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Abstract

Road traffic accidents are among the biggest contributors to mortality rates and injury,
especially young people, in developed countries. Research investigating how the human
factor of driving has contributed to these accidents and early research focused on the skill of
the driver as a contributory cause. Later studies have shown that it is not a lack of driving
skill that causes accidents, per se, but that driving style may play a bigger role. However, the
apparent relationship between driving skill, self-reported driving style and accident
involvement is hampered by research not controlling for exposure and determining
culpability for accidents. Similarly, research is by no means unequivocally differentiating
drivers on the basis of their type of accident involvement. Therefore, the continued
investigation of these factors should provide further evidence to help determine this
relationship. In addition, the role of situation awareness (SA) in driving has been of interest
in recent years, and poor SA caused by factors such as distraction and inattention has been
shown to be a contributory factor in road traffic accidents. Current measures of SA are
administered either during or after a specific, simulated task and as such are limited in their
applicability. To this end, a 20 item driving specific questionnaire was developed to record
drivers’ self-reported levels of situation awareness in a driving context which has provided
an original contribution to the field of SA in driving research. Despite the number of traffic
accidents recorded each year, they are still, on a per driver basis, rare events and as such
determining the effects of skill vs. style and SA factors can be a challenge. Near-misses (also
referred to as near-accidents and close calls) have also been used in place of recorded
accidents and as the frequency of near-misses while driving is much higher than actual
accidents, should act as a useful proxy variable in place of them.
vii

The aim of Study One was to methodically determine culpability in drivers and investigate
which factors best distinguish these culpable accident and near miss involved drivers from
the non-culpable and non-involved drivers, once demographic and experience variables had
been controlled for. Drivers were surveyed using online survey software and self-reported
accident and near miss culpability was investigated using attribution theory. The results
included an Exploratory factor Analysis (EFA) of the Driver Situation Awareness (DSA)
questionnaire which identified four factors that distinguished drivers on the basis of their
accident and near miss involvement. Culpable drivers were lower in self-reported attention,
concentration and vigilance. Culpable drivers also reported worse driving styles and
attitudes that favoured riskier driving behaviours, and were also high in extraversion.
Study two was a follow up study which surveyed a sub set of drivers from Study one and the
same factors of interest were investigated. The aims of Study Two were to investigate
differences over time in the factors previously investigated in a subset of drivers from Study
One, and to explore the accident and near miss history of the same drivers to see if the
differences seen between these groups still existed on those same factors. The results
revealed that those differences seen in Study One were not apparent in Study Two, most
likely due to a much smaller sample size masking any significant effects.
The primary aim of Study Three was to explore differences between accident involved
drivers from Study Two on different types of hazard and their precursors on a driving
simulator and recording eye movements. This was a replication and extension of the
methodology of Crundall et al. (2012). The second aim investigated whether there were any
differences between drivers on different types of hazard precursor when having previously
been exposed to an active hazard of the same type. The third aim involved further validating
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the DSA on both objective and online measures of situation awareness, and to explore the
contribution of the DSA in distinguishing drivers based on their accident involvement. While
the results showed no differences between the driver groups on fixating the different types
of hazard overall, non-accident involved drivers fixated on more behavioural predictor
precursors than culpable drivers. Culpable drivers also fixated less on precursors following
an active hazard of the same type. Finally, higher levels of attention and vigilance as
measured by the DSA were related to fewer fixations on Dividing and Focusing precursors
and faster fixations on Behavioural Predictor precursors. The results from these studies are
discussed in light of current models of driving behaviour.
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1.0 Chapter One - Introduction

In 2013 there were 108,934 road traffic accidents involving cars in the United Kingdom
where a police officer was able to cite a contributory factor to the cause. Such contributory
factors include but are not limited to: speeding, failing to look properly, mobile phone
use/distraction inside the vehicle and aggressive or nervous driving (Department for
Transport, 2014). Although this toll has decreased in recent years the government’s policy
on road safety states:
“By improving the skills and attitudes of drivers and riders, and providing better safety
education, the government can further reduce the cost of emergency services, health and
welfare services, insurance, traffic congestion, as well as the personal cost to people affected
by road collisions.” (Department for Transport, 3 July, 2014)

Theories and models of driver behaviour try to characterise and predict what a driver does
on the road and why in a given situation. Much of this has focused on the driver's
motivations and actions between driving speed and accident avoidance, while cognitive and
attentional models are used to try and describe the perceptual processes that occur while
driving. This study will examine three such models that have had a great deal of exposure in
the current literature. Näätänen and Summala’s (1976) Zero Risk Model, Wilde’s (1982,
2001) Risk Homeostasis Theory, and particularly the Task-Capability Interface model (Fuller,
McHugh & Pender, 2008), which describes the interaction between the difficulty of the
driving task and the capability of the driver to perform that task while integrating Wilde's
(1982) theory of risk homoeostasis.
One area of research into driver behaviour is that of Situation Awareness (SA; Ma & Kaber,

1

2007) which has been defined as: “...the perception of the elements in the environment
within a volume of time and space, the comprehension of their meaning, and the projection
of their status in the near future.” (Endsley, 1995 p. 36), and has often been cited a causal
factor in air, maritime, rail and road accidents (Salmon & Stanton, 2012). Horswill &
McKenna (2004) propose that drivers’ “Hazard perception can be considered to be situation
awareness for dangerous situations in the traffic environment.” (p. 155), and research has
indicated that a lack or loss of SA due to inexperience, distraction and inattention is causal in
road traffic accidents (Salmon, Stanton & Young, 2012). Measures of SA usually consist of
some form of probe technique whereby whichever activity the participant is engaged in is
paused and they are asked a series of questions to assess their level of SA (See Endsley &
Garland 2000). Such measures are usually limited to use in simulators however, due to their
impracticality in real driving situations. Research into self-rated SA is limited, however
Sneddon, Mearns & Flin (2012) found that low levels of self-rated Working Situation
Awareness in terms of anticipation, concentration, attention and distraction was significantly
related to occupational accidents.
Studies have also shown that it is not a lack of driving skill per se that causes accidents but
that driving style may play a bigger role (Bristow, Kirwan & Taylor, 1982; Horswill &
McKenna, 2004). Research has shown that self-reported driving style is related to accident
involvement. Guppy, Wilson & Perry (1990) for example found the dimensions of selfishness,
irresponsibility and nervousness to be significantly related, while Adams-Guppy & Guppy
(1995) found that drivers who rated themselves as skilful-confident and aware rated
themselves as less likely to be involved in an accident. Styles such as recklessness and
anxiousness (Taubman-Ben-Ari & Yeheil, 2012) have also been found to relate to the
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likelihood that drivers will rate themselves as being accident involved. French, West, Elander
& Wilding (1993) however, found no relationship with self-rated calmness, focus or
resistance to advice and accident involvement. Therefore it appears that drivers who rate
themselves as exhibiting only certain types of driving style tend to be accident involved.
Drivers’ attitudes also appear to be indicative of accident involvement and risky driving
behaviour (Clay, 1995). Davey, Freeman & Wishart (2006) found that drivers who had
negative attitudes towards speeding, risky overtaking, close following and drink driving were
less likely to have committed those acts in the previous six months. Wishart, Davey &
Freeman (2006) also found that those drivers whose attitudes favoured speeding were also
more likely to incur points on their licence, while Parker, Lajunen & Stradling (1998) showed
that attitudes favouring retaliation to road rage incidents predicted self-reported aggressive
driving behaviour.
Another possible cause of accident involvement comes from research into personality traits
and their relationship with performance in tasks that are integrated into driving such as
vigilance, attention and risk taking. Eysenck’s (1967) arousal theory for example suggests
that extraverts are under-aroused and performance in tasks follows the inverted-U curve
(Yerkes & Dodson, 1908). Unsurprisingly, the range of research in this area is vast and
literature reviews with meta-analyses looking at personality and accident involvement has
revealed equivocal results. Clarke & Robertson (2005) and Lajunen (2001) for example found
extraversion to be a predictor of road accidents, while Arthur, Barrett & Alexander (1991),
Elander, West & French (1993) and Salgarno (2002) found little evidence of any relationship
between extraversion or neuroticism and accident involvement. Impulsivity has however,
been shown to be positively associated with driving offences (Smith, Waterman & Ward,
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2006). Several reasons are postulated for these inconsistent findings. Elander et al. (1993)
point to lack of control, in particular controlling for exposure, while Arthur et al. (1991)
argue that differences in the type of accident recorded (e.g. all vs. culpable accidents) and
sources of bias in reporting accident occurrence (e.g. self-report vs. archival) are responsible
for inconsistencies in reported results. af Wåhlberg, Barraclough and Freeman (2017) carried
out a meta-analysis on the Big Five personality dimensions (McCrae & Costa, 1990) while
controlling for common method variance, dissemination bias and variance in accident
variables, found only small (.01 - .07) effect sizes between them and accident involvement.
Continued research investigating personality traits and accident involvement is therefore still
of value.

4

1.1 Models of Driving Behaviour
Three of the most influential models of driving behaviour will be described. Näätänen and
Summala’s (1976) Risk Threshold Model, Wilde’s (1982) Risk Homeostasis Theory and
Fuller’s (2000) Task Capability Interface model.

Näätänen and Summala’s (1976) Risk Threshold Model (also known as the Zero Risk Model)
proposes that a perceived level of risk in the environment depends upon the combination of
the level of subjective probability that a hazardous event will occur, and a subjective rating
of how important the consequences are of that hazardous event. They argued that most of
the time perceived risk is equal to zero such as when the driving task is not demanding and
as such drivers don’t experience any feelings of risk. Only when the risk threshold is crossed
such as when driving becomes more hazardous, do compensatory mechanisms activate to
reduce the level of perceived risk.

In Wilde’s (1982, 2001) Risk Homeostasis Theory (see figure 1), the driver weighs up the
benefits and costs of safe or unsafe behaviour at any point in the car journey. From that
they determine a target level of risk that they wish to achieve and they compare this with a
perceived level of risk that they experience. This goes round in a closed loop fashion, where
at any particular point in time, they will make a decision and response based on different
factors and they will change their speed and/or position accordingly. The driver is constantly
comparing their perceived level of risk with the target level of risk and if there is a
discrepancy, for example with their speed, the driver will make adjustments to reduce this
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target level. If they are successful then all will be well, if not however, then negative
outcomes may occur, and as such the driver will alter their perceived level of risk as a result.

Figure 1. Wilde’s (1982; 2001) Risk Homeostasis Theory.

Later models argue that instead of risk it is the level of task difficulty that the driver is
prepared to accept and drive in such a way as to maintain that level. One such model by
Fuller, McHugh and Pender (2000, 2008) and called the Task Capability Interface (TCI, see
figure 2 ) model, and task difficulty instead of perceived risk as the variable of interest. The
model looks at the capability of the driver and the task demands of the driving and its
interaction between the two that, if successful, allows the driver to stay in control. However
if the task demands start to exceed the capability of the driver, for example driving at night
or in heavy traffic, then potentially a loss of control can occur and negative outcomes may
be the result. Conversely, if the driving task is too easy, for example on a long straight road
with no other traffic, the driver will speed up to achieve a greater level of task difficulty.
Fuller and colleagues later conceded that task difficulty may, under certain conditions, be
synonymous with Wilde’s risk homeostasis under certain conditions. For example, Fuller et
al (2008) found that participants rated video sequences of roads being driven at different
6

speeds in terms of the difficulty of the task and of their feelings of risk. The found a very
high correlation between the two which was independent of statistical risk found in Wilde’s
model.

Figure 2. The Task Capability Interface model (Fuller, McHugh and Pender (2008).

The factors under investigation in this thesis will be explored in light of Fullers’ Task
Capability Interface model. In particular how they contribute towards the ‘human factors’
element which contributes directly to the drivers’ capability to deal with the demands of the
driving task and feelings of risk. How these factors are hypothesised to fit are illustrated in
Figure 3.
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Figure 3. Factors under investigation in the TCI model.
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1.2 Demographic Factors in Accident Involvement
1.2.1 Sex Differences in Accident Involvement
Sex differences in driving behaviour have long been investigated in relation to accident
involvement. Early reviews such as Hale and Glendon (1987) proposed that while male
drivers had more accidents than females, this was reversed if the accident was a minor one.
This review is limited however, in that it only reported on three articles.
More recent research has not only looked at differences between males and females, but
whether this difference remains the same over time. Laapotti and Keskinen (2004), using
data from the Finnish Motor Insurer’s Centre, examined the differences in culpable accident
involvement of young and middle aged drivers over a 16 year period (1984 – 2000) to
explore differences between drivers involved in different types of accident. Analysis of these
data showed that where females were involved in more reversing and low-speed loss of
control accidents, males were responsible for more high-speed ones. In addition, the
difference in these accident patterns between males and females remained stable over the
time period of the study.
1.2.2 Age and Driving Experience in relation to Accident Involvement
Government statistics and decades of research have shown that novice drivers are overrepresented in accidents, in particular if the driver is young and male (e.g. Maycock et al.,
1991; WHO, 2013). Research has shown that these statistics are not consistent over time
however, such as Mayhew, Simpson and Pak (2003) who studied the crash rates of Canadian
novice drivers during the two years since obtaining their full license. They found a 41%
decrease in crash rates after seven months and 60% 23 months later. This was more
prominent for younger (16-19 years old) novices than older novices (20+ years). This
9

decrease was seen more for certain types of crash than others such as running off the road,
driving at night and when driving with two or more passengers. The authors suggest that
these decreases may be due to improvements in skill and possibly increased exposure, but it
is also possible that increased Situation Awareness may contribute, especially in the above
types of crash.
Research has previously shown that changes in skill and other factors such as driving style
and personality do occur over time and may or may not be related to accident involvement.
For example, Taubman-Ben-Ari, Mikulincer, and Gillath (2004). Found that self-reported
careful and patient styles were positively associated with increases in age, whereas angry,
anxious and risky styles were negatively associated. Holland, Geraghty and Shah (2010)
found negative associations with dissociative, anxious and patient driving styles and
experience.
Roman, Poulter, Barker, McKenna and Rowe (2015) had analysed data of young drivers from
the UK Cohort II study (Wells, Tong, Sexton, Grayson & Jones, 2008) at six, 12, 24 and 36
months after they gained a full license. Using the 27 item Driver Behaviour Questionnaire
(DBQ, Reason et al., 1990) they investigated frequency of ordinary and aggressive violations,
errors and lapses. They found significant increases across time for all four factors and when
trajectory models were analysed, younger drivers and males fitted the moderate/high levels
of ordinary and aggressive violations, and errors. The authors make the point while previous
research has highlighted the predictive value of the DBQ to crash risk (e.g. De Winter and
Dodou, 2010), their results seem at odds with established literature on decreases in crash
risk in the first months of driving (e.g. Mayhew et al., (2003), and that the DBQ is not specific
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to novice driver behaviour and as such may not capture the nuances of behaviour that are
engaged in while in the early months of gaining experience.
Groeger and Brady (2004) investigated the effects of formal and informal training, and how
the rate of skill acquisition was influenced by individual differences. One hundred and eighty
six young learner drivers were accompanied on several drives up to the time they took their
test and then once more after having taken their test. In addition to their primary instructor
(either professional or non-professional trained tutor e.g. parent), an Advanced Driving
Instructor accompanied them on each of the drives, to observe errors made by the pupil.
The sessions were also filmed using an interior camera and personality and intelligence tests
were taken by both pupil and tutor, along with attitude and skill assessment measures.
Along with differences in the amount and type of instruction given by the difference tutors
Groeger and Brady (2004) also found learners self-assessed ratings of their ability in certain
driving situations increased with experience from being worse when compared to a newly
qualified driver to being at the same level as them, but only for the learners who passed
their driving test. Decreases in the number of skill based (e.g. road position, car control)
errors were observed along with initial increases but then decreases in speeding and
observation. Interestingly, no differences were found in the understanding of the driving
task (appreciation) over time. This understanding of the driving task could be likened to
Ensley’s (1995) level two SA of comprehension, but with regards to the task as opposed to
the situation. There were also significant positive correlations with experience and speed on
both major and minor roads, especially when the learners were accompanied by a nonprofessional tutor. It would be of interest to see if driver’s attitudes towards speeding also
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change with experience. Conscientiousness was also positively associated with rate of
learning and skill acquisition, while extraversion and neuroticism was not.
These changes in time are not restricted to the younger driver. It is well known that after 50
years of age drivers are also known to be more susceptible to increased accident
involvement. Parker, McDonald, Rabbitt and Sutcliffe (2000) for example, found higher selfreported errors and lapses predicted active accident involvement and lapses with passive
accidents in a groups of older drivers aged 50 and above. On the other hand, certain types
of driving behaviour seem to stabilise as the driver ages. Koppel et al. (2018) using a
modified DBQ structure found little change over time in self-reported violations, errors and
lapses in a group of older (75+ years) drivers over a three year period.
Maycock et al. (1991) in a study looking at the relationship between an individual’s accident
liability and factors such as age, sex, exposure and experience surveyed 18,500 drivers in the
UK found that accident liability decreased with increasing age with a decrease of 31% from
17 to 25 years independent of experience, with no significant increase in liability for drivers
over 65 years old. This finding for older drivers however, may be dependent on the type and
location of accident. Older drivers have been found to have more accidents when
manoeuvring the vehicle, such as making a turn at a junction (Duncan, 1997; Abdel-Aty,
Chen and Schott, 1998).
In addition, Lilley, Arie and Chilvers (1995) reviewed 151 publications of falls, road accidents
and burns as causes of accidental injury in people aged 60 or older. Of these 151, 32
examined road accidents as a causal factor of these injuries. They found that older drivers
were less likely than younger drivers to have accidents involving speeding, drink and
recreational drug driving and driving night. Older drivers also appear to be involved in
12

different types of accident, such as crashes at right turns, reversing and U-turns, failing to
give way and when road signs haven’t been obeyed. Older drivers also more likely to have
accidents due to visual and cognitive impairment, slower reaction times, decreased
flexibility and muscle strength, medical drug use and sleep apnoea. The implication from
this review however is that older drivers are responsible for these accidents but it isn’t
explicitly stated.
Wood, Horswill, Lacherez and Anstey (2013) evaluated a range of tests to determine which
best predicted unsafe driving in an older population ranging from 65 to 88 years old.
Participants were assessed using the multidisciplinary driving assessment battery, a hazard
perception test, a hazard change detection test, as well as other tests of visual and cognitive
ability such as contrast sensitivity, visual closure and digit symbol matching. Participants
were then assessed on their driving performance under traffic conditions by a driving
instructor and occupational therapist in order to determine their level of unsafe driving. Of
the tests administered, the multidisciplinary driving test battery was the best predictor of
unsafe driving which showed 80% sensitivity and 73% specificity, followed by the hazard
perception test which showed 75% and 61% respectively. Together they accounted for 85%
sensitivity and 78% specificity. Unsafe drivers were also significantly slower at detecting
hazard changes in a driving scene, and lower contrast sensitivity. All other tests were nonsignificant. This study, which supported previous research (e.g. Wood and Mallon, 2001;
Horswill and McKenna, 1999 and Caird, Edwards, Creaser and Horrey, 2005) showed that a
range of tests and test battery can be used to predict unsafe driving behaviour in older
drivers. Hassan and Abdul-Aty (2013) using Structural Equation Modelling on survey data
from 680 young drivers in Florida found that at 16 to 17 years old and 18 to 24 years old,
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aggressive violations, in vehicle distractions, attitudes towards speeding and demographic
characteristics such as gender were significantly related to culpable accident involvement
and traffic violations.

1.2.3 Personality (including Driver Self Rating)
Another possible cause of accident involvement comes from research into personality traits
and their relationship with performance in tasks that are integrated into driving such as
vigilance, attention and risk taking. Eysenck’s (1967) arousal theory for example suggests
that extraverts are under-aroused and performance in tasks follows the inverted-U curve
(Yerkes & Dodson, 1908). Unsurprisingly, the range of research in this area is vast and
literature reviews with meta-analyses looking at personality and accident involvement has
revealed equivocal results. Clarke & Robertson (2005) and Lajunen (2001) for example found
extraversion to be a predictor of road accidents, while the Arthur, Barrett & Alexander
(1991), Elander, West & French (1993) and Salgarno (2002) found little evidence of any
relationship between extraversion or neuroticism and accident involvement. Impulsivity has
however, been shown to be positively associated with driving offences (Smith, Waterman &
Ward, 2006). Several reasons are postulated for these inconsistent findings. Elander et al.
(1993) point to lack of control, in particular controlling for exposure, while Arthur et al.
(1991) argue that differences in the type of accident recorded (e.g. all vs. culpable accidents)
and sources of bias in reporting accident occurrence (e.g. self-report vs. archival) are
responsible for inconsistencies in reported results. Continued research investigating
personality traits and accident involvement is therefore still of value.
Studies have also shown that it is not a lack of driving skill per se that causes accidents but
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that driving style may play a bigger role (Bristow, Kirwan & Taylor, 1982; Horswill &
McKenna, 2004). Research has shown that self-reported driving style is related to accident
involvement. Guppy, Wilson & Perry (1990) for example found the dimensions of selfishness,
irresponsibility and nervousness to be significantly related, while Adams-Guppy & Guppy
(1995) found that drivers who rated themselves as skilful-confident and aware rated
themselves as less likely to be involved in an accident. Styles such as recklessness and
anxiousness (Taubman-Ben-Ari & Yeheil, 2012) have also been found to relate to the
likelihood that drivers will rate themselves as being accident involved. French, West, Elander
& Wilding (1993) however, found no relationship with self-rated calmness, focus or
resistance to advice and accident involvement. Therefore it appears that drivers who rate
themselves as exhibiting only certain types of driving style tend to be accident involved.

1.2.4 Driver Attitudes and Attributions
Driver’s attitudes also appear to be indicative of accident involvement and risky driving
behaviour (Clay, 1995). Davey, Freeman & Wishart (2006) found that drivers who had
negative attitudes towards speeding, risky overtaking, close following and drink driving were
less likely to have committed those acts in the previous six months. Wishart, Davey &
Freeman (2006) also found that those drivers whose attitudes favoured speeding were also
more likely to incur points on their licence, however they found no relationship with
accidents in the last 12 months. Parker, Lajunen & Stradling (1998) showed that attitudes
favouring retaliation to road rage incidents predicted self-reported aggressive driving
behaviour. While Johnson, Lewis and Thew (2008) using an attitude questionnaire based on
the Theory of Planned Behaviour (Ajzen, 1991) found no relationship between high risk
scores and culpable accident involvement, they did find lower risk scores in drivers who
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were accident involved but not culpable.
The actor – observer effect (Jones and Nisbett, 1971) posits that there are differences in the
perception of behaviour between the instigator of the behaviour (the actor) and the witness
to that behaviour (the observer). The actor will typically view their actions as subject to
environmental situations, whereas the Observer will hold a stable personal and dispositional
characteristics of the actor. In a driving context for example, the actor may attribute the
cause of their accident to bad weather conditions, whereas the observer would argue that
the actor was driving too fast for those conditions. Stewart (2005) found an actor – observer
effect in that the crash survivor’s ratings of their own responsibility correlated significantly
positively with the situation (i.e. road and weather conditions) whereas the road and
weather conditions were negatively correlated with responsibility attributed to other
drivers.
Defensive attribution theory (DAT; Walster, 1966) proposes that people will assign
responsibility to an event such as an accident depending on the severity of that event.
Stewart (2005) for example, showed with a sample of 321 crash survivors that drivers
involved in accidents of greater severity tended to assign greater responsibility to other
drivers than to themselves or the road and weather conditions.

1.2.5 Aberrant Driving Behaviour
Reason, Manstead, Stradling, Baxter, and Campbell (1990) investigated how different types
of aberrant behaviour could be distinguished with regards to failure in information
processing and motivational/social factors when applied to a driving context. They
developed the Manchester Driver Behaviour Questionnaire (DBQ) to record the frequency
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of a range of behaviours which were classified a priori as slips, lapses, mistakes, unintended
violations and deliberate violations, and also the risk to which these behaviours might have
to other road users. Their 50 item questionnaire resulted in three distinguishable factors of
aberrant driving behaviour, broadly termed violations, errors and lapses, which Reason et al.
found was attributed to different types of road user. Older drivers generally reported fewer
violations but not errors, females reported more lapses, and fewer violations than males. In
addition, drivers who scored highly on the violations factor tended to rate themselves as
more skilful, along with those who reported their driving was affected by their mood, and
those who had a high annual mileage. These findings paved the way for a plethora of
research using the DBQ either in its original form or shortened versions of it.
Its usefulness as a predictor of accident involvement was investigated by Parker, West,
Stradling and Manstead (1995) who investigated self-reported driving behaviour via the
DBQ and active and passive accident involvement. They found that violations as recorded by
the DBQ were associated with accidents in general, in particular active loss of control and
passive right of way accidents. Errors were associated with general accident involvement
and no relationship was found between lapses and accidents once age, sex and experience
in terms of years holding a full license were controlled for.
De Winter and Dodou (2010) ran a meta-analysis on 76 samples from 70 studies which have
used the DBQ. Studies that didn’t extract violations or error factors, weren’t written in
English, looked at children, pedestrians and mopeds were excluded, along with studies
which have re-analysed data from previous studies and later analyses from longitudinal
studies. Importantly, they stated “If correlations between DBQ factors were reported, such
as all accidents, culpable accidents and active/passive accidents, we noted down only the
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correlation with all accidents.” (p.464). Predictor variables were DBQ errors and DBQ
violations, outcome variables were the number of self-reported and recorded accidents,
mileage, hours driven per week, age and gender. The authors found zero order correlations
for the DBQ errors and self-reported accidents of .10, and for DBQ violations and selfreported accidents of .13. The correlations from studies with multivariate analyses were
found to be .06 for errors and .07 for violations with self-reported accidents. Zero order
correlations for recorded accidents and errors (.03) and DBQ violations (.05) were found to
be non-significant.
In a critique of the meta-analysis of De Winter and Dodou (2010), af Whalberg, Baraclough
and Freeman (2015) argued that the effect sizes of the DBQ factors on accident involvement
are overestimated due to methodological effects and the unreliability of self-report data in
general. They re-analysed and conducted new meta-analyses on both published and unpublished studies in order to determine the extent to which Common Method Variance
(CMV), dissemination bias and controlling for exposure, have on the predictive power of the
DBQ on accident involvement. To that end they compared studies using recorded accidents
to determine the extent to which CMV biased the results. To tackle the problem of
dissemination bias, they contacted the authors gained data from 54 studies with
unpublished or incomplete results. The effect of lack of controlling for exposure was also
examined by comparing those studies which did control with those which didn’t, comparing
zero-order and controlled effects within the same study, and by correlating “the zero-order
effect for violations vs. accidents with the effect for exposure vs. accidents”. (p. 186). Af
Wahlberg et al. (2015) concluded that dissemination bias and methodological variations had
meant that published effect sizes were likely overestimates of true value. They suggested
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that the association between DBQ violations and road accident involvement could be very
small (r < .07).
1.2.6 Situation Awareness
The concept of Situation Awareness (SA) has its origins in the domain of aviation safety
(Endsley & Garland, 2000) and has been defined most recently by Salmon & Stanton (2012)
as a multidimensional concept that describes how individuals develop and maintain
awareness during task performance in critical systems, and has often been cited a causal
factor in air, maritime, rail and road accidents (e.g. Endsley, 1995c; Stanton and Walker,
2011).
Endsley and Robertson (2000) suggested operators (pilots) will exhibit behaviours
associated with their level of situation awareness. So pilots with low situation awareness
will only exhibit behaviours at the perception level and not behaviours associated with
comprehension or projection. It is not clear however whether the increase in situation
awareness is causing behaviour whether it is the behaviour that is increasing the level of
situation awareness.
Implicit situation awareness is that which can be inferred from a given task. In the driving
context it could be seen as anticipatory behaviour in light of what the driver observes on the
roadway. Explicit behaviour can be defined as what person can verbalise about a given
situation. However the question of whether explicit situation awareness is a necessary
condition for safe driving arises when one considers the phenomenon of driving without
awareness (e.g. Chalton & Staarkey, 2011). Driving without awareness is the circumstance
whereby a person can safely cover a distance while driving but having no conscious
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recollection of having done so. Therefore it can be argued that explicit situation awareness
is not a necessary condition for safe driving.
Breton and Rousseau (2001) in a review of 26 definitions of situation awareness propose
that they can be divided into four distinct areas of state, process, general and specific. These
four processes reflect the two aspects of situation awareness, that is, situation and the
person. The situation side covers such aspects as events, objects and other people and the
interactions between them. The person side covers the cognitive components of situation
awareness which produced a mental representation of situation. Other research has
investigated Technical and Social Awareness. Technical Awareness, which can be described
as an understanding of the capabilities and handling parameters of different types of road
vehicle, and Social Awareness, which is an understanding or empathy of other road users.
This was investigated by Brooks (1991) who found that 66% of road users surveyed had little
or no Technical and Social awareness regarding vehicles of a different type and as such were
more likely to be involved in collisions with them.
Banbury and Tremblay (2004), however, were critical of the detail with which cognitive
processes involved in SA have been determined. “Although cognitive processes are an
integral part of many frameworks of SA, their description is at a rather superficial level.
Indeed, models of SA refer to cognitive processes in general terms, but do not specify
exactly what processes are involved and to what to extent. Instead, the major impetus of
research has been on the development of techniques to measure SA, at the expense of a
more rigorous understanding of why SA varies under certain psychological and
environmental conditions.” (Banbury and Tremblay, 2004, p. xiii).
Various methods have been developed to measure SA, which usually take the form of some
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element of questioning the participant either during or after a simulation. One such type is
the Situation Awareness Graded Assessment Technique (SAGAT, Endsley, 1995) and uses a
query/probe method whereby the participant would be in a simulator and the simulation
would be frozen at a certain point and the screen blanked out. The participant is then
questioned about events in the scenario and the accuracy of their answers determines their
level of SA. For example, Ma and Kaber (2005) using the SAGAT found that drivers’ hazard
identification and ability to recall car locations was degraded by conversation with a
passenger. Other measures infer SA from where and what a driver looks at in a driving
scenario via the use of eye tracking equipment. Such a methodology has been used
extensively in driving research to record eye movements in both simulated (e.g. Underwood,
2007) and real driving (e.g. Engström, Johansson & Östlund, 2005).
While the use of probe techniques and eye tracking may be valuable in assessing SA, such
measures are usually limited to use in simulators however, due to their impracticality in real
driving situations. Research into self-rated SA is limited, however Sneddon, Mearns & Flin
(2012) found that low levels of self-rated Working Situation Awareness in terms of
anticipation, concentration, attention and distraction was significantly related to
occupational accidents.
Horswill & McKenna (2004) propose that driver’s “Hazard perception can be considered to
be situation awareness for dangerous situations in the traffic environment” (p. 155), and
research has indicated that a lack or loss of SA due to inexperience, distraction and
inattention is causal in road traffic accidents (Salmon, Stanton & Young, 2012).
Following this perspective, Endsley’s three-level model continues to be employed as a
framework in research into SA in the driving domain. For example Crundall (2016) using an
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adaptation of the SAGAT to investigate the ‘projection of future states’ component of
Endsley’s model, presented novice and experienced drivers with video clips of hazardous
and non-hazardous driving scenarios. The clips were frozen and blanked at either long
(mean 40s) intermediate (mean 24s) or short (mean 10s) time periods before the onset of
the hazard. Participants were then asked three questions: “What is the source of the
hazard?”, “What is the location of the hazard?” and “What happens next?” (Jackson,
Chapman and Crundall (2009), with the latter question being indicative of the projection
level of Endsley’s model. He found that experienced drivers performed significantly better
than novices on the hazard perception clips overall and that all drivers were less accurate on
the long clips compared to the intermediate. Novice drivers performed significantly worse
on the long clips compared to the intermediate clips, suggesting that the experienced
drivers use long-term memory templates in the predictive component of hazard perception.

1.2.7 Hazard Perception and accident involvement
One aspect of safe driving is the ability to anticipate and predict hazards in the driving
environment. Termed ‘Hazard Perception’ (HP) it “…refers to the ability to identify
potentially dangerous traffic situations” (McKenna & Crick (1994, p. 1), and has been shown
to be related to accident causation and crash risk in drivers (Pelz & Krupat, 1974; Quimby,
Maycock, Carter, Dixon & Wall, 1986; Horswill & McKenna, 2004; Wells, 2008). It is a skill
that has been shown to improve with increasing experience. For example Chapman and
Underwood (1998) found differences in visual search patterns and fixations between novice
and experienced drivers, with novices exhibiting longer fixations (implying more time
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needed to process the situation) when viewing film clips of hazardous scenes than
experienced driver. Experienced drivers have also been found to take advantage of
environmental cues in hazard perception, such as pedestrians at the side of the road (Finn &
Bragg, 1988) or even the presence of fog (Armsby, Boyle & Wright, 1989).
Hazard Perception has been investigated extensively to the point that the ‘Hazard
Perception Test’ was adopted by the UK in 2004 as part of its theory test for learner drivers.
The test consists of the learner viewing a series of video clips to which they must press a
button to indicate when a potential hazard will occur. In 2015 the video clips were replaced
by CGI to present a more modern look with greater clarity (www.gov.uk, 2019).
The relationship between HP and causal accident involvement is far from equivocal however
with some research indicating it a reliable predictor of crash risk (e.g. Horswill and McKenna,
2004) and some not (e.g. Saberg and Bjørnskau, 2006; Crundall, Underwood and Chapman,
1999). It is possible that there are multiple elements that make up an overall HP skill and
different areas of research tap into different elements of HP. For example, Saberg and
Bjørnskau (2006) looked at the degree of the perceived hazard and the perception-reaction
time to that perceived hazard. In a study which investigated the degree to which the
perception-reaction component contributes to the decrease in crash risk is seen with
increasing experience, three groups of novice drivers with one, five and nine months of
experience gained since passing their driving test were compared with more experienced
(27 years on average) drivers in a video based hazard perception test. These differences
didn’t fully emerge in their results however, with significant decreases in reaction time
found in only three of the 31 scenarios presented to the participants.
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Underwood, Ngai & Underwood (2013) tested inexperienced, experienced and experienced
motorcycle riders with car driving experience with videos of driving scenes to which they
had to respond with a key press every time they saw a potential hazard. The videos
contained both abrupt and gradual onset hazards. No difference in response time was found
between the three groups for abrupt onset hazards but rider-drivers were significantly
quicker in responding to gradual onset hazards than both inexperienced and experienced
drivers, with no difference in response times between these two groups for gradual onset
hazards. A significantly higher percentage of gradual onset hazards correctly detected
compared to abrupt onset hazards was found but there was no difference between driver
groups. A difference ratio (D) was calculated from the number of false alarms and correct
‘hits’ and this showed that rider-drivers made significantly more false alarms than the other
two groups and again there was no difference in this D ratio between inexperienced and
experienced drivers. There were also significantly more false alarms for the abrupt onset
hazards than for the gradual onset ones. No difference was found between inexperienced
and experienced drivers for either type of hazard suggesting that this type of hazard is not
the reason for inconsistencies in previous research. The rider-driver’s faster response times
for gradual onset hazards and higher false alarm ratio were taken to be measures of higher
order situation awareness; however they didn’t take an independent measure of situation
awareness to compare. It could be that inconsistent results between inexperienced and
experienced could be down to the level of experience needed to achieve the higher level of
situation awareness. That is, experts/professionals have, through training and years of
driving in different situations built but a mental model such that they make the implicit
unconscious assumption that every journey will be hazardous. But it takes years of
experience and possibly additional training to achieve this level of actualization.
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Research into specific components of hazard perception has investigated the predictive
element of the hazard, specifically regarding cues in the environment that might alert the
driver to the presence of a potential hazard. This process, termed ‘foreshadowing’ by some
(e.g. Garay-Vega and Fisher, 2005) has been found to improve hazard perception in certain
groups of driver. For instance Garay-Vega and Fisher (2005) tested novice (1 – 6 months
experience) and experienced (over 20 years) drivers on their ability to predict a risky event
with and without the presence of a foreshadowing element. Participants drove through a
series of scenarios in a driving simulator while their eye movements were recorded. An
example of a foreshadowing element would be where a person was using a pedestrian
crossing, with the crossing partially occluded by a parked lorry. The person crossing should
prompt the driver to scan the edge of the lorry for any other pedestrians using the crossing
(the risky event). They found a greater percentage of experienced drivers than novices
recognised risky events both when a foreshadowing element was present and absent. In
addition, significantly more novices recognised the risk after they had fixated on the
foreshadowing element than those who did not. The presence of a foreshadowing element
therefore appeared to improve the ability of novice drivers to recognise a risky event,
provided they have fixated on the element first. This improvement wasn’t enough however,
to bring them up to the level of ability of experienced drivers, which suggests that there is
more to recognising hazards than merely registering the presence of a foreshadowing
element.
Borowsky, Shinar and Oron-Gilad (2010) Investigated whether the age and experience of a
driver would have an effect on the number of potential hazards and the number of eye
fixations towards hazardous environmental cues. 21 young, 19 experienced and 16 older
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experienced drivers viewed six (2 busy urban, 2 residential & 2 controls) hazard perception
film clips presented on a computer monitor whilst connected to an eye tracker. They were
instructed to press a button each time they detected a hazardous situation. They found
significant effects for road type with shorter eye fixations on the residential than for the
urban film clips, but no effect was found for driver type. Experienced and older experienced
drivers reported more potential hazards and the young drivers, and the young drivers also
stopped looking for potential hazards after an actual hazard had occurred. Older
experienced drivers also took longer to respond. So it appears that experienced and older
experienced drivers detect more environmental cues than young, inexperienced drivers and
continuously scan the traffic environment for potential hazards.

