no relationship be-
tween group and blame, such that both groups blamed car drivers - See
Table 3.

When asked to explain their choice, there was a significant differ-
ence in overall use of language associated with cognitive processes,
with car drivers (m = 20.65%) using more cognitive language than
motorcyclists (m = 16.64%) (t (679) = 2.27, p < .05). The three car
drivers that expressed the most language associated with cognitive
processes all gave different responses on who they believed was mostly
to blame for car-motorcycle junction crashes: ‘Not paying attention’
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(Blamed Car Drivers), ‘They can’t see clearly’ (Blamed Motorcyclists),
‘Both need to consider other drivers’ (Blamed both Car Drivers and
Motorcyclists).

In regards to the multinomial logistic regression, by adding the
predictors to a model that contained only intercept, this did not sig-
nificantly improve the fit between the model and the data, y2(12,
N = 674) = 19.52, Nagelkerke R2 = .03, p = .07 - See Table 4 for
results of statistical tests.

3.4. Scenarios

3.4.1. ROW- right approaching motorcycle

As can be seen in Table 3, there was no relationship between group
and blame for the ROW- right approaching motorcycle scenario, such
that both groups blamed car drivers.

When asked to explain their choice for the ROW- right approaching
motorcycle scenario, there was a significant difference in overall af-
fective language use, with motorcyclists using more affective language
(m = 2.5%) than car drivers (m = 1.5%) (¢t (679) = 2.23, p < .05).
The three motorcyclists that expressed the most affective language all
thought the car driver was to blame for this crash scenario for the
following reasons, ‘failure to observe’, ‘failing to give way’ and ‘fault?
Car driver. Poor defensive tactics... motorcyclist’.

There was also a significant difference in overall use of motivational
language, with motorcyclists using more motivational language
(m = 3.9%) than car drivers (m = 2.5%) (¢t (679) = 2.62, p < .01).
The three motorcyclists that expressed the most motivational language
all thought the car driver was to blame for this crash scenario due to
‘The law’, ‘Poor judgment’ and ‘lack of observation’.

The multinomial regression found that by adding the predictors to a
model that contained only intercept, this significantly improved the fit
between the model and the data, ¥2(12, N = 678) = 23.65, Nagelkerke
R2 = .06, p < .05. As shown in Table 4, significant contributions were
made by age and personal accident to the model. It was found that the
more age increases, the more likely respondents are to attribute blame
to both car driver and motorcyclists compared to just blaming the car
driver.

3.4.2. ROW left approaching motorcycle

For the ROW - left approaching motorcycle scenario, there was also
no relationship between group and blame, such that both groups
blamed car drivers. In regards to gender differences, male car drivers
and male motorcyclists differed in their responses- See Table 3.

When asked to explain their choice for the ROW- left approaching
motorcycle scenario, there was a significant difference in overall use of
language associated with cognitive processes, with motorcyclists
(m = 11.3%) using more than car drivers (m = 8.9%) (t (679) = 2.26,
p < .05). The three motorcyclists that expressed the most language
associated with cognitive processes all thought the car driver was to
blame for this crash scenario, for the following reasons ‘probably didn’t
see the motorcycle’, ‘car driver should make sure the road is clear’ and

‘lack of observation or impatience’.

The multinomial logistic regression found that by adding the pre-
dictors to a model that contained only intercept, this significantly im-
proved the fit between the model and the data, y2(12,
N = 679) = 21.81, Nagelkerke R2 = .05, p < .05, however, as shown
in Table 4, there were no significant individual contributions made to
the model.

3.4.3. MMA- motorcycle overtaking on approach

For the MMA- motorcycle overtaking on the approach scenario, it
was found that car drivers and motorcyclists significantly differed in
their responses, such that more motorcyclists blamed motorcyclists. In
regards to gender differences, female car drivers and female motorcy-
clists significantly differed in their responses- See Table 3.

When asked to explain their choice for the MMA- motorcycle
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overtaking on the approach scenario, there was a significant difference
in overall affective language use, with motorcyclists using more affec-
tive language (m = 4.1%) than car drivers (m = 2.5%) (t (679) = 2.33,
p < .05). The three motorcyclists that expressed the most affective
language all thought the motorcyclist was to blame for this crash sce-
nario due to the following reasons, ‘Dangerous overtake’, ‘Unsafe
overtake’ and ‘Poor defensive skills by biker, easily avoided’.

The multinomial regression found that adding the predictors to a
model that contained only intercept, this significantly improved the fit
between the model and the data, ¥2(12, N = 675) = 34.91, Nagelkerke
R2 = .06, p < .001, with a significant contribution made by age to the
model- See Table 4. It was found that as age increases, respondents are
more likely to attribute blame to the motorcyclist compared to the car
driver.

3.4.4. MMA- motorcycle overtaking turning vehicle

In the MMA- motorcycle overtaking turning vehicle scenario, car
drivers and motorcyclists significantly differed in their responses, al-
though both groups blamed motorcyclists. In regards to gender, female
car drivers and female motorcyclists significantly differed in their re-
sponses- see Table 3.

The multinomial logistic regression found that by adding the pre-
dictors to a model that contained only intercept, this significantly im-
proved the fit between the model and the data, y2(12,
N = 676) = 20.54, Nagelkerke R2 = .04, p < .05, with a significant
contribution made by road user type (Car driver vs Motorcyclists and
Dual Road Users) to the model. It was found that car drivers are less
likely than motorcyclists and dual road users to blame the motorcyclist
compared to blaming the car driver.

3.5. General vs. specific

As seen previously, when both groups were asked in a general ab-
stract sense “what road user do you think is most likely to cause a
motorcyclist to have a road accident?”, car drivers and motorcyclists
significantly differed in their responses, with motorcyclists more likely
to blame car drivers- see Fig. 2a.

Over the four specific scenarios, the amount of times each re-
spondent blamed the car driver, motorcyclist and other (‘both car driver
and motorcyclist’ or ‘neither’) was calculated. Independent samples t-
tests were conducted, comparing car drivers’ and motorcyclists’ attri-
bution of blame summed across all four specific scenarios. It found that
car drivers were significantly more likely to blame car drivers in spe-
cific situations compared to motorcyclists (t (679) = 2.56, p < .05),
and motorcyclists were significantly more likely to blame motorcyclists
in specific situations compared to car drivers (t (679) = 1.99, p < .05).
In regards to the ‘other’ responses, there was no significant difference in
these responses between car drivers and motorcyclists [t (679) = .51,
p = .61]- see Fig. 2b.

3.6. Reported accidents

As can be seen in Table 5, motorcyclists and car drivers significantly
differed in their responses- in regards to whether they have been in-
volved in an accident that has resulted in injury. In regards to gender,
there was a significant difference in male motorcyclists’ and female
motorcyclists’ responses in regards to whether they have had an acci-
dent- see Table 5.

In regards to family/friend accidents, motorcyclists were also more
likely to have a fam