1.2.8 Culpability and precursors
This previous research has largely looked at the differences between novices, experienced
and professional drivers in their ability to observe and act on these precursors in order to
avoid a potential accident. Some research has specifically addressed the relationship
between hazard precursors and culpability for accidents.
Ventsislavova et al. (2016) applied Signal Detection Theory to hazard perception and hazard

prediction tests using the “What happens next?” (WHN) format of questions that reflected
Endsley’s (1995) three levels of SA. They tested Spanish drivers of different levels of
experience and whether they had previous driving offences or not. Offenders had had
enough of a point’s detriment to have their licenses revoked. Although experienced nonoffenders performed better than the other groups, no differences were found between the
offenders and non-offenders on the WHN questions. Although non-offenders did report
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choosing more cautious types of driving manoeuvre when asked what action they would
take.
Castro et al. (2014) used video clips of hazardous and quasi-hazardous driving situations that
contained both Behavioural Predictors (BP) and Environmental Predictors (EP). Repeat
offenders and non-offenders were tested on the clips using the WHN Method. For the
hazardous scenarios, all participants scored significantly higher on the BP clips compared to
the EP clips but there was no significant difference between the driver groups. For the
quasi-hazardous clips the opposite was found with no difference in scores between the
types of predictor but non offending drivers scored significantly higher overall than the
repeat offenders.
Castro et al. (2016) used a similar methodology to Castro et al. (2014) but examined the
effect of proactive commentary driving on video clips containing gradual vs. abrupt onset
hazard scenarios. The gradual onset scenarios contained environmental cues or precursors
to the impending hazard. Although performance on the gradual onset hazards improved for
both the trained and untrained groups, and for the trained group in the abrupt onset
hazards, this improvement wasn’t present for the untrained group. There was also no
significant difference between repeat and non-offenders in either training group or type of
hazard scenario.
Crundall & Knoll (2018) tested the hazard perception and hazard prediction ability of
emergency response drivers from the Fire Rescue Service (FRS) to compare responses of
novice emergency drivers to high risk and low risk emergency drivers. These two groups
were classified as such according to their self-rated culpability and severity of previous
incidents. Non-emergency drivers acted as a control group. Using a series of HP clips filmed
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from a fire engine, HP response times were recorded along with eye tracking. In their first
experiment which used the traditional HP test with a push button response to potential
hazards, all the FRS drivers responded quicker than controls but there were no differences
between the groups of FRS drivers on either response times or on the percentage of hazards
they fixated. There were also no significant differences between the high and low risk
experienced drivers in their time to first fixation, these drivers overall did however, have
longer dwell times than the novice emergency drivers. When the hazard prediction
component was investigated however, the authors found that low risk drivers had
significantly greater prediction accuracy than high risk drivers and that low risk drivers
fixated on the precursor significantly closer to the occlusion point than high risk drivers. No
significant differences in dwell time, first fixation duration, or mean fixation duration were
found between the groups, but the low risk drivers did make more fixations on each
precursor within each clip. The authors reported this finding as significant at p = .05
however. Additionally, the precursors in the video clips weren’t classified into what type of
precursor they were.

Horswill & McKenna (2004) reviewed the methodological and theoretical issues in hazard
perception. They argued that hazard perception ability is the only driving skill that can
accurately predict accident liability and that factors such as driving style may be a better
predictor than driving skill per se. They also argued that accident involvement is an
unreliable measure of accident liability. They addressed the methodological issues of
culpability, accident frequency and forgetting in relation to accidents, and argued that
despite problems with response bias to some extent the validity of hazard perception tests,
they are a reliable measure of accident liability.
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Fisher, Pollatsek & Pradhan (2006) tested a PC based risk awareness and perception
training programme (RAPT) on novice drivers (learner drivers who hadn’t yet passed their
test) to evaluate its effectiveness. The first study consisted of training the participants using
a series of plan view roadway scenes and placing red circles or yellow ovals at any part of
the scene that should either be continuously monitored or an area which could contain
something which could not be seen (vehicle, pedestrian etc.), knowledge of which could
help in avoiding an accident. The study involved 24 trained and 24 untrained drivers who
were tested immediately after training on a driving simulator while wearing eye tracking
equipment. The testing in the simulator had participants driving through ‘near transfer’
scenarios that resembled those in training and ‘far transfer’ which encompassed general
principles of risk assessment. The second study emulated the first but with a 3-5 day delay
between training and testing, and this time the training programme was modified to include
open road perspective scenarios too. Study three took trained and untrained qualified
drivers (with licenses held for 1-4 years) on the road while recording their eye movements
as they drove a variety of routes through a local town. The training for this study consisted
entirely of perspective views of the roadway in a series of progressively advancing
snapshots.

The results of their first study revealed that trained drivers fixated on potentially hazardous
areas of the roadway significantly more than untrained drivers and that this effect was
nearly the same for near and far transfer scenarios, but with no significant difference
between the two. The areas that participants were trained to look for in study one appear
analogous to the ‘environmental predictors’ in Crundall et al.’s (2010) and (2012) studies.
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These results were also the same for the second study in which participants had a 3-5 day
gap between training and testing. The results of the third study also revealed a significant
effect of training, with trained drivers fixating significantly more on areas of the roadway
which contained information that would contribute to avoiding an accident. Trained drivers
also fixated significantly more on the far transfer scenarios than the untrained drivers.
Fisher et al. (2006) suggested that novice and inexperienced drivers benefit from training in
which they must actively seek out areas of the roadway which may contain hidden risks.

Crundall et al. (2012) designed an experiment to test the hypothesis that participants would
respond to different types of hazard depending on their level of experience. Novices,
experienced drivers and driving instructors, wearing eye tracking equipment drove along a
route in a driving simulator which had three different types of a priori defined hazards.
Anticipation type hazards (termed Behavioural Prediction, BP) where the precursor is the
same as the hazard. Surprise type hazards (Environmental Prediction, EP) where there is an
indirect but related link to the precursor and the hazard, and multiple hazards (termed
Dividing and Focussing Attention, DF) where there are two simultaneous hazards, where
one is the precursor to the other. “…allowing us to identify why some hazards are more
dangerous yet discriminative than others (such as increased psychological distance between
the precursors and the hazards in the EP scenarios compared to the BP scenarios).” p. 602.
The researchers also investigated the participants’ responses in the time leading up to and
the time after the hazard was triggered. They found that novice drivers fixated on a
significantly lower percentage of critical stimuli (BP and EP type hazards) than experienced
drivers or driving instructors with no significant difference between experienced drivers and
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driving instructors. The BP critical stimuli were fixed more quickly than the EP or DF stimuli
by all drivers, and that the hazards were fixated more quickly than the precursors.
Experienced drivers and driving instructors also fixated the critical stimuli more quickly than
the learner drivers, as well as the precursors for the BP and DF hazards.

Crundall (2016) ran a series of experiments using situation assessment techniques to isolate
the prediction component of hazard perception, hypothesising that the prediction element
distinguishes novices from experienced drivers. By using hazard perception clips of varying
(long, intermediate, and short) length, he examined their effects on prediction accuracy
between novice and experienced drivers. Crundall found that the experienced drivers
perform significantly better than novices on the hazard perception clips overall and that
overall, drivers were less accurate on the long clips compared to the intermediate. While
there was no interaction, planned contrasts revealed that novice drivers performed
significantly worse on the long clips compared to the intermediate clips, suggesting that the
experienced drivers use long-term memory templates in the predictive component of
hazard perception.

Roca et al. (2013) investigated the role of the attentional system in driving behaviour. Using
the Attentional Networks Tests for Interactions and Vigilance (ANTI-V) test, drivers were
assessed on the functioning of three attentional networks, executive control, attentional
orienting and alerting (Posner, 1994), during a simulated drive which contained BP, EP and
DF hazards. Analysis of their driving simulator data showed that drivers started braking
sooner with DF hazards, with no difference between the BP and the EP hazards. There was
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no significant difference in approach speed change or number of crashes throughout the
whole simulator run. When looked at in relation to the attentional networks, the attentional
orienting score showed the most significant results. Drivers who scored highest on this
measure slowed more quickly on EP hazards, and braked earlier on BP and later on DF
hazards. There are also fewer crashes associated with the BP and EP hazards. These results
suggest that drivers who are who are better at orienting their attention to hazards that have
specific precursors as in the BP and EP hazards tend to be safer drivers. Interestingly, this
study focused on participants with an average of four years driving experience so it would
be interesting to see if these data are consistent with drivers of different levels of
experience.

1.2.9 Accident culpability
Many studies have not addressed the issue of accident culpability (see af Wåhlberg, 2003). It
is the issue of culpability, defined by af Wåhlberg (2002) as: “…whether a road user could in
any reasonable way have avoided the collision, and still be present at the scene…” (p. 102),
that is the focus of this current research and in particular what distinguishes the culpable
driver from the non-culpable and non-involved driver.
The four main methods used in order to determine who’s at fault in collisions are where the
driver assigns themselves culpable or not; culpability being assigned at the scene afterwards
by the police or other similar official including insurance companies; culpability being
assigned by researchers from records or from driver self-reports; and culpability assigned by
the company in the case of company car drivers or insurance companies for example.
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There are several models to try and explain the culpability of driver such as responsibility
analysis (Terhune, 1983; Robertson and Drummer, 1994). Responsibility analysis applies the
contribution of mitigating factors to each driver involved in the collision. Examples of
mitigating factors are the condition of the road and or vehicle, driving conditions and the
type of accident. If less than two mitigating factors are identified and the driver is deemed
culpable. There are two mitigating factors, the driver is deemed contributory, and if three or
more mitigating factors are present in the driver is deemed not to be responsible the
accident.
Another method which has been used to try and separate out the non-culpable accident
involved driver is known as the induced exposure method. First developed by Thorpe
(1964), it works on the assumption “… That the likelihood of a not responsible combination
(driver – vehicle) being involved in an accident is proportional to the likelihood of meeting
that combination on the road.” (Cerrelli, 1973 p. 148). Cerrelli (1973) used this approach to
determine liability and hazard exposure indices from a relative exposure index. He found
that the hazard exposure index reflected driving performance independent of exposure on
the road. With the induced exposure technique the assumption is that with a two vehicle
collision, only one driver will be responsible.

In a review of 114 studies aimed at highlighting the methodological deficiencies regarding
traffic accident predictors, af Wåhlberg (2003) found that less than 25% failed to determine
who was at fault. The time period covered in the review was from 1953 (Alexander, 1953;
Parker, 1953, who categorised accident culpability as whether they were preventable not),
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to 2002 (Ulleberg, 2002) who looked at accident culpability and personality, and
Kontogiannis, Kossiavelou and Marmaras, (2002) with the DBQ.

af Wåhlberg (2007) tested the predictions that, when exposure is controlled for, there
would be no correlation between drivers culpable and non-culpable accidents, and that
culpable drivers would differ on variables relating to accident involvement such as age and
experience. Their sample included bus drivers from the UK and Sweden. They found that for
the UK sample, there were no differences in the level of experience between culpable, nonculpable and non-accident involved drivers, while for the Swedish sample, there were
significantly more experienced drivers were either non-culpable or non-accident involved.
There were no significant differences in experience between those drivers who were
nonculpable or non-accident involved. af Wåhlberg postulated that differences in the UK
and Swedish samples would due to the differences in how they assigned culpability. That is,
too lenient a criterion was adopted for the UK group.

1.2.10 Near misses
Due to the statistically low occurrence of accidents, research which has looked at 'nearmisses' (also referred to as near-accidents and close calls) as a source of data in hazard
perception. This would be a highly valuable avenue of research to explore as the frequency
of near-misses while driving is much higher than actual accidents (Chapman & Underwood,
2000). According to a US survey 68% of 2,294 young drivers had experienced a near-miss
while driving and 88% of these were responsible for the potential accident
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(Libertymutualgroup.com, 2011). Near-misses have also been used as a proxy variable in
place of recorded accidents, and as there is less severity involved with a near miss, drivers
should be less biased in their reporting of them. In addition to this, significant positive
relationships have been found in drivers’ accident and near-miss history (Roberts, Chapman
& Underwood, 2004).

1.3 The Current Research Framework
A variety of methodologies are to be utilised in order to achieve the aims outlined in this
thesis. Chapter two will consist of a survey methodology to canvas participants about their
personality, self-reported driving behaviour and attitudes. Demographic information as well
as accident an near miss history will also be recorded. Chapter two also makes use of a
survey which allows for a repeated measures design to capture data of the same group of
participants over two time points. Chapter three makes use of a driving simulator and eye
tracking technology to gather data objectively what the survey methods cannot. While it is
not the aim to review each of these methodologies per se, they will be introduced in this
section to highlight the pros and cons of each method.
1.3.1 Surveys
Surveys are a highly popular method of gathering data. Cheap and easy to administer, they
usually employ a variety of self-report measures can tap into constructs not normally
available via more objective measures such as attitudes and opinions. Survey questions are
usually posed retrospectively and as such can succumb to the frailty of participants’ memory
for events however. Af Wåhlberg (2009) also argues that problems with common method
variance (which refers to spurious correlations arising from measuring different variables in
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similar ways) and socially desirable responding are other limitations of using self-report
data. Despite these shortcomings, surveys can provide a rich source of data which captures
nuances of driver behaviour that other methods sometimes cannot.
1.3.2 Driving simulators
The use of simulators in driving research is both widespread and popular. They can be
extremely useful in areas of research where ethical challenges would arise such as
investigation the effects of alcohol or other drugs on driving and allow for a greater degree
of control and reproducibility both within and across studies as opposed to the random
nature of real world driving. Driving simulators vary widely in their design and degree of
fidelity. The fidelity of the driving simulator refers to how well it replicates sensory
experience of real driving. The visual scene is usually the most prominent of these but also
the auditory, tactile and kinaesthetic experience, or what Greenburg and Blommer (2011)
cited in Fisher, Rizzo, Caird and Lee, (2011) point out: “[does] the simulator accurately
represent the critical aspects of the driving experience? (p. 7-1). Early systems were, due to
technological and graphics limitations of time, of low fidelity (e.g. Allen et al., 1979).
However even basic modern day simulators take advantage of improvements in these areas
and feature high definition graphics and tactile feedback. The most highly advanced state of
the art systems more akin to flight simulators. de Winter, van Leeuwen and Happee (2012) in
a discussion on the advantages and disadvantages of driving simulators, highlight the
advantages of data collection with a driving simulator and that they allow for greater
standardisation and replicability in a highly controlled environment. In addition research can
be conducted in situations which would be considered risky and even dangerous such as
driving adverse conditions or under the influence of alcohol. Real-time feedback and
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dynamic instruction are also easier along with the ability to freeze and replay driving
scenarios.
One of the potential drawbacks of using a simulator is the possibility for simulator sickness
(SS) to occur (also known as simulator discomfort or simulator adaptation syndrome). This
only appears to affect less than 5% of the population with older people being more
susceptible than younger people. To help counter this however, researchers normally
counter this by screening potential participant for histories of motion/travel sickness and
epilepsy or other seizures, and design their scenarios in such a way as to keep adverse
symptoms to a minimum. Some have developed protocols in an effort to standardise the
screening and monitoring participants such as Stern et al. (2006) with their PersonEnvironment-Occupation-Performance (PEOP) framework.

1.3.3 Eye tracking
It has long been believed that observations of eye movement behaviour can reveal
underlying cognitive processes. Research into this initially began just before the turn of the
century (see Huey, 1908) and since technological advances in the late 1960’s a great deal has
begun to be understood about the role of eye movements in areas such as reading, visual
search and the perception of a scene (Rayner, 1998), and in the late 1960 and early 1970’s
researchers were investigating differences in eye movements and fixations between novice
and experienced drivers (e.g. Mourant and Rockwell, 1972). The movement of the eye can
be broken down into discrete elements. When we hold our gaze upon an object this is
known as a fixation. Saccades are movements of the eye between fixations the eye
accelerates from a standstill to a rate of around 500° per second before slowing down prior
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to the next fixation. Fixations last around 200 to 300 milliseconds (ms) depending on the
task. Pursuit eye movements occur when we are tracking a moving target but if the object is
moving quickly enough the eye will make saccades to catch up. Vestibular eye movements
are when the eyes move inwards towards the nose when fixating on nearby objects and
vestibular eye movement movements occur when the eye compensates for head and body
movements. You also have nystagmus which are small tremors in the eye, even during
fixations, along with drifts and micro saccades which occur it is thought, to keep the nerve
cells in the retina firing (Rayner, 1998).
Visual acuity is highest in the foveal region which is the central 2° vision. This acuity lessens
however in the parafoveal region (about 5° from the point of fixation), and is worse still in
the peripheral region which extends outwards from the parafoveal region. The amount of
time taken to fixate varies between tasks. For example, during silent reading fixation
duration ranges from 225 to 250ms. With scene perception, fixation times are longer (260 330ms) and durations can range from 180 to 275ms in a visual search task. The large
variation in fixation duration of scene and search tasks relative to reading is due to
differences in the complexity of the task at hand. There are also differences in the
movement distance of saccades during these tasks. With reading it is typically 1.5 - 2°
(corresponding to 6 - 9 letters) and between 3 and 5° during scene perception and visual
search, again dependent on task complexity (Rayner, 2009).
As previously mentioned, eye tracking methodologies have been used in driving research
since the late sixties. Since then, the technology has improved with sampling rates now
upwards of 2000Hz for head mounted eye trackers and lightweight head mounted units
which, although sample at a much lower rate (30-60Hz) allow unrestricted recording in both
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real and simulated driving.
1.4 The Current Research
As the literature review suggests, the factors covered in this chapter are by no means
unequivocally differentiating drivers on the basis of their type of accident involvement.
Therefore the continued investigation of them should provide further evidence to help
determine this. Accidents are rare events (Maycock, Lockwood & Lester, 1991), and as such,
any research that uses accident frequency as a dependent variable produces results with low
statistical power. Researchers have used alternative measures to categorise the ‘safe driver’
such as traffic conflicts (Chin & Quek, 1997) and speeding (Aarts & van Schager, 2006). Nearmisses (also referred to as near-accidents and close calls) have also been used as a proxy
variable in place of recorded accidents. This would be a highly valuable avenue of research
to explore as the frequency of near-misses while driving is much higher than actual
accidents (Chapman & Underwood, 2000), and as there is less severity involved with a near
miss, drivers should be less biased in their reporting of them. In addition to this, significant
positive relationships have been found in driver’s accident and near-miss history (Roberts,
Chapman & Underwood, 2004). In addition, many studies have not addressed the issue of
accident culpability (af Wåhlrberg, 2003) and it is the issue of culpability, that is the focus of
this current research and in particular what distinguishes the culpable driver from the nonculpable and non-involved driver.
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1.4.1 Aims of the Current Research

1.4.2 Research Aims: Study One
The aim of Study One is to methodically determine culpability in drivers and investigate
which factors best distinguish these culpable accident and near miss involved drivers from
the non-culpable and non-involved drivers once variables such as age, sex and experience
have been controlled for. In addition, a new scale will be used which aims to capture drivers’
self-reported Situation Awareness from survey data.

1.4.3 Hypotheses for Study One
Hypothesis one: Accident involved drivers will be distinguished according to their self-rated
situation awareness, with culpable accident involved drivers rating themselves significantly
lower than non-culpable and non-accident involved drivers.
Hypothesis two: Accident involved drivers will be distinguished according to their self-rated
driving style, with culpable accident involved drivers rating themselves significantly more
negatively than non-culpable and non-accident involved drivers.
Hypothesis three: Near-miss involved drivers will be distinguished according to their selfrated situation awareness, with culpable near-miss involved drivers rating themselves
significantly lower than non-culpable and non near-miss involved drivers.
Hypothesis four: Near-miss involved drivers will be distinguished according to their selfrated driving style, with culpable near-miss involved drivers rating themselves significantly
more negatively than non-culpable and non near-miss involved drivers.
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Hypothesis five: Accident involved drivers will be distinguished according to their self-rated
frequency of aberrant driving behaviours, with culpable accident involved drivers reporting
significantly higher levels of errors and violations than non-culpable and non-accident
involved drivers.
Hypothesis six: There will be significant differences in the frequency of aberrant driving
behaviours between near-miss involved drivers.
Hypothesis seven: Accident and near-miss involved drivers will report significantly more
favourable attitudes towards risky driving behaviours.
Hypothesis eight: There will be significant differences in levels of extraversion, impulsivity
and neuroticism between accident and near-miss involved drivers.

1.4.4 Research Aims: Study Two
It appears then that not all research reveals a clear relationship with aberrant driving
behaviour and crash risk over time, therefore investigating the driving styles, attitudes,
personality and behaviours as well as accident involvement of the drivers from Study One is
well justified. The first aim of Study Two therefore will be to investigate differences over
time in the factors previously investigated in a subset of drivers from Study One. The second
aim of Study Two is to explore the accident and near miss history of the same drivers to see
if the differences seen between these groups still exist on the same factors of Situation
Awareness (SA), driving style, aberrant driving behaviours, attitudes and personality.
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1.4.5 Hypotheses for Study Two
It is hypothesised that there will be significant increases in situation awareness among
novice drivers from Study One to Study Two, along with significant decreases in impulsivity
and neuroticism, but no significant change in extraversion. It is also hypothesised that selfreported driving styles and attitudes to risky driving behaviours should become more
favourable to ‘safer’ styles and attitudes, and the frequency of aberrant driving behaviours
themselves should reduce for novices but not necessarily for more experienced drivers.

1.4.6 Research Aims: Study Three
The primary aim of Study Three is to replicate and extend the methodology of Crundall et al.
(2012) to explore any differences between accident involved drivers in their eye movement
recordings on different types of hazard precursor. The second aim seeks to investigate
whether there are any differences between drivers on hazard precursors when having
previously been exposed to an active hazard of the same type. The third aim involves
further validating the Driver Situation Awareness questionnaire (DSA) on both objective and
online measures of situation awareness, and to explore the contribution of the DSA in
distinguishing drivers based on their accident involvement.

1.4.6 Hypotheses for Study Three
The first set of hypotheses is therefore concerned with drivers detecting the presence of the
critical stimuli of all Behavioural Predictor, Environmental Predictor and Dividing and
Focusing Predictors in the driving environment. While some previous research has shown
that less safe drivers are worse in detecting environmental cues (e.g. Ventsislavova et al.,

42

2016; Castro et al., 2014) other research has not (e.g. Castro et al, 2016; Crundall & Kroll,
2018). Hypothesis 1a predicts that there will be differences between drivers based on their
accident involvement in fixating on the critical stimuli in the environment. Hypothesis 1b
predicts differences in fixating the precursors and hazards that make up the critical stimuli.

The second set of hypotheses is concerned with how quickly the different driver groups will
fixate the critical stimuli. Hypothesis 2a predicts that there will be differences between
drivers based on their accident involvement and how quickly they fixate on the critical
stimuli. Hypothesis 2b predicts differences in time to fixate the precursors and hazards
overall, and hypothesis 2c predicts differences in time to fixate the precursors and hazards
between the driver groups.
It is also hypothesised that drivers should demonstrate an effect of experiencing hazardous
driving situations on subsequent potential hazards. It is predicted that the driver groups will
differ on their eye fixations to a potential hazard when having previously been subjected to
an actual hazard of the same type (hypothesis three).

Hypothesis 4a predicts that drivers’ self-reported SA as measured by the DSA will positively
correlate with scores on the Situation Awareness Graded Assessment Technique (SAGAT),
and with their eye movements towards the precursors in the simulation run (hypothesis 4b).
Hypothesis 4c predicts that each driver group will differ in their relationship with self-rated
SA and eye movements towards the precursors.
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2.0 Chapter Two – Study One

2.1 Introduction
As the previous chapter suggests, factors such as self-reported driving style, aberrant
behaviours, attitudes towards risky driving and personality are by no means unequivocally
differentiating drivers on the basis of their type of accident involvement. Therefore the
continued investigation of these should provide further evidence to help determine this.
Accidents are rare events (Maycock, Lockwood & Lester, 1991), and as such, any research
that uses accident frequency as a dependent variable produces results with low statistical
power. Researchers have used alternative measures to categorise the ‘safe driver’ such as
traffic conflicts (Chin & Quek, 1997) and speeding (Aarts & van Schager, 2006). Near-misses
(also referred to as near-accidents and close calls) have also been used as a proxy variable in
place of recorded accidents. This would be a highly valuable avenue of research to explore
as the frequency of near-misses while driving is much higher than actual accidents
(Chapman & Underwood, 2000), and as there is less severity involved with a near miss,
drivers should be less biased in their reporting of them. In addition to this, significant
positive relationships have been found in drivers’ accident and near-miss history (Roberts,
Chapman & Underwood, 2004).
Many studies have not addressed the issue of accident culpability (see af Wåhlrberg, 2003),
and it is argued that studies fail to adequately control for variables such as exposure (e.g.
Elander et al., 1993). Therefore the aim of Study One is to methodically determine
culpability in drivers and investigate which factors best distinguish these culpable accident
and near miss involved drivers from the non-culpable and non-involved drivers once
variables such as age, sex and experience have been controlled for. In addition, a new scale
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will be used which aims to capture drivers’ self-reported situation awareness from survey
data. The following hypotheses are proposed:
Hypothesis one: Accident involved drivers will be distinguished according to their self-rated
situation awareness, with culpable accident involved drivers rating themselves significantly
lower than non-culpable and non-accident involved drivers.
Hypothesis two: Accident involved drivers will be distinguished according to their self-rated
driving style, with culpable accident involved drivers rating themselves significantly more
negatively than non-culpable and non-accident involved drivers.
Hypothesis three: Near-miss involved drivers will be distinguished according to their selfrated situation awareness, with culpable near-miss involved drivers rating themselves
significantly lower than non-culpable and non near-miss involved drivers.
Hypothesis four: Near-miss involved drivers will be distinguished according to their selfrated driving style, with culpable near-miss involved drivers rating themselves significantly
more negatively than non-culpable and non near-miss involved drivers.
Hypothesis five: Accident involved drivers will be distinguished according to their self-rated
frequency of aberrant driving behaviours, with culpable accident involved drivers reporting
significantly higher levels of errors and violations than non-culpable and non-accident
involved drivers.
Hypothesis six: There will be significant differences in the frequency of aberrant driving
behaviours between near-miss involved drivers.
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Hypothesis seven: Accident and near-miss involved drivers will report significantly more
favourable attitudes towards risky driving behaviours.
Hypothesis eight: There will be significant differences in levels of extraversion, impulsivity
and neuroticism between accident and near-miss involved drivers.
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2.2 Method
2.2.1 Design
A cross-sectional survey design was employed (see Appendix 10 for a hyperlink to the
survey). Independent variables were self-rated driving style; attitudes towards risky driving
behaviours; the personality factors of Extraversion, Impulsivity and Neuroticism and selfreported driving situation awareness. Dependent variables were the frequency of selfreported accident involvement over the past five years and near-misses over the past three
months.

2.2.2 Participants
Three hundred and forty seven out of 570 participants who started the survey completed it.
The overall sample consisted of 149 male and 198 female drivers (Mage = 33.88, SD = 12.90,
range: 17-68 years). Of this sample, 70 were novices who had held their license for up to
three years with an average of 1.7 years (20.57 months, SD = 8.54), 193 experienced drivers
who had been driving for at least three years (average 17.71 years or 212.54 months, SD =
142.66) and 84 professional drivers who were either police drivers with an advanced level
driving qualification or driving instructors. This group had held their licences for an average
24.42 years (293.06 months, SD = 100.38).

2.2.3 Questionnaire design
The Driving Situation Awareness (DSA) scale is a new questionnaire designed by this author
in order to assess participants’ self-reported levels of Situation Awareness (SA) specifically in
a driving context. Its creation was necessary because currently there is no driving specific
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self-report measure of SA in the literature and existing methods of assessing SA were not
suitable for inclusion in a survey. It contains 20 items adapted from the Cognitive Failures
Questionnaire (CFQ; Broadbent, Cooper, FitzGerald & Parkes, 1982) and the Work Situation
Awareness Questionnaire (WSA; Sneddon, Mearns & Flin, 2012) and drivers are asked to
rate the frequency of which they commit certain driving behaviours that are concerned with
their level of SA on the road, e.g. “I ‘tune out’ during routine driving, or when driving is
boring”. The items are rated on a five point scale ranging from 0 = very often to 4 = never.
The higher the score, the greater the level of self-reported driving SA (See Appendix 1 for a
complete listing of the items).
The Driver Self Rating Scale (DSR; Guppy, Wilson & Perry, 1990) was used to determine
participants’ self-perceptions of their driving style. The scale presents 19 adjectives with
their antonyms on a bi-polar scale with seven points between them on which the participant
indicates which adjective most applies to them (e.g. Safe_ _ _ _ _ _ _Unsafe). Styles
identified by this scale include ‘awareness-control’, ‘sociability’ and ‘skill-confidence’
(Adams-Guppy & Guppy, 1995). Reliability analysis of factors in this scale have shown a high
internal consistency (e.g. Irritable: α = .81, Safe: α = .76, Confident: α = .71 and Aware: α =
.70; Clay, 1995, see Appendix 2).

The Driver Behaviour Questionnaire (DBQ) Developed by Reason, Manstead, Stradling,
Baxter and Campbell (1990) was described in detail in chapter one. It has 50 items which
record the frequency of aberrant driving behaviours on a six point scale ranging from 0
(never) to 5 (nearly all the time). Reason et al.’s original three factor structure distinguished
between violations, errors and lapses. Examples of items include “[How often do you?]
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Check your speedometer and discover that you are unknowingly travelling faster than the
legal limit?” and “Misjudge your gap in a car park and nearly (or actually hit) adjoining
vehicle?”.
The Driver Attitude Questionnaire (DAQ; Parker, Stradling & Manstead, 1996; Freeman,
Davey & Wishart & Rowland, 2008). The DAQ is a 20 item questionnaire in which measures
drivers’ attitudes to certain risky driving behaviours. Participants are asked to rate on a 5
point scale (1 = strongly agree to 5 = strongly disagree) their attitudes towards the
behaviours of drink driving; close following; risky overtaking and speeding. An example of a
question on attitudes to drink driving would be “Some people can drive perfectly safely after
drinking three or four pints of beer.”, and for close following would be “People stopped by the
police for close following are unlucky because lots of people do it.”. The higher the score indicates
drivers’ attitudes favour more risky driving behaviours. Previous research has shown this scale to

be related to age and risky driving behaviours (e.g. Davey, Freeman & Wishart, 2006) with
moderate internal consistency (α = .55 - .67).
Eysenck, Pearson, Easting, & Allsopp’s (1985) Extraversion (12 items), Neuroticism (12 items)
and Impulsivity scales (19 items to which participants provide a 1 = yes, 0 = no answer). The
higher the summed score, the greater the disposition of that trait). Example questions
include: “Do you like plenty of bustle and excitement around you?” (Extraversion), “Do you suffer
from 'nerves'?” (Neuroticism) and “Do you usually think carefully before doing anything?”

(Impulsivity).
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2.2.4 Procedure
Participants were informed of the nature of the study via a standardised instruction form
which assured them of the voluntary nature of their participation, that their data would be
anonymised and that any information collected would be kept confidential. They were also
informed of their right to withdraw and that upon their request any data collected would be
deleted in accordance with the British Psychological Society’s code of ethics. The survey was
distributed online, using convenience sampling to students and staff at the University of
Bedfordshire psychology department and driving instructors via email and social media.
Police traffic officers with an advanced driving qualification were also recruited through
liaison with local police forces.
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2.3 Results

Initially 570 surveys were collected. After data screening to remove missing and
unresponsive cases, 347 remained for further analysis. Participants’ ages ranged between
17 and 68 (M = 33.88) and there were 149 males (42.9%) and 198 females. In terms of
driving exposure, the average weekly mileage for all participants was 258.26 and experience
wise, had been driving for 1 – 600 months (M = 176.55). One hundred and thirty
participants had experience in other vehicle use. Of these 347 participants, 101 reported
being involved in at least one accident in the last five years with 30 not answering the
question. For near misses, 96 had at lead one near miss in the last three months and 36
didn’t answer the question. Correlations with these accident and near miss frequencies with
the demographic variables and experience in using vehicles other than cars can be seen in
Table 2.1.

Table 2.1
Pearson correlations, means and standard deviations of Study One demographics, and accident and
near miss history
1

2

3

4

5

6

1. Age
2. Gender

-.329**

3. Exposure

.124*

-.135*

4. Experience

.947**

-.367**

.143**

5. Other use

-.487**

.471**

-.162**

-.541**

6. Accidents

-.055

-.080

-.021

-.040

-.022

7. Near misses

-.008

.034

.005

.013

.003

.151**

7

M

SD

33.88

12.90

-

-

258.26

988.76

176.55

151.53

-

-

.40

.68

.91

3.28

Note. * p < .05, ** p < .001
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The other vehicle use and gender variables are dichotomous so the point biserial
correlations were calculated which revealed that males were older, had more exposure on
the road and greater experience. Chi square tests of independence showed that males also
had significantly more experience with other vehicle use than females X2 (1) = 77.06, p <
.001.

2.3.1 Principal Components Analysis (PCA) of the DSA
Three hundred and twenty one cases were available for the PCA which was carried out on
the 22 item DSA with orthogonal (Varimax) rotation. Bartlett’s Test of Sphericity was
significant at p < .001, the Kaiser-Meyer-Olkin measure equalled .91 and the individual item
measures of sampling adequacy were at least .586. The initial analysis produced 5 factors
with an Eigenvalue of one or greater which together accounted for 60% of the variance but
with only one item ‘My car interior is often cluttered or untidy’ loading on the 5th factor. The
PCA was re-run with four fixed factors1 which dropped the total variance explained to 55.2%
so the item was removed. Examination of the reliability analysis coefficients led to the
removal of two further items, ‘I have trouble getting back into my driving routine after an
interruption’ and ‘I think ahead of my car journey to plan for different possible outcomes’.
The subsequent solution on the remaining 19 items produced four factors with an
Eigenvalue of one or greater which together accounted for 59.5% of the variance. Factor
one contained 8 items and was labelled as ‘Attention’ accounted for 37.6%. Factor two (five
items), was labelled as ‘Concentration’ accounted for 9.4%. The third factor (four items),

1 Although Factor Analysis and Principle Components Analysis are different statistical techniques for identifying linear
relationships among variables, the convention of ‘factor’ will be used throughout this thesis for clarity.
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‘Memory’ accounted for 6.8% and factor four (two items) labelled as ‘Vigilance’ accounted
for 5.7% of the variance. Correlations between the factors and reliability analysis
coefficients can be seen in Table 2.2 and the factor structure can be seen in Appendix 1.

Table 2.2
Pearson correlations, Cronbach’s alphas, means and standard deviations of the DSA factors
1

2

3

1. Attention

α = .88

2. Concentration

.696**

α = .80

3. Memory

.448**

.445**

α = .71

4. Vigilance

.219**

.303**

.321**

4

α = .64

M

SD

21.17

5.77

13.12

3.48

11.04

3.19

5.74

1.60

Note. ** p < .001

2.3.2 PCA of the DSR
Three hundred and forty seven cases were available for the PCA which was carried out on
the 19 item DSR with orthogonal (Varimax) rotation. Bartlett’s Test of Sphericity was
significant at p < .001, the Kaiser-Meyer-Olkin measure equalled .866 and the individual
item measures of sampling adequacy were at least .733. The initial analysis produced 4
factors with an Eigenvalue of one or greater which together accounted for 62.1% of the
variance. Factor one which contained five items was labelled as ‘Careful/Attentive’
accounted for 33.47%. Factor two (six items), labelled as ‘Skilful/Anticipating’ accounted for
13.6%. The third factor (six items), ‘Cautious/Considerate’ accounted for 8.9% and factor
four (two items) labelled as ‘Patient/Tolerant’ accounted for 6.13% of the variance.
Correlations and reliability analysis coefficients can be seen in Table 2.3 and the factor
structure can be seen in Appendix 2.
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Table 2.3
Pearson correlations, Cronbach’s alphas, means and standard deviations of the DSR factors
1

2

3

1. Careful / Attentive

α = .83

2. Skilful / Anticipating

.474**

α = .81

-.483**

-.289**

α = .77

.554**

.243**

-.504**

3. Cautious/Considerate
4. Patient / Tolerant

4

α = .80

M

SD

10.84

4.24

15.41

5.64

27.67

5.46

6.12

2.48

Note. ** p < .001

2.3.3 PCA of the DBQ
Three hundred and thirty four cases were available for the PCA which was carried out on the
50 item DBQ with orthogonal (Varimax) rotation. Bartlett’s Test of Sphericity was significant
at p < .001, the Kaiser-Meyer-Olkin measure equalled .907 and the individual item measures
of sampling adequacy were at least .808. The initial analysis produced 12 factors with an
Eigenvalue of one or greater, however the scree plot indicated that a three factor solution
was suitable which together accounted for 35.8% of the total variance (in line with Reason
et al.’s, 1990 solution of 33%). Factor one (18 items), labelled as ‘Errors’ accounted for
25.2%. Factor two (21 items), labelled as ‘Lapses’ accounted for 5.8%, and the third factor
(11 items), labelled as ‘Violations’ accounted for 4.8%. Correlations between the factors and
reliability analysis coefficients can be seen in Table 2.4 and the factor structure can be seen
in Appendix 3.
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Table 2.4
Pearson correlations, Cronbach’s alphas, means and standard deviations of the DBQ factors
1

2

3

M

SD

15.43

8.75

1. Errors

α = .88

2. Lapses

.669**

α = .88

5.69

6.88

3. Violations

.510**

.546**

α = .79 8.68

5.24

Note. ** p < .001

2.3.4 The Driver Attitude Questionnaire.
Two hundred and sixty six participants completed the Driver Attitudes Questionnaire. Each
sub-scale of the DAQ was tested for internal consistency by using Cronbach’s Alpha for
reliability analysis. For Drink Driving, the initial coefficient reached α = .482. The item “It's
hard to have a good time if everyone else is drinking but you have to limit yourself because
you're driving” was removed, which bought the Cronbach’s Alpha up to α = .701. For Close
Following, A coefficient of α = .742 was found which couldn’t be improved upon by
removing any items. For the Overtaking sub-scale however, the initial coefficient reached α
= .515. This necessitated the removal of three items (“I would welcome further use of
double white lines to let me know when it is unsafe to overtake”, “The aim of the police
should be to stop as many people as possible overtaking in risky circumstances” and “Some
drivers can be perfectly safe overtaking in situations which would be risky for others”) which
brought the coefficient up to α = .693. Finally for the Speeding sub-scale, the initial
coefficient of α = .644 was improved to α = .677 by removing the item “I know exactly how
fast I can drive and still drive safely”. See Table 2.5 for Factor correlations and reliability
analyses.
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Table 2.5
Pearson correlations, Cronbach’s alphas, means and standard deviations of attitudes towards risky
driving behaviours
1

2

3

1. Drink Driving

α = .83

2. Close Following

.453**

α = .81

3. Risky Overtaking

.227**

.355**

α = .77

4. Speeding

.336**

.427**

.321**

4

α = .80

M

SD

8.09

3.09

10.93

3.33

5.35

1.84

11.61

3.02

Note. ** p < .001

2.3.5 Determining culpable accident and near-miss involvement.
In order to determine participants’ culpable accident involvement, they were asked how
many accidents they had been involved in while driving in the last five years and of these
how many were at least partly their fault. From these initial questions participants classed
themselves as either non-accident involved (N = 216, 62.1%), accident involved but not
culpable (N = 42, 12.1%), or culpable accident involved (N = 59, 17%). Of the 216 that
reported no accident involvement in the last 5 years, 60 (18.9%) reported on an accident
they had while driving more than five years ago and 31 (8.9%) did not answer the question.
There were also 32 (12%) participants who reported on being involved in an accident as a
passenger in the last five years.

In order to further explore these responses participants were asked to provide details on
their most recent accident. In line with Clay’s (1995) attribution methodology, the survey
asked to what degree they themselves, another driver, another non-driving road user, the
road, weather or ‘other’ conditions had influenced the accident. Possible responses
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available were ‘Myself’, ‘Other driver’, ‘Other non-driving road user’, ‘Road conditions’,
‘Weather conditions’ and ‘Other’. Likert scale responses were ‘Totally’, ‘Considerably’
‘Moderately’, ‘Minimally’ and ‘Not at all’. If participants had selected the ‘Other’ factor, they
were asked to specify why. When these responses were compared with the responses for
how many accidents they were at least partly responsible for in the last 5 years, 21 (6.6%)
ambiguous cases emerged where participants who had initially classed themselves as not
being at least partly responsible, rated ‘Myself’ ‘Not at all’ or ‘minimally’ and ‘Road
conditions’, ‘Weather conditions’ and/or ‘Other’ at least ‘Moderately’ as influencing the
accident. If drivers rated themselves as at least moderately influencing the accident on
those variables, then they were classed as being culpable accident involved. Where there
was still ambiguity, Inspection of the accident data (e.g. speed, direction, point of impact on
their vehicle) by two researchers determined the participant’s culpability for the accident.
One participant had initially rated themselves as ‘Moderately’ influencing the accident,
however inspection of the other data in this case showed that in all likelihood the driver was
not culpable. This bought the new totals to 197 (62.1%) non-accident involved, 43 (13.6%)
accident involved but not culpable and 77 (24.3%) culpable accident involved drivers.
Frequencies for drivers’ ratings of the extent of these contributory factors can be seen in
Table 2.6 below.
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Table 2.6
Frequencies and percentages of factors to which accident involved drivers attributed to the accident

Attribution
Myself – totally
Myself – considerably
Myself – moderately
Myself – minimally
Myself – Not at all

Accident involvement
ANC (n = 43)
0 (0)
0 (0)
1 (2.4)
6 (14.3)
35 (83.3)

CAI (n = 77)
31 (39.7)
16 (20.5)
14 (17.9)
6 (7.7)
11 (14.1)

Other driver – totally
Other driver – considerably
Other driver – moderately
Other driver – minimally
Other driver – Not at all

34 (82.9)
5 (12.2)
0 (0)
1 (2.4)
1 (2.4)

3 (4.0)
15 (20)
13 (17.3)
4 (5.3)
40 (53.3)

Other road user – totally
Other road user – considerably
Other road user – moderately
Other road user – minimally
Other road user – Not at all

0 (0)
0 (0)
0 (0)
0 (0)
40 (100)

0 (0)
5 (7.0)
5 (7.0)
3 (4.2)
58 (81.7)

Road conditions – totally
Road conditions – considerably
Road conditions – moderately
Road conditions – minimally
Road conditions – Not at all

1 (2.4)
0 (0)
4 (9.5)
4 (9.5)
33 (78.6)

12 (16.2)
12 (16.2)
7 (9.5)
6 (8.1)
37 (50)

Weather conditions – totally
Weather conditions – considerably
Weather conditions – moderately
Weather conditions – minimally
Weather conditions – Not at all

1 (2.4)
1 (2.4)
2 (4.8)
6 (14.3)
32 (76.2)

11 (14.7)
7 (9.3)
7 (9.3)
8 (10.7)
42 (56)

Other – totally
5 (41.7)
9 (37.5)
Other – considerably
0 (0)
5 (20.8)
Other – moderately
0 (0)
1 (4.2)
Other – minimally
0 (0)
2 (8.3)
Other – Not at all
7 (58.3)
7 (29.2)
Note. Percentages are in parentheses. ANC = accident involved but not culpable; CAI = culpable
accident involved.
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After data screening the near miss data, 316 initially participants classed themselves as
either non near-miss involved (N = 219, 69.3%), near-miss involved but not culpable (N = 41,
13%), or culpable near-miss involved (N = 56, 17.7%). Two participants responded with
‘don’t know’ to how many they had been involved in but both stated they were nonculpable near-miss involved in the last three months, and four participants didn’t answer
the question. Inspection of the factors that they considered to have influenced the near
miss, one answered not at all to all factors and the other gave no response. These two
participants were therefore classed as non near miss involved.

After applying the attribution parameters in accordance with the accident data, and further
assessment of any ambiguous cases, there were 217 (69.3%) non near-miss involved, 43
(13.7%) near-miss involved but not culpable, and 53 (16.9%) culpable near-miss involved
drivers. Frequencies for drivers’ ratings of the extent of these contributory factors can be
seen in Table 2.7.
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Table 2.7
Frequencies and percentages of factors to which near miss involved drivers attributed to the near
miss

Attribution
Myself – totally
Myself – considerably
Myself – moderately
Myself – minimally
Myself – Not at all
Other driver – totally
Other driver – considerably
Other driver – moderately
Other driver – minimally
Other driver – Not at all

Near miss involvement
NMNC (n = 43)
0 (0)
2 (4.7)
0 (0)
9 (20.9)
32 (74.4)

CNMI (n = 53)
17 (32.7)
11 (21.2)
17 (32.7)
5 (9.6)
2 (3.8)

26 (61.9)
12 (28.6)
2 (4.8)
0 (0)
2 (4.8)

3 (5.9)
20 (39.2)
8 (15.7)
7 (13.7)
13 (25.5)

Other road user – totally
Other road user – considerably
Other road user – moderately
Other road user – minimally
Other road user – Not at all

7 (17.5)
1 (2.5)
0 (0)
2 (5)
30 (75)

0 (0)
6 (12)
1 (2)
3 (6)
40 (80)

Road conditions – totally
Road conditions – considerably
Road conditions – moderately
Road conditions – minimally
Road conditions – Not at all

0 (0)
1 (2.3)
2 (4.7)
3 (7)
37 (86)

0 (0)
8 (15.7)
5 (9.8)
9 (17.6)
29 (56.9)

0 (0)
0 (0)
1 (2.3)
3 (7)
39 (90.7)

2 (4)
8 (16)
8 (16)
4 (8)
28 (56)

Weather conditions – totally
Weather conditions – considerably
Weather conditions – moderately
Weather conditions – minimally
Weather conditions – Not at all

Other – totally
7 (50)
1 (7.7)
Other – considerably
1 (7.1)
0 (0)
Other – moderately
1 (7.1)
1 (7.7)
Other – minimally
0 (0)
0 (0)
Other – Not at all
5 (35.7)
11 (84.6)
Note. Percentages are in parentheses. NMNC = near-miss but not culpable; CNMI = culpable nearmiss involved
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In order to determine whether there was an association between the accident and near
miss involvement reported by drivers, e.g. were the culpable accident involved drivers also
the culpable near miss involved drivers, a chi-square test of independence was performed. It
revealed no significant association between the groups X2 (4) = 5.80, p = .22 (Cramer’s V .215). See Table 2.8 for the observed frequencies.
Table 2.8
Observed frequencies of the accident and near miss involved drivers.
NNMI

NMNC

CNMI

NAI

141

23

31

ANC

32

6

5

CAI

44

14

17

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non
near-miss involved.

2.3.6 DSA and accident involvement
A one-way Multivariate Analysis of Covariance (MANCOVA) with the DSA factors as
dependent variables and accident involvement as the grouping variable was conducted with
Age, Gender, Exposure, Experience and Other vehicle use entered as covariates (See Table
2.7 for correlations between the covariates). Box’s M Test of Equality was non-significant (p
= .35) indicating that the covariance matrices were equal across the accident groups and
Levene’s Test of Equality was non-significant for all DVs (p = .32 - .81) indicating
homogeneity of variance was met. The MANCOVA revealed a significant main effect the
Gender covariate (F(Pillai’s Trace = .08, F(4, 306) = 6.51, p < .001, ƞ2 = .08). All other
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covariates were non-significant (see Table 2.9 for correlations between the covariates and
factors). After controlling for Gender there was a significant main effect of accident group
(Pillai’s Trace = .07, F(8, 614) = 2.69, p = .007, ƞ2 = .03) suggesting that the three accident
groups could be distinguished on a linear combination of the DSA factors. See Tables 2.10
and 2.11 for mean scores on the factors both before and after the covariates were partialled
out.
In order to further explore the effect, the MANCOVA was followed up with Discriminant
Function Analysis (DFA) which revealed two discriminant functions. The first explained
76.3% of the variance (canonical R = .23), and the second explained 23.7% of the variance
(canonical R = .13). Together the functions significantly discriminated the driver accident
group (Λ = .93, χ2(8) = 23.09, p = .003). After removing the first function however, the
second function did not (Λ = .98, χ2(3) = 5.55, p = .14). The correlations between the DSA
factors and the discriminant functions showed that the Attention, Vigilance and
Concentration factors loaded moderately to high on the first function (r = .83; .59 & .41
respectively) with the Memory factor loading highest on the second (r = .86), followed by
the Concentration (r = .50) and Vigilance (r = .38) factors. From the group centroids, the first
function separated the NAI group (centroid = .17) from the CAI group (centroid = -.40).
Analysis of the predicted group membership revealed that 61.5% of the grouped cases were
correctly classified.
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Table 2.9
Pearson correlations between the covariates and DSA factors
1
1. Age

2

3

4

5

-

2. Gender

-.321**

-

3. Exposure

.124*

-.136*

4. Experience

.947**

-.368**

.144*

5. Other use

-.507**

.513**

-.162**

-.572**

-

Att.

Con.

Mem.

Vig.

.273**

.276**

.274**

.399**

-.138*

-.169**

-.408**

-.244**

.050

.034

.131*

.103

.263**

.284**

.321**

.427**

-.180**

-.223**

-.335**

-.357**

Note. * p < .05, ** p < .001. Att. = Attention; Con. = Concentration; Mem. = Memory; Vig. = Vigilance.

Table 2.10
Means and standard deviations of the DSA factors for each accident involved group
NAI

ANC

CAI

n = 197

n = 43

n = 77

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

Attention

22.05

5.27

[22.31, 22.81]

21.23

5.40

[19.61, 22.71]

19.42

6.30

[19.91, 20.82]

Concentration

13.34

3.33

[12.84, 13.82]

13.67

3.40

[12.63, 14.71]

12.49

3.76

[11.74, 13.23]

Memory

11.13

3.12

[10.66, 11.63]

11.93

2.76

[11.08, 12.73]

10.48

3.36

[9.70, 11.24]

Vigilance

5.89

1.64

[5.64, 6.12]

5.91

1.49

[5.47, 6.38]

5.34

1.45

[5.00, 6.67]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval.
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Table 2.11
Means and standard errors of the DSA factors for each accident involved group after the covariates
were partialled out
NAI

ANC

CAI

n = 197

n = 43

n = 77

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Attention

22.03

.39

[21.27, 22.79]

21.09

.83

[19.46, 22.72]

19.54

.62

[18.33, 20.76]

Concentration

13.33

.24

[12.87, 13.80]

13.54

.51

[12.53, 14.54]

12.59

.38

[11.84, 13.34]

Memory

11.22

.20

[10.82, 11.61]

11.55

.43

[10.70, 12.40]

10.48

.32

[9.84, 11.11]

Vigilance

5.89

.10

[5.69, 6.09]

5.81

.22

[5.38, 6.24]

5.38

.16

[5.06, 5.70]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval.

2.3.7 DSR and accident involvement
A one-way MANCOVA with the DSR factors as dependent variables and accident
involvement as the grouping variable was conducted with the same variables as for the DSA
entered as covariates. Box’s M Test of Equality was significant (p = .01) indicating that the
covariance matrices were not equal across the accident groups. Levene’s Test of Equality
was non-significant for the ‘Careful/Attentive’ and ‘Cautious/Considerate’ groups (both p =
.43) indicating homogeneity of variance was met for two of the four dependent variables.
Significant main effects were found for the Age (Pillai’s Trace = .05, F(4, 306) = 4.73, p =
.002, ƞ2 = .05), Gender (Pillai’s Trace = .04, F(4, 306) = 3.14, p = .015, ƞ2 = .04) and
experience (Pillai’s Trace = .08, F(4, 306) = 6.57, p < .001, ƞ2 = .08) covariates (Table 2.12),
however no significant effect was found for accident involvement (Pillai’s Trace = .03, F(8,
614) = 1.21, p = .29, ƞ2 = .02) after these were partialled out (Tables 2.13 and 2.14).
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Table 2.12
Pearson correlations between the covariates and the DSR factors
1
1. Age

2

3

4

5

Care.

-

2. Gender

-.321**

-

3. Exposure

.124*

-.136*

4. Experience

.947**

-.368**

.144*

5. Other use

-.507**

.513**

-.162**

-.572**

-

Skil.

Caut.

Pati.

-.139*

-.405**

.330**

-.198*

.056

.385**

-.090

.028

-.095

-.166**

.035

-.028

-.183**

-.490**

.328**

-.185**

.143*

.466**

-.183**

.082

Note. * p < .05, ** p < .001. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant.

Table 2.13
Means and standard deviations of the DSR factors for each accident involved group
NAI

ANC

CAI

n = 197

n = 43

n = 77

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

Care.

10.68

4.32

[10.11, 11.25]

10.00

3.55

[9.00, 11.00]

11.81

4.43

[10.83, 12.85]

Skil.

15.62

6.12

[14.80, 16.43]

14.07

5.46

[12.31, 15.76]

15.75

4.92

[14.50, 17.01]

Caut.

28.22

5.29

[27.43, 28.91]

28.28

4.33

[27.02, 29.47]

26.40

5.94

[25.07, 27.71]

Pati.

5.94

2.32

[5.64, 6.26]

6.14

2.46

[5.40, 6.89]

6.70

2.82

[6.06, 7.33]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant.
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Table 2.14
Means and standard errors of the DSR factors for each accident involved group after the covariates
were partialled out
NAI

ANC

CAI

n = 197

n = 43

n = 77

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Care.

10.65

.30

[10.06, 11.24]

10.07

.64

[8.81, 11.33]

11.83

.48

[10.88, 12.77]

Skil.

15.50

.34

[14.84, 16.17]

14.74

.73

[13.31, 16.17]

15.68

.54

[14.61, 16.75]

Caut.

28.15

.36

[27.43, 28.86]

28.23

.78

[26.69, 29.77]

26.61

.58

[25.46, 27.76]

Pati.

5.97

.18

[5.63, 6.31]

6.12

.38

[5.39, 6.86]

6.65

.28

[6.10, 7.20]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant.

2.3.8 The DBQ and accident involvement
A one way Analysis of Covariance (ANCOVA) was conducted with accident involvement as
the grouping variable on the errors factor with age, gender, exposure, experience and other
vehicle use entered as covariates. None of the covariates were significant. There was a
significant main effect of errors on accident involvement F(2, 309) = 5.20, p = .006, ƞ2 = .03).
Bonferroni post-hoc tests showed that CAI drivers scored significantly higher than NAI
drivers (p = .005, CI [-6.32, -.89]). There was however, no significant difference between ANC
and NAI drivers (p = 1, CI [-3.88, 2.92]) or CAI and ANC drivers (p = .152, CI [-6.96, .711]).

For lapses, a significant main effect was found for the gender covariate F(1, 309) = 5.25, p =
.02, ƞ2 = .02. There was also a significant main effect of lapses after controlling for gender on
accident involvement F(2, 309) = 6.62, p = .002, ƞ2 = .04). Bonferroni post-hoc tests showed
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that CAI drivers scored significantly higher than NAI drivers (p = .002, CI [-5.34, -.96]) and
ANC drivers (p = .020, CI [-6.61, -.41]), with no significant difference between ANC and NAI
drivers (p = 1, CI [-2.38, 3.11]).

For violations, a significant main effect was found for the age covariate F(1, 309) = 5.70, p =
.02, ƞ2 = .02. There was also a significant main effect of violations after controlling for age on
accident involvement F(2, 309) = 8.80, p < .001, ƞ2 = .05). Post-hoc tests showed that CAI
drivers scored significantly higher than NAI drivers (p < .001, CI [-5.35, -1.45]). There was
however, no significant difference between ANC and NAI drivers (p = .907, CI [-3.49, 1.40])
or CAI and ANC drivers (p = .123, CI [-5.11, .41]). See Tables 2.15 – 2.17 for correlations
between the DBQ factors and covariates, and mean scores before and after the covariates
were partialled out.

Table 2.15
Pearson correlations between the covariates and the DBQ factors
1
1. Age

2

3

4

5

-

2. Gender

-.321**

-

3. Exposure

.124*

-.136*

4. Experience

.947**

-.368**

.144*

-

5. Other use

-.507**

.513**

-162**

-.572**

-

-

Errors

Lapses

Violations

-.231**

-.121*

-.090

.193**

-.068

-.136*

-.042

-.067

-.255**

-.124*

-.040

.236**

-.124*

-.040

-.128*

Note. * p < .05, ** p < .001.
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Table 2.16
Means and standard deviations of the DBQ factors for each accident involved group
NAI

ANC

CAI

(n = 197)

(n = 43)

(n = 77)

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

Errors

14.59

8.38

[13.43, 15.76]

14.56

7.97

[12.37, 16.71]

18.05

9.64

[16.12, 20.05]

Lapses

4.91

5.68

[4.22, 5.65]

4.84

4.56

[3.57, 6.16]

8.12

9.69

[6.37, 10.37]

Violations

7.57

5.60

[6.85, 8.38]

9.09

5.75

[7.49, 10.97]

11.29

7.26

[9.77, 12.79]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval.

Table 2.17
Means and standard errors of the DBQ factors for each accident involved group after the covariates
were partialled out
NAI

ANC

CAI

(n = 197)

(n = 43)

(n = 77)

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Errors

14.49

.59

[13.32, 15.66]

14.97

1.23

[12.46, 17.48]

18.10

.95

[16.22, 19.97]

Lapses

4.98

.48

[4.03, 5.92]

4.61

1.03

[2.59, 6.64]

8.12

.77

[6.61, 9.64]

Violations

7.71

.43

[6.87, 8.55]

8.76

.92

[6.96, 10.57]

11.11

.69

[9.77, 12.46]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval.

2.3.9 DAQ and accident involvement
A one way ANCOVA was conducted on the drink driving sub-scale with accident involvement
as the grouping variable and age, gender, exposure, experience and other vehicle use entered

as covariates. A significant effect was found for the exposure covariate F(1, 258) = 7.22, p =
.008, ƞ2 = .03. There was also a significant main effect for drink driving after controlling for
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exposure on accident involvement F(2, 258) = 6.55, p = .002, ƞ2 = .05. Bonferroni post-hoc
tests showed that CAI drivers scored significantly higher than NAI drivers (p = .001, CI [-2.20,
-.66]). ANC drivers also were numerically higher than NAI drivers but the difference was not
significant (p = .05, CI [-2.71, -.004]). Finally, for drink driving attitudes there were no
significant differences between CAI and ANC drivers (p = .85, CI [-1.59, 1.33]).
For close following, a significant effect was found for the age covariate F(1, 258) = 6.46, p =
.01, ƞ2 = .02. The main effect of accident involvement on close following however, was not
significant F(2, 258) = 2.85, p = .06, ƞ2 = .0.02).
For risky overtaking, all covariates were non-significant and a significant main effect of
accident involvement was found F(2, 258) = 4.38, p = .01, ƞ2 = .03 and post-hoc tests showed
that CAI drivers scored significantly higher than NAI drivers (p = .030, CI [-1.67, -.06]). ANC
drivers numerically scored higher than CAI and NAI drivers but the difference was not
significant (p = 1, CI [-.56, 1.26] and p = .153, CI [-.167, -.06] respectively).
For speeding, no significant effects were found for the covariates, and no significant effect
was found of accident involvement on speeding F(2, 258) = 2.63, p = .07, partial ƞ2 = .02. See
Tables 2.18 – 2.20 for correlations between the DAQ factors and covariates, and mean
scores before and after the covariates were partialled out.
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Table 2.18
Pearson correlations between the covariates and attitudes towards risky driving behaviours
1
1. Age

2

3

4

5

DD

-

2. Gender

-.321**

-

3. Exposure

.124*

-.136*

4. Experience

.947**

-.368**

.144*

5. Other use

-.507**

.513**

-.162**

-.572**

-

CF

OV

SP

-.064

-.335**

-.040

-.051

-.059

-.091

-.161**

-.044

.173**

-.055

-.085

.129*

-.049

-.300**

.007

-.023

.039

.157*

-.142*

-.023

Note. * p < .05, ** p < .001. DD = Drink Driving; CF = Close Following; OV = Overtaking; SP =
Speeding.

Table 2.19
Means and standard deviations of the DAQ factors for each accident involved group
NAI

ANC

CAI

n = 167

n = 35

n = 64

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

DD

7.54

2.83

[7.11, 7.96]

8.86

3.71

[7.66, 10.12]

9.13

3.07

[8.39, 9.92]

CF

10.64

3.32

[10.16, 11.13]

11.86

3.83

[10.63, 13.35]

11.16

2.99

[10.46, 11.84]

OV

5.07

1.72

[4.82, 5.30]

6.06

1.81

[5.42, 6.73]

5.67

2.01

[5.17, 6.19]

SP

11.25

3.11

[10.79, 11.68]

11.97

3.05

[10.88, 12.97]

12.34

2.60

[11.74, 12.99]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval. DD = Drink Driving; CF = Close Following; OV = Overtaking; SP =
Speeding.
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Table 2.20
Means and standard errors of the DAQ factors for each accident involved group after the covariates
were partialled out
NAI

ANC

CAI

n = 167

n = 35

n = 64

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

DD

7.58

.23

[7.12, 8.04]

8.88

.51

[7.88, 9.88]

9.01

.38

[8.27, 9.75]

CF

10.64

.24

[10.16, 11.12]

12.02

.54

[10.97, 13.07]

11.09

.40

[10.31, 11.86]

OV

5.11

.14

[4.84, 5.38]

5.97

.30

[5.38, 6.57]

5.63

.22

[5.18, 6.07]

SP

11.29

.23

[10.83, 11.75]

11.96

.38

[10.96, 12.97]

12.25

.38

[11.51, 12.99]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval. DD = Drink Driving; CF = Close Following; OV = Overtaking; SP =
Speeding.

2.3.10 Personality factors and accident involvement
For Extraversion, a one way ANCOVA was conducted with accident involvement as the
grouping variable and age, gender, exposure, experience and other vehicle use entered as
covariates. A significant main effect was found for the gender covariate F(1, 309) = 11.81, p
= .001, ƞ2 = .04. After controlling for gender there was also a significant main effect of
accident involvement F(2, 309) = 6.47, p = .002, ƞ2 = .04. Bonferroni post-hoc tests showed
that CAI drivers scored significantly higher than NAI drivers (p = .003, CI [-2.72, -.76]). ANC
drivers also were numerically higher than NAI drivers but the difference was not significant
(p = .067, CI [-2.27, .140]). Finally, for extraversion there were no significant differences
between CAI and ANC drivers (p = .295, CI [-1.94, .62]).
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For Impulsivity, a one way ANCOVA was conducted for impulsivity with the same variables
for the extraversion analysis entered as covariates. The analysis showed no significant
effects for any of the covariates, and while numerically CAI drivers scored higher than NAI
drivers and ANC drivers on impulsivity (see Table 2.22), the effect was not significant F(2,
309) = 3.00, p = .05, ƞ2 = .02.
For Neuroticism, the same variables were entered as covariates. Of which, gender was the
only one to show a significant effect F(2, 309) = 8.70, p = .003, partial ƞ2 = .03 but there was
no significant effect of accident involvement (F(2, 309) = 1.83, p = .16, ƞ2 = .01. See Tables
2.21 – 2.23 for correlations between the personality factors and covariates, and mean
scores before and after the covariates were partialled out. Summaries of the analysis of each
factor can be seen in Table 2.24.

Table 2.21
Pearson correlations between the covariates and personality factors
1
1. Age

2

3

4

5

-

2. Gender

-.321**

-

3. Exposure

.124*

-.136*

4. Experience

.947**

-.368**

.144*

5. Other use

-.507**

.513**

-162**

-.572**

-

E

I

N

-.091

-.184**

-.284**

.206**

.118*

-.408

.084

-.007

-.103

-.180**

-.314**

.094

.105

.233**

.282**

Note. * p < .05, ** p < .001. E = Extraversion, I = Impulsivity, N = Neuroticism.
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Table 2.22
Means and standard deviations of the personality factors for each accident involved group
NAI

ANC

CAI

n = 197

n = 43

n = 77

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

Extraversion

6.63

3.94

[6.08, 7.18]

7.37

3.77

[6.26, 8.48]

8.27

3.18

[7.56, 9.01]

Impulsivity

6.60

4.24

[6.01, 7.23]

5.88

4.55

[4.49, 7.39]

8.01

4.56

[7.06, 9.07]

Neuroticism

6.03

3.41

[5.52, 6.51]

4.70

3.50

[3.70, 5.86]

6.01

3.24

[5.20, 6.75]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval.

Table 2.23
Means and standard errors of the personality factors for each accident involved group after the
covariates were partialled out
NAI

ANC

CAI

n = 197

n = 43

n = 77

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Extraversion

6.56

.26

[6.05, 7.08]

7.63

.57

[6.52, 8.75]

8.30

.42

[7.47, 9.13]

Impulsivity

6.64

.31

[6.04, 7.23]

6.03

.66

[4.73, 7.33]

7.84

.49

[6.87, 8.81]

Neuroticism

6.02

.23

[5.57, 6.46]

4.98

.49

[4.02, 5.95]

5.89

.37

[5.17, 6.61]

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval.
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Table 2.24
Summary table of the analyses from Study One on the accident groups with significant differences

NAI
Factor
DSA

ANC

CAI

M

SE

M

SE

M

SE

Attention

22.03a

.39

21.09ab

.83

19.54b

.62

Concentration

13.33a

.24

13.54a

.51

12.59a

.38

Memory

11.22a

.20

11.55a

.43

10.48a

.32

indicated.
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5.89a

.10

5.81ab

.22

5.38b

.16

Care.

10.65a

.30

10.07a

.64

11.83a

.48

Skil.

15.50a

.34

14.74a

.73

15.68a

.54

Caut.

28.15a

.36

28.23a

.78

26.61a

.58

Pati.

5.97a

.18

6.12a

.38

6.65a

.28

Errors

14.49a

.59

14.97ab

1.23

18.10b

.95

Lapses

4.98a

.48

4.61ac

1.03

8.12b

.77

Violations

7.71a

.43

8.76ab

.92

11.11b

.69

DD

7.58a

.23

8.88ab

.51

9.01b

.38

CF

10.64a

.24

12.02a

.54

11.09a

.40

OV

5.11a

.14

5.97ab

.30

5.63b

.22

SP

11.29a

.23

11.96a

.38

12.25a

.38

Extraversion

6.56a

.26

7.63ab

.57

8.30b

.42

Impulsivity

6.64a

.31

6.03a

.66

7.84a

.49

Neuroticism

6.02a

.23

4.98a

.49

5.89a

.37

Vigilance
DSR

DBQ

Attitudes

Personality

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant; DD = Drink Driving; CF = Close Following; OV =
Overtaking; SP = Speeding.
Shared superscripts are not significantly different from each other.

In order to explore the significance of the demographic and self-report measures combined to
accident group membership, a multinomial logistic regression was carried out. It revealed a
significant model fit X2(46) = 84.80, p = .001, with higher levels of vigilance, safer attitudes to
drink driving and drivers and lower levels of extraversion indicating that drivers were more
likely to be NAI compared to CAI, also drivers with a less careful and attentive driving style
and higher in neuroticism were more likely to be CAI than ANC. All other factors didn’t
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significantly predict which level of accident involvement group the drivers belonged to
(Tables 2.25 and 2.26).

Table 2.25
Parameter estimates of the demographic and self-report measures for NAI vs. CAI
b (SE)
NAI vs. CAI

Intercept
Age:
Exposure
Experience
Errors

2.025
.012
.000
-.002
.017

(2.729)
(.045)
(.001)
(.004)
(.035)

95% CI for Odds Ratio
Lower
Odds
Upper
Ratio
.928
.999
.990
.949

1.012
1.000
.998
1.017

1.105
1.001
1.006
1.090
76

Lapses
Violations
Anticipation
Concentration
Memory
Vigilance
Care.
Skil.
Caut.
Pati.
DD
CF
OV
SP
Extraversion
Neuroticism
Impulsivity
Other use
Gender

-.049
-.030
.075
-.125
.076
.302
.028
.020
.013
-.127
-.178
.112
-.177
-.032
-.177
-.055
-.003
-.206
-.195

(.039)
.882
.953
1.029
(.042)
.894
.971
1.054
(.048)
.980
1.078
1.185
(.080)
.755
.883
1.033
(.077)
.928
1.079
1.254
(.127)*
1.055
1.353
1.735
(.060)
.914
1.029
1.158
(.053)
.919
1.020
1.132
(.039)
.938
1.013
1.094
(.092)
.735
.881
1.055
(.067)*
.735
.837
.954
(.072)
.970
1.118
1.288
(.106)
.680
.838
1.032
(.068)
.848
.969
1.106
(.058)*
.747
.838
.939
(.070)
.825
.946
1.085
(.051)
.902
.997
1.102
(.483)
.316
.814
2.099
(.467)
.329
.823
2.056
Note. R2 = .27 (Cox and Snell), .33 (Nagelkerke), * p < .05. NAI = not accident involved; ANC =
accident involved but not culpable; CAI = culpable accident involved. CI = confidence interval. Care. =
Careful/Attentive; Skil. = Skilful/Anticipating; Caut. = Cautious/Considerate; Pati. = Patient/Tolerant;
DD = Drink Driving; CF = Close Following; OV = Overtaking; SP = Speeding.

Table 2.26
Parameter estimates of the demographic and self-report measures for ANC vs. CAI
b (SE)
ANC vs. CAI

Intercept
Age:
Exposure
Experience
Errors

-.757
.040
-.001
-.003
.042

(4.280)
(.069)
(.001)
(.006)
(.054)

95% CI for Odds Ratio
Lower
Odds
Upper
Ratio
.910
.997
.985
.939

1.041
.999
.997
1.043

1.191
1.001
1.009
1.159
77

Lapses
Violations
Anticipation
Concentration
Memory
Vigilance
Care.
Skil.
Caut.
Pati.
DD
CF
OV
SP
Extraversion
Neuroticism
Impulsivity
Other use
Gender

-.076
-.003
-.005
-.135
.092
.177
-.181
.061
.025
.090
-.082
.187
.086
-.032
-.124
-.248
-.080
-.093
.342

(.060)
.825
.927
1.042
(.057)
.891
.997
1.116
(.069)
.869
.995
1.140
(.113)
.700
.874
1.091
(.114)
.876
1.096
1.372
(.184)
.833
1.194
1.712
(.088)*
.702
.834
.992
(.075)
.918
1.063
1.231
(.059)
.913
1.025
1.151
(.130)
.849
1.095
1.412
(.088)
.775
.921
1.096
(.096)
.998
1.206
1.457
(.146)
.818
1.089
1.451
(.092)
.809
.969
1.159
(.077)
.760
.883
1.027
(.099)*
.642
.781
.948
(.074)
.798
.924
1.069
(.646)
.257
.911
3.233
(.630)
.410
1.407
4.836
Note. R2 = .27 (Cox and Snell), .33 (Nagelkerke), * p < .05. NAI = not accident involved; ANC =
accident involved but not culpable; CAI = culpable accident involved. CI = confidence interval. Care. =
Careful/Attentive; Skil. = Skilful/Anticipating; Caut. = Cautious/Considerate; Pati. = Patient/Tolerant;
DD = Drink Driving; CF = Close Following; OV = Overtaking; SP = Speeding.

2.3.11 DSA and near miss involvement
A one-way MANCOVA was conducted on the DSA factors with near miss involvement as the
grouping variable. Box’s M Test of Equality was significant (p = .007) indicating that the
covariance matrices were not equal across the groups and Levene’s Test of Equality was
non-significant for Concentration and Memory (p = .159 and .823 respectively, but
significant for Attention p = .004 and Vigilance p = .002) indicating homogeneity of variance
was met for two of the four variables. The MANCOVA revealed a significant main effect the
Gender covariate (F(Pillai’s Trace = .09, F(4, 302) = 7.185, p < .001, ƞ2 = .09). After controlling
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for Gender there was a significant main effect of near miss group (Pillai’s Trace = .06, F(8,
606) = 2.281, p = .021, ƞ2 = .03) suggesting that the three near miss groups could be
distinguished on a linear combination of the DSA factors.
In order to further explore the effect, the MANCOVA was followed up with DFA which
revealed two discriminant functions. The first explained 87.6% of the variance (canonical R =
.27), and the second explained 12.4% of the variance (canonical R = .11). Together the
functions significantly discriminated the near miss group (Λ = .92, χ2(8) = 26.73, p = .001).
After removing the first function however, the second function did not (Λ = .99, χ2(3) = 3.42,
p = .33). The correlations between the DSA factors and the discriminant functions showed
that the Memory, Attention and Concentration factors loaded moderately to high on the
first function (r = .91; .70 & .67 respectively) with the Vigilance factor loading highest on the
second (r = .79), followed by the Attention (r = .35) and Concentration (r = .35) factors. From
the group centroids, the first function separated the NMNC group (centroid = .46) from the
CNMI group (centroid = -.53). Analysis of the predicted group membership revealed that
68.1% of the grouped cases were correctly classified. See Tables 2.27 and 2.28 for
correlations between the DSA factors and covariates, and mean scores before and after the
covariates were partialled out.

Table 2.27
Means and standard deviations of the DSA factors for each near miss involved group

M

SD

NNMI

NMNC

CNMI

n = 217

n = 43

n = 53

95% CI

M

SD

95% CI

M

SD

95% CI
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Attention

21.55

5.78

[20.75, 22.39]

22.65

3.82

[21.51, 23.82]

18.98

5.64

[17.44, 20.49]

Concentration

13.36

3.47

[12.92, 13.82]

14.00

2.93

[13.11, 14.86]

11.83

3.49

[10.89, 12.76]

Memory

11.18

3.04

[10.79, 11.58]

12.40

2.80

[11.49, 13.27]

9.62

3.34

[8.69, 10.46]

Vigilance

5.72

1.67

[5.50, 5.93]

6.35

1.31

[5.92, 6.71]

5.55

1.23

[5.23, 5.91]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval.

Table 2.28
Means and standard errors of the DSA factors for each near miss involved group after the covariates
were partialled out
NNMI

NMNC

CNMI

n = 217

n = 43

n = 53

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Attention

21.58

.37

[20.86, 22.30]

22.16

.84

[20.51, 23.81]

19.27

.75

[17.81, 20.74]

Concentration

13.38

.22

[12.94, 13.82]

13.64

.51

[12.63, 14.65]

12.05

.46

[11.15, 12.94]

Memory

11.23

.19

[10.86, 11.60]

11.87

.43

[11.02, 12.71]

9.88

.38

[9.13, 10.63]

Vigilance

5.74

.10

[5.55, 5.93]

6.05

.22

[5.62, 6.48]

5.71

.20

[5.33, 6.10]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval.

2.3.12 DSR and near miss involvement
A one-way MANCOVA was conducted with near miss involvement as the grouping variable.
Box’s M Test of Equality was significant (p < .001) indicating that the covariance matrices
were not equal across the near miss groups. Levene’s Test of Equality was non-significant
for ‘Careful/Attentive’, ‘Cautious/Considerate’ and ‘Patient/Tolerant’ (p = .115, .443 and
.659 respectively), indicating homogeneity of variance was met for these variables. The
MANCOVA revealed a significant main effect the Age (F(Pillai’s Trace = .05, F(4, 302) = 4.19,
p = .003, ƞ2 = .05), Gender (F(Pillai’s Trace = .04, F(4, 302) = 3.37, p = .01, ƞ2 = .04) and
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Experience (F(Pillai’s Trace = .07, F(4, 302) = 5.87, p < .001, partial ƞ2 = .07) covariates. After
controlling for these, there was a significant main effect of near miss group (Pillai’s Trace =
.07, F(8, 606) = 2.87, p = .004, ƞ2 = .04) suggesting that the three near miss groups could be
distinguished on a linear combination of the DSR factors (See Tables 2.29 and 2.30 for
correlations between the DSR factors and covariates, and mean scores before and after the
covariates were partialled out).
The MANCOVA was followed up with a DFA which revealed two discriminant functions. The
first explained 90.5% of the variance (canonical R = .30), and the second explained 9.5% of
the variance (canonical R = .10). Together the functions significantly discriminated the near
miss group (Λ = .90, χ2(8) = 32.60, p < .001). After removing the first function however, the
second function did not (Λ = .99, χ2(3) = 3.22, p = .36). The correlations between the DSA
factors and the discriminant functions showed that the ‘Skilful/Anticipating’, and
‘Careful/Attentive’ factors loaded moderately to high and ‘Cautious/Considerate’ negatively
on the first function (r = .85; .70 & -.70 respectively) with the ‘Patient/Tolerant’ factor
loading highest on the second (r = -.72), followed by the ‘Cautious/Considerate’ (r = .52) and
‘Skilful/Anticipating’ (r = .40) factors. From the group centroids, the first function separates
the NMNC group (centroid = -.45) from the CNMI group (centroid = .63). Analysis of the
predicted group membership revealed that 70.3% of the grouped cases were correctly
classified.

Table 2.29
Means and standard deviations of the DSR factors for each near miss involved group
NNMI

NMNC

CNMI
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n = 217

n = 43

n = 53

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

Care.

10.65

4.08

[10.14, 11.18]

9.53

3.23

[8.63, 10.57]

12.66

4.23

[11.45, 14.14]

Skil.

15.32

5.46

[14.57, 16.10]

12.88

5.46

[11.70, 14.09]

18.28

6.82

[16.33, 20.25]

Caut.

28.28

5.05

[27.51, 28.93]

28.93

5.23

[27.18, 30.37]

25.30

5.81

[23.71, 26.88]

Pati.

5.95

2.35

[5.62, 6.27]

5.98

2.49

[5.26, 6.71]

7.06

2.73

[6.27, 7.85]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant.

Table 2.30
Means and standard errors of the DSR factors for each near miss involved group after the covariates
were partialled out
NNMI

NMNC

CNMI

n = 217

n = 43

n = 53

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Care.

10.62

.28

[10.07, 11.17]

9.95

.64

[8.70, 11.21]

12.45

.57

[11.33, 13.57]

Skil.

15.22

.32

[14.60, 15.83]

14.40

.72

[12.99, 15.82]

17.49

.64

[16.23, 18.75]

Caut.

28.30

.34

[27.63, 28.96]

28.37

.78

[26.85, 29.90]

25.68

.69

[24.32, 27.03]

Pati.

5.95

.16

[5.63, 6.27]

6.10

.38

[5.36, 6.84]

6.97

.33

[6.32, 7.63]
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Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant.

2.3.13 DBQ and near miss involvement
A one way ANCOVA was conducted on the Errors factor with near miss involvement as the
grouping variable and age, gender, exposure, experience and other vehicle use entered as

covariates. No significant effects for the covariates was found but there was a significant
main effect of near miss involvement F(2, 305) = 10.51, p < .001, ƞ2 = .06. Post-hoc tests
showed that CNMI drivers scored significantly higher than NNMI drivers (p = .001, CI [-8.05, 2.73]) and NMNC drivers (p = .001, CI [3.31, 11.17]). There was however, no significant
difference between NMNI and NMNC drivers (p = 084, CI [-.167, 3.97]).

For Lapses, no significant effects were found for any of the covariates, and while numerically
CNMI drivers scored higher than the other driver groups on frequency of lapses, the effect
was not significant F(2, 305) = 7.72, p = .07, ƞ2 = .02.

For Violations, a significant effect was found for the Age covariate F(1, 305) = 6.56, p = .01,
ƞ2 = .02. After controlling for age on near miss involvement there was however, no
significant effect of the violations factor F(2, 305) = 1.28, p = .28. See Tables 2.31 and 2.32
for correlations between the DSA factors and covariates, and mean scores before and after
the covariates were partialled out.
Table 2.31
Means and standard deviations of the DBQ factors for each near miss involved group
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NNMI

NMNC

CNMI

n = 217

n = 43

n = 53

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

Errors

14.83

8.21

[13.69, 15.97]

11.93

5.36

[10.26, 13.60]

20.34

10.35

[17.47, 23.61]

Lapses

5.35

5.60

[4.73, 6.02]

4.26

3.84

[3.16, 5.49]

7.26

7.76

[5.43, 9.63]

Violations

8.32

5.98

[7.53, 9.09]

8.51

5.20

[7.14, 10.05]

9.70

6.92

[7.86, 11.85]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval.

Table 2.32
Means and standard errors of the DBQ factors for each near miss involved group after the covariates
were partialled out
NNMI

NMNC

CNMI

n = 217

n = 43

n = 53

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Errors

14.73

.55

[13.67, 15.80]

13.01

1.25

[11.43, 14.41]

19.87

1.11

[16.90, 23.44]

Lapses

5.34

.40

[4.72, 5.96]

4.48

.91

[3.46, 5.56]

7.13

.81

[5.22, 9.71]

Violations

8.37

.40

[7.59, 9.09]

8.16

.92

[6.67, 9.68]

9.77

.82

[8.04, 11.88]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval.

2.3.14 DAQ and near miss involvement
A one way ANCOVA was conducted on the drink driving factor with near miss involvement as
the grouping variable and age, gender, exposure, experience and other vehicle use entered as

covariates, which revealed a significant main effect for the exposure covariate F(1, 255) =
9.03, p = .003, ƞ2 = .03. After controlling for exposure however, no significant effect was
found of near miss involvement F(2, 255) = .014, p = .99, ƞ2 = .00.
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For close following, a one way ANCOVA was conducted with near miss involvement as the
grouping variable and age, gender, exposure, experience and other vehicle use entered as

covariates, which revealed a significant effect for the age covariate F(1, 255) = 8.08, p =
.005, ƞ2 = .03. After controlling for exposure however, no significant effect was found of
near miss involvement F(2, 255) = 1.97, p = .14, ƞ2 = .01.

For risky overtaking, no significant effects were found for any of the covariates and after
controlling for them, no significant effect was found of near miss involvement F(2, 255) =
.81, p = .45, ƞ2 = .01.

For speeding, a one way ANCOVA with near miss involvement as the grouping variable and age,
gender, exposure, experience and other vehicle use entered as covariates, revealed a
significant effect for the exposure covariate F(1, 255) = 4.12, p = .04, ƞ2 = .02. After
controlling for exposure however, no significant effect was found of near miss involvement
F(2, 255) = .19, p = .83, ƞ2 = .001. See Tables 2.33 and 2.34 for correlations between the DAQ
factors and covariates, and mean scores before and after the covariates were partialled out.

Table 2.33
Means and standard deviations of the DAQ factors for each near miss involved group

DD

NNMI

NMNC

CNMI

n = 170

n = 43

n = 50

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

8.04

2.87

[7.59, 8.50]

8.16

3.44

[7.26, 9.10]

8.14

3.49

[7.23, 9.11]
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CF

11.03

3.20

[10.58, 11.52]

9.88

2.90

[9.02, 10.80]

11.52

3.83

[10.55, 12.57]

OV

5.42

1.80

[5.16, 5.70]

5.16

1.79

[4.59, 5.67]

5.22

2.07

[4.62, 5.81]

SP

11.51

2.95

[11.08, 11.95]

11.74

3.31

[10.70, 12.78]

11.82

3.03

[10.91, 12.76]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval. The higher the score, the ‘worse’ the attitude towards that
behaviour. DD = Drink Driving; CF = Close Following; OV = Overtaking; SP = Speeding.

Table 2.34
Means and standard errors of the DAQ factors for each near miss involved group after the covariates
were partialled out
NNMI

NMNC

CNMI

n = 170

n = 43

n = 50

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

DD

8.07

.23

[7.61, 8.53]

8.05

.47

[7.13, 8.98]

8.15

.43

[7.29, 9.00]

CF

11.04

.24

[10.57, 11.52]

10.08

.49

[9.12, 11.04]

11.31

.45

[10.43, 12.19]

OV

5.44

.14

[5.16, 5.71]

5.05

.28

[4.50, 5.61]

5.26

.26

[4.75, 5.77]

SP

11.54

.23

[11.08, 12.00]

11.62

.47

[10.70, 12.54]

11.84

.43

[10.99, 12.69]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval. The higher the score, the ‘worse’ the attitude towards that
behaviour. DD = Drink Driving; CF = Close Following; OV = Overtaking; SP = Speeding.

2.3.15 Personality factors and near miss involvement
For Extraversion, a one way ANCOVA was conducted with near miss involvement as the
grouping variable and age, gender, exposure, experience and other vehicle use entered as

covariates, which revealed a significant main effect was found for the gender covariate (F(1,
305) = 10.67, p = .001, ƞ2 = .03). However there was no significant main effect of near miss
involvement after controlling for gender F(2, 305) = .62 , p = .54, ƞ2 = .004.
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For Impulsivity, a significant effect was found for the exposure covariate F(1, 305) = 4.64, p =
.03, ƞ2 = .04. There was also a significant main effect of near miss involvement after
controlling for exposure F(2, 305) = 4.17, p = .02, ƞ2 = .03). Post-hoc tests showed that CNMI
drivers scored significantly higher than NNMI drivers (p = .024, CI [-3.36, -.18]) and NMNC
drivers (p = .041, CI [-4.41, -.07]), but there were no significant differences between NNMI
and NMNC drivers (p = 1, CI [-1.29, 2.23]).

For Neuroticism, a significant main effect was found for the gender covariate F(1, 305) =
9.38, p = .002, ƞ2 = .03. However after controlling for gender, there was no significant main
effect of miss involvement F(2, 305) = 1.87, , p = .16, ƞ2 = .01. See Tables 2.35 and 2.36 for
correlations between the personality factors and covariates, and mean scores before and
after the covariates were partialled out. Summaries of the analysis of each factor can be seen in
Table 2.37.

Table 2.35
Means and standard deviations of the personality factors for each near miss involved group
NNMI

NMNC

CNMI

n = 217

n = 43

n = 53

M

SD

95% CI

M

SD

95% CI

M

SD

95% CI

Extraversion

7.25

3.84

[6.57, 7.78]

7.12

3.74

[5.96, 8.15]

6.75

3.81

[5.70, 7.78]

Impulsivity

6.61

4.24

[6.08, 7.17]

6.07

4.43

[4.83, 7.32]

8.57

4.78

[7.20, 9.84]

Neuroticism

5.65

3.52

[5.21, 6.10]

5.44

3.25

[4.45, 6.48]

6.87

2.90

[6.08, 7.65]
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Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval.

Table 2.36
NAI

ANC

CAI

Means and standard errors of the personality factors for each near miss involved group after the
covariates were partialled out
NNMI

NMNC

CNMI

n = 217

n = 43

n = 53

M

SE

95% CI

M

SE

95% CI

M

SE

95% CI

Extraversion

7.24

.26

[6.74, 7.74]

7.35

.58

[6.20, 8.50]

6.63

.52

[5.61, 7.65]

Impulsivity

6.64

.29

[6.06, 7.21]

6.17

.67

[4.85, 7.48]

8.40

.59

[7.23, 9.57]

Neuroticism

5.63

.22

[5.21, 6.06]

5.86

.50

[4.88, 6.83]

6.58

.44

[5.71, 7.45]

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval.

Table 2.37
Summary table of the analyses from Study One on the near miss groups with significant differences
indicated.
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Factor
DSA

M

SE

M

SE

M

SE

Attention

21.58a

.37

22.16ac

.84

19.27b

.75

Concentration

13.38a

.22

13.64ab

.51

12.05b

.46

Memory

11.23a

.19

11.87ac

.43

9.88b

.38

Vigilance

5.74a

.10

6.05a

.22

5.71a

.20

Care.

10.62a

.28

9.95ac

.64

12.45b

.57

Skil.

15.22a

.32

14.40ac

.72

17.49b

.64

Caut.

28.30a

.34

28.37ac

.78

25.68b

.69

Pati.

5.95a

.16

6.10ab

.38

6.97b

.33

Errors

14.73a

.55

13.01ac

1.25

19.87b

1.11

Lapses

5.34a

.40

4.48a

.91

7.13a

.81

Violations

8.37a

.40

8.16a

.92

9.77a

.82

DD

8.07a

.23

8.05a

.47

8.15a

.43

CF

11.04a

.24

10.08a

.49

11.31a

.45

OV

5.44a

.14

5.05a

.28

5.26a

.26

SP

11.54a

.23

11.62a

.47

11.84a

.43

Extraversion

7.24a

.26

7.35a

.58

6.63a

.52

Impulsivity

6.64a

.29

6.17ab

.67

8.40b

.59

Neuroticism

5.63a

.22

5.86a

.50

6.58a

.44

DSR

DBQ

Attitudes

Personality

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant; DD = Drink Driving; CF = Close Following; OV =
Overtaking; SP = Speeding.
Shared superscripts are not significantly different from each other.

As with the three accident groups, a multinomial logistic regression was carried out on the
demographic and self-report measures of the near miss groups combined, which revealed a
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significant model fit X2(46) = 63.97, p = .04. Analysis of the parameter estimates showed that
drivers with lower levels of self-reported errors were more likely to be NNMI and NMNC
compared to CNMI, and those with a more careful and considerate driving style as being
NNMI compared to CNMI. All other factors didn’t significantly predict which level of near
miss involvement group the drivers belonged to (see Tables 2.38 and 2.39).

Table 2.38
Parameter estimates of the demographic and self-report measures for NNMI vs. CNMI
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b (SE)
NNMI vs.
CNMI

Intercept
Age:
Exposure
Experience
Errors
Lapses
Violations
Anticipation
Concentration
Memory
Vigilance
Care.
Skil.
Caut.
Pati.
DD
CF
OV
SP
Extraversion
Neuroticism
Impulsivity
Other use
Gender

95% CI for Odds Ratio
Lower
Odds
Upper
Ratio

1.252
-.010
.000
.001
-.081
.035
.054
.048
-.039
.041
-.162
.021
-.054
.096
-.082
-.023
-.008
-.047
.006
.048
-.034
-.010
-.765
.320

(2.892)
(.039)
.917
.990
1.068
(.001)
.998
1.000
1.001
(.004)
.994
1.001
1.009
(.037)*
.858
.922
.992
(.040)
.958
1.036
1.120
(.044)
.967
1.055
1.151
(.050)
.951
1.049
1.158
(.080)
.822
.962
1.125
(.078)
.895
1.042
1.213
(.142)
.643
.850
1.124
(.056)
.914
1.021
1.140
(.052)
.855
.947
1.048
(.041)*
1.015
1.100
1.194
(.094)
.766
.921
1.106
(.072)
.848
.977
1.126
(.073)
.860
.992
1.144
(.116)
.761
.954
1.197
(.073)
.873
1.006
1.161
(.056)
.940
1.049
1.172
(.073)
.838
.967
1.115
(.053)
.892
.990
1.099
(.522)
.167
.465
1.296
(.499)
.518
1.378
3.660
2
Note. R = .22 (Cox and Snell), .26 (Nagelkerke), * p < .05. CNMI = culpable near-miss involved;
NMNC = near-miss but not culpable; NNMI = non near-miss involved. CI = confidence interval. Care.
= Careful/Attentive; Skil. = Skilful/Anticipating; Caut. = Cautious/Considerate; Pati. =
Patient/Tolerant; DD = Drink Driving; CF = Close Following; OV = Overtaking; SP = Speeding.

Table 2.39
Parameter estimates of the demographic and self-report measures for NMNC vs. CNMI
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b (SE)
NMNC vs.
CNMI

Intercept
Age:
Exposure
Experience
Errors
Lapses
Violations
Anticipation
Concentration
Memory
Vigilance
Care.
Skil.
Caut.
Pati.
DD
CF
OV
SP
Extraversion
Neuroticism
Impulsivity
Other use
Gender

95% CI for Odds Ratio
Lower
Odds
Upper
Ratio

2.460
-.103
.000
.010
-.115
.007
.080
.034
-.076
.092
-.123
-.030
-.047
.090
.030
.029
-.174
-.155
.083
.075
.029
-.077
-.328
-.098

(4.084)
(.075)
.778
.902
1.045
(.000)
1.000
1.000
1.000
(.007)
.997
1.010
1.023
(.051)*
.806
.891
.986
(.070)
.878
1.007
1.154
(.061)
.960
1.083
1.222
(.066)
.909
1.035
1.177
(.106)
.753
.927
1.142
(.108)
.887
1.096
1.356
(.191)
.609
.885
1.286
(.084)
.823
.971
1.145
(.072)
.828
.954
1.100
(.057)
.980
1.095
1.223
(.128)
.802
1.030
1.323
(.094)
.857
1.029
1.237
(.101)
.690
.840
1.023
(.150)
.639
.856
1.148
(.093)
.905
1.086
1.304
(.073)
.934
1.077
1.243
(.094)
.857
1.030
1.237
(.073)
.803
.926
1.068
(.677)
.191
.721
2.716
(.626)
.266
.906
3.090
2
Note. R = .22 (Cox and Snell), .26 (Nagelkerke),* p < .05. CNMI = culpable near-miss involved;
NMNC = near-miss but not culpable; NNMI = non near-miss involved. CI = confidence interval. Care.
= Careful/Attentive; Skil. = Skilful/Anticipating; Caut. = Cautious/Considerate; Pati. =
Patient/Tolerant; DD = Drink Driving; CF = Close Following; OV = Overtaking; SP = Speeding.

2.4 Discussion
PCA of the DSA revealed four factors which multivariately appears to distinguish drivers on
the basis of their accident involvement, but only with respect to CAI drivers and not NAI and
ANC. While only lending partial support to Hypothesis One these findings do support those
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of Salmon, Stanton and Young (2012) and Sneddon, Mearns and Flin (2012). Culpable drivers
who rated themselves as having lower Attention and Concentration is also in agreement
with Clay’s (1995) finding that culpable drivers rate themselves as less aware than ANC and
NAI drivers, and is in line with Adams-Guppy and Guppy’s (1995) finding that drivers who
rated themselves highly in Awareness and Skill rated themselves as less likely to be in a
minor accident. These findings were also replicated for near-miss involvement so
Hypothesis Two is partially accepted.
The PCA of the DSR replicated findings from Clay (1995) and Adams-Guppy and Guppy
(1995). Of Clay’s (1995) ‘Irritable’ factor items, Patient and Tolerant appear in the
‘Patient/Tolerant’ factor, three appear in the ‘Reckless/Selfish’ factor and one in the
‘Careful/Attentive’ factor. All three of Clay’s ‘Confident’ factor items appear in the
‘Skilful/Anticipating’ factor, and one of each item from her ‘Aware’ factor appear in the
‘Careful/Attentive’; ‘Skilful/Anticipating’ and ‘Cautious/Considerate’ factors. Adams-Guppy
and Guppy’s (1995) ‘Awareness/Control’ factor items mostly appear in the
‘Careful/Attentive’ factor (four items) followed by the ‘Skilful/Anticipating’ factor (three
items). All of their ‘Sociability’ items appear in the ‘Cautious/Considerate’ and
‘Patient/Tolerant’ factors and all of the ‘Skill’ items appear in the ‘Skilful/Anticipating’
factor.
The factors of the DSR do not appear to distinguish drivers on the basis of their accident
involvement so Hypothesis Three is rejected. This doesn’t support the findings of TaubmanBen-Ari and Yeheil, (2012) and Clay (1995) whose culpable drivers rated themselves as more
irritable and less safe than non-culpable and non-accident involved drivers. In terms of nearmiss involvement though, they were significantly distinguished with CNMI drivers rating
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themselves less Skilful/Anticipating, Careful/Attentive, and Cautious/Considerate than
NNMI or NMNC drivers thus supporting Hypothesis Four.
Three factors were extracted from Reason et al.’s (1990) original 50 item DBQ and were
identified as Errors, Lapses and Violations together accounted for 36% of the total variance
which was comparable to Reason et al.’s, 1990 solution of 33%. Analysis of Covariance
revealed that CAI drivers reported a significantly higher frequency of Errors, Lapses and
Violations than NAI drivers so hypothesis five was accepted. These findings support previous
research into self-reported frequency of aberrant driving behaviours (e.g. de Winter &
Dodou, 2010, and in part Parker et al., 1995). For near misses, only the frequency of selfreported errors was significantly higher for CNMI drivers so hypothesis six was only partially
accepted.
Significant effects were found for attitudes towards drink driving and overtaking with CAI
drivers’ attitudes favouring more risky attitudes to those behaviours than NAI drivers, but
there were no significant differences between the accident involvement groups on close
following or speeding. These results partially support those of Davey et al. (2006) who found
that drivers who had negative attitudes towards speeding, risky overtaking, close following
and drink driving were less likely to have engaged in risky driving. The near miss data
however, is in contrast to previous research with no significant differences between the near
miss groups on any of the attitudes towards risky driving.
Hypothesis eight was also partially accepted with CAI drivers scoring significantly higher on
Extraversion and CMNI drivers significantly higher on Impulsivity supporting the findings of
Clarke & Robertson (2005), Lajunen (2001) and Smith et al., (2006). No differences in
Neuroticism was found for either accident or near miss involved drivers which is in
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agreement with the findings of Arthur et al. (1991), Elander et al. (1993) and Salgarno
(2002).
A follow up multinomial regression was conducted to explore the factors of interest in combination.
Once all factors were analysed together, it was only higher levels of vigilance, safer attitudes to

drink driving and drivers and lower levels of extraversion that predicted drivers were more
likely to be NAI and CAI and drivers with a less careful and attentive driving style and higher
in neuroticism were more likely to be CAI than ANC. This was also carried out for the near
miss groups and it was revealed that it was only lower levels of self-reported errors were
more likely predict drivers as being NNMI and NMNC compared to CNMI, and those with a
more careful and considerate driving style as being NNMI compared to CNMI, indicating that
when analysed together, the non-significant predictors are associated with each other in
some way.
In summary, these results suggest that, when the above factors are examined separately,
drivers’ accident and near-miss involvement can be distinguished by self-rated SA, perceived
driving style, aberrant driving behaviour and personality traits once age, gender, mileage
and experience are controlled for. What is of interest is the lack of significant differences
between non-culpable and non-involvement, however, it has been argued by some that the
non-culpable driver should not be distinguishable from the non-accident involved driver,
due to the random nature of non-culpability (af Wåhlberg, 2012; Hours, Fort, Charnay et al.,
2008). Clearly then, further research is warranted in this area. This study is not without its
limitations however, most notably the data analysed was from retrospective self-reported
accidents and near-misses. Memory for these has been shown to be relatively poor through
previous research (e.g. Chapman & Underwood, 2000). In addition the imbalance of
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participants in each condition, despite statistical correction, needs to be addressed with
further research in order to be confident in the results already obtained.
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3.0 Chapter Three – Study Two

3.1 Introduction
The results from Study One showed that some but not all of the factors investigated
discriminate drivers on the basis of their accident involvement once variables such as age
and experience are controlled for. What would be of interest is to see if the equivocal
results from Study One can be attributed to age and experiential factors, especially with
regards to novice and experienced drivers.
Perhaps the most prominent issue regarding age is the problem of the young male driver.
Decades of research have shown that this demographic is over represented in road traffic
accidents all over the world (e.g. Maycock et al., 1991; WHO, 2013). Also as was seen in
Chapter One, changes in skill and other factors such as driving style and personality do occur
over time and may or may not be related to accident involvement (e.g. Taubman-Ben-Ari,
2004; Holland et al., 2010; Møller & Haustein, 2013). Increases in the frequency of aberrant
driving behaviours have also been found in longitudinal studies of young, new drivers
(Roman et al., 2015) but this appears to contrast the sharp decrease in crash statistics seen
for newly qualified drivers in the first months after qualification. Age related differences
have also been seen in young drivers’ perceptions of their own driving ability, observed skill
and attitudes but not necessarily in road appreciation (Groeger & Brady, 2004).
It appears then that not all research reveals a clear relationship with aberrant driving
behaviour and crash risk over time, therefore investigating the driving styles, attitudes,
personality and behaviours as well as accident involvement of the drivers from Study One is
well justified. The first aim of Study Two therefore will be to investigate differences over
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time in the factors previously investigated in a subset of drivers from Study One. It is
hypothesised that there will be significant increases in Situation Awareness (SA) among
novice drivers from Study One to Study Two, along with significant decreases in Impulsivity
and Neuroticism, but no significant change in Extraversion. It is also hypothesised that selfreported driving styles and attitudes to risky driving behaviours should become more
favourable to ‘safer’ styles and attitudes, and the frequency of aberrant driving behaviours
themselves should change for novices but not necessarily for more experienced drivers. The
second aim of Study Two is to explore the accident and near miss history of the same drivers
to see if the differences seen between these groups still exist on the same factors of SA,
driving style, aberrant driving behaviours, attitudes and personality.
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3.2 Method
3.2.1 Design
As with Study One, a cross-sectional survey design was employed. Independent variables
were self-rated driving style; attitudes towards risky driving behaviours, the personality
factors of Extraversion, Impulsivity and Neuroticism and self-reported driving Situation
Awareness. Dependent variables were the frequency of self-reported accident involvement
over the past five years and near-misses over the past three months.

3.2.2. Participants
Participants from Study One who expressed an interest in taking part in future research
were invited to take part in the survey. This resulted in 115 participants responding to the
invite, of which 97 successfully completed all parts of the questionnaire, with two
participants failing to complete three of the scales. The overall sample consisted of 43 male
and 56 female drivers (Mage = 35.8, SD = 12.48, range: 20 - 67 years). As the aim of Study
Two was to explore differences between novice and experienced drivers, the professional
driver groups (who were either police drivers with an advanced level driving qualification or
driving instructors, identified in Study One, N = 16) were combined with the experienced
group which categorised the sample into 75 experienced drivers and 24 novices.

3.2.3 Materials
The Driver Situation Awareness (DSA) questionnaire was used to determine frequency of
driving behaviours that reflect the cognitive components of Situation Awareness in a driving

99

context. The components assessed by the questionnaire are ‘Attention’, ‘Concentration’,
‘Memory’ and ‘Vigilance’. As with Study One, drivers rate their frequency of driving
behaviours on a five point scale ranging from 0 = very often to 4 = never. Higher scores on
each scale are indicative of a greater level of driving situation awareness. Reliability analyses
from Study One demonstrated moderate to good internal consistency (.64 - .88).
The Driver Self-Rating Scale (DSR; Guppy, Wilson & Perry, 1990) consists of 19 adjectives
with their antonyms on a bi-polar scale, with participants indicating to which side of the
scale they identified with. The factor structure identified from Study One was used with the
factors: ‘Careful/Attentive’, ‘Skilful/Anticipating’, ‘Cautious/Considerate’ and
‘Patient/Tolerant’, with each factor demonstrating good internal consistency (.77 - .83).
Drivers’ self-reported frequency of aberrant driving behaviours was included. The original 50
item scale was used which measures frequency of behaviours on a six point scale ranging
from 0 (never) to 5 (nearly all the time). Factors identified from Study one were Errors (α =
.88), Lapses (α = .88) and Violations (α = .79).
Driver’s attitudes towards risky driving behaviours were assessed with the Driver Attitude
Questionnaire (DAQ; Parker, Stradling & Manstead, 1996; Freeman, Davey & Wishart &
Rowland, 2008). Twenty questions rate driver’s attitudes towards drink driving; close
following; risky overtaking and speeding on a five point scale (1 = strongly agree to 5 =
strongly disagree). The internal consistency of these four factors from Study One was found
to be good (.77 - .83).
The personality factors of Extraversion (12 items), Neuroticism (12 items) and Impulsivity
scales (19 items, Eysenck, Pearson, Easting, & Allsopp, 1985) explored in Study One were
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also used, and scored dichotomously with a higher summed score indicating a greater the
disposition of that trait.

3.2.4 Procedure
The procedure for Study Two was very similar to Study One in that participants were
emailed an invitation to take part in the survey which reminded them of the voluntary
nature of their participation and the confidentiality and right to withdraw as per BPS ethical
codes of conduct. They were also informed that once the survey was submitted they would
be sent a £10 gift voucher. Included in the email was a link to the online survey.
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3.3 Results
The average weekly mileage for all participants was 198.97 (SD = 280.71) and driving
experience ranged from six and 614 months (M = 187.73, SD = 138.43) at the time of
completing the second survey. The time difference between completion of the two surveys
ranged from three to 42 months (M = 18.94, SD = 7.13). Of the 99 participants, 34 had
experience in other vehicle use. Thirty six participants out of the 99 who responded
reported being involved in at least one accident in the last five years with three failing to
answer the question. Thirty five had at lead one near miss in the last three months, and
three didn’t answer the question. Correlations with these accident and near miss
frequencies with the demographic variables and experience in using vehicles other than cars
can be seen in Table 3.1.

Table 3.1
Pearson correlations, means and standard deviations of Study One demographics, and accident and
near miss history
1

2

3

4

5

6

1. Age
2. Gender

-.395**

3. Exposure

.233*

-.293**

4. Experience

.922**

-.486**

.315**

5. Other use

.301**

-.396**

361**

.416**

6. Accidents

-.238*

-.002

.008

-.239*

.040

7. Near misses

-.083

-.145

.157

-.083

-.043

.236*

7

M

SD

35.80

12.48

-

-

199.98

280.74

169.19

140.27

-

-

.44

.61

.75

1.78

Note. * p < .05, ** p < .001
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The point biserial correlations indicate that males were older, had more exposure on the
road and greater experience. Chi square tests of independence also showed that males had
significantly more experience with other vehicle use than females X2 (1) = 15.54, p < .001.

3.3.1 Relationships between the demographic factors, accidents and near misses in Study
One to Study Two
Due to the large variance in time taken to complete the surveys and participants’ weekly
mileage from Study One to Study Two, relationships between these factors and differences
in accident and near miss involvement across both studies were explored.
Table 3.2
Pearson correlations, means and standard deviations between Study One and Study Two.
1

2

3

4

5

1. Exposure S1
2. Exposure S2

.762**

3. Acc. S1

.168

.139

4. Acc. S2

.047

.008

.325**

5. NM S1

-.020

-.017

.132

.147

6. NM S2

.301**

.157

.098

-.236*

.217*

6

M

SD

258.26

988.76

199.98

280.74

.40

.68

.44

.61

.91

3.28

.75

1.78

Note. S1 = Study One, S2 = Study Two, Acc. = accidents, NM = near misses * p < .05, ** p < .001

Paired samples t-tests revealed that the difference in frequency of self-reported accidents
from Study One (M = .34, SD = .56) and Study Two (M = .44, SD = .61) was not significant
t(95), -.135, p = .18. They also revealed that difference in frequency of self-reported near
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misses from Study One (M = 1.23, SD = 4.51) and Study Two (M = .75, SD = 1.79) was not
significant t(94), 1.05, p = .29.

3.3.1 Test re-test reliability
3.3.1.1 DSA
Pearson correlations were conducted between the DSA factors from Study One to Study
Two. Significant relationships were found for the ‘Attention’ factor r = .68, 95% CI [0.56,
0.78], the ‘Concentration’ factor r = .69, 95% CI [0.5, 0.78], the ‘Memory’ factor r = .78, 95%
CI [0.69, 0.85], and the ‘Vigilance’ factor r = .55, 95% CI [0.39, 0.67] (all ps < .001).
3.3.1.2 DSR
Pearson correlations were also conducted between the DSR factors from Study One to Study
Two. Significant relationships were found for the ‘Careful/Attentive’ factor r = .64, 95% CI
[0.50, 0.74], the ‘Skilful/Anticipating’ factor r = .71, 95% CI [.60, 0.80], the
‘Cautious/Considerate’ factor r = .56, 95% CI [0.41, 0.69], and the ‘Patient/Tolerant’ factor r
= .66, 95% CI [0.53, 0.76] (all ps < .001).
3.3.1.3 DBQ
Significant relationships were also found for Errors r = .76, 95% CI [0.66, 0.83], Lapses r = .68,
95% CI [0.55, 0.77] and Violations r = .70, 95% CI [0.58, 0.79] (all ps < .001).
3.3.1.4 DAQ
Pearson correlations were also conducted between the DAQ factors from Study One to
Study Two. Significant relationships were found for Drink Driving r = .64, 95% CI [0.50, 0.74],
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Close Following r = .61, 95% CI [0.47, 0.72], Overtaking r = .60, 95% CI [0.45, 0.71], and
Speeding r = .71, 95% CI [0.59, 0.79] (all ps < .001).
3.3.1.5 Personality factors
Extraversion at Study One was significantly related to Extraversion at Study Two r = .78, 95%
CI [0.69, 0.85], as was Impulsivity r = .65, 95% CI [0.52, 0.75] and Neuroticism r = .76, 95% CI
[0.66, 0.83] (all ps < .001).

3.3.2 Experiential differences on the factors of interest.
In order to test for the effect of experience on any differences between Study One and
Study Two, and owing to the wide variability in time between participants responses, 2
(Study) x 2(Experience) mixed design ANCOVAs were conducted with the time difference
between studies entered as a covariate. Analysis of the differences between the means of
each factor from Study One to Study Two were checked for normality and despite the
presence of some outliers, were found to be normally distributed, with Skew and Kurtoses
within acceptable levels. Sample analyses of these factors both with and without the
outliers showed no significant difference in the results so the outliers were included in all
subsequent analyses, but with the Greenhouse-Geisser correction reported throughout.
3.3.2.1 DSA
For the Attention factor, no significant main effect was found in the difference between
Study One and Study Two F(1, 94) = .33, p = .57, ƞ2 = .003, or in the main effect of
experience F(1, 94) = 2.53, p = .12, ƞ2 = .03. There was no significant interaction between
the study and experience groups F(1, 94) = 3.93, p = .05, ƞ2 = .04, indicating that there was
no change in participants self-reported level of Attention either overall or for novice and
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experienced drivers independently, between Studies One and Two. Estimated means for the
DSA factors across the two studies can be seen in Table 3.2.
For the Concentration factor, no significant effect was found for study F(1, 94) = .57, p = .45,
ƞ2 = .01. There was a significant main effect of experience F(1, 94) = 14.60, p < .001, ƞ2 = .13,
with novices reporting lower levels of concentration than experienced overall (11.05 vs.
13.58, p < .001). There was no significant interaction between the study and experience
groups F(1, 94) = 1.39, p = .24, ƞ2 = .02.
For the Memory Factor, no significant effect was found for study F(1, 94), 2.03, p = .16, ƞ2 =
.02 but there was for experience F(1, 94), = 6.17, p = .02, ƞ2 = .06 with novices scoring
significantly lower on this factor (M = 9.26) than experienced drivers overall (M = 11.10, p =
02). There was also a significant interaction between the Study and Experience variables
(F(1, 94) = 8.49, p = .004, ƞ2 = .08). Simple effects analysis showed that novices scores on
this factor increased from Study One (M = 8.72) to Study Two (M = 9.81) and that this
difference was significant (p = .02), with no significant difference for experienced drivers (M
= 11.30 vs. 10.90, p = .11). In addition, experienced drivers scored significantly higher (M =
11.30) on the memory factor than novices (M = 8.72) at Study One (p = .001), but this
difference had disappeared by Study Two (Experienced: M = 10.90, Novice: M = 9.81, p =
.17). This would appear to indicate that novice drivers were on their way to catching up with
the experienced drivers in terms of improved Memory on the road.
For the Vigilance factor, no significant effect was found in the difference between Study One
and Study Two F(1, 94) = .19, p = .66, ƞ2 = .002, but there was a significant effect of
experience F(1, 94) = 14.64, p < .001, ƞ2 = .14. Post-hoc analysis revealed that novices scored
significantly lower on this factor than experienced drivers across the studies overall (5.09 vs.
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6.20, p < .001). There was no significant interaction between study and experience F(1, 94) =
.80, p = .37, ƞ2 = .01

Table 3.2
Estimated Means and Standard Errors for the DSA factors.
Study One
Experience
n
M (SE)
95% CI
Novice
24 20.07 (1.09) [17.91, 22.23]
Experienced 73 20.94 (.62) [19.71, 22.16]

Study Two
n
M (SE)
95% CI
24 17.36 (1.13) [15.11, 19.61]
73 20.25 (.64) [18.98, 21.53]

Con.

Novice
24
Experienced 73

10.83 (.62)
13.71 (.35)

[9.60, 12.07]
[13.01, 14.41]

24
73

11.28 (.63)
13.44 (.36)

[10.02, 12.53]
[12.73, 14.15]

Mem.

Novice
24
Experienced 73

8.72 (.68)
11.30 (.38)

[7.37, 10.06]
[10.54, 12.06]

24
73

9.81 (.67)
10.90 (.39)

[8.47, 11.15]
[10.14, 11.66]

Factor
Att.

Vig.

Novice
24 5.22 (.27)
[4.67, 5.76]
24 4.97 (.30)
[4.40, 5.56]
Experienced 73 6.16 (.16)
[5.86, 6.47]
73 6.22 (.17)
[5.88, 6.55]
Note. Att. = Attention, Con. = Concentration, Mem. = Memory, Vig. = Vigilance, CI = Confidence
Interval.

3.3.2.2 DSR
For the ‘Careful/Attentive’ factor, no significant main effect was found for study F(1, 96) =
.15, p = .70, ƞ2 = .002, or for experience F(1, 96) = .19, p = .66, ƞ2 = .002. Nor was there any
significant interaction between the two F(1, 96) = .26, p = .61, ƞ2 = .003. For the
‘Skilful/Anticipating’ factor, no significant effect was found for study F(1, 96) = .45, p = .50,
ƞ2 = .01. There was a significant main effect of experience F(1, 96) = 31.07, p < .001, ƞ2 = .24
with experienced drivers reporting safer driving styles than novices overall (20.50 vs. 14.31,
p < .001), but there was no significant interaction between study and experience (F(1, 96) =
.96, p = .33, ƞ2 = .01 For the ‘Cautious/Considerate’ factor, no significant effect was found in
the difference between Study One and Study Two F(1, 96) = 3.62, p = .60, ƞ2 = .04, or any
effect of experience F(1, 96) = 2.97, p = .09, ƞ2 = .03. There was no significant interaction
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between study and experience F(1, 96) = .03, p = .88, ƞ2 = .00. For the ‘Patient/Tolerant’
factor, no significant effect was found for study F(1, 96) = 3.81, p = .08, ƞ2 = .03, or between
the experience groups F(1, 96) = .05, p = .83, ƞ2 = .00, nor was there any significant
interaction between the two F(1, 96) = .08, p = .93, ƞ2 = .00. Estimated means for the DSR
factors across the two studies can be seen in Table 3.3.

Table 3.3
Estimated Means and Standard Errors for the DSR factors.

Factor

Experience

n

M (SE)

Car/Att.

Novice
Experienced

24
75

11.55 (1.00)
21.36 (.56)

Ski/Ant.

Novice
Experienced

24
75

Cau/Con.

Novice
Experienced

Pat/Tol.

Novice
Experienced

Study One
95% CI

Study Two
95% CI

n

M (SE)

[9.57, 13.54]
[10.24, 12.47]

24
75

11.87 (.93)
11.19 (.52)

[10.04, 13.71]
[10.16, 12.22]

21.14 (1.07)
14.44 (.60)

[19.02, 23.26]
[13.25, 15.62]

24
75

19.86 (1.06)
14.18 (.59)

[17.75, 21.96]
[13.00, 15.36]

24
75

26.21 (1.09)
27.92 (.61)

[24.05, 28.38]
[26.70, 29.13]

24
75

26.57 (.95)
28.45 (.53)

[24.68, 28.45]
[27.39, 29.50]

24
75

6.18 (.52)
6.28 (.29)

[5.15, 7.21]
[5.70, 6.85]

24
75

6.44 (.56)
6.59 (.32)

[5.33, 7.56]
[5.97, 7.22]

Note. Car/Att. = Careful/Attentive, Ski/Ant. = Skilful/Anticipating, Cau/Con. =

Cautious/Considerate, Pat/Tol. = Patient/Tolerant, CI = Confidence Interval.

3.3.2.3 DBQ
For the Errors factor, no significant main effect was found for study F(1, 96) = .11, p = .74, ƞ2
= .001, or for experience F(1, 96) = 2.35, p = .13, ƞ2 = .02. There was no significant
interaction between study and experience F(1, 96) = .06, p = .81, ƞ2 = .001. Estimated means
for the DBQ factors across the two studies can be seen in Table 3.4.
For the Lapses factor, no significant main effect was found for study F(1, 96) = .92, p = .34,
ƞ2 = .01, nor was there any significant main effect for experience F(1, 96) = 3.85, p = .05, ƞ2 =
.04. There was however, a significant interaction between study and experience F(1, 96) =
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4.53, p = .036, ƞ2 = .05. Analysis of the simple effects showed that novice drivers reported an
increase in lapses from Study One (M = 6.38) to Study Two (M = 8.97) and this difference
was significant (p = .004). Novice drivers also reported more Lapses at Study Two (M = 8.97)
than experienced drivers (M = 5.66) and this difference was significant (p = .01). There was
no significant change in lapses for experienced drivers from Study One (M = 5.21) to Study
Two (M = 5.66, p = .36) and they were not different from novice drivers at Study One (p =
.33). This suggests that while experienced drivers may have reached a ‘plateau’ in their level
of lapses committed, novices are still gaining experience and as such making mistakes as
they are doing so.
For the Violations factor, no significant main effect was found for study F(1, 96) = .70, p =
.40, ƞ2 = .01. There was however, a significant main effect for experience F(1, 96) = 4.04, p =
.047, ƞ2 = .04 with experienced drivers committing significantly more violations overall than
novices (M = 10.26 vs. 7.47, p = .047). There was a significant interaction between study and
experience F(1, 96) = 5.64, p = .02, ƞ2 = .06. Simple effects analysis revealed that
experienced drivers reported committing more violations (M = 10.40) in Study One than
novices (M = 6.22) and this difference was significant (p = .008) but there was no significant
difference between them in Study Two (p = .34). In addition novice drivers reported more
violations in Study Two (M = 8.71) compared to Study One (M = 6.22), and this difference
was significant (p = .02). There was no difference between Studies One and Two for
experienced drivers however (p = .63). This indicates that experienced drivers have simply
had more time on the road to execute such violations compared to novices and that this is
also happening for novices as they gain more experience and exposure.
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Table 3.4
Estimated Means and Standard Errors for the DBQ factors.

Factor
Err.

Lap.

Study One
Experience
n
M (SE)
95% CI
Novice
24 18.03 (1.72) [14.61, 21.44]
Experienced 75 15.08 (.96) [13.17, 17.00]

Study Two
n
M (SE)
95% CI
24 18.83 (1.64) [15.58, 22.09]
75 16.21 (.92) [14.39, 18.04]

Novice
24
Experienced 75

24
75

6.38 (1.03)
5.21 (.58)

[4.33, 8.42]
[4.07, 6.36]

8.97 (1.12)
5.66 (.63)

[6.74, 11.19]
[4.42, 6.91]

Novice
24 6.22 (1.35)
[3.55, 8.89]
24 8.71 (1.26)
Experienced 75 10.40 (.75) [8.90, 11.89]
75 10.12 (.71)
Note. Err. = Errors, Lap. = Lapses, Vio. = Violations, CI = Confidence Interval.

[6.21, 11.22]
[8.72, 11.52]

Vio.

3.3.2.4 Attitudes to Risky Driving Behaviours
For the drink driving factor, no significant main effect was found for study F(1, 80) = 1.88, p
= .18, ƞ2 = .02, or between the experience groups F(1, 80) = .39, p = .54, ƞ2 = .01, and there
was no significant interaction between study and experience F(1, 80) = 2.82, p = .10, ƞ2 =
.03. For the close following factor, no significant main effect was found for study F(1, 80) =
.39, p = .54, ƞ2 = .01, or between the experience groups F(1, 80) = 1.44, p = .23, ƞ2 = .02. Nor
was there any significant interaction between the two F(1, 80) = .10, p = .75, ƞ2 = .001. For
the risky overtaking factor, no significant main effect was found for study F(1, 80) = .87, p =
.35, ƞ2 = .01, or between the experience groups F(1, 80) = .09, p = .77, ƞ2 = .001, and no
significant interaction between study and experience F(1, 80) = 2.32, p = .13, ƞ2 = .03.
Finally, for the speeding factor, no significant main effect was found for study F(1, 80) = .44,
p = .51, ƞ2 = .01, or between the experience groups F(1, 80) = .01, p = .94, ƞ2 = .00. Nor was
there any significant interaction between the two F(1, 80) = .07, p = .77, ƞ2 = .001. Estimated
means for the DAQ factors across the two studies can be seen in Table 3.5.
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Table 3.5
Estimated Means and Standard Errors for the Attitudes to Risky Driving Behaviours.

DD

Experience
n
Novice
19
Experienced 64

M (SE)
7.16 (.71)
8.23 (.37)

Study One
95% CI
[5.76, 8.59]
[7.49, 8.97]

n
19
64

M (SE)
8.11 (.73)
7.99 (.38)

Study Two
95% CI
[6.66, 9.55]
[7.23, 8.74]

CF

Novice
19 11.85 (.81) [10.24, 13.46]
Experienced 64 10.97 (.43) [10.12, 11.81]

19 11.71 (.82) [10.08, 13.35]
64 10.57 (.43) [9.71, 11.43]

OV

Novice
19
Experienced 64

19
64

4.98 (.49)
5.49 (.26)

[4.00, 5.95]
[4.98, 6.00]

4.81 (.45)
4.59 (.24)

[3.92, 5.71]
[4.12, 5.06]

SP

Novice
19 12.00 (.78) [10.44, 13.55]
19 11.99 (.91) [10.18, 13.79]
Experienced 64 12.03 (.41) [11.22, 12.85]
64 11.82 (.48) [10.07, 12.77]
Note. DD = Drink Driving, CF = Close Following, OV = Overtaking, SP = Speeding CI = Confidence
Interval.

3.3.2.5 Personality
There was no significant effect found for the Extraversion factor for the study variable F(1,
94) = .23, p = .62, ƞ2 = .003, or between the experience groups F(1, 94) = .21, p = .65, ƞ2 =
.002. Nor was there any significant interaction between the two F(1, 94) = .44, p = .51, ƞ2 =
.01. As with Extraversion, There was no significant effect found on the Impulsivity factor for
study F(1, 94) = .21, p = .65, ƞ2 = .002 or between the experience groups F(1, 94) = 3.66, p =
.06, ƞ2 = .04. Nor was there any significant interaction between the two F(1, 94) = 2.09, p =
.15, ƞ2 = .02. Finally for personality, the Neuroticism factor showed no significant main
effect for study F(1, 94) = 2.74, p = .10, ƞ2 = .03. There was however, a significant main
effect for experience F(1, 96) = 9.74, p = .002, ƞ2 = .09. Post-hoc tests revealed that overall,
novice drivers scored significantly higher on Neuroticism than experienced (M = 7.78 vs.
5.50, p = .002). There was no significant interaction between study and experience F(1, 96) =
.55, p = .46, ƞ2 = .01. Estimated means for the personality factors across the two studies can
be seen in Table 3.6, and summaries of the analysis of each factor can be seen in Table 3.7.
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Table 3.6
Estimated Means and Standard Errors for the Personality factors.

Ext.

Imp.

Study One
95% CI
[4.31, 7.40]
[5.17, 6.92]

Study Two
n
M (SE)
95% CI
24 5.37 (.84) [3.70, 7.03]
73 5.98 (.48) [5.03, 6.92]

Novice
24 8.63 (.90) [6.84, 10.42]
Experienced 73 6.15 (.51) [5.14, 7.16]

24 7.51 (.93) [5.67, 9.35]
73 6.31 (.53) [5.27, 7.36]

Experience
n
M (SE)
Novice
24 5.85 (.78)
Experienced 73 6.05 (.44)

Neu.

Novice
24 7.90 (.64) [6.62, 9.17]
24 7.66 (.71) [6.26, 9.07]
Experienced 73 5.40 (.37) [4.68, 6.13]
73 5.59 (.40) [4.79, 6.39]
Note. Ext. = Extraversion, Imp. = Impulsivity, Neu. = Neuroticism, CI = Confidence Interval.
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Table 3.7
Summary table of the analyses between Study Two and Study Two on the experience groups with
significant differences indicated.

Factor
Attention

Experience
N
E
Exp. Overall

Study One
M (SE)
20.07 (1.09)a
20.94 (.62)a
20.50 (.62)1

Study Two
M (SE)
17.36 (1.13)a
20.25 (.64)a
18.81 (.65)1

Study Overall
M (SE)
18.72 (.58)1
20.59 (1.02)1

Concentration

N
E
Exp. Overall

10.83 (.62)a
13.71 (.35)b
12.27 (.36)1

11.28 (.63)a
13.44 (.36)b
12.36 (.36)1

11.05 (.32)1
13.58 (.57)2

Memory

N
E
Exp. Overall

8.72 (.68)a
11.30 (.38)b
10.01 (.39)1

9.81 (.67)ab
10.90 (.39)b
10.36 (.39)1

9.26 (.64)1
11.10 (.36)2

Vigilance

N
E
Exp. Overall

5.22 (.27)a
6.16 (.16)b
5.69 (.16)1

4.97 (.30)a
6.22 (.17)b
5.59 (.17)1

5.09 (.25)1
6.19 (.14)2

Careful/Attentive

N
E
Exp. Overall

11.55 (1.00)a
21.36 (.56)a
11.46 (.57)1

11.87 (.93)a
11.19 (.52)a
11.53 (.53)1

11.71 (.87)1
11.27 (.49)1

Skilful/Anticipating

N
E
Exp. Overall

21.14 (1.07)a
14.44 (.60)a
17.79(.61)1

19.86 (1.06)a
14.18 (.59)a
17.02(.60)1

20.50(.96)1
14.31(.54)2

Cautious/Considerate

N
E
Exp. Overall

26.21 (1.09)a
27.92 (.61)a
27.07(.62)1

26.57 (.95)a
28.45 (.53)a
27.51(.54)1

26.39(.90)1
28.18(.51)1

Patient/Tolerant

N
E
Exp. Overall

6.18 (.52)a
6.28 (.29)a
6.23(.30)1

6.44 (.56)a
6.59 (.32)a
6.52(.32)1

6.31(.49)1
6.43(.28)1

Continued on next
page
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Table 3.7 cont.
Factor
Errors

Experience
N
E
Exp. Overall

Study One
M (SE)
18.03 (1.72)a
15.08 (.96)a
16.56(.98)1

Study Two
M (SE)
18.83 (1.64)a
16.21 (.92)a
17.52(.93)1

Study Overall
M (SE)
18.43(1.57)1
15.65(.88)1

Lapses

N
E
Exp. Overall

6.38 (1.03)a
5.21 (.58)a
5.79(.59)1

8.97 (1.12)b
5.66 (.63)a
7.32(.64)1

7.67(.99)1
5.44(.55)1

Violations

N
E
Exp. Overall

6.22 (1.35)a
10.40 (.75)b
8.31(.77)1

8.71 (1.26)a
10.12 (.71)a
9.42(.72)1

7.47(1.20)1
10.26(.67)2

Drink Driving

N
E
Exp. Overall

7.16 (.71)a
8.23 (.37)a
7.70(.39)1

8.11 (.73)a
7.99 (.38)a
8.05(.40)1

8.11(.34)1
7.64(.65)1

Close Following

N
E
Exp. Overall

11.85 (.81)a
10.97 (.43)a
11.41(.45)1

11.71 (.82)a
10.57 (.43)a
11.14(.45)1

11.78(.73)1
10.77(.38)1

Overtaking

N
E
Exp. Overall

4.98 (.49)a
5.49 (.26)a
5.23(.27)1

4.81 (.45)a
4.59 (.24)a
4.70(.25)1

4.89(.42)1
5.04(.22)1

Speeding

N
E
Exp. Overall

12.00 (.78)a
12.03 (.41)a
12.01(.43)1

11.99 (.91)a
11.82 (.48)a
11.90(.50)1

11.99(.78)1
11.93(.41)1

Extraversion

N
E
Exp. Overall

5.85 (.78)a
6.05 (.44)a
5.95(.44)1

5.37 (.84)a
5.98 (.48)a
5.67(.48)1

5.61(.76)1
6.01(.43)1

Impulsivity

N
E
Exp. Overall

8.63 (.90)a
6.15 (.51)a
7.39(.51)1

7.51 (.93)a
6.31 (.53)a
6.91(.53)1

8.09(.83)1
6.23(.47)1

N
7.90 (.64)a
E
5.40 (.37)a
Exp. Overall
6.65(.37)1
Note. N = Novice; E and Exp. = Experienced.

7.66 (.71)a
5.59 (.40)a
6.63(.40)1

7.78(.63)1
5.50(.36)2

Neuroticism

Shared superscripts are not significantly different from each other.
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3.3.3. Determining accident involvement in the Study Two Group
As with Study One, participants were asked how many accidents they had been involved in
while driving in the last five years and of these how many were at least partly their fault.
From these initial questions participants classed themselves as either non-accident involved
(NAI, N = 60, 60.6%), accident involved but not culpable (ANC, N = 18, 18.2%), or culpable
accident involved (CAI, N = 18, 18.2%), and 3 (3.0%) did not answer the question. 11 (11.1%)
drivers reported being accident involved over five years ago.
Due to problems with the questionnaire design, it was not possible to determine with any
accuracy the proportion of accident involvement above and beyond what participants
recorded from survey one, so for the Study Two analysis participants were classified on the
basis of their total accident involvement over the entire time course of the two studies. That
is to say, those who were culpable at Study One, stayed culpable at Study Two. Those who
were accident involved but not culpable at Study One but then reported being culpable
accident involved at Study Two, were classified as being culpable in the Study Two analysis.
Likewise for the non-accident involved at Study One, they were re-classified if they reported
accident involvement or culpable accident involvement at Study Two.
The same procedure using driver attribution to determine accident culpability at Study One
was used again at Study Two. Using these criteria and again, analysis of detailed responses
by two researchers with ambiguous cases, there were found to be 48 (48.5%) of drivers who
were NAI, 17 (17.2%) ANC, and 31 (31.3%) CAI drivers.
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3.3.3.1 DSA
A one-way MANCOVA with the DSA factors as dependent variables and accident involvement
as the grouping variable was conducted with Age, Gender, Exposure, Experience and Other

vehicle use entered as covariates. Box’s M Test of Equality was non-significant (p = .05)
which indicated that the covariance matrices were equal as was Levene’s Test for all DVs (p
= .22 - .78) which indicated homogeneity of variance was met. All covariate analyses were
non-significant, and no significant main effect was found for accident group F(Pillai’s Trace =
.06, F(8, 172) = 0.72, p = .68, ƞ2 = .03.

3.3.3.2 DSR
A one-way MANCOVA with the DSR factors as dependent variables with the same covariates
as the DSA was conducted with accident involvement as the grouping variable. Box’s M Test of
Equality was significant (p = .002) which indicated that the covariance matrices were not
equal. Levene’s Test was non-significant for three of the DVs (p = .11 - .96) but significant for
the Skilful/Anticipating factor (p = .03). All covariate analyses were non-significant, and no
significant main effect was found for accident group F(Pillai’s Trace = .06, F(8, 172) = 1.94, p
= .06, ƞ2 = .08. There was a univariate effect for the Skilful/Anticipating factor F(2, 88) =
3.47, p = .04, ƞ2 = .07, however Bonferroni corrected post hoc tests showed this to be nonsignificant (p = .05).
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3.3.3.3. DBQ
One way ANCOVAs were conducted with accident involvement as the grouping variable on the
NAI

ANC

CAI

Errors, Lapses and Violations factors of the DBQ which revealed no significant effect of the
covariates on any of the factors. There were no significant effects found for Errors F(2, 88) =
0.62, p = .54, ƞ2 = .01, Lapses F(2, 88) = 0.54, p = .58, ƞ2 = .01, or Violations F(2, 88) = 0.04, p
= .96, ƞ2 = .001.

3.3.3.4 DAQ
One way ANCOVAs were conducted with accident involvement as the grouping variable on the
drink driving, close following, overtaking and speeding factors of the DAQ which revealed no
significant effect of the covariates on any of the factors. There were no significant effects
found for drink driving F(2, 88) = 1.30, p = .28, ƞ2 = .03, close following F(2, 88) = 0.32, p =
.73, ƞ2 = .007, overtaking F(2, 88) = 1.82, p = .17, ƞ2 = .04, or speeding F(2, 88) = 0.42, p =
.66, ƞ2 = .01.

3.3.3.5 Personality
One way ANCOVAs revealed no significant effect of the covariates on any of the personality
factors. There were no significant effects for Extraversion F(2, 88) = 1.96, p = .15, ƞ2 = .04,
Impulsivity F(2, 88) = 0.02, p = .98, ƞ2 = .00, or Neuroticism F(2, 88) = 1.17, p = .32, ƞ2 = .03.
See Table 3.8 for summaries of the analysis of each factor.
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Factor
DSA

M

SE

M

SE

M

SE

Attention

19.81a

.76

19.77a

1.29

18.70a

.96

Concentration

12.89a

.43

12.76a

.73

12.92a

.54

Memory

10.54a

.45

11.54a

.76

10.16a

.57

Vigilance

6.01a

.20

5.52 a

.34

5.89 a

.26

Care.

11.54 a

.65

9.76 a

1.10

12.21 a

.82

Skil.

16.89 a

.71

13.50 a

1.20

14.94 a

.89

Caut.

27.27 a

.64

28.79 a

1.08

27.90 a

.80

Pati.

6.54 a

.39

6.34 a

.67

7.05 a

.49

Errors

16.50 a

1.11

16.51 a

1.87

18.40 a

1.39

Lapses

7.22 a

.82

5.79 a

1.38

6.19 a

1.02

Violations

9.73 a

.88

10.06 a

1.49

10.13 a

1.10

DD

7.91 a

.46

7.83 a

.78

9.03 a

.58

CF

10.58 a

.49

11.60 a

.84

11.19 a

.62

OV

4.54 a

.26

5.52 a

.45

4.65 a

.33

SP

11.72 a

.52

12.65 a

.88

12.11 a

.65

Extraversion

5.09 a

.57

7.04 a

.97

6.42 a

.72

Impulsivity

6.72 a

.66

6.68 a

1.12

6.51 a

.83

Neuroticism

6.66 a

.49

5.42 a

.84

5.71 a

.62

DSR

DBQ

Attitudes

Personality

Table 3.8
Summary table of the analyses from Study Two on the accident groups with significant differences
indicated.
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant; DD = Drink Driving; CF = Close Following; OV =
Overtaking; SP = Speeding.
Shared superscripts are not significantly different from each other.
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3.3.4 Near miss involvement
Using the same style of question for obtaining the accident data, participants were asked
how many near misses they had been involved in while driving in the last three months and
of these how many was at least partly their fault. Participants classed themselves as either
non-near miss involved (N = 61, 61.6%), near-miss involved but not culpable (N = 13, 13.1%),
or culpable near-miss involved (N = 22, 22.2%), and 3 (3.0%) did not answer the question.
After applying the attribution factors from the participants’ responses, the new
classifications were 27 (27.3%) CNMI, 10 (10.1%) NMNC and 59 (59.6%) NNMI.

3.3.4.1 DSA
A one-way MANCOVA with the DSA factors as dependent variables and near miss involvement
as the grouping variable with Age, Gender, Exposure, Experience and Other vehicle use as

covariates was conducted. Box’s M Test of Equality was non-significant (p = .08) as was
Levene’s Test for all DVs (p = .23 - .97). All covariate analyses were non-significant, and no
significant main effect was found for accident group F(Pillai’s Trace = .15, F(8, 172) = 1.73, p
= .09, ƞ2 = .08. There was a univariate effect for the Vigilance factor F(2, 88) = 4.55, p = 0.1,
ƞ2 = .09, and post hoc analysis revealed that CNMI drivers rated themselves significantly
lower than NNMI drivers (5.35 vs. 6.22, p = .02), but with no significant difference between
CNMI and NMNC (p = 1) or between NNMI and NMNC (p = .22).
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3.3.4.2 DSR
For the DSR factors, Box’s M Test of Equality was non-significant (p = .31) as was Levene’s
Test for all DVs (p = .10 - .85). All covariate effects were non-significant, and no significant
main effect was found for the near miss groups F(Pillai’s Trace = .14, F(8, 172) = 1.67, p =
.11, ƞ2 = .07.

3.3.4.3 DBQ
One way ANCOVAs were conducted with near miss involvement as the grouping variable on the
Errors, Lapses and Violations factors of the DBQ. For errors, there was a significant effect of
the exposure covariate F(2, 88) = 4.03, p = .05, ƞ2 = .04, and a significant main effect of
Errors F(2, 88) = 3.30, p = .04, ƞ2 = .07. Post hoc analyses however revealed no significant
differences between any of the near miss groups (p = .1 - p = 1). For Lapses, all covariate
effects were non-significant, but a significant main effect was found F(2, 88) = 6.48, p = .002,
ƞ2 = .13. Post hoc tests showed that CNMI drivers recorded a significantly higher frequency
of Lapses than NNMI drivers (9.72 vs. 5.58, p = .004) and NMNC drivers (4.56, p = .03), with
no significant differences between NNMI and NMNC drivers (p = 1). For Violations, all
covariate effects were non-significant, and a significant main effect was found on near miss
involvement F(2, 88) = 4.37, p = .02, ƞ2 = .09. Post hoc analyses however revealed no
significant differences between any of the near miss groups (p = .05 - p = 1).

3.3.4.4 DAQ
A one way ANCOVA on the drink driving factor of the DAQ revealed no significant effect of
the covariates or of drink driving F(2, 88) = 0.62, p = .54, ƞ2 = .01. For close following, again
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the covariates were non-significant but a significant main effect was found F(2, 88) = 6.00, p
= .004, ƞ2 = .12. Post hoc tests revealed that CNMI drivers recorded a significantly riskier
attitude than NNMI drivers (12.75 vs. 10.67, p = .02) and NMNC drivers (9.12, p = .01), with
no significant difference between NNMI and NMNC drivers (p = .50). There was no
significant effect of the covariates or of overtaking F(2, 88) = 1.63, p = .20, ƞ2 = .04. For
speeding there was a significant effect of the age covariate F(2, 88) = 4.31, p = .04, ƞ2 = .05
and a significant main effect was found for speeding F(2, 88) = 4.29, p = .02, ƞ2 = .09. Post
hoc tests showed that NMNC drivers recorded a significantly riskier attitude than NNMI
drivers (14.23 vs. 11.28, p = .03) with no significant difference between NNMI and CNMI
drivers (12.67, p = .27) and no significant difference between NMNC and CNMI drivers (p =
.46).

3.3.4.5 Personality
One way ANCOVAs were conducted with near miss involvement as the grouping variable
and the personality factors as dependent variables revealed no significant effect of the
covariates on any factor. There were no significant main effects for Extraversion F(2, 88) =
0.35, p = .71, ƞ2 = .008, Impulsivity F(2, 88) = 1.95, p = .15, ƞ2 = .04, or Neuroticism F(2, 88) =
1.29, p = .28, ƞ2 = .03. Summaries of the analysis of each factor can be seen in Table 3.9.
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Table 3.9
Summary table of the analyses from Study Two on the near miss groups with significant differences

NNMI
Factor
DSA

NMNC

CNMI

M

SE

M

SE

M

SE

Attention

20.12 a

.68

20.04 a

1.65

17.76 a

.10

Concentration

13.25 a

.38

13.26 a

.93

11.92 a

.56

Memory

10.85 a

.40

11.43 a

.99

9.73 a

.60

indicated.
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6.22a

.18

5.37 a

.43

5.35b

.26

Care.

11.04 a

.58

9.81 a

1.41

13.06 a

.85

Skil.

15.84 a

.66

13.80 a

1.61

15.93 a

.97

Caut.

28.20 a

.57

28.74 a

1.39

26.35 a

.84

Pati.

6.31 a

.35

7.79 a

.86

7.03 a

.52

Errors

16.28 a

.97

14.12 a

2.37

20.06 a

1.43

Lapses

5.58 a

.69

4.56 a

1.69

9.72 b

1.02

Violations

8.57 a

.76

13.46 a

1.85

11.55 a

1.12

DD

7.97 a

.42

8.66 a

1.02

8.75 a

.62

CF

10.67 a

.42

9.12 a

1.02

12.75 b

.62

OV

4.49 a

.24

5.44 a

.58

5.06 a

.35

SP

11.28 a

.45

14.53 b

1.10

12.67 a

.67

Extraversion

5.81 a

.52

5.06 a

1.28

6.28 a

.77

Impulsivity

6.46 a

.58

4.64 a

1.43

7.81 a

.86

Neuroticism

5.73 a

.45

6.14 a

1.09

7.01 a

.66

Vigilance
DSR

DBQ

Attitudes

Personality

Note. CNMI = culpable near-miss involved; NMNC = near-miss but not culpable; NNMI = non nearmiss involved. CI = confidence interval. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. =
Cautious/Considerate; Pati. = Patient/Tolerant; DD = Drink Driving; CF = Close Following; OV =
Overtaking; SP = Speeding.
Shared superscripts are not significantly different from each other.

3.3.4.5 Analysis of participants who did or did not complete studies one and two.
To explore any differences in the demographic and self-report measures between those
participants who competed both studies versus those who only took part in Study One,
Independent t-tests and chi square tests of independence were performed. They revealed
no significant differences on any of the demographic variables of self-report measures apart
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from extraversion where those who only completed Study One (M = 7.67, SD = 3.72) were
higher than those who completed both studies (M = 5.95, SD = 3.73), t(315) = -3.81, p <
.001, Hedge’s g = .46.

3.4 Discussion

3.4.1 Test re-test reliability of the factors of interest
Significant positive correlations were found for all factors of the DSA, DSR, DAQ, DBQ as well
as Extraversion, Impulsivity and Neuroticism indicating that all factors showed relative
stability over time.
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3.4.2 Experiential differences on the factors of interest.
3.4.2.1 DSA
As was seen in the results on the DSA, no significant effects on the attention factor were
seen either between novices and experienced drivers or over time, and novices reported
significantly lower levels of concentration than experienced drivers overall but showed no
changes between the two surveys reflecting no significant improvement with experience.
This finding doesn’t support the main body literature on experiential differences in SA when
measured in hazard perception tests (e.g. Underwood, 2007; Crundall et al., 2012; Crundall,
2016), but shares similar results with Saberg and Bjornskau (2006) who found inconsistent
results with novices over time. No difference was found between the surveys for the
memory factor overall, but novices scored lower than experienced drivers overall. This
supports the findings of Crundall (2016) who found that experienced drivers performed
better than novices on video clips of potential hazards with a long gap between the
precursor and the hazard. The interaction between study and experience revealed that
novices’ memory scores significantly increased from Study One to Study Two but this
increase wasn’t seen for the experienced drivers, and the finding that the higher scores on
memory seen by experienced drivers at Study One but not at Study Two would appear to
indicate that novice drivers were on their way to ‘catching up’ with the experienced drivers
in terms of improved memory for driving situations. For the vigilance factor, novices scored
significantly lower overall compared to experienced drivers, which supports Crundall (2016)
and Groeger and Brady’s (2004) novices’ lack of changes in appreciation of the driving task is
seen as an element of SA. Hypothesis one is therefore only partially accepted.
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3.4.2.2 DSR
For the ‘Careful/Attentive’, ‘Cautious/Considerate’ and ‘Patient/Tolerant’ factors, no
significant differences were found across the studies or between the experience groups.
This is in contrast to the findings of Taubman-Ben-Ari et al., (2004) who found positive
associations with careful and patient styles, and negative associations with angry, anxious
and risky styles with age. Experienced drivers reported being more skilful and anticipating
overall which does support Taubman-Ben-Ari et al.

3.4.2.3 DBQ
For self-reported frequency of errors, no significant differences were found across the
studies or between the experience groups, so hypothesis three isn’t accepted for the errors
factor. For the lapses factor, no significant effect was found across studies or between the
experience groups but there was however, a significant interaction between the Study and
Experience variables. Novice drivers reported a significant increase in lapses from Study One
to Study Two, whereas experienced drivers didn’t, and novices reported more lapses at
Study Two than experienced drivers. Therefore Hypothesis three is accepted for lapses.
These findings are in agreement with Roman et al. (2015) and Koppel et al. (2018) and
suggest that while experienced drivers may have reached a ‘plateau’ in their level of lapses
committed, novices are still gaining experience and as such making mistakes as they are
doing so. For the violations factor, experienced drivers reported committing more violations
in Study One than novices but there was no difference between them in Study Two. In
addition novice drivers reported more violations in Study Two compared to Study One.
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There was no difference between Studies One and Two for experienced drivers however.
This indicates that experienced drivers have simply had more time on the road to execute
such violations, and the frequency of these has reached a plateau, while novices haven’t
reached this plateau yet. Hypothesis three is also supported for the violations factor and
these findings support those of Roman et al. (2015) and Koppel et al. (2018).

3.4.2.4 DAQ
One way ANCOVAs were conducted on the drink driving, close following, risky overtaking
and speeding factors revealed no significant differences were found between Study One and
Study Two, between the novice and experienced drivers overall and no interactions
between them for any of the attitudes to risky driving behaviours, which leads to the
rejection of hypothesis four. These findings are in contrast to previous research that has
found riskier attitudes to close following with increasing experience (Wishart et al., 2006).

3.4.2.5 Personality
As with the DAQ no significant effects were found for study or experience on extraversion
therefore hypothesis five is accepted for this factor. It is rejected for impulsivity however as
the expected decreases observed in previous research were not seen in this study. Novices
scored significantly higher on neuroticism than experienced drivers overall but no decrease
over time was seen for this group, so hypothesis five is rejected for this factor. This
contrasts previous research that has shown that as drivers gain experience they become
more comfortable and less anxious with the driving situation (Møller & Haustein, 2013).
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3.4.3 Determining culpable accident and near-miss involvement in the Study Two group

3.4.3.1 DSA
After controlling for age, gender, exposure, experience and other vehicle use no significant
effects were found for the DSA factors of attention, concentration, memory or vigilance on
culpable accident involvement. While these findings don’t support those of Salmon et al.
(2012) or Sneddon et al. (2012) for self-reported SA in a working environment, they were
mostly replicated for near miss involvement, apart from a univariate analysis of the vigilance
factor which distinguished culpable near miss (CNMI) drivers from those who were non near
miss involved (NNMI), which doesn’t support the findings of Roberts et al. (2004). It is
possible that the method for determining accident culpability between the surveys could be
a factor in the lack of significant findings that were seen in study one, in particular
classifying participants on their total accident involvement over the two studies may have
masked any real differences in accident involvement. Another, perhaps more likely
explanation is that the sample size was too small to see any real differences between the
groups. Although quite small, the effect size for the DSA at Study Two was the same for
Study One (ƞ2 = .03) so this explanation is plausible.
3.4.3.2 DSR
As with the DSA, no significant effect was found for the three groups on accident or near
miss involvement which again, doesn’t replicate the findings from Study One which
distinguished culpable near miss drivers, or previous research that has found relationships
between accident involvement and self-rated driving style (e.g. Guppy et al. 1990; TaubmanBen-Ari & Yeheil, 2012). These findings are in agreement however with French et al. (1993)
who found no relationship with self-rated calmness, focus or resistance to advice and
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accident involvement. The failure of the driving styles factors to distinguish the driver
groups are again possibly due to the sample size or the method for determining accident
culpability between the surveys. It doesn’t explain the lack of significant findings for the
near miss groups however as their near miss history only went back three months which
was a smaller time frame from when they completed the second survey compared to the
first.

3.4.3.3 DBQ
To explore whether the differences seen in aberrant driving behaviour between the
accident and near miss groups at Study One were still present at Study Two One way
ANCOVAs were conducted for the errors lapses and violations factors. No effect of any of
these factors was found for accident involvement, which is in contrast to previous research
which has found such an effect. Parker et al. (1995) found that violations predicted active
loss of control accidents and errors in general. This study’s findings are in agreement with
their data for lapses however, as they found no association for this and active or passive
accident involvement. These findings also don’t concur with the meta-analysis of De Winter
and Dodou (2010) who found significant associations with errors and violations for all
accidents. However they didn’t specifically assess culpable accident involvement or control
for exposure as argued by af Wahlberg et al. (2015). For near misses, there was no effect
found of errors or violations but a main effect of lapses was present and revealed that CMNI
drivers scored a significantly higher frequency than NNMI driver for this type of aberrant
driving behaviour. This finding doesn’t agree with Roberts et al. (2004) however, who found
significant positive relationships with drivers’ accident and near-miss history.
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3.4.3.4. DAQ
Drivers’ attitudes to drink driving, close following, risky overtaking and speeding were also
subjected to analysis of covariance. No significant effects were found on any of these factors
for the different driver groups. These findings aren’t in agreement with the findings of
Davey et al. (2006) and Parker et al (1998) who showed that driver’s attitudes to these types
of driving behaviour were associated with risky driving behaviour. These results however are
in agreement with Wishart et al. (2006) who found no relationship with accidents in the last
12 months, and partial agreement with Johnson et al. (2008) found no relationship between
high risk scores and CAI drivers, and they did find lower risk scores in ANC drivers. Different
results were found for near miss involvement however. While there were no significant
differences for attitudes to drink driving or risky overtaking, CNMI drivers scored significantly
higher on close following than NNMI and NMNC drivers. For drivers’ attitudes towards
speeding, NMNC drivers had significantly riskier attitudes than NNMI but with no difference
between them and CNMI drivers. While in partial agreement with previous research (Davey
et al., 2006; Wishart et al., 2006; Parker et al., 1998) the attitudes to speeding result is in
contrast to Johnson et al. who’s not at fault drivers had lower risky attitudes.

3.4.3.5 Personality
The results of this current study reveal no significant differences in levels of extraversion,
impulsivity or neuroticism on accident or near miss involvement. While in contrast to
previous research into personality traits and accident involvement (e.g. Clarke & Robertson,
2005; Lajunen, 2001), they replicate the findings of others (Arthur et al. 1991; Elander et al.,
1993; Salgarno, 2002).
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Overall then it appears that the results show quite a degree of variability with regards to
changes over time and accident and near miss involvement. Novice drivers’ self-reported
concentration, memory and vigilance was lower than that of experienced drivers which
makes sense as they are still developing their awareness of the driving situation. This
development wasn’t enough to show significant changes from Study One to Study Two
however so future research could investigate a bigger gap between testing, and although
the variance in the time taken to complete the two surveys was partialled out of the
analyses, a future study could well benefit from a more standardised time frame between
the two surveys. When investigating whether there were any differences between
participants who, having completed Study One, went on to complete Study Two, an
interesting picture emerged whereby those who only completed Study One were higher in
extraversion than those who completed Study Two as well. It is possible that as extraverts
are highly social people (Eysenck, Barrett, Wilson and Jackson, 1992), the thought of having
to carry out a largely non-sociable task such as completing a survey may have put them off
from taking part in the second survey.
The lack of consistent findings regarding accident and near miss involvement may well be
due to unequal and small sample sizes rather than any psychological differences between
the different driver groups. Another possible explanation is through using Clay’s (1995)
attribution methodology to determine culpable accident and near-miss involvement. While
this was used based upon the degree to which drivers assigned different contributory
factors to the accident or near miss, the severity of the accident (or incident) may not have
been relayed through the survey responses, to the researchers analysing them, as it has
been shown previously that drivers involved in accidents of greater severity assign greater
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responsibility to other drivers than to themselves or the road and weather conditions
(Stewart, 2005).
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4.0 Chapter Four – Study Three

4.1 Introduction
One aspect of safe driving is the ability to anticipate and predict hazards in the driving
environment. Termed ‘Hazard Perception’ (HP) it “…refers to the ability to identify
potentially dangerous traffic situations” (McKenna & Crick (1994, p. 1), and has been shown
to be related to accident causation and crash risk in drivers (Pelz & Krupat, 1974; Quimby,
Maycock, Carter, Dixon & Wall; Horswill & McKenna, 2004; Wells, 2008), and has been
found to be a skill that has been shown to improve with increasing experience (e.g.
Chapman & Underwood, 1998) Experienced drivers have also been found to take advantage
of environmental cues in hazard perception, such as pedestrians at the side of the road
(Finn & Bragg, 1988) or even the presence of fog (Armsby, Boyle & Wright, 1989).

The relationship between HP and causal accident involvement is far from equivocal however
with some research indicating it is a reliable predictor of crash risk (e.g. Horswill and
McKenna, 2004) and some not (e.g. Saberg and Bjornskau, 2006; Crundall, Underwood and
Chapman, 1999). It is possible that there are multiple elements that make up an overall HP
skill and different areas of research tap into these different elements. Underwood et al.
(2013) found no difference between inexperienced and experienced drivers for abrupt vs.
gradual onset hazards suggesting that this type of hazard is not the reason for
inconsistencies in previous research. The rider-driver’s faster response times for gradual
onset hazards and higher false alarm ratio were taken to be measures of higher order
situation awareness, implying that the better the driver has of their SA of the environment,
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the greater the ability to anticipate hazards. However they didn’t take an independent
measure of situation awareness to compare.

Previous research has largely looked at the differences between novices, experienced and
professional drivers in their ability to observe and act on these precursors in order to avoid
a potential accident. Some research has specifically addressed the relationship between
hazard precursors and culpability for accidents. As Crundall et al. (2012) state “Driving
experience is often used as a surrogate for driver safety…” (p. 602). The culpability research
however has produced equivocal results in this regard (Ventsislavova et al., 2016; Castro et
al., 2014; Castro et al., 2016; Crundall & Knoll (2018).

Crundall et al. (2012) found that novice drivers fixated on a significantly lower percentage of
critical stimuli (Behavioural Predictor, BP and Environmental Predictor, EP type hazards)
than experienced drivers or driving instructors with no significant difference between
experienced drivers and driving instructors. The BP critical stimuli were fixed more quickly
than the EP or Dividing and Focusing (DF) stimuli by all drivers, and that the hazards were
fixated more quickly than the precursors. Experienced drivers and driving instructors also
fixated the critical stimuli more quickly than the learner drivers, as well as the precursors for
the BP and DF hazards. Interestingly in the Crundall et al., study it appears that drivers of
different levels of experience and training respond differently to some types of hazard but
not all. It would be interesting to see if similar results are found for drivers of different levels
of accident involvement. In addition, results for only the active hazards were recorded.

134

Gaining experience in driving involves aspects of drawing on memory for past events such as
dangerous situations that have been encountered (Groeger, 2000) so it would also be of
interest to examine drivers’ responses to an inactive instance of a previously encountered
active hazard. In addition, the three scenarios for each predictor were tested together,
however each scenario was different. For example the Behavioural Predictor consisted of a
scenario where a pedestrian stood between two parked cars, a car waiting to pull out of a
side road and a motorcycle in the opposite lane waiting to turn right. Although not tested in
the Crundall et al. study, it is reasonable to suggest that there may be quantitative
differences in each of the hazard types that were masked by combining them.

Roca et al. (2013) investigated the role of the attentional system in driving behaviour.
Drivers were assessed on the functioning of three attentional networks: executive control,
attentional orienting and alerting (Posner, 1994), during a simulated drive which contained
BP, EP and DF hazards. They found that drivers who were better at orienting their attention
slowed more quickly on EP hazards, broke earlier on BP and later on DF hazards. There are
also fewer crashes associated with the BP and EP hazards. These results suggest that drivers
who are who are better at orienting their attention to hazards that have specific precursors
as in the BP and EP hazards tend to be safer drivers.

The relationship between hazard perception ability, driving experience and safe drivers then
is far from clear. There are indications that the type of hazard and the precursors (Crundall
et al., 2012; Roca et al., 2013) to it are a possible reason for this lack of a clear relationship
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so further investigation would be useful in this regard. It is also possible that multiple
instances of a potential hazard may have an effect on drivers’ preparedness for upcoming
hazards, and drivers of higher levels of SA should certainly benefit in identifying precursors
to hazards earlier as implied by Underwood et al. (2013). Therefore the primary aim of
Study Three is to replicate and extend the methodology of Crundall et al. (2012) to explore
any differences between accident involved drivers in their eye movement recordings on
different types of hazard precursor. The second aim seeks to investigate whether there are
any differences between drivers on hazard precursors when having previously been exposed
to an active hazard of the same type. The third aim involves further validating the Driver
Situation Awareness (DSA) questionnaire on both objective and online measures of situation
awareness, and to explore the contribution of the DSA in distinguishing drivers based on
their accident involvement.

4.1.1 Hypotheses
To allow direct comparison with and extend the Crundall et al. (2012) study, the first two
sets of hypotheses explore whether the different driver groups will fixate on the critical
stimuli or not, how quickly they fixate on the critical stimuli if they do. In an extension of the
Crundall et al. (2012) study, these hypotheses will also be tested for each individual
scenario. The third hypothesis are related to differences in drivers’ fixations to active vs.
inactive hazards, and the fourth set of hypotheses relates to the validation of the DSA by
comparing it to the SAGAT and fixations on the precursors, as well as differences between
the driver groups.
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The first set of hypotheses is therefore concerned with drivers detecting the presence of the
critical stimuli of all BP, EP and DF Precursors in the driving environment. While some
previous research has shown that less safe drivers are worse in detecting environmental
cues (e.g. Ventsislavova et al., 2016; Castro et al., 2014) other research has not (e.g. Castro et
al, 2016; Crundall & Knoll). Hypothesis 1a predicts that there will be differences between
drivers based on their accident involvement in fixating on the critical stimuli in the
environment. Hypothesis 1b predicts differences in fixating the precursors and hazards that
make up the critical stimuli.
The second set of hypotheses is concerned with how quickly the different driver groups will
fixate the critical stimuli. Hypothesis 2a predicts that there will be differences between
drivers based on their accident involvement and how quickly they fixate on the critical
stimuli. Hypothesis 2b predicts differences in time to fixate the precursors and hazards
overall, and hypothesis 2c predicts differences in time to fixate the precursors and hazards
between the driver groups.
It is also hypothesised that drivers should demonstrate an effect of experiencing hazardous
driving situations on subsequent potential hazards. It is predicted that the driver groups will
differ on their eye fixations to a potential hazard when having previously been subjected to
an actual hazard of the same type (hypothesis three).
Finally hypothesis 4a predicts that drivers’ self-reported SA as measured by the DSA will
positively correlate with scores on the SAGAT, and with their eye movements towards the
precursors in the simulation run (hypothesis 4b). Hypothesis 4c predicts that each driver
group will differ in the relationship self-rated SA and eye movements towards the
precursors.
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4.2 Method

4.2.1 Design
For the first aim the study employed a mixed design with an independent measures IV of
driver group with three levels: Not Accident Involved (NAI), Accident Involved but not
Culpable (ANC), Culpable Accident Involved (CAI). The within subjects IVs were hazard type
(three levels: behavioural precursor, environmental precursor, dividing and focusing
attention precursor) and critical stimuli (two levels: precursor window, hazard window). The
dependent variables were the number of and time to first fixation of eye movements.
The second aim was concerned with drivers’ eye movements to a second instance of a
predictor following an active hazard so an additional within subjects IV was used of hazard
temporal position (two levels: active vs. inactive) and the dependent variable was the
number of fixations made on the precursors.
The third aim was to investigate further validating the DSA on objective measures of
situation awareness and was split into two parts. For the first part, a correlational design
was employed with the four factors of the DSA and the scores on the three SAGAT questions
as variables. The second part explored the relationship between the DSA factors and
number of fixations on the precursors by driver group.
4.2.2 Participants
In order to retain the repeated measures design of the thesis, participants who completed
the surveys from studies One and Two were invited to take part in the simulator study. After
screening for eligibility to take part, 29 participants took part in the study. Ages ranged
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between 20 and 57 (M = 33.76, SD = 11.66) and 15 (52%) were male. There were three
novices, 24 experienced and two professional drivers in the sample.
4.2.3. Apparatus
The driving simulator used was a 100 WS model from Open Road Simulation Ltd running
STISIM version 3 software (Figure 4). The simulator used three 22 inch displays at an aspect
ratio of 16:9 running at 5040X1050 pixel resolution, providing an approximate field of view
135°. Due to the requirement of the participant to respond to certain stimuli using a button
on the steering wheel during the drive, the simulator was configured to drive as an
automatic, to prevent the possibility of the participant having to make a response during a
gear change. Participants were positioned between 120 - 140cm from the centre screen,
depending on what position they were seated at.

Figure 4 University of Bedfordshire driving simulator.
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Eye tracking glasses (ETG) from SensoMotoric Instruments (SMI) were used to record eye
movements during the drive (Figure 5), sampling at a rate of 30 Hz, and saved on IView ETG
recording software. Subsequent analysis was carried out using BeGaze version 3.7, and the
eye tracking glasses were also used to record verbal responses from the participants.

Figure 5 Eye tracking glasses and analysis software used in the simulation study.

4.2.4 Materials
The Motion Sickness Susceptibility Survey (MSSS, Golding, 1998) was used to pre-screen
participants in order to determine their eligibility for the study. It is a five item
questionnaire which asks participants to rate on a four point scale ranging from ‘Never’ to
‘Always’, their experience of motion sickness when using different types of transport and in
a simulator (see Appendix 5). If participants answer ‘Always’ to any of the questions then
they are excluded from the study. If they answer ‘Seldom’ or ‘Often’ then they are probed
to determine the severity of the sickness and under what circumstances they experience it.
The researcher then either accepts or rejects the participant on the basis of these answers.
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The Simulator Sickness Questionnaire (SSQ, Kennedy, Lane, Birnbaum and Lillenthal, 1993)
was used at several stages throughout the study to monitor for any adverse symptoms
arising from the participant’s drive. It is a 16 item questionnaire which asks participants to
rate on a four point scale ranging from ‘Not at all’ to ‘A great deal’, any adverse symptoms
they are currently experiencing. Examples of symptoms include ‘Headache’, ‘Eyestrain’ and
‘Nausea’ (see Appendix 6).
The Situation Awareness Graded Assessment Technique (SAGAT, Endsley, 1995). This
consists of a series of freeze probe questions that are presented to the driver during a
simulation run. The simulator is paused and the screen blanked to prevent the driver from
using any elements of the driving scene to assist in their answer. The questions are
presented in a multiple choice format and correspond to Endsley’s three levels of SA
corresponding to Perception, Comprehension and Projection type questions and a higher
number of correct responses indicate a higher level of SA for that level. The questions used
in this study were created by this author (see Appendix 7 and based on questions used by
Ma and Kaber (2005); Bolsad (2008, 2009) and Lee (1999)

4.2.5 Creation of the critical stimuli
In order to replicate the three different types of predictor from Crundall et al. (2013), nine
scenarios were created to reflect those in their study. Three of which made up the
behavioural predictors, three were environmental predictors and three were dividing and
focusing predictors. Details of each scenario can be seen in Table 4.1. Screenshots of
examples of each type of predictor as they appeared in the simulator can be seen in
Appendix 8.
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Table 4.1
Descriptions of the three different types of critical stimuli
Type of predictor

Precursor

Hazard

Behavioural predictor

Child pedestrian visible
between two parked cars.

Pedestrian steps out from
between parked cars.

Car at a T junction waiting to
pull out into the road.

Car pulls out into the road.

Motorcycle in opposite lane
waiting to turn right into side
road.

Motorcycle turns right into side
road.

Delivery vehicle parked on the
opposite kerb.

Delivery man steps out from
behind the lorry and crosses
the road in front of the driver.

Blind bend on a curved stretch
of road.

Broken down truck hidden
behind the blind bend.

Ice cream van parked on the
near side kerb.

Child steps out from in front of
the ice cream van into the road.

Two pedestrians standing on
opposite sides of the road.

Pedestrian on the right crosses
the road to meet the other
pedestrian.

Crossroads with buildings

Car appears from right hand
road into drivers’ path.

Environmental predictor

Dividing and Focusing predictor

occluding the far left and
right of the crossroads.
Bus at stop on near side kerb
with pedestrian standing on
central reservation.

Pedestrian crosses road in front
of driver.

4.2.6 The driving scenarios
The complete simulated drive was made up of three separate runs each containing nine
potential hazards, three for each type of predictor. Of the nine, three were ‘active hazards’
and six were inactive. The order of the active hazards was counterbalanced across the
142

simulator runs using a Latin Square design but in such a way that an active hazard always fell
between two inactive hazards. The order of the simulator runs was also presented using a
Latin Square design. See Appendix 9 for the complete sequence of the potential hazards.

4.2.7 Procedure
Participants who indicated from studies One and Two interest in participation in further
research were emailed an initial introduction/consent sheet explaining the study and asked
if they would still like to participate. As there is the possibility for simulator sickness (SS) to
occur (also known as simulator discomfort or simulator adaptation syndrome), potential
participants were screened for epilepsy and/or seizures using the MSSS (Golding, 1998). At
all times the term ‘simulator discomfort’ was used to avoid any negative connotations with
the word ‘sickness’.
Those with strong histories of epilepsy, seizures, migraine and/or motion sickness were
excluded from participating in the study. Those who were not excluded were sent a more
detailed information form which detailed how they should prepare for the session, e.g., the
wearing of comfortable clothes/shoes and when to eat. The form also detailed the
participant’s right to confidentiality and anonymity and how the data would be collected
and stored, and for how long. Once completed a date and time was arranged by mutual
consent for the testing session. Eligible participants were contacted on the day of testing
and asked to complete a Simulator Sickness Questionnaire (SSQ, Kennedy, Lane, Bernbaum
and Lillenthal, 1993). Those who presented with headache, nausea, vertigo, or dizziness, or
had either not eaten or immediately after a large meal, were asked if they could reschedule.
This was done on the day of testing (by prior arrangement) either over the phone or by
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email to save a wasted journey by the participant (see Appendix 4 for the information
sheets).
On arrival at the lab, participants were introduced to the simulator and eye tracking
equipment, and had the protocol of the session explained to them. It was again stressed
that, at any time, they had the right to withdraw without penalty. Participants also had the
opportunity to ask any questions, and once both the experimenter and participant were
okay to proceed the session began.
In order to minimise the potential for SS to occur, the Person-Environment-OccupationPerformance framework (PEOP, Stern et al., 2006) was followed. Participants initially drove
a familiarisation route developed by this researcher which lasted for about 10 minutes and
included breaks every couple of minutes. The participants had full control over the speed
and steering of the simulator. The familiarisation route was designed to slowly introduce the
participant to the different types of environment in the simulation route. Participants were
reassured that if at any time they felt any nausea, discomfort etc. they were to tell the
experimenter immediately who would pause the simulation. The experimenter also
constantly monitored the participant for any signs of SS and if detected followed the PEOP
protocol. On the second half of the familiarisation route the experimenter asked the
participant to wear the eye tracking glasses to allow them to get used to them prior to the
experimental session.
Once the familiarisation route was completed, the participant was be given a break and the
experimental session was explained to them. This consisted of three 12-15 minute drives
with breaks in between. Again participants were reassured that, if at any time they felt any
SS symptoms to tell the experimenter immediately, who was constantly monitoring the
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participant for any signs of SS as per the familiarisation route. At each break participants
were given a short rest and asked to complete simulator sickness questionnaire. At predetermined points throughout each drive, the simulation was paused and participants were
asked a series of questions based on the SAGAT (Endsley, 1995) which the participant
answered verbally. These responses were recorded using the microphone on the eye
tracking glasses. Once the experimental session was completed participants were thanked,
debriefed and paid for their participation and reminded that they should avoid driving for 60
minutes (STISIM manual) after using the simulator. Payment took the form of a £10 Amazon
voucher being emailed to them.

4.3 Results
Participants were asked to record their accident and near miss involvement history after
they had taken part in the simulator study. Twelve participants were NAI (42.9%), eight
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(28.6%) were ANC and eight were CAI. Table 4.2 shows the correlations of the Study Three
participants’ demographics variables, and accident and near miss history. Point biserial
correlations revealed that males were older, and had greater experience, and that more
males had experience with other vehicle use.

Table 4.2
Pearson correlations, means and standard deviations of Study Three participants’
demographics, and accident and near miss history
1

2

3

4

5

6

1. Age
2. Gender
3. Exposure

-.467*
.183

-.152

4. Experience

.922**

-.518**

.284

5. Other use

-.574**

.346

-.232

-.692**

6. Accidents

-031

-.210

.013

-.084

-.133

7. Near misses

-.101

-.168

.332

-.137

-.087

.383*

7

M

SD

31.30

10.80

-

-

139.07

172.59

135.11

131.82

.44

.64

1.11

2.46

Note. * p < .05, ** p < .001

As with Study Two, the relationships between exposure and accident and near miss history
was explored. Paired samples t-tests revealed that the difference in frequency of selfreported accidents from Study One (M = .33, SD = .48) and Study Two (M = .44, SD = .64)
was not significant t(26), -1.00, p = .33. They also revealed that difference in frequency of
self-reported near misses from Study One (M = 1.11, SD = 1.74) and Study Two (M = 1.11, SD
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= 2.46) was not significant t(26), 1.00, p = 1. See Table 4.3 for correlations between the
variables.

Table 4.3
Pearson correlations, means and standard deviations between Study Two and Study Three.
1

2

3

4

5

1. Exposure S2
2. Exposure S3

.493**

3. Acc. S2

.479*

.315

4. Acc. S3

-0.74

.013

.500**

5. NM S2

-.123

.250

-.092

.265

6. NM S3

-.144

.332

-.098

.383*

.718**

6

M

SD

139.07

172.59

110.48

110.32

.44

.64

.33

.48

1.11

2.46

1.11

1.74

Note. S2 = Study Two, S3 = Study Three, Acc. = accidents, NM = near misses * p < .05, ** p < .001

4.3.1 Analysis of participants who did or did not complete studies two and three.
As with Study Two, differences in the demographic and self-report measures between those
participants who competed both studies versus those who only took part in Study One were
explored. They revealed no significant differences on any of the demographic variables of
self-report measures apart from two. Self-reported levels of Attention were lower for those
who completed both studies (M = 17.48, SD = 5.31) compared those who completed Study
Two only (M = 20.33, SD = 5.48), t(95) = -2.31, p = .02, Hedge’s g = -.52., and safer attitudes
towards risky overtaking were found in the Study Two only group (M = 4.47, SD = 1.82)
compared to the groups who completed both studies (M = 5.37, SD = 1.74), t(95) = 2.21, p =
.03, Hedge’s g = .49.
147

To test the hypotheses that there would be significant differences in the accident
involvement groups and whether they looked at the critical stimuli, precursors and hazards,
chi-square tests of independence were performed. In cases where the expected frequencies
were below five, Fisher’s Exact test was used (Fisher, 2006) and to control for the possibility
of a type one error, the exact p value was calculated and compared to the Bonferroni
adjusted p value, which for a 3x2 contingency table was calculated to be .008 (Beasley &
Schumacker, 1995).

4.3.2 Accident group and critical stimuli
To test whether participants in each accident group looked at the critical stimuli overall, chisquare tests were performed. More of the NAI participants (100%) looked at the critical
stimuli than did not, compared to ANC (62.5%) and CAI (75%), however the chi-square
(Fisher’s Exact Test) produced a non-significant association between accident involvement
and looking at the critical stimuli X2 (2) = 5.13, p = .07 (Cramer’s V = .422).

4.3.2.1 Behavioural Prediction (BP) precursors and hazards
For the BP precursors, the chi-square test was significant, Fisher’s Exact test X2(2) = 10.6, p =
.004, Cramer’s V = .612, indicating a significant association between accident involvement
and looking at the precursors. The adjusted standardised residuals showed that significantly
more of the NAI participants (91.7%, p = .001, Bonferroni adjusted) looked at the precursors
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compared to ANC (25%, p = .03) and CAI (37.5%, p = .18). There was however, found to be
no significant association between accident groups and the BP hazards X2 (2) = 4.2, p = .14.

4.3.2.2 Environmental Prediction (EP) precursors and hazards
No significant association was found for accident group and the EP precursors, X2 (2) = 1.1, p
= .85. There was a significant association for the EP hazards X2 (2) = 7.09, p = .02.
Investigation of the adjusted standardised residuals (2.39 for NAI, -2.33 for ANC) initially
showed where the significant associations lay, however after Bonferroni adjustment the p
values (p = .02 for each) were not smaller than required.

4.3.2.3 Dividing and Focussing Attention (DF) precursors and hazards
No significant association was found for accident group and the DF precursors, X2(2) = 1.18 p
= 1. For the DF hazards there was however X2 (2) = 6.15, p = .03, and the adjusted
standardised residuals for the NAI group was 2.39. After Bonferroni adjustment though, the
p value did not reach significance (p = .02). See Table 4.5 for summaries of the significant
differences in whether each driver group fixated on the stimuli.

Table 4.2
Observed and expected frequencies of whether drivers looked at the precursors
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BP precursor
EP precursor
DF precursor
Group
Looked Didn't look
Looked
Didn't look
Looked
Didn't look
NAI
Observed
11
1
4
8
1
11
Expected
6.9
5.1
3.0
9.0
0.9
11.1
Row %
91.7
8.3
33.3
66.7
8.3
91.7
ANC
Observed
2
6
1
7
1
7
Expected
4.6
3.4
2.0
6.0
0.6
7.4
Row %
25.0
75.0
12.5
87.5
12.5
87.5
CAI
Observed
3
5
2
6
0
8
Expected
4.6
3.4
2.0
6.0
0.6
7.4
Row %
37.5
62.5
25.0
75.0
0.0
100.0
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved.

Table 4.3
Observed and expected frequencies of whether drivers looked at the hazards
BP hazard
EP hazard
DF hazard
Group
Looked Didn't look
Looked
Didn't look
Looked
Didn't look
NAI
Observed
11
1
12
0
12
0
Expected
9.0
3.0
9.4
2.6
9.4
2.6
Row %
91.7
8.3
100.0
0.0
100.0
0.0
ANC
Observed
4
4
4
4
5
3
Expected
6.0
2.0
6.3
1.7
6.3
1.7
Row %
50.0
50.0
50.0
50.0
62.5
37.5
CAI
Observed
6
2
6
2
5
3
Expected
6.0
2.0
6.3
1.7
6.3
1.7
Row %
75.0
25.0
78.6
21.4
62.5
37.5
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved.

4.3.3 Time to first fixation on the critical stimuli
As with the Crundall et al. (2012) study, the differences in the fixation times were converted
to percentages to compensate for the different arrival times and driving speeds of each
participant (see Table 4.4 for percentages of each driver group by predictor type). In order
to be as consistent as possible, a marker in the scenario was selected as the start point for
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each critical window such as when a particular parked car was last visible, and this marker
was the same for each participant, regardless of the time at which they arrived there. For
example participant X arrived at the first marker at 1744.262 seconds into their driving time.
They first fixated on the precursor at 1749.340 which became active at 1759.365. Their first
fixation time when the hazard became active (e.g. the Pedestrian steps into the road) was at
1759.821 seconds (456ms after the precursor activated). The participant in this instance,
stopped in time to avoid a collision and so their time when the vehicle was bought to a stop
was recorded at 1761.425 and marked the end of the critical window.
A 2 x 3 x 3 (critical stimuli x hazard type x driver group) mixed ANOVA was conducted and a
significant main effect was found for the critical stimuli, F(1, 24) = 101.68, p < .001, ƞ2 =
.81). Post hoc tests showed that hazards overall were fixated significantly more quickly
(after 26% of the hazard window had elapsed) than precursors overall (after 50% of the
precursor window had elapsed, p < .001). No significant main effect was found for hazard
type, F(2, 48) = 1.34, p = .27, ƞ2 = .05 indicating no differences between the BP, EP or DF
predictors across all participants. No significant effect was found for driver group, F(2, 24) =
.01, p = .99, ƞ2 = .001 indicating no differences between NAI, ANC or CAI drivers for any of
the critical stimuli. The interaction between the critical stimuli and driver group was not
significant, F(2, 24) = 1.18, p = .32, ƞ2 = .09. The interaction between hazard type and
driver group was not significant, F(4, 48) = .4, p = .81, ƞ2 = .03, nor were the interactions
between the critical stimuli and hazard type, F(2, 48) = 1.88, p = .16, ƞ2 = .07) or the three
way interaction between the critical stimuli, hazard type and driver group F(4, 48) = .14, p =
.97, ƞ2 = .01.
Table 4.4
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Percentage of time elapsed between fixation of the precursors and hazards for each predictor type by
driver group.
Driver
Group

Critical Stimuli

Predictor Type

NAI

Precursor

Behavioural Predictor

57.82 (4.84)

[47.83, 67.80]

Environmental Predictor

45.66 (6.35)

[32.56, 58.76]

Dividing and Focusing

53.39 (5.48)

[42.07, 64.71]

Behavioural Predictor

21.50 (4.76)

[11.68, 31.33]

Environmental Predictor

25.52 (3.40)

[18.50, 32.53]

Dividing and Focusing

22.08 (3.92)

[13.99, 30.16]

Behavioural Predictor

56.71 (6.33)

[43.64, 69.78]

Environmental Predictor

44.31 (8.31)

[27.16, 61.46]

Dividing and Focusing

50.51 (7.18)

[35.69, 65.33]

Behavioural Predictor

28.81 (6.23)

[15.95, 41.67]

Environmental Predictor

22.40 (4.45)

[13.21, 31.58]

Dividing and Focusing

25.73 (5.13)

[15.15, 36.32]

Behavioural Predictor

51.66 (5.92)

[39.44, 63.89]

Environmental Predictor

45.06 (7.77)

[29.01, 61.10]

Dividing and Focusing

48.67 (6.72)

[34.80, 62.53]

Behavioural Predictor

24.95 (5.83)

[12.92, 36.98]

Environmental Predictor

31.12 (4.16)

[22.52, 39.71]

Hazard

ANC

Precursor

Hazard

CAI

Precursor

Hazard

M

(SE)

95% CI

Dividing and Focusing
27.71 (4.80)
[17.81, 37.61]
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved.

4.3.4. Analysis of the time to first fixation on the hazard scenarios:
In order to further explore the differences between each of the predictors, each one was
broken down by the kind of hazard it consisted of. For example, the Behavioural Predictor
consisted of a pedestrian between two parked cars, a car waiting to pull out of a junction
and a motorcycle in the opposite lane waiting to turn right into a side street. These
scenarios differed in terms of their saliency to the driver, for example the pedestrian
presenting the smallest BP, should be the hardest to spot. Three (kind of critical stimuli) x 3
(driver group) mixed design ANOVAs were conducted to first examine any effect of the kind
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of hazard on fixation times. That is, were there any differences between the fixation times
on the critical stimuli for each kind of hazard within each predictor? In any analyses where
sphericity wasn’t met, the Greenhouse-Geisser correction was used and significant effects
were further explored using Bonferroni post hoc tests. In any instance where Levene’s Tests
of homogeneity were significant, the ANOVAs were conducted again with any outliers
removed. In the small number of cases where this occurred the significant result remained.
In these instances, the outliers were included in the final analyses due to the small sample
sizes in each group.

4.3.4.1 Behavioural Predictor (BP) critical stimuli
There was a significant main effect of scenario type (F(2, 38) = 14.57, p < .001, ƞ2 = .43). Post
hoc tests revealed that the pedestrian scenario was fixated significantly later (after 68% of
the critical window had elapsed) than the car (32%, p < .001) and motorcycle scenarios
(49%, p = .04), but there was no significant difference between the car and motorcycle (p =
.14). There was no significant main effect of driver group (F(2, 19) = 1.12, p = .35), but there
was a significant interaction between scenario type and driver group (F(4, 38) = 2.65, p =
.048, ƞ2 = .22. Analysis of the simple effects showed that the NAI group were significantly
quicker to fixate the car scenario compared to the pedestrian (p < .001) and motorcycle (p =
.007) but there was no significant difference between the pedestrian and motorcycle (p = 1).
The CAI group also fixated the car scenario significantly quicker than the pedestrian scenario
(p < .001) but there was no significant difference between the pedestrian and motorcycle
scenarios (p = .23) or the car and motorcycle (p = .17). There were no significant differences
between any of the scenarios for the ANC group (all p > .05).

153

4.3.4.2 Environmental Predictor (EP) critical stimuli
There was no significant main effect for scenario type (F(2, 38) = 1.12, p = .34) indicating no
significant difference in fixation time across the delivery van, blind bend or ice cream van
scenarios. There was no significant main effect for driver group (F(2, 19) = .77, p = .48), and
no significant interaction between scenario type and driver group (F(4, 38) = 1.72, p = .16).

4.3.4.3 Dividing and Focusing (DF) critical stimuli
There was a significant main effect of scenario type (F(2, 38) = 23.91, p < .001, ƞ2 = .56). Post
hoc tests showed that as with the BP scenarios, the crossroads scenario was fixated
significantly later (after 63% of the critical window had elapsed) than the pedestrian/bus
(23%, p < .001) and the two pedestrians (37%, p = .002), but there was no significant
difference between the pedestrian/bus and the two pedestrians scenarios (p = .13). There
was no significant main effect of driver group (F(2, 19) = .46, p = .64). There was however, a
significant interaction between scenario type and driver group (F(4, 38) = 4.23), p = .006, ƞ2
= .31). Analysis of these simple effects showed that the NAI group were significantly quicker
to fixate the pedestrian/bus (17%) compared to the crossroads (66%, p < .001) and the two
pedestrians (40%, p = .01), and quicker to fixate the two pedestrians compared to the
crossroads (p = .03). The CAI group also fixated the pedestrian/bus (14%) significantly
quicker than the crossroads scenario (75%, p < .001) and quicker to fixate the two
pedestrians compared to the crossroads (21%, p < .001). There was however, no significant
difference between the pedestrian/bus and two pedestrians scenarios (p = 1). There were
no significant differences between any of the scenarios for the ANC group. Analysis of the
differences for each driver group within each scenario revealed only one marginally
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significant result. For the pedestrian/bus scenario, CAI drivers were significantly quicker to
fixate the critical stimuli than the ANC group (14% compared to 37%, p = .049) but as the
main effect was not significant for driver group, this result is likely to be a type 1 error.

4.3.5 Behavioural Predictor critical stimuli fixation times broken down by precursor and
hazard
The critical stimuli were further examined by analysing how long participants took to fixate
the precursor and hazard windows of each scenario type.

4.3.5.1 BP precursors
There was a significant main effect of scenario type (F(2, 38) = 15.96, p < .001, ƞ2 = .46). Post
hoc tests revealed that the pedestrian scenario was fixated significantly later (after 82% of
the precursor window had elapsed) than the car (38%, p < .001) and motorcycle (58%, p =
.03), but there was no significant difference between the car and motorcycle scenarios (p =
.09). There was no significant main effect of driver group (F(2, 19) = 1.11, p = .35). Nor was
there a significant interaction between the two (F(4, 38) = 2.17, p = .09).

4.3.5.2 EP Precursors
There was no significant main effect for scenario type (F(2, 38) = 2.26, p = .12) indicating no
significant difference in fixation time across the three EP scenario types. There was no
significant main effect for driver group (F(2, 19) = 1.35, p = .28), and no significant
interaction between scenario type and driver group (F(4, 38) = 1.77, p = .15).
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4.3.5.3 DF Precursors
There was a significant main effect of scenario type (F(2, 38) = 24.07, p < .001, ƞ2 = .55). Post
hoc tests showed that as with the BP scenarios , the crossroads scenario was fixated
significantly later (after 76% of the precursor window had elapsed) than the pedestrian/bus
(27%, p < .001) and the two pedestrians (53%, p = .02) scenarios. The pedestrian/bus
scenario was also fixated significantly faster than the two pedestrians (p = .01). There was
no significant main effect of driver group (F(2, 20) = .68, p = .52). There was a significant
interaction between scenario type and driver group (F(4, 40) = 4.01), p = .008, ƞ2 = .29. This
interaction was further explored with simple effects analysis which revealed that the NAI
group were significantly quicker to fixate pedestrian/bus scenario (21%) compared to the
crossroads (79%, p < .001) and two pedestrians (60%, p = .003), with no significant
difference between the crossroads and the two pedestrians (p = .2). The CAI group also
fixated the pedestrian/bus scenario (17%) significantly quicker than the crossroads scenario
(88%, p < .001) and the two pedestrians scenario was fixated quicker than the crossroads
(32%, p = .003). There was no significant difference between the pedestrian/bus and two
pedestrians scenario (p = .88). There were no significant differences between any of the
scenarios for the ANC group, and no significant differences between the driver groups
within each scenario.

4.3.5.4 BP Hazards
There was no significant main effect for scenario type (F(2, 36) = .36, p = .7) indicating no
significant difference in fixation time across the three BP scenario types. There was no
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significant main effect for driver group (F(2, 18) = .11, p = .9), and no significant interaction
between scenario type and driver group (F(4, 36) = .73, p = .58).

4.3.5.5 EP Hazards
There was no significant main effect for scenario type (F(2, 38) = 1.98, p = .15) indicating no
significant difference in fixation time across the three EP scenario types. There was no
significant main effect for driver group (F(2, 19) = .48, p = .63), and no significant interaction
between scenario type and driver group (F(4, 38) = 1.58, p = .2).

4.3.5.6 DF Hazards
There was a significant main effect of scenario (F(2, 38) = 7.61, p = .002, ƞ2 = .29). Post hoc
tests revealed that the pedestrian/bus scenario was fixated significantly quicker than the
crossroads scenario (after 13% of the hazard window had elapsed compared to 32%, p =
.001) overall, but there was no significant difference between the crossroads and two
pedestrians (26%) scenarios or the pedestrian/bus and two pedestrians scenarios (p = .07).
There was no significant effect of driver group (F(2, 19) = .11, p = .89), and no significant
interaction between the two (F(4, 38) = 1.3, p = .29). See Tables 4.5 – 4.8 for summaries of
the significant differences in all fixation times for each driver group.

Table 4.5
Summary table of the analyses from Study Three on the accident groups and the hazard predictors
with significant differences indicated.
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Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. BP = Behavioural predictor; EP = Environmental predictor; DF = Dividing and focussing
predictor.
NAI NAI
% looked

ANCANC
% looked

CAICAI
% looked

Stimuli overall

100a

62.5a

75a

BP precursors

91.7b

25.0a

37.5a

BP hazards

91.7a

50.0a

75.0a

EP precursors

33.3a

12.5a

25.0a

EP hazards

100a

50.0a

78.6a

DF precursors

8.3a

12.5a

0.0a

DF hazards

100a

62.5a

62.5a

Hazard
Fixated

First fixation Time
M

(SE)

M

(SE)

M

(SE)

Stimuli overall

Precursors

52.29

(4.00)a

50.51

(5.23)a

48.46

(4.90)a

50.42 (2.74)1

Hazards

23.03

(2.77)a

25.65

(3.62)a

27.92

(3.39)a

25.53 1.89)2

Group overall

37.66

(2.93)1

38.08

(3.83)1

38.19

(3.58)1

BP precursor

57.82

(4.84)a

56.71

(6.33)a

51.66

(5.92)a

EP precursor

45.66

(6.35)a

44.31

(8.31)a

45.06

(7.77)a

DF precursor

53.39

(5.48)a

50.51

(7.18)a

48.67

(6.72)a

BP hazard

21.50

(4.76)a

28.81

(6.23)a

24.95

(5.83)a

EP hazard

25.52

(3.40)a

22.40

(4.45)a

31.12

(4.16)a

DF hazard

22.08

(3.92)a

25.73

(5.13)a

27.71

(4.80)a

Shared superscripts are not significantly different from each other.

Table 4.6

158

Scenario
BP pedestrian

M
57.96

(SE)
(4.26) a

M
73.81

(SE)
(7.38)a

M
70.86

(SE)
(6.02)a

Stimuli overall
67.55 (3.47)1

BP car

24.64

(5.64)b

50.69

(9.76)a

21.89

(7.97)b

32.41 (4.60)2

BP motorcycle

57.90 NAI(5.94)a

48.87 CAI(8.40)a

48.69 4.85)2

Group overall

46.83

(2.68)1

39.32 ANC
(10.29)a
54.61

(4.64)1

47.21

(3.79)1

Stimuli overall
EP delivery van

35.96

(7.20)a

33.20

(12.46)a

56.99

(10.18)a

42.05 (5.88)1

EP blind bend

34.81

(7.09)a

53.79

(12.29)a

22.56

(10.03)a

37.05 (5.79)1

EP ice cream

23.11

(7.88)a

40.75

(13.65)a

25.56

(11.14)a

29.81 (6.43)1

Group overall

31.29

(4.56)1

42.58

(7.90)1

35.04

(6.45)1

Stimuli overall
DF crossroads

64.40

(6.15)a

48.33

(9.13)a

75.41

(8.33)a

62.71 (4.60)1

DF ped/bus

17.29

(4.46)b

37.31

(6.62)a

14.42

(6.04)b

23.01 (3.34)2

DF two peds

40.34

(7.47)c

49.00

(11.08)a

20.71

(10.11)b

36.68 (5.59)1

Group overall

40.68

(4.19)1

44.88

(6.22)1

36.84

(5.67)1

Summary table of the analyses from Study Three on the accident groups and the hazard scenarios.
with significant differences indicated.
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. BP = Behavioural predictor; EP = Environmental predictor; DF = Dividing and focussing
predictor.
Shared superscripts are not significantly different from each other.

Table 4.7
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Precursors
BP pedestrian
BP car
BP motorcycle
Group overall

M
73.94
30.06
69.45
57.82

(SE)
(5.24)a
(6.18)a
(6.55)a
(2.46)1

M
85.71
57.36
47.75
63.61

(SE)
(9.07)a
(10.71)a
(11.34)a
(4.25)1

M
85.07
25.86
55.73
55.55

(SE)
(7.41)a
(8.74)a
(9.26)a
(3.47)1

EP delivery van
EP blind bend
EP ice cream
Group overall

45.24
64.04
27.69
45.66

(8.58)a
(10.59)a
(9.29)a
(5.53)1

42.31
84.52
62.67
63.17

(14.86)a
(18.34)a
(16.09)a
(9.75)1

66.92
41.62
29.92
46.15

(12.13)a
(14.98)a
(13.14)a
(7.82)1

Group overall
81.57 (4.28)1
37.76 (5.05)2
57.65 (5.35)2
Group overall
51.49 (7.01)1
63.39 (8.65)1
40.09 (7.59)1

Group overall
a
a
a
DF crossroads
75.55 (5.14)1
78.97
(6.63)
59.51
(10.28)
88.18
(9.38)
DF ped/bus
27.42 3.84)2
20.95
(4.96)b
44.36
(7.69)a
16.94
(7.02)b
DF two peds
53.00 (6.84)3
60.25
(8.83)a
66.34
(13.68)a
32.39
(12.49)b
1
1
1
Group overall
53.39
(4.70)
56.74
(7.29)
45.84
(6.65)
Summary table of the analyses from Study Three on the accident groups and scenarios broken down
by precursor with significant differences indicated.
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. BP = Behavioural predictor; EP = Environmental predictor; DF = Dividing and focussing
predictor.
Shared superscripts are not significantly different from each other.

Table 4.8
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Summary table of the analyses from Study Three on the accident groups and scenarios broken down
by hazard with significant differences indicated.

NAI
Hazards
BP pedestrian
BP car
BP motorcycle
Group overall
EP delivery van
EP blind bend
EP ice cream
Group overall

M

ANC
(SE)

M
a

28.93
15.57
23.90
22.80

(7.01)
(4.08)a
(7.47)a
(4.16)1

31.95
18.42
26.19
25.52

a

(7.45)
(4.03)a
(4.92)a
(3.31)1

CAI
(SE)

M
a

16.99
29.09
31.98
26.02

(11.63)
(6.76)a
(12.39)a
(6.89)1

34.33
30.25
8.79
24.46

a

(12.91)
(6.97)a
(8.52)a
(5.73)1

(SE)
a

21.33
20.29
24.69
22.10

(9.50)
(5.52)a
(10.12)a
(5.63)1

36.07
16.72
38.90
30.56

a

(10.54)
(5.69)a
(6.96)a
(4.68)1

Group overall
22.42 (5.52)1
21.65 (3.21)1
26.85 (5.89)1
Group overall
34.12 (6.09)1
21.80 (3.29)1
24.63 (4.02)1
Group overall
31.55 (3.92)1
12.55 (1.96)2
25.66 (5.08)1

DF crossroads
36.26
(4.80)
25.03
(8.31)
33.35
(6.78)
a
a
DF ped/bus
10.61
(2.40)
9.76
(4.15)
17.27
(3.39)a
DF two peds
19.36
(6.22)a
34.19
(10.78)a
23.43
(8.80)a
Group overall
22.08
(3.17)1
22.99
(5.49)1
24.68
(4.49)1
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. BP = Behavioural predictor; EP = Environmental predictor; DF = Dividing and focussing
predictor.
a

a

a

Shared superscripts are not significantly different from each other.

4.3.6 Analysis of fixations on a precursor after an active hazard
To test the hypothesis that there would be groups differences in the number of fixations
made on a precursor (referred to as ‘inactive’ from here on) after an active hazard, a 2
(Hazard Order: Active vs. Inactive) x 3 (Driver Group: NAI, ANC, CAI) mixed ANOVA was
conducted. The within subjects IV was the order the hazards were encountered, and the
between subjects was the driver group. The dependent variable was the number of fixations
made on the precursors. See Tables 4.10 – 4.12 for summaries of the significant differences
in all fixation times for each driver group.
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4.3.7 Behavioural Predictors
There was a significant main effect of hazard order F(1, 24) = 29.61, p < .001, ƞ2 = .55, which
indicated that all driver groups made significantly more fixations on the inactive precursor
compared to the active precursor after encountering the active hazard (18.26 vs. 10.37
mean fixations). Although the main effect of driver group was not significant F(2, 24) = 3.26,
p = .06, ƞ2 = .21, there was a significant interaction F(2, 24) = 3.78, p = .04, ƞ2 = .24. Simple
effects analysis revealed that the ANC drivers made significantly fewer fixations on the
active precursor than the CAI drivers (7.14 vs. 12.88, p = .02), and that NAI and ANC drivers
made significantly more fixations on the inactive precursor following the active one (p < .001
and p = .004 respectively) while there was no significant difference for the CAI drivers (p =
.28).
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Table 4.9
Mean number of fixations on the precursors of the active and inactive hazards for each predictor type
by driver group.
Driver
Group

Hazard Order

Predictor Type

NAI

Active

Behavioural Predictor

11.08 (1.11)

[8.80, 13.37]

Environmental Predictor

14.00 (1.59)

[10.73, 17.27]

Dividing and Focusing

12.83 (1.76)

[9.21, 16.46]

Behavioural Predictor

23.17 (2.16)

[18.71, 27.63]

Environmental Predictor

21.92 (2.39)

[16.98, 26.86]

Dividing and Focusing

21.50 (2.06)

[17.26, 25.75]

Behavioural Predictor

7.14 (1.45)

[4.15, 10.13]

Environmental Predictor

10.57 (2.08)

[6.29, 14.86]

Dividing and Focusing

11.00 (2.30)

[6.26, 15.74]

Behavioural Predictor

15.86 (2.83)

[10.02, 21.70]

Environmental Predictor

15.14 (3.13)

[8.68, 21.61]

Dividing and Focusing

13.43 (2.69)

[7.87, 18.99]

Behavioural Predictor

12.88 (1.36)

[10.08, 15.67]

Environmental Predictor

11.38 (1.94)

[7.37, 15.38]

Dividing and Focusing

10.25 (2.15)

[5.81, 14.69]

Behavioural Predictor

15.75 (2.65)

[10.29, 21.22]

Environmental Predictor

14.88 (2.93)

[8.83, 20.92]

Inactive

ANC

Active

Inactive

CAI

Active

Inactive

M

(SE)

95% CI

Dividing and Focusing
16.25 (2.52)
[11.05, 21.45]
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved.

4.3.7.1 Behavioural Predictors: pedestrian between parked cars
There was a significant main effect of number of fixations on the pedestrian F(1, 11) = 7.10,
p = .02, ƞ2 = .39 which indicated that significantly more fixations were made on the inactive
pedestrian following the active pedestrian. There was no significant main effect of driver
group F(2, 11) = 2.07, p = .17 which indicated no significant difference between NAI, ANC or
CAI drivers in how many fixations were made on the precursors overall. There was no
significant interaction between hazard order and driver group F(2, 11) = .18, p = .83.
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4.3.7.2. Behavioural Predictors: car waiting to pull out of a junction
There was a significant main effect of number of fixations on the car F(1, 13) = 12.62, p =
.004, ƞ2 = .49 which indicated that significantly more fixations were made on the inactive car
following the active car. There was no significant main effect of driver group F(2, 13) = 1.67,
p = .34 which indicated no significant difference between NAI, ANC or CAI drivers in how
many fixations were made on the precursors overall. There was no significant interaction
between hazard order and driver group F(2, 13) = .01, p = .99.
4.3.7.3 Behavioural Predictors: motorcycle waiting to turn right
The main effect of hazard order was not significant F(1, 13) = 4.25, p = .06 indicating no
significant change in the number of fixations on the inactive motorcycle following the active
motorcycle. There was no significant main effect of driver group F(2, 13) = 1.55, p = .25, and
no significant interaction between the two F(2, 13) = 2.14, p = .16.

4.3.8 Environmental Predictors
There was a significant main effect of hazard order F(1, 24) = 13.39, p = .001, ƞ2 = .36, which
indicated that all driver groups made significantly more fixations on the inactive precursor
compared to the active precursor after encountering the active hazard (17.31 vs. 11.98
mean fixations). The main effect of driver group was not significant F(2, 24) = 2.29, p = .12,
ƞ2 = .16, nor was there a significant interaction F(2, 24) = .98, p = .39, ƞ2 = .08.

4.3.8.1 Environmental Predictors: delivery van
There was a significant main effect of number of fixations on the delivery van F(1, 11) =
10.19, p = .009, ƞ2 = .48 which indicated that significantly more fixations were made on the
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van after encountering the van where the driver stepped out from behind it. There was no
significant main effect of driver group F(2, 11) = .61, p = .56 which indicated no significant
difference between the drivers in how many fixations were made on the precursors overall,
and there was no significant interaction between hazard order and driver group F(2, 11) =
.62, p = .56.
4.3.8.2 Environmental Predictors: blind bend
There was no significant main effect of hazard order F(1, 14) = 1.41, p = .26, or driver group
F(2, 14) = .99, p = .40, and no significant interaction F(2, 14) = .09, p = .92.
4.3.8.3 Environmental Predictors: ice cream van
There was no significant main effect of hazard order F(1, 13) = 2.61, p = .13 or of driver
group F(2, 13), .50, p = .62. There was a significant interaction however F(2, 13) = 6.68, p =
.01, ƞ2 = .51 but analysis of the simple effects revealed no significant differences between
the driver groups on either precursor.

4.3.9 Dividing and Focusing Predictors
There was a significant main effect of hazard order F(1, 24) = 13.19, p = .001, ƞ2 = .36, which
indicated that all driver groups made significantly more fixations on the inactive precursor
compared to the active precursor after encountering the active hazard (17.06 vs. 11.36
mean fixations). The main effect of driver group was not significant F(2, 24) = 2.37, p = .12,
ƞ2 = .17, nor was there a significant interaction F(2, 24) = 1.37, p = .27, ƞ2 = .10.
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4.3.9.1 Dividing and Focusing: crossroads
The main effect of hazard order was not significant F(1, 11) = 4.439, p = .06, indicating that
drivers didn’t fixate significantly more on either the left or right roads on the inactive hazard
following the active hazard. There was no significant main effect of driver group F(2, 11) =
1.64, p = .24, and no significant interaction F(2, 11) = 3.28, p = .07.
4.3.9.2 Dividing and Focusing: pedestrian and bus
There was a significant main effect of hazard order for the pedestrian and bus scenario F(1,
13), 16.52, p < .001, ƞ2 = .56 indicating that drivers fixated significantly more on either the
pedestrian or the bus in the inactive hazard after encountering the active hazard. There was
no significant main effect of driver group F(2, 13) = 1.27, p = .31, and no significant
interaction F(2, 13) = 1.25, p = .32.
4.3.9.3 Dividing and Focusing: two pedestrians
There was a significant main effect of hazard order for the two pedestrian scenario F(1, 12),
8.09, p = .02, ƞ2 = .40 indicating that drivers fixated significantly more on either of the two
pedestrians in the inactive hazard after encountering the active hazard. There was no
significant main effect of driver group F(2, 12) = .43, p = .66, and no significant interaction
F(2, 12) = .67, p = .53.
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Table 4.10
Summary table of the analyses from Study Three on the accident groups and active vs. inactive
NAI

ANC

CAI

Precursors
BP pedestrian
Active
Inactive
Group overall

M

(SE)

M

(SE)

M

(SE)

Group overall

2.43
3.86
1.83

(.55)a
(.83)a
(.50)1

.50
2.75
1.63

(.73)a
(1.10)a
(.66)1

.67
3.00
1.83

(.84)a
(1.27)a
(.76)1

1.20 (.41)1
3.20 (.63)2

BP car
Active
Inactive
Group overall

5.58
10.58
8.08

(.82)a
(1.23)a
(.81)1

4.60
8.60
6.60

(1.26)a
(1.91)a
(1.26)1

7.57
11.43
9.50

(1.07)a
(1.61)a
(7.29)1

5.92 (.62)1
10.20 (.93)2

BP motorcycle
Active
3.26 (.56)1
3.25
(.73)a
3.33a
(1.19)a
3.20
(.92)a
Inactive
5.38 (.98)1
7.88
(1.28)a
4.67
(2.09)a
3.60
(1.62)a
Group overall
5.56
(.80)1
4.00
(1.30)1
3.40
(1.01)1
precursors for each BP scenario broken down by hazard with significant differences indicated.
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. BP = Behavioural predictor.
Shared superscripts are not significantly different from each other.
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Table 4.11
NAI

ANC

CAI

Precursors
EP delivery van
Active
Inactive
Group overall

M

(SE)

M

(SE)

M

(SE)

Group overall

4.43
7.29
5.86

(.98)a
(1.32)a
(1.04)1

5.50
6.75
6.13

(1.29)a
(1.75)a
(1.38)1

2.33
5.67
4.00

(1.49)a
(2.02)a
(1.59)1

4.09 (.73)1
6.56 (1.00)2

EP blind bend
Active
Inactive
Group overall

2.00
3.78
2.89

(.97)a
(1.37)a
(.97)1

2.67
3.33
3.00

(1.68)a
(2.37)a
(1.69)1

4.40
5.80
5.10

(1.30)a
(1.83)a
(2.30)1

3.02 (.78)1
4.30 (1.11)1

EP ice cream
Active
5.99 (.61)1
5.14
(.87)a
7.67
(1.32)a
5.17
(.94)a
Inactive
7.33 (1.15)1
10.14
(1.63)a
5.00
(2.49)a
6.83
(1.76)a
Group overall
9.00
(.99)1
6.33
(1.89)1
5.93
(1.24)1
Summary table of the analyses from Study Three on the accident groups and active vs. inactive
precursors for each EP scenario broken down by hazard with significant differences indicated.
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. EP = Environmental predictor.
Shared superscripts are not significantly different from each other.
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NAI

ANC

CAI

Precursors
DF crossroads
Active
Inactive
Group overall

M

(SE)

M

(SE)

M

(SE)

1.00
.43
.71

(.41)a
(.33)a
(.26)1

2.25
.00
1.13

(.54)a
(.00)a
(.35)1

.00
.33
.17

(.00)a
(.50)a
(.40)1

1.08 (.31)1
.25 (.25)1

DF ped/bus
Active
Inactive
Group overall

8.08
16.33
12.21

(.99)a
(1.19)a
(.87)1

9.75
10.00
9.88

(1.72)a
(2.06)a
(1.51)1

7.29
12.00
9.64

(1.30)a
(1.56)a
(1.14)1

8.37 (.79)1
12.78 (.95)2

4.09
5.36
4.73

(.81)a
(.91)a
(.60)1

3.80
3.20
3.50

(1.20)a
(1.35)a
(.89)1

4.00
6.17
5.08

(1.09)a
(1.23)a
(.82)1

3.43 (.64)1
5.95 (.84)2

DF two peds
Active
Inactive
Group overall
Table 4.12

Group overall

Summary table of the analyses from Study Three on the accident groups and active vs. inactive
precursors for each DF scenario broken down by hazard with significant differences indicated.
Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. DF = Dividing and focussing predictor.
Shared superscripts are not significantly different from each other.
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4.3.10 Relationship between the DSA, the SAGAT and eye movements
In order to test the validity of the DSA with an established measure of SA, Pearson
correlations were conducted between the four factors of the DSA and scores on the three
types of SAGAT question that drivers were presented with during the simulation run.
Correlations for all the precursors, DSA factors and SAGAT questions can be seen in Table
4.13. One significant association was found which indicated that as scores on the Memory
factor increased scores on Perception type questions decreased r = -.40, 95% CI [-.67, -.03],
p = .04.
Analysis of each DSA factor with the number of fixations on the first encounter with a BP, EP
and DF precursor for all participants revealed that for the DF Predictor fewer fixations were
associated with a higher score on the Attention factor r = -.41, 95% CI [-.70, -.04], p = .03. No
other correlations for the number of fixations on the predictors and DSA factors were
significant. Time to first fixation of the BP precursors was negatively associated with the
Vigilance factor r = -.52, 95% CI [-.75, -.18], p = .004 which indicated that drivers who scored
higher on this factor fixated more quickly on this type of precursor. No other correlations for
the time to first fixation on the predictors and DSA factors were significant.
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Table 4.13
Correlations for the DSA factors, SAGAT questions and precursors.
1
1. Att.

2

3

4

5

6

7

8

9

10

11

12

13

-

2. Con.

.74**

3. Mem.

.39*

.34

-

4. Vig.

.05

.01

.12

5. Per.

-.10

.04

-.40*

.06

-

6. Com.

-.13

.08

.28

.08

.08

7. Proj.

-.22

-.19

.17

.02

-.01

.49**

8. BP fix.

-.05

.00

-.05

.36

.14

.24

.37

9. EP fix.

-.32

-.36

.12

.29

.02

.35

.51**

.47*

10. DF fix.

-.41*

-.28

-.05

.12

-.04

.37

.32

.31

.44*

-

11. BP TTF

-.08

-.17

.11

-.52**

.01

.15

.24

-.44*

-.05

.15

12. EP TTF

.11

.26

-.29

-.33

.11

.06

-.10

-.15

-.52**

-.08

.14

13. DF TTF

-.11

-.13

-.33

-.23

.36

.16

.32

-.15

.04

-.20

.40*

-

-

-

.30

-

Note. * p < .05, ** p < .001. Att. = Attention, Con. = Concentration, Mem. = Memory, Vig. =
Vigilance. Per. = Perception, Com. = Comprehension, Proj. = Projection. BP fix. = number of fixations
on the BP precursor, BP TTF = time to first fixation on the BP precursor.

4.3.11 Drivers’ accident involvement, SA and eye movements
There was a significant positive association with the Concentration factor and the EP
precursors for the NAI drivers indicating that for those drivers who scored higher on this
factor took longer to fixate the EP precursors r = .68, 95% CI [.18, .90], p = .02. The ANC
drivers who scored highest on the Vigilance factor were significantly quicker to fixate on BP
precursors r = -.84, 95% CI [-.97, -.33], p = .009, and the CAI drivers who scored higher on
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the Attention and Vigilance factors were significantly quicker at fixating on the EP
precursors r = -.71, 95% CI [-.94, -.01], p = .048 and r = -.81, 95% CI [-.96, -.25], p = .02
respectively. For comparison, scores on the SAGAT revealed that the higher the drivers
scored on Projection type questions, the more they fixated on the EP precursors r = -.51,
95% CI [.16, .75], p = .007, and CAI drivers who scored higher on Perception type questions
took significantly longer to fixate on BP precursors r = .75, 95% CI [.10, .95], p = .03. No
significant associations were found for NAI or ANC drivers on any of the SAGAT questions.
See Table 4.14 for summaries of the significant differences for each driver group on the
precursors, DSA and SAGAT.
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NAI
Measures
Attention
BP precursors
EP precursors
DF precursors

r

ANC

CAI

r

r

-.25a
.38 a
-.23 a

-.06 a
-.04 a
.10 a

.25 a
-.71b
.19 a

Concentration
BP precursors
EP precursors
DF precursors

-.53 a
.68 b
-.06 a

-.28 a
-.69 a
-.51 a

.41 a
-.11 a
.11 a

Memory
BP precursors
EP precursors
DF precursors

.01 a
-.23 a
-.27 a

.21 a
-.52 a
-.57 a

.21 a
-.02 a
.01 a

Vigilance
BP precursors
EP precursors
DF precursors

-.20 a
-.37 a
.14 a

-.84b
-.18 a
-.54 a

.30 a
-.81 b
-.05 a

Perception
BP precursors
EP precursors
DF precursors

.191
.081
.561

-.421
.391
.371

.752
-.081
.061

Table 4.14
Summary table of
the analyses from
Study Three on
the accident
groups,
precursors, DSA
and SAGAT with
significant
differences
indicated.

Comprehension
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BP precursors
EP precursors
DF precursors

-.151
.041
-.021

.331
.161
.241

.281
.101
.471

Projection
BP precursors
EP precursors
DF precursors

.071
-.451
.151

.531
.301
.571

.481
.281
.471

Note. NAI = not accident involved; ANC = accident involved but not culpable; CAI = culpable accident
involved. BP = Behavioural predictor; EP = Environmental predictor; DF = Dividing and focussing
predictor.
Shared superscripts are not significantly different from each other.

4.4 Discussion
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4.4.1 Drivers eye fixations on the critical stimuli
To summarise the findings from the first analyses, no significant association was found
between the driver groups and whether or not they looked at the critical stimuli overall,
which leads to the rejection of hypothesis 1a. These results don’t support the findings of
Crundall et al. (2012) whose experienced drivers and instructors fixated on more critical
stimuli than learner drivers, and Garay-Vega and Fisher (2005) who’s experienced and
novice drivers were better at recognising risky events with a foreshadowing element
present. These results are similar to Castro et al. (2016) who also failed to find differences
between repeat and non-offending drivers on gradual onset hazards. When analysed further
by hazard type and precursor and hazard however, more NAI drivers fixated on BP
precursors than the CAI or ANC drivers so hypothesis 1b is accepted. This supports the
findings of Crundall et al. (2012), Borowsky et al. (2010) and Crundall and Knoll (2016) in
that less risky and non-culpable drivers take advantage of cues in the environment. Castro
et al. (2016) also found that drivers were better on WHN questions on BP video clips than EP
clips, although there was no difference between their repeat and non-offending drivers. No
association was found however for the EP or DF critical stimuli (precursors or hazards) and
the driver groups which suggest that while there is some effect of the presence of a
predictor it is only the most direct cues from a BP precursor that are capturing the driver’s
attention.
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4.4.2 Drivers time to first fixation on the critical stimuli
Analysis of the time taken to first fixate the critical stimuli revealed there was no difference
between the driver groups causing hypothesis 2a to be rejected. These findings, while in
contrast to Crundall et al. (2012) are in agreement with Castro et al. (2016) who also failed
to find a difference between repeat and non-offending drivers on gradual and abrupt onset
hazards, and Crundall and Knoll (2016) who found no difference between high and low risk
drivers in their time to first fixation on hazard perception and hazard prediction clips.
Drivers overall fixated on the hazards significantly more quickly than the precursors, so
hypothesis 2b is accepted and support the findings of Crundall et al. (2012), however unlike
Crundall et al.’s findings and those of Borowsky et al. (2010), no groups differences were
found on the different types of hazard predictor, so hypothesis 2c is therefore rejected.

4.4.3 Analyses of each scenario
It is possible that the lack of significant differences between the BP, EP and DF hazard
predictors is due to differences in the scenarios that each one contained. Analysis of the
critical stimuli (precursor and hazard combined) for each Behavioural Predictor scenario
revealed that NAI drivers were quicker to fixate the car than the pedestrian and motorcycle,
and CAI drivers were quicker to fixate the car than the pedestrian but not the motorcycle.
When with was analysed further, the differences between the scenario types were
significant for the precursor window of the critical stimuli for all drivers but with no
difference between the fixation times for the hazard window of each scenario or between
the driver groups.
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The lack of significant differences during the hazard window of the BP fails to support the
findings of Crundall et al. (2016) who found that experienced and drivers and instructors
were quicker to fixate the hazards than their learner drivers. Underwood et al. (2013)
however also found no difference between inexperienced and experienced car drivers and
experienced motorcycle rider/car drivers in response times to abrupt onset hazards. It is
possible that the lack of significant differences between the drivers in the time taken to
fixate the hazards is due to the movement of the pedestrian, car and motorcycle once it
becomes active. That is to say that the drivers’ response times to fixate on an abruptly
moving object mask any differences between the groups.

For the EP critical stimuli, there were no significant differences between the delivery van,
blind bend or ice cream van, in the time taken to first fixate them, and there were no
differences between the driver groups. There were also no significant differences when the
critical stimuli of each scenario were broken down into precursor and hazard. This finding is
in agreement with Crundall et al. (2012) who also found no difference between their three
experience groups in the time taken to fixate the EP precursors, but not their finding that
instructors and experienced drivers fixated the EP hazards more quickly than learners.
Castro et al. (2016) also found that drivers performed better overall with BP clips than with
EP but with no difference between their driver groups. Crundall et al. suggest that there is a
‘psychological separation’ between the precursors and hazards for the EP scenarios
compared to the BP scenarios, so it is possible that drivers are failing to see the EP precursor
as a predictor to a potential hazard.
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The DF predictor scenarios consisted of a scene where there were two possible predictors
and one is the precursor to the other. The three scenarios are described in Table 4.1 but in
sum, one scenario consisted of two pedestrians on opposite sides of the road facing each
other, and one crosses the road to meet the other. The second was a crossroads with
buildings occluding the far left and right of the crossroads, and a car appears from the right
and drives into the path of the participant. The third consisted of a parked bus on the left
kerb and a pedestrian in the central reservation just before the bus who steps into the road
in front of the participant. As with the Crundall et al. (2012) study the crossroads scenario
had an environmental predictor element to it, where the potential hazard wasn’t visible and
the pedestrian/bus and two pedestrian scenarios had a behaviour predictor element that
was visible.
Analyses of the critical stimuli of these scenarios revealed that all drivers took significantly
longer to fixate the crossroads scenario than the two pedestrian and pedestrian/bus
scenarios, but there was no difference between the Pedestrian/bus and Two Pedestrians
scenarios. This makes sense in light of the crossroads scenario containing an EP element and
the Pedestrian/bus and Two Pedestrians scenarios both containing BP elements as Crundall
et al. (2012) found that drivers fixated the BP critical stimuli quicker than the EP or DF
stimuli. Further analysis revealed that the Pedestrian/Bus scenario was fixated by both NAI
and CAI drivers significantly more quickly than the crossroads. NAI drivers also fixated the
pedestrian/bus scenario significantly more quickly than the two pedestrian scenarios, but
the CAI drivers did not. The pedestrian/bus scenario was fixated significantly faster in both
the precursor and hazard windows, but the only difference in the driver groups was for the
precursor window where NAI drivers fixated the pedestrian bus more quickly than the two
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pedestrians and crossroads, and the CAI drivers fixated the pedestrian/bus scenario quicker
than the crossroads. Again the most likely reason for this is this is due to the pedestrian/bus
scenario containing a BP element.

4.4.4 Active vs. inactive hazards
For the Behavioural Predictors (BP), all drivers made more fixations on the precursors after
encountering an active hazard. Analysis of the driver groups showed that the NAI and ANC
drivers made more fixations on the precursor following the active hazard than CAI drivers
did. When analysed by scenario, drivers overall, didn’t make any more fixations on the
precursor motorcycle following the active one but they did for the pedestrian and car
scenarios. There were no differences between the driver groups for any scenario however.
For the Environmental Predictors (EP), all drivers more fixations on the precursors after
encountering an active hazard, and more fixations on the delivery van precursor following
an active instance, but there were no differences for the driver groups. There no differences
either for the blind bend scenario or for the ice cream van. For the Dividing and Focusing
(DF) predictors, again all drivers made more fixations on the precursors of the inactive
hazard after encountering an active hazard, with no differences between the driver groups,
and this was also the case for the pedestrian/bus and two pedestrian scenarios. There were
no differences in the number of fixations made by the drivers between the active hazard
and inactive precursors overall, or between the driver groups. Hypothesis three is accepted
but only with regards to Behavioural Predictors however, and the results appear analogous
with the first hypothesis in that more NAI drivers fixated on BP precursors than the CAI
drivers.
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4.4.5 Relationship between the DSA, the SAGAT and eye movements of the driver groups
All drivers self-reported SA as measured by the DSA showed mostly no significant
relationships with scores on the SAGAT apart from a negative association with the memory
factor and scores on the Level one questions. That is, as self-reported memory increased
scores on perception type questions decreased which leads to the rejection hypothesis 4a.
A significant negative association was also seen with the number of eye fixations made
towards DF precursors by drivers and self-reported attention in that fewer fixations were
associated with a higher score on the attention scale. When fixation times were analysed, a
negative association was found with the time taken to fixate on the BP precursors and selfreported vigilance leading to the rejection of hypothesis 4b.

When drivers’ accident involvement was analysed, NAI drivers who scored higher on the
concentration factor took longer to fixate on the EP precursors. ANC drivers who scored
highest on the vigilance factor were significantly quicker to fixate on BP precursors, and CAI
drivers who scored higher on the attention and vigilance factors were significantly quicker at
fixating on the EP precursors. For comparison, scores on the SAGAT revealed that the higher
drivers scored on the Projection questions, the more they fixated on the EP precursors.
When analysed by driver group, CAI drivers who scored higher on Perception type questions
took significantly longer to fixate on BP precursors, but no significant associations were
found for NAI or ANC drivers on any of the SAGAT questions.
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5.0 Chapter Five - General discussion

5.1 Introduction
The aim of Study One was to methodically determine culpability in drivers and investigate
which factors best distinguish these culpable accident and near miss involved drivers from
the non-culpable and non-involved drivers, once demographic and experience variables had
been controlled for. In addition, a new scale was used which aimed to capture drivers’ selfreported Situation Awareness (SA) from survey data. This survey provided an original
contribution to the field of SA in driving research. The aims of Study Two were to investigate
differences over time in the factors previously investigated in a subset of drivers from Study
One, and to explore the accident and near miss history of the same drivers to see if the
differences seen between these groups still existed on those same factors. The primary aim
of Study Three was to explore differences between accident involved drivers on different
types of hazard and their precursors by replicating and extending the methodology of
Crundall et al. (2012). The second aim investigated whether there were any differences
between drivers on hazard precursors when having previously been exposed to an active
hazard of the same type. The third aim involved further validating the Driver Situation
Awareness scale (DSA) on both objective and online measures of SA, and to explore the
contribution of the DSA in distinguishing drivers based on their accident involvement. The
aim of this chapter is to summarise the results of these three studies and to discuss the
implications of each in light of previous research and models. To conclude, the methodology
of each study will be reviewed as well as considerations for future research.
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5.2 Summary of results for Study One
5.2.1 Driver Situation Awareness
Study One aimed to investigate which factors best distinguished accident and near-miss
involved drivers once variables such as age, sex and experience were controlled for. The DSA
produced four factors which reflect some of the cognitive components of SA, namely
attention, concentration, memory and vigilance. A significant MANCOVA and discriminant
function analysis revealed that drivers could be distinguished on the basis of their accident
involvement with Culpable Accident Involved (CAI) drivers reporting lower levels of selfreported Situation Awareness (SA) than Accident Involved but Not Culpable (ANC) and NonAccident Involved (NAI) drivers. The hypothesis that CAI drivers would be distinguished
according to their self-rated situation awareness was partially accepted and supported the
findings of Salmon et al. (2012), Sneddon et al. (2012), Clay (1995) and Adams-Guppy and
Guppy (1995). These findings were also found for self-reported near-misses, and so the
hypothesis that near-miss involved drivers would be distinguished according to their selfrated SA was also accepted with Culpable Near Miss Involved (CNMI) reporting significantly
lower levels.

5.2.2 Driver Self Rating
In order to test the hypotheses that driver’s self-rated driving style would distinguish CAI
drivers from ANC and NAI drivers The Driver Self-Rating scale (DSR) was used and also
produced four factors of careful/attentive, skilful/anticipating, cautious/considerate and
patient/tolerant. A MANCOVA on these factors for accident involvement failed to reach
significance however, which is in contrast to Taubman-Ben-Ari and Yeheil, (2012), and Clay
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(1995) so hypothesis three was rejected. The same analysis was applied to near miss
involvement and was significant, which was followed up with a DFA, with CNMI drivers
reporting less favourable driving styles than near-miss but not culpable (NNMI) or non nearmiss involved (NMNC) drivers so hypothesis four was accepted. It would appear then that
the inclusion of recording near miss data can be useful in capturing data that the recording
of collisions alone can miss.

5.2.3 Aberrant Driving Behaviour
Study one showed that a three factor solution of Reason et al.’s (1990) original 50 item DBQ,
with self-reported frequency of errors and violations significantly distinguishing CAI drivers
from NAI drivers. These findings support those of De Winter and Dodou (2010) and Parker
et al. (1995) for violations. CMNI drivers reported a significantly higher frequency of errors
than NMNC drivers and NNMI drivers.

5.2.4 Attitudes towards Risky Driving behaviours
Drivers’ attitudes towards certain risky driving behaviours appear to distinguish between
their accident involvement. The results from Study One showed that CAI drivers rated their
attitudes towards drink driving and risky overtaking as more favourable than NAI drivers,
supporting in part, the findings of Davey et al. (2006). There were no significant differences
in these attitudes for the near miss driver group though. One possible reason could be that
drivers’ memory of their near miss history isn’t accurate. Despite driver’s frequency of near
misses being higher than accidents (Reason & Wagner, 1985), if their memory of those

183

accidents is bad (e.g. Maycock, Lester & Lockwood, 1996) then it is reasonable to accept
that their near-miss memory is also.

5.2.5 Personality factors
The results on personality and accident involvement largely replicate those of previous
research (Clarke & Robertson, 2005; Lajunen, 2001; Smith et al., 2006; Arthur et al., 1991;
Elander et al., 1993; Salgarno, 2002), and hypothesis eight was partially accepted with CAI
drivers reporting higher levels of extraversion. CNMI drivers also reported higher levels of
impulsivity but no difference was found for either accident or near miss involved drivers in
levels of neuroticism.

5.3 Summary of results for Study Two
5.3.1 Driver Situation Awareness
The findings from Study Two present equivocal results with regard to changes in experience
for novice drivers on the DSA. While no differences were seen either between novices and
experienced drivers or over time for self-reported levels of attention, novices reported
significantly lower levels of concentration than experienced drivers overall, but with no
increase between Study One and Study Two. This reflected similar results with some
previous research (Saberg & Bjornskau, 2006), but not others (Underwood, 2007; Crundall
et al., 2012; Crundall, 2016). The results for self-reported memory for the driving situation
however, showed that while novices scored lower than experienced drivers overall, their
scores on the memory factor significantly increased from Study One to Study Two. This
lends support to Crundall (2016) and Groeger and Brady (2004). There was a significant
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effect of experience for the vigilance factor which was similar to the concentration factor,
with novices scoring significantly lower than experienced drivers across the studies overall.
5.3.2 Driver Self Rating
The experiential differences that were hypothesised to exist between Studies One and Two
largely failed to materialise. No significant differences were found across the two time
points or between the novice and experienced drivers for the ‘Careful/Attentive’,
‘Cautious/Considerate’ and ‘Patient/Tolerant’ factors, therefore hypothesis two was
rejected for these. For the ‘Skilful/Anticipating’ factor there was a difference between
novice and experienced drivers overall however, with experienced drivers rating themselves
significantly more skilful and anticipating so hypothesis three was accepted for this factor
and supports the research of Taubman-Ben-Ari et al., (2004) who’s older, more experienced
drivers also rated themselves higher on safer driving styles, but not Holland et al (2010) who
found the longer people drove, the less anxious and patient they reported their driving
styles to be.

5.3.3 Aberrant Driving Behaviour
The results were also mixed for drivers’ frequency of aberrant driving behaviours. No
differences were found across the two time points or between the novice and experienced
drivers for errors which is in contrast to previous research on this type of behaviour and
experience (e.g. Roman et al., 2015; Koppel et al., 2018). For frequency of lapses during
driving however, novices increased from Study One to Study Two, whereas experienced
drivers didn’t, and novices reported more lapses at Study Two than experienced drivers.
Novices also increased their frequency of violations across the two studies but experienced
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drivers didn’t, although they did report a higher frequency of violations at Study One than
novices. Hypothesis three was accepted for lapses and violations but rejected for errors, and
the results for these factors support those of Roman et al. (2015) and Koppel et al. (2018).

5.3.4 Attitudes towards Risky Driving behaviours
No significant differences were found between Study One and Study Two or between the
novice and experienced drivers overall for any of the attitudes towards drink driving, close
following, risky overtaking and speeding. Nor were there any interactions between the
study times and experience. Hypothesis four was therefore rejected. These findings are in
contrast to previous research that has found age related increases in patient (Wishart et al.,
2006) who found riskier attitudes to close following with increasing experience.

5.3.5 Personality factors
No significant differences were found between the two studies or between the novice and
experienced drivers overall for extraversion therefore hypothesis five was accepted for this
factor. No differences were found either for impulsivity therefore hypothesis five was
rejected for the impulsivity factor. Although novices scored significantly higher on
neuroticism than experienced drivers overall there were no reductions in levels of
neuroticism seen across Studies One and Two for them. The hypothesis that levels of
neuroticism would be significantly lower for novices at Study One compared to Study two
was therefore rejected. Previous research has found decreases in neuroticism as drivers get
older and gain experience (e.g. Moller & Haustein. 2013; Harrison, 2004),
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5.3.6 Determining culpable accident and near-miss involvement in the Study Two group
5.3.6.1 Driver Situation Awareness
No significant effects were found between the driver groups for the DSA factors of
attention, concentration, memory or vigilance. While these findings don’t support those of
Salmon et al. (2012) as well as Sneddon et al. (2012) for self-reported SA in a working
environment. Which was also observed in the near miss data apart from a univariate
analysis of the vigilance factor which showed that CNMI drivers had lower levels of vigilance
compared to NNMI which doesn’t support the findings of Roberts et al. (2004). A likely
explanation is that the sample size was too small to see any real differences between the
groups. The effects size for the DSA at Study Two was the same for Study One (ƞ2 = .03) but
is possible that the method for determining accident culpability between the surveys could
be a factor in the lack of significant findings that were seen in study one, in particular
classifying participants on their total accident involvement over the two studies may have
masked any real differences in accident involvement.

5.3.6.2 Driver Self Rating
No significant effect was found between the driver groups for self-rated driving style which
again, doesn’t replicate the findings from Study One, which distinguished culpable near miss
drivers. This is in contrast with some previous research (e.g. Guppy et al. 1990; TaubmanBen-Ari & Yeheil, 2012), but not all. French et al. (1993) for example found no relationship
with self-rated calmness, focus or resistance to advice and accident involvement. The failure
of the driving styles factors to distinguish the driver groups are again possibly due to the
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sample size or the method for determining accident culpability between the surveys. It
doesn’t explain the lack of significant findings for the near miss groups however as their
near miss history only went back three months which was a smaller time frame from when
they completed the second survey compared to the first.

5.3.6.3 Aberrant Driving Behaviour
No effect was found between the driver groups on the errors, lapses or violations factors,
which contrasts to previous research which has found such an effect. For instance Parker et
al. (1995) found that violations predicted active loss of control accidents and errors in
general. These findings are in agreement with their data for lapses however, as they found
no association for this and active or passive accident involvement. These findings also don’t
concur with the meta-analysis of De Winter and Dodou (2010) who found significant
associations with errors and violations for all accidents. However they didn’t specifically
assess culpable accident involvement or control for exposure as argued by af Wahlberg et al.
(2015). For near misses, there was no effect found for errors or violations but a main effect
was found for lapses and revealed that CMNI drivers scored a significantly higher frequency
than NNMI driver for this type of aberrant driving behaviour. This finding doesn’t agree with
Roberts et al. (2004) however, who found significant positive relationships with drivers’
accident and near-miss history. Although there were significant main effects for errors and
violations, the post hoc tests revealed no real differences one the family wise error rate was
corrected for. The main reason for this is likely to be the unequal sample sizes between the
groups as there were 59 NNMI drivers compared to 10 NMNC and 27 CNMI.
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5.3.6.4 Attitudes towards Risky Driving behaviours
Drivers’ attitudes to drink driving, close following, risky overtaking and speeding were also
subjected to analysis of covariance. No significant effects were found on any of these factors
for the different driver groups. These findings aren’t in agreement with the findings of
previous research (Davey et al., 2006; Parker et al., 1998) that has found attitudes favouring
risky driving were associated with risky driving behaviour. These results however are in
agreement with Wishart et al. (2006) who found no relationship with accidents in the last 12
months, and partially in agreement with Johnson et al. (2008) found no relationship
between high risk scores and CAI drivers, and they did find lower risk scores in ANC drivers.
Different results were found for near miss involvement however. While there were no
significant differences for attitudes to drink driving or risky overtaking, CNMI drivers scored
significantly higher on close following than NNMI and NMNC drivers. For drivers’ attitudes
towards speeding, NMNC drivers had significantly riskier attitudes than NNMI but with no
difference between them and CNMI drivers. While in partial agreement with previous
research (Davey et al., 2006; Wishart et al., 2006; Parker et al., 1998) the attitudes to
speeding result is in contrast to Johnson et al. who’s not at fault drivers had lower risky
attitudes. As with the DSA, the riskier attitudes to drink driving and overtaking found in the
CAI drivers at Study One failed to materialise at Study Two. The effect size for drink driving
was larger at Study two (ƞ2 = .05) than Study One (ƞ2 = .03), and similar for risky overtaking
(.04 vs. .03 at Study Two), indicating that the lack of significant differences may be down to
the smaller sample size at Study Two.
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5.3.6.5 Personality factors
The results for these factors in Study Two revealed no significant differences between the
driver groups in levels of extraversion, impulsivity or neuroticism. While in contrast to
previous research into personality traits and accident involvement (e.g. Clarke & Robertson,
2005; Lajunen, 2001), they replicate the findings of others (Arthur et al., 1991; Elander et al.,
1993; Salgarno, 2002)

5.4 Summary of results for Study Three
5.4.1 Drivers fixations on potential hazards
The first hypotheses tested in Study Three predicted that there would be differences
between drivers based on their accident involvement in fixating on the critical stimuli in the
environment, and that there would be group differences in fixating the precursors and
hazards that make up the critical stimuli. No significant association was found between the
driver groups in fixating on the critical stimuli overall, which led to the rejection of
hypothesis 1a and contrasted previous research (Crundall et al., 2012; Garay-Vega and
Fisher, 2005) which found that experienced and professional drivers tend to fixate more
quickly on environmental cues. Castro et al. (2016) however, also failed to find differences
between repeat and non-offending drivers on gradual onset hazards. When broken down
into the precursor and hazard windows, NAI drivers fixated on more BP precursors than the
CAI or ANC drivers, so hypothesis 1b was therefore accepted. This supports research that
has found less risky and non-culpable drivers take advantage of cues in the environment
(Crundall et al., 2012; Borowsky et al., 2010; Crundall & Knoll, 2016). Castro et al. (2016) also
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found that drivers were better on WHN questions on BP video clips than EP clips, although
there was no difference between their repeat and non-offending drivers.

5.4.2 Drivers time to first fixation on potential hazards
The second set of hypotheses was concerned with how quickly the different driver groups
would fixate the critical stimuli, and predicted that there would be differences between
drivers based on their accident involvement. The results showed that drivers overall fixated
on the hazards significantly more quickly than the precursors of the combined predictors,
which again supports the findings on Crundall et al. (2012), however unlike Crundall’s
findings and those of Borowsky et al. (2010) there was no difference between the different
hazard types or driver groups. These findings do agree though, with other previous research
which has found no difference between risky and driving offence groups Crundall & Knoll,
2016; Castro et al., 2016). The results of study three led to the rejection of hypotheses 2a
and 2c but allowed hypothesis 2b to be accepted.
Further investigation focused on the different types of hazard scenario for the BP, EP and DF
hazard predictors. For the BP hazards, the pedestrian scenario was fixated significantly later
than the car and motorcycle scenarios by all drivers, and while there were no differences in
fixation time between the driver groups for the scenarios overall, an interaction between
scenario types and driver group revealed that that the NAI group were significantly quicker
to fixate the car scenario compared to the pedestrian and motorcycle but there was no
significant difference between the pedestrian and motorcycle scenarios. The CAI group also
fixated the car scenario significantly quicker than the pedestrian scenario but there was no
significant difference between the pedestrian and motorcycle scenarios or the car and
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motorcycle, with no significant differences between any of the scenarios for the ANC group.
The BP precursor and hazard elements of the critical window were analysed separately and
while there were no significant differences between the scenarios or driver groups for
hazards, for precursors the pedestrian scenario was fixated significantly than the car and
motorcycle, but there was no significant difference between the car and motorcycle
scenarios. There were no differences between the driver groups however, which is in
contrast to Crundall et al. (2016) who found that experienced and drivers and instructors
were quicker to fixate the hazards than their learner drivers, although the findings are in
agreement with Underwood et al. (2013) who found no differences in experience in the
time to fixate abrupt onset hazards. It is possible that the lack of significant differences
between the drivers in the time taken to fixate the hazards was due to the movement of the
pedestrian, car and motorcycle once it became active. That is to say that the drivers’
response times to fixate on a moving object masked any differences between the groups.

For the EP critical stimuli, there were no significant differences between the delivery van,
blind bend or ice cream van in the time taken to first fixate them, and there were no
differences between the driver groups. There were also no significant differences when the
critical stimuli of each scenario were broken down into precursor and hazard. This finding is
in agreement with Crundall et al. (2012) who also found no difference between their three
experience groups in the time taken to fixate the EP precursors, but not their finding that
instructors and experienced drivers fixated the EP hazards more quickly than learners.
Castro et al. (2016) also found that drivers performed better overall with BP clips than with
EP but with no difference between their driver groups. Crundall et al. suggest that there is a
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‘psychological separation’ between the precursors and hazards for the EP scenarios
compared to the BP scenarios, and because of this is possible that drivers are failing to see
the precursor as a predictor to a potential hazard. Each simulation run had a multitude of
objects along the route (parked cars, pedestrians etc.) that were required to make the drive
as ecologically valid as possible, and it is feasible to suggest that the EP precursors didn’t
stand out enough from these other objects.
For the DF scenarios critical windows, the crossroads scenario was fixated significantly later
than the pedestrian/bus and two pedestrian scenarios, but there was no difference
between the pedestrian/bus and two Pedestrians scenarios. While there was no difference
between the driver groups for the scenarios overall, NAI and CAI drivers fixated the
Pedestrian/Bus scenario the quickest, followed by the two pedestrian scenario for the NAI
drivers and then by the crossroads scenario which took the longest to fixate by both NAI and
CAI drivers. Further analysis revealed that it was during the precursor window that the NAI
and CAI drivers were fixating the precursor/bus, most likely because the precursor was
visible to them throughout the precursor window. There was no difference between the
driver groups for the hazard window, all drivers fixated the pedestrian/bus more quickly
than the two pedestrian or crossroads scenarios.

5.4.3 Analyses of drivers’ fixations on each scenario
Analysis of the critical stimuli (precursor and hazard combined) for each BP scenario
revealed that NAI drivers were quicker to fixate the car than the pedestrian and motorcycle,
and CAI drivers were quicker to fixate the car than the pedestrian but not the motorcycle.
When with was analysed further, the differences between the scenario types were
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significant for the precursor window of the critical stimuli for all drivers but with no
difference between the fixation times for the hazard window of each scenario or between
the driver groups which supports Underwood et al. (2013) and Castro et al. (2016) who also
found no difference between drivers in response times to abrupt onset hazards. These
results are however, in contrast to Crundall et al. (2016) whose drivers overall fixated on the
hazards significantly more quickly than the precursors.

For the EP critical stimuli, there were no significant differences between the delivery van,
blind bend or ice cream van, in the time taken to first fixate them, and there were no
differences between the driver groups. Supporting the findings of Crundall et al. (2012) and
Castro et al. (2016). Crundall et al. suggest that there is a ‘psychological separation’ between
the precursors and hazards for the EP scenarios compared to the BP scenarios, so it is
possible that drivers are failing to see the EP precursor as a predictor to a potential hazard.
Interestingly, the ice cream van and delivery van should have yielded similar results yet
drivers made just as many fixations on the ice cream van while it was a potential hazard.
This may highlight that drivers see an ice cream van at the side of the road as a more
potentially hazardous situation than a delivery van, possibly because a child is more likely to
step into the road without looking than a delivery driver.

For the DF critical stimuli of each scenario, all drivers took significantly longer to fixate the
crossroads scenario than the two pedestrian and pedestrian/bus scenarios, but there was
no difference between the pedestrian/bus and two Pedestrians scenarios. A possible
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explanation for this is that crossroads scenario contained an EP element while the
pedestrian/bus and two Pedestrians scenarios both contained BP elements, and it was these
elements that were providing the cues to the drivers, contrasting Roca et al. (2013) who
found that drivers who were better at orienting their attention reacted later on DF hazards.

5.4.4 Drivers’ fixations on precursors following an active hazard
Drivers overall made significantly more fixations on the precursors of the inactive hazard after

encountering an active hazard for all types of hazard predictor. Differences between the
driver groups only emerged in the BP events where NAI and ANC drivers made more
fixations on the inactive precursor following the active hazard than CAI drivers and then only
for the pedestrian and car scenarios. While these findings demonstrate an effect of
memory for previously encountered dangerous situations (Groeger, 2013), they only appear
to distinguish culpable drivers where the precursor in the environment is psychologically
related to the hazard (Crundall et al., 2012).

5.4.5 The relationship between the DSA, SAGAT and eye movements of the driver groups
In an attempt to establish the validity of the DSA, correlations with the SA level 1, 2 and 3
questions from the SAGAT (Endsley, 1995) were performed and showed only one significant
negative relationship with the memory factor and perception questions. While this doesn’t
necessarily mean that the DSA is a poor indicator of situation awareness on the road, it may
mean that the SAGAT is not the best measure by which to validate it. As a more objective
measure, the number and fixation times of eye movements towards the hazard precursors
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in the simulation run were compared with the DSA factors. There were only two significant
results, a negative association with DF precursors and the attention factor, indicating that
that fewer fixations were associated with higher levels of attention. Faster fixation times on
the BP precursors were positively related with increased vigilance. These results may
indicate that drivers with higher levels of attention may use their peripheral vision more,
which would explain the smaller number of fixations, it is those that are more vigilant are
making a quicker fixation on it when they do attend to it.
The results for the driver groups showed that CAI drivers who were higher in self-reported
vigilance and attention were quicker at fixating on the EP precursors, which is at odds with
research showing that safer drivers are quicker at fixating these types of hazard (Crundall et
al., (2012).

5.4.6 Discussion of the findings in relation to theoretical models of driving
From the perspectives of the theoretical models covered in chapter one, the findings across
the three studies provide some but rather incomplete evidence towards tentative
conclusions. The results from the survey studies potentially support the Fuller et al. (2008)
model with CAI drivers’ favouring more risky attitudes towards drink driving and overtaking
than NAI drivers. That is, if they are not attributing a level of difficulty and therefore risk to a
given situation then they may overestimate their capability to deal with that situation. There
was clearly a suggestion that CAI drivers reported lower levels of SA and less safe self-rated
driving style. Lower levels of these factors could also lead to less capability to deal with the
task demand, certainly, the finding that culpable drivers have more self-reported errors,
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lapses and violations than NAI drivers could indicate that the task demands have exceeded
the capability of those drivers and led to near misses or even collisions.

Regarding Study Three, the finding that that CAI drivers didn’t make as many fixations
towards an inactive precursor having previously experienced an active hazard compared to
NAI and ANC drivers could suggest CAI drivers are not feeling an appropriate level of risk
while the other groups are responding more appropriately. This could perhaps further
support the perspectives suggested by In Wilde’s (1982, 2001) Risk Homeostasis Theory, or
even not feeling any risk at all which could potentially fit the Näätänen and Summala (1976)
model. Potentially additional analysis on other simulator variables could further clarify this
position such as adopted speed or lane position.

The findings that there were differences across scenario types might reflect components of
task complexity which could potentially provide support for Fuller et al. (2008). The greater
number of fixations of NAI drivers’ fixations on potential hazards with a behavioural
predictor might indicate that these drivers have enough spare capacity that lower level task
demands (such as looking for environmental cues) doesn’t impact negatively on their
capability to drive safely. Although analyses of the fixation times on the hazard predictors
didn’t reveal any driver group differences, fixation times were faster for the physically larger
elements in the driving scenarios, the car in the BP and the bus in the DF scenario. This may
well reflect the possibility that a more salient object in the driving scene is easier to spot and
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thus less effort on available resources is needed to attend to it. This could also support
Fuller’s model in placing less demand on the driver’s capabilities.

5.4.7 Limitations of the studies and suggestions for future research
The main limitation of the first study was that it gathered a large amount of self-report data
and was retrospective in nature. This raises questions of possible Common Method Variance
(CMV) and response bias, as well as participants’ memory for their own accident history
(e.g. Chapman & Underwood, 2005). This was known of in advance however and attempts
to control for CMV through the use of attribution methodology (Clay, 1995) to combat
potential flaws in participants self-reported accident culpability was used. There was
however still a possibility for unwanted variance in some of the other self-report measures.
In addition, the design of the survey was cross-sectional which in itself is prone to nonresponse bias although analysis of the demographic and self-report measures between
those participants who chose to take part and those who didn’t, only revealed a significant
difference in levels of extraversion. Also, as a cross-sectional survey is only a ‘snapshot’ in
time, only associations can be made between the variables of interest. This was catered for
slightly through the use of a follow-up survey on a sub sample of the participants from the
first survey, however there was still the possibility of non-response bias in this group.
The second survey also had limitations of a small number (< 100) of participants, who varied
quite considerably in the time they took to complete the second survey after the first.
Despite similar effect sizes in some of the findings, future research should consider
longitudinal studies with a much bigger sample, and more consistency in the time between
the surveys. Participants’ memory for accident involvement was still possibly an issue in the
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second survey. Some researchers have overcome this through the use of driving diaries
where participants record any incidents they experience at the time they happen (e.g.
Roberts, Chapman, & Underwood, 2004), therefore use of these in future studies would
certainly help.
Study Three largely suffered from a lack of participants from the previous studies that were
either unwilling or unable to take part, again the study was vulnerable to non-response bias
in this regard. In addition, unequal sample sizes in the driver groups could have affected
that statistical power of the ANOVA tests and created type 1 errors. Although the design of
the simulator study was well thought out and faithfully replicated the Crundall et al. (2012)
methodology, it may well have benefitted from exploring a smaller range of hazard
predictors in greater depth with dependent variables other than just eye movement
recordings, for example speed. As the BP types of hazard predictor appeared to be the most
promising in terms of distinguishing drivers based on their accident involvement, this could
also be the focus of another study in the future.

5.4.8 Conclusions
In conclusion while this thesis has explored the efficacy of a self-reported DSA questionnaire
and its relationship to accident and NM involvement, the results are not yet conclusive.
Although inconclusive, the results show some promise and future research will continue to
refine and develop the construct and its operationalization. Potentially an emphasis on SA
rather than simply focusing on HP may translate into alternative methods of driver training.
On the other hand it may be that SA may be a more relevant focus for driver re-training.
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5.4.9 Reflection
The purpose of this section is to critically reflect on my journey through the PhD process and
to evaluate what I have learned, and consider what I might do differently. In order to
achieve this I have based it on Gibbs’ (1988) reflective cycle which encourages the student
to evaluate their experiences and feelings, and to learn from this evaluation what they did
well and what they can improve upon. This reflection will also be written to the same
doctoral standards as the rest of the thesis. This follows the Quality Assurance Agency (QAA,
2015) Characteristics Statement which sets out the standards whereby doctoral graduates
should be able to discover, evaluate and communicate knowledge and think critically and
problem solve while applying professional standards in ethics, and research integrity.

Once having made the decision to embark on a doctoral programme, I set out to read up on
the topic of my choice, in order to start putting together a proposal which would get me
started in earnest. With the guidance of my supervisor the plan was to initially survey
drivers of different levels of experience over two time points and to test those same
participants on our newly acquired driving simulator, which I still had to learn to use. My
proposal accepted, I set out to create a survey which could be distributed using online
survey software. I think in hindsight, if I were to do it again and in an ideal world I would
have used the simulator much more, perhaps using it for all of my studies and making use of
variable such as speed and braking time in addition to eye movements. I would also have
put more thought into designing the survey. The construction of some questions hindered
my attempts to analyse the data from them so in future, thinking more about what form the
data will take and how it can be related with other variables should prevent this from
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happening again. Realistically though, time precluded this from happening. I work full time
as a lab manager and also teach on several units and this did not give a lot of time during
the working week to get done what I wanted to get done as it was.

I soon found out that a significant part of doing the PhD is problem solving. I had many
problems to solve, and one example of which was in creating the scenarios that my
participants would drive through on the driving simulator. Having learned the code the
scenarios were written in (no small undertaking in itself), I spent the better part of a year on
preparing the simulator study alone. The problem I had to solve, was how to get my
participants to drive as they normally would on UK roads while at the same time suspending
disbelief that this wasn’t some video game. If they just sped through the simulation run then
they would miss the Hazard Perception (HP) events that I had set up along the route and
vital data would be lost. A couple of ideas were tried and didn’t work but then I struck upon
the idea of speed cameras and their warning signs along the route. These weren’t working
speed cameras but pilot testing showed that they had the desired effect with some
participants even commenting (some quite verbal!) about them while they drove. As a result
hardly any of the HP events didn’t trigger throughout the whole study. Problem solved.

Another problem was that of systematic measurement error, or Common Method Variance
(CMV) whereby participants are self-reporting their accident and near miss history as well as
the dependent variables that I was measuring against this history, and this can affect the
associations between them. To at least reduce if not solve this problem, I decided to use
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Clay’s (1995) attribution methodology which asks the driver to attribute different factors to
contributing to the accident or near miss, and in addition asked them to provide details on
their most recent accident which could be examined by myself and my supervisor to see if it
matched up with their attributions. I felt that this would, at least partially mitigate the selfreporting of accidents and near misses. On reflection this may not have been ideal, as these
evaluations are themselves subjective. An alternative measure would have certainly helped,
such as police reports or insurance records. The survey methodology and lack of access to
these other measures prevented me from doing this. Another possible method that has
been employed which I could use in future research would be to use recorded accidents and
possibly near misses on the driving simulator. This would at least be a more objective
method of data collection.

At the outset the assumption was to frame my research in respect to models of driving
behaviour, in particular the Fuller et al. (2008) TCI. As my research progressed however it
emerged that I wasn’t really testing the models per se but rather but using it to inform my
choice of variables. Certainly on reflection, the relationship between my findings and the models is
tentative at best, and although one of the most influential models for driver behaviour, perhaps the
TCI wasn’t the most appropriate to use, or to use eye movement data. Something like drivers’ speed
is probably a more suitable choice. I have this data, I just didn’t have time to analyse it for the PhD
but I will be doing this in future.

So as not to end this reflective section with the reader thinking it was all doom and gloom,
I’d like to conclude by highlighting the strengths of my research. Firstly, it was my aim at the
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outset to make it a repeated measures longitudinal design across the three, and possibly
more studies. Only those who had completed both surveys would take part in the simulator
study. Secondly, was the rigour I applied to the methodology of the simulator study. It was
well thought out and controlled, even down to changing the colour of the simulator car
bonnet from red to blue (the colour red being linked to aggression e.g. Piatti, Savage and
Torgler (2012)), 21 years in my technical role in designing and setting up psychology
experiments has I think stood me in good stead there. Looking forward, the new knowledge
and skills that I have acquired, from my studies and the driving literature, learning to use the
simulator programming language and eye tracking methodology, have increased my
awareness that I can apply to future research programmes. My final reflection is on the
thesis examination itself which initially filled me with some apprehension but which was
soon reduced through my examiners putting me at ease. Their questions and insights gave
me much to consider and take forward, not only as I made my corrections but for future
research that I am eager to get started on.
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Appendix 1

Factor structure of the Driver Situation Awareness questionnaire.

Att.

Con.

Mem.

Vig.

I often daydream while driving

.770

.098

.180

-.076

I ‘tune out’ during routine driving, or when driving is boring

.757

.217

.208

.001

Note. Att. = Attention, Con. = Concentration, Mem. = Memory, Vig. = Vigilance.
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I often find I have driven my car on ‘auto-pilot’, without being aware of

.735

.049

.139

-.081

I am easily distracted by my thoughts or feelings

.712

.257

.131

-.022

I am easily distracted by background noise

.674

.300

-.008

.142

.666

.290

.308

.138

I fail to notice signposts on the road

.556

.239

.315

.190

I become bored with driving quickly

.549

.240

-.015

.307

.126

.733

.058

.029

I often speak or act without thinking

.238

.675

.226

.057

I find it difficult to concentrate for long periods of time

.401

.652

.110

.187

I am easily distracted by visual stimulation (e.g., movement)

.514

.555

.081

.114

.433

.493

.303

.108

I find it easy to remember driving instructions (i.e. directions)

.201

-.078

.725

.224

I confuse left and right when giving directions

.076

.204

.719

.040

I forget which way to turn on a road I know well but rarely use

.252

.069

.674

.272

.104

.335

.638

-.151

-.078

-.008

.083

.874

.182

.305

.260

.695

it

I am not able to keep my mind focused on driving and it has a
tendency to ‘wander’

I find it difficult to pay attention to someone, even if I am being spoken
to directly

I have difficulty paying close attention to details, which often results in
careless errors

When I finish reading or being told instructions, I often have to reread…
I take note of objects/events on the road even if they are not
immediately related to my driving
I find it easy to keep track of everything that is going on around me

Appendix 2

Factor structure of the Driver Self-rating Scale.

CAREFUL CARELESS
SAFE RISKY
ATTENTIVE INATENTIVE
RESPONSIBLE IRRESPONSIBLE
COURTEOUS IMPOLITE

Care.
.850
.756
.709
.689
.479

Skil.
.117
.055
.320
.162
.135

Caut.
-.130
-.229
-.058
-.049
-.260

Pati.
.115
.262
.076
.216
.382
228

NERVOUS CONFIDENT
EXPERIENCED INEXPERIENCED
SKILFUL UNSKILFUL
DECISIVE INDECISIVE
SLOW FAST
ANTICIPATING NON-ANTICIPATING
RECKLESS CAUTIOUS
AGRESSIVE DEFENSIVE
SELFISH CONSIDERATE
IRRITABLE PLACID
INSISTENT YIELDING
LAX PRECISE
PATIENT IMPATIENT
TOLERANT INTOLERANT

-.053
.233
.244
.355
.100
.348
-.447
-.143
-.272
.001
.136
-.313
.256
.322

-.800
.761
.724
.686
-.633
.403
.004
-.100
-.162
-.129
.221
-.509
.052
-.006

.278
.068
.025
.128
.084
.044
.683
.664
.647
.638
.600
.530
-.278
-.260

.123
.274
.368
.165
.311
.318
.078
-.194
-.300
-.475
-.093
.133
.778
.738

Note. Care. = Careful/Attentive; Skil. = Skilful/Anticipating; Caut. = Cautious/Considerate;
Pati. = Patient/Tolerant.

Appendix 3

Factor structure of the Driver Behaviour Questionnaire.

Errors

Lapses

Violations

M Get into the wrong lane at a roundabout or approaching a r

.705

.048

.105

S Fail to read the signs correctly, and exit from a roundabo

.645

.116

.092

S Forget where you left your car in a multi-level car park?

.616

.049

-.027

M Plan your route badly, so that you meet traffic congestion

.605

.125

.044

S Forget which gear you are currently in and have to check w

.599

.151

.045

229

UV Lost in thought or distracted, you fail to notice someone

.589

.251

.116

S Miss your exit on a motorway and have to make a lengthy de

.588

.114

.099

S Distracted or preoccupied, realise belatedly that the vehi

.545

.288

.337

S Fail to notice pedestrians crossing when turning into a si

.535

.311

.135

M Turn left onto a main road into the path of an oncoming ve

.519

.231

.133

M Misjudge your gap in a car park and nearly (or actually hi

.516

.272

.054

S Misjudge speed of oncoming vehicle when overtaking?

.497

.150

.203

S Intending to drive to destination A, you 'wake up to find

.481

.202

.062

M Brake too quickly on a slippery road and/or steer the wron

.468

.334

.234

S Fail to check your mirror when pulling out, changing lanes

.461

.202

.242

M Hit something when reversing that you had not previously s

.415

.275

.076

UV Check your speedometer and discover that you are unknowin

.407

-.024

.372

S Lost in thought, you forget that your lights are on full b

.337

.265

.202

S On turning left, nearly hit a cyclist who has come up on y

.198

.667

.052

V Ignore 'give way' signs, and narrowly avoid colliding with

.192

.624

.171

S Lock yourself out of the car with the keys still inside?

.127

.602

-.023

S Fail to notice someone stepping out from behind a bus or p

.316

.601

.142

S Attempt to overtake a vehicle that you hadn't noticed was

.228

.599

.135

V Deliberately drive the wrong way down a deserted one-way s

.014

.559

.141

V Take a chance and cross on lights that have turned red?

.215

.553

.320

S In a queue of vehicles turning left onto a main road, pay

.373

.548

.117

S Try to overtake without first checking your mirror, and th

.307

.542

.234

S Attempt to drive away without first having switched on the

.268

.483

-.140

M Misjudge your crossing interval when turning right and nar

.415

.476

.187

V Drive back from a party, restaraunt, or pub, even though y

.157

.476

.382

V Disregard red lights when driving late at night along empt

-.004

.444

.299

V Have an aversion to a particular class of road user, and i

.148

.443

.369

-.124

.426

.317

M Overtake a single line of stationary or slow-moving vehicl

.358

.420

.035

S Attempt to drive away from traffic lights in third gear?

.199

.411

.091

S Intend to switch on the windscreen wipers, but switch on t

.334

.390

-.070

V Cut the corner on a right-hand turn and have to swerve vio

.341

.378

.084

UV Forget when your road tax/insurance expires and discover

.262

.374

.080

V Park on a double-yellow line and risk a fine?

.091

.294

.172

V Deliberately disregard the speed limits late at night or v

.101

.146

.708

-.015

.234

.639

V Stuck behind a slow-moving vehicle on a two-lane highway,

.271

.328

.569

V Fail to give way when a bus is signalling its intention to

.174

-.095

.566

M Drive as fast along country roads at night on dipped light

.059

-.025

.556

V Get involved in unofficial 'races' with other drivers?

.152

.136

.546

-.032

.238

.494

S Drive with only 'half-an-eye' on the road while looking at

.436

-.006

.470

V 'Race' oncoming vehicles for a one-car gap on a narrow or

.259

.245

.452

V Angered by another driver's behaviour, you give chase with

V Become impatient with a slow driver in the outer lane and

V Drive especially close or 'flash' the car in front as a si
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V Overtake a slow-moving vehicle on the inside lane or hard

.048

.270

.324

S 'Wake up' to realise that you have no clear recollection o

.304

.113

.319

Appendix 4

Initial Information sheet

Dear sir / madam
Some time ago you kindly completed an online survey for me looking at various aspects of driving
behaviour and indicated that you would like to take part in further research. For the next part of my
study I will be looking at various aspects of driving behaviour on a driving simulator and also using
eye tracking glasses.
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Due to the nature of this study, anyone with a history of epilepsy or other seizures unfortunately are
not eligible to participate. If however you don’t have a history of epilepsy or other seizures, you will
be eligible for initial screening for participation. For your safety, I have attached a motion sickness
susceptibility survey for you to complete and return to me by way of replying to this email. If you
meet the criteria for participation in the study I will provide further information on the procedure of
the study itself.

If you meet the criteria for inclusion in the study, the experimental session will take place on a day
that is mutually beneficial. The total time you will be actually on the simulator will be no longer than
about 75 minutes, and total testing time should be no longer than 90 minutes. Along with driving on
the simulator, there will be a short questionnaire to complete too.

Participation in this study is entirely voluntary and all data, including your initial screening
information, will be anonymised and kept entirely confidential. In addition if you decide after the
two week period that you no longer wish to be a part of the study then just email me up to ten
working days after the completion of the diary and I will delete your data immediately. Any and all
data, will only be seen by me and if necessary my supervisor Professor Andy Guppy. Your data will be
kept secure and confidential for a period of 5 years on a password protected computer in a lockable
office in accordance with the British Psychological Society’s Code of Ethics. Participation in this
survey will qualify you for £10 Amazon voucher, and even if for any reason you can’t complete
simulator study you will still receive the voucher.

If you wish to or can’t participate, then there is no need to reply to this email. However if you do
then please complete the motion sickness susceptibility survey and attach it in your reply to this
email and also indicating below that you have read and agree with the following (delete as
appropriate):

I have read and understood the information sheet regarding the nature of this study.
Yes/No
I don’t have a history of epilepsy or other seizures. Yes/No
I have completed the attached motion sickness questionnaire. Yes/No
I understand that my participation is entirely voluntary and that I may withdraw from it at
any time by contacting you. Yes/No
I understand that my data will be recorded, told where it will be stored, and that it will be
handled with the strictest confidence. Yes/No
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I understand that upon my request up to ten working days from completion of the study,
any and all data collected from me will be deleted, otherwise I consent to my data being
stored securely for a period of 5 years. Yes/No
I understand that participation in the simulator study qualifies me for a £10 Amazon
voucher, even if I don’t complete it. Yes/No
Upon replying to this email I give my consent to take part in this study. Yes/No

Detailed information sheet.

Dear participant, thank you once again for agreeing to take part in my simulator study. Prior
to taking part, there are a few preparatory things we need to go through. On the day of
testing, please ensure that you have eaten but not within one hour of the agreed testing
time, also ensure that you wear comfortable clothing and appropriate shoes you would
normally wear while driving. As I will be recording eye movements using eye tracking
glasses, if you normally wear eye make-up can you please keep it to a minimum especially
mascara as it can interfere with the eye tracking equipment. If you normally wear glasses or
contact lenses while driving then please bring these with you.
I will also be recording physiological data i.e. Heart rate and skin conductance. This will
involve attaching a small clip to your right ear lobe, so if you have any piercings can you
please remove them for the testing period. Skin conductance will be measured by two small
leads placed on the forehead above each eye and held in place by a headband. If you wear
makeup, I’ll ask you to remove a small patch above each eye with a cleansing wipe which I’ll
provide. Please bring any make up with you if you wish to re-apply it after the study.
On the day of testing prior to your departure for arrival at the lab I will send you by email or
if more convenient are over the phone a questionnaire containing a list of symptoms to
establish if you present any of them. I will assess your answers and if necessary we will
reschedule another day and time for you to come to the lab.
On arrival at the lab I will introduce you to the driving simulator and its controls and also the
eye tracking equipment. Initially you will drive a familiarisation route and this will consist of
short drives to allow you to get used to the simulator. If at any time you feel any nausea,
dizziness light-headedness etc. tell me I will immediately pause the simulator to give you
time to recover. It is extremely important that you inform me of any of these symptoms at
any time while on simulator to avoid any unnecessary discomfort for you.
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Once the familiarisation route is complete I will then ask you to complete another drive on
simulator which will consist of driving along a predefined route, and at certain points the
simulation will be paused where I will ask you to complete some questions.
Please remember that participation in this study is entirely voluntary and as indicated in
your initial information sheet all data will be anonymized and confidentially secured. You
may withdraw from the study at any time and upon your request any and all data gathered
from you will be deleted.
Once the second simulation run is completed, you will be debriefed and asked to fill in a
short questionnaire in addition due to the nature of the driving simulator experience, it is
stressed that you do not drive/ride your own transport for a minimum of 60 minutes after
using the simulator. It will be a requirement of this study that you have signed a release
form indicating that you have waited the appropriate amount of time before leaving.

If you have any questions at any point please do not hesitate to ask.

Appendix 5

Motion sickness susceptibility survey.

Date:

Motion sickness has many symptoms, but not all individuals experience the same symptoms.
Common symptoms that may occur alone or in combination include: general discomfort, drowsiness,
headache, sweating, nausea, blurred vision, dizziness or faintness.
For your safety, we need to assess risk that you might become ill in our driving simulator. Please
consider the following questions that best characterises your experience.
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If you answer Seldom or Often, please elaborate. For example If you fly frequently, but only
experiences illness under severe turbulence.

1. Do you experience motion sickness when flying in an aeroplane? Please delete as appropriate.
Never

Seldom

Often

Always

Often

Always

Often

Always

If Seldom or Often:

2. Do you experience motion sickness on boats?
Never

Seldom

If Seldom or Often:

3. Do you experience motion sickness on trains?
Never

Seldom

If Seldom or Often:

4. Do you experience motion sickness when riding in the back seats of cars?
Never

Seldom

Often

Always

If Seldom or Often:
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5. Do you experience motion sickness in a simulator?
Never

Seldom

Often

Always

If Seldom or Often:

Appendix 6

Simulator discomfort questionnaire.

Please circle the response which best describes how you feel at this moment in time.

General
discomfort
fatigue
headache
eyestrain
difficulty

None at all

A little

Moderately

A great deal

None at all
None at all
None at all
None at all

A little
A little
A little
A little

Moderately
Moderately
Moderately
Moderately

A great deal
A great deal
A great deal
A great deal
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focusing
increased
salivation
sweating
nausea
difficulty
concentrating
fullness of head
blurred vision
dizzy (eyes open)
dizzy (eyes
closed)
vertigo
stomach
awareness
burping

None at all

A little

Moderately

A great deal

None at all
None at all
None at all

A little
A little
A little

Moderately
Moderately
Moderately

A great deal
A great deal
A great deal

None at all
None at all
None at all
None at all

A little
A little
A little
A little

Moderately
Moderately
Moderately
Moderately

A great deal
A great deal
A great deal
A great deal

None at all
None at all

A little
A little

Moderately
Moderately

A great deal
A great deal

None at all

A little

Moderately

A great deal

Appendix 7

SAGAT questions. Correct answers are highlighted.

(SAGAT L1-1) What was the colour of the last vehicle that you passed?
A. Red

B. Green

C. Blue

D. Yellow

(SAGAT L2-1) Are you currently travelling? Check real time
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A. Above the speed limit

B. At the speed limit

C. Below the speed limit

(SAGAT L3-2) In the next 30 seconds of travel time, what is the road like ahead of you?
A. Straight

B. Gentle left curve

D. Sharp left curve

C. Gentle right curve

E. Sharp right curve

(SAGAT L1-2) What is the current speed limit?
A. 30 mph

B. 40 mph

C. 50 mph

National Speed Limit

SAGAT (L2-3) Is the car ahead of you currently?
A. Indicating left

B. Indicating right

C. Not indicating

(SAGAT L3-1) In the next 30 seconds of travel time, will you need to? Check real time
A. Accelerate

B. Decelerate

C. Keep the same speed

(SAGAT L1-3) What was the name of the location you just drove through?
A. Goldings

B. Ravenholm

C. Market town

(SAGAT L2-2) What is the approximate distance to the next turn on your route?
A. 0-50 metres

B. 51-100 metres

C. Further than 100 metres
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SAGAT (L3-3) How close are the closest pedestrians to you?
A. Within 1 second of travel time in front of me
B. Between 1 – 5 seconds of travel time in front of me
C. Between 6-10 seconds of travel time in front of me
D. I’ve just past pedestrians within the last 10 seconds
E. No pedestrians in sight

Appendix 8
Screenshots of examples of the three types of hazard predictor

Behavioural
Predictor:
Pedestrian
between two
parked cars.
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Environmental Predictor: Delivery van with driver emering from in front of the van

Dividing and
Focusing Predictor: Two pedestrian on opposite sides of the road
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Appendix 9

Order of active and inactive hazards on each simulator run. Active hazards are underlined.

(1) 2 pedestrians 1 pedestrian Car pull out Blind bend Delivery van Motorcycle
Pedestrian/bus Crossroads Ice cream

(2)Crossroads Pedestrian/bus Motorcycle 1 pedestrian Car pull out Ice cream
Delivery van Blind bend 2 pedestrians

(3)Delivery van Ice cream Blind bend Crossroads 2 pedestrians Pedestrian/bus 1
pedestrian Motorcycle Car pull out
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Appendix 10
Qualtrics survey link:

https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9nylnF4bUNStUup
